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Terms of Reference

Professor J. Tapson, from the Department of Electrical Engineering at the University of Cape
Town, initiated this project in February 2004. A research group was formed to investigate
different aspects of the system. Overland Conveyor Belts are used in mining and mineral
processing industries to transport materials from one point in the processing infrastructure to
another. It is important that the system is well monitored and maintained in order to minimize
system down time and cost. Most of the existing condition monitoring methods only identify
failure of the belt itself rather than identifying a problem before it can cause significant belt
damage. The purpose of the research project was to design and implement a wireless vibration
sensor which can be embedded in the actual belt. The venture was split into two different
areas of research, the design of a vibration sensor and the design of the power generation
system. The project was carried out in conjunctiont with S.A Williams. This thesis focused on
the design and construction of a prototype Digital Signal Processing Vibration Sensor Board,
while S.A. Williams’ thesis investigates the design and implementation of a power generation

and charging system for the embedded sensor.
The terms of reference were to:

L. Research the literature on various methods of online vibration monitoring techniques
and gain a thorough understanding of the theory behind them.

2. Understand the basic design of an overland conveyor belt system.
Understand the hardware subsystems used in the design of an online vibration
sensor.

4. Design and construct a vibration data logging board.
Write suitable programs with the embedded C programming language which will run
and perform the required signal processing tasks.
Test the system in simulation.

7. Analyse the results of the testing.

Draw conclusions from the results and make suitable recommendations.



Abstract

Overland conveyor belt systems form a vital part of modern transportation systems in the
mining and mineral processing industries. It is vital that the system is well maintained in order
to minimise system downtime and maximise profit. The conveyor belt is the single most
expensive item in the system. It must be monitored to pick up potential problems before they
cause belt failure. The majority of conveyor belt condition monitoring methods identify belt

failure events rather than belt failure causes.

The purpose of this project was to research and design a belt condition monitoring board
which could be physically embedded in a conveyor belt. This would then be used to monitor
the condition of the conveyor idlers whose failure can result in major system damage. The
venture was split into two areas of research: the design of a vibration data logging board and
the design of a power generation system. This thesis focused on the design and construction
of a DSP vibration data logging prototype board, while S.A. Williams investigated the design

of a power generation system.

A battery powered vibration data logging board with digital signal processing board capability
was designed and constructed. It contained three onboard condition monitoring sensors: a
dual axis accelerometer which was used to monitor mechanical vibration, an electret
condenser microphone which picked up audible sound and an analogue temperature sensor
which measured the temperature of the board. Up to sixteen minutes of data can be recorded
and stored onboard the device. The vibration data logger can upload data to a personal

computer via a serial link.

The power supply system and anti aliasing filters were thoroughly tested. The low voltage
dropout regulators significantly reduced noise output from the switch mode power supply.
Therefore a switch mode power supply with low voltage dropout regulators forms low input
current, efficient, low noise power supply system. The anti-aliasing filters functioned as

required and successfully filtered out high frequency signal components.



The software modules and subsystems used onboard the vibration data logging board were
each tested separately. The functionality of every module could then be verified. A project
called Initial Testing was created in MPLAB®7.30. Each test was written in a different file.

Software was written for the integration of the all the functions used to control the modules on
the vibration data logging board. Due to the failure of the Write/Read operation of the
AT454DB321C Dataflash® this integration program could not be implemented.
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1 Introduction

1.1 Background to the Research Project

Overland conveyor systems form an integral part of modemn industrial transport. They are
used in rmning and mineral processing industries to move raw material from the mine to the
processing plant. They can range in length from a few kilometres Lo as many as 13.6
kilometres, which is the length of the longest single flight curved steel cord convevor in the
world. This record is held by the Zimbabwe Iron and Steel Company (Zisco) overland
conveyor which transports iron ore from Ripple Creek lo a crushing plant in Redebff in
Zimbabwe (Fig. 1.1).

‘T‘Th

Figure 1.1:  Zisco Overland Conveyor Sysicm

This overland conveyor system is 15.6 km long and 15 used o iransporl ron ore blends
frem Bpple Orecl tooa crushing facihios of the Zonakabve Trom and Steel Compans
| Ao oeated in Bedelift m Finbabeag (Taken [rom Mordell LE ) [13.

Conveyor systems have been gaining popularity in recent years as a reljuble alternative to
discontinuous iransport systems such as trucks. High fuel, labour costs and increasing

environmental concerns have made overland conveying a more desirable option as opposed o

conventional truck hauling [2].
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The initial capital outlay to install a long overland conveyer belt system is high, however once
the system is in place it is one of the most economical methods of transporting matcrial from
one point to another. The belt is the single most expensive item in a conveyor system and can
account tor more than one third of the total installation cost [3]. Therelure, it 15 vital that it is
well mintainad in order to keep operating costs as low as possible. The conveyor belt system
links two major parts of the processing nlrastracture. It is essential that it operates
continuously when necessary as a stoppage would result in large losses for the company
involved. The system must be well monilored and maintained so that potential problems can

be identified and corrected early.

There are several possible Tatlure modes thai can occur with overland conveyor belting. Some

of these will be discussed in more detail in Section 3.1.2 and Chapter 4. and include:

» Bell Tracking Failure - leads to cdge of belt damage
+ Belt Reinforcing Cable Failure - leads to belt breakage
s  [dlers Bearing Falure - leads to dlers seizing. which

causes friction, abrasion, overheating,
possible firc damage and ripping of the
belt

Failure modes that resull in signilicant belt damage are problematic as belts are usually
custom made for a specific convevor system and are costly and time consuming to repair and

replace.

Mouost existing methads of wear detection focus on monitoring the condition of the beit itself.
‘This is achieved by cxamining cover wear, carcass damage and cover hardness. This, together

with rip detection, can increasc the lifespan of a belt.

There are currently a number of companies who produce belt monitoring systems. ‘They
employ various lechmigues to determing the condition of the belt. These range from portahle
magnetic reluctance probes which measure distances to the steel cables in the bell [4] 10

ultrasonic transducers which measure belt width [3].
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1.2 Ohbjectives of the Rescarch Project

One of the most common methods of belt rp detection is to embed small figure eight

conductive loops in the bottom cover ol the beli (Fig.1.2).

Detector

L

f " \g—- Eelt
= g ¢ — Conductive Loop
ﬂ’ji st Network

Figure 1.2: Conduttive Loop Rip Deteetion System

Conduetive loops arc embedded through oul he lenglh of the conveyor bell, Pulses are
autputled by the detectors when a continuows loop passes overhead, tesetiing o dmer, 10
there 15 a break i a loop and therefore the belt, the timer will time opt and stop the
COHLYCYOL.

These loops arc placed at regular intervals and extend across the entire beil width, Detectors
arc placed on the structure of the conveyor after an arca of potentially high risk. The deteetors
output a pulse il g continuous foop passes over them which rescts a timer. If there is a break in

the loop, the timer will time out and stop the conveyor [5).

The disadvantage with most of these systems is that they only 1dentify s fatlure in the belt
once it has occurred rather than isolating a polential problem belore it has Ume to causes
signilicant belt damage. It would be preferable to have a method which could detect dler and

tracking failurc before these failure modes can cause major system damage.

12 Objectives of the Research Project

1.2.1 Purpose of the Research Project

Cnline vibration menitoring is one technique that could be used to detect idler bearing failure
[6]. This system would monitor changes in the vibration profiles of the idler bearings, which
would give an indication of their type and Ievel of deterioration. In mast machine condition
maomtoring systems a vibration sensor would be placed on each part of the system that nceds
1 be analysed [7]. It is not possible to do so in this casc duc to the large number of idlers in
the system. bt would be bencficial if a suitable online vibration detection system could be

implemented without the expense of having a vibration sensor on cach idler.
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A possible solution (o this problem is 10 embed a wireless vibralion sensor in the actual bekt.
The purpose of the rescarch project is to investigate the feasibihty of such a sysiem by

designing a vibration sensor that could be used to detect faulty idlers in a conveyor system.

l_ Metwork,
i}ﬂ é* +——— Base Station
Idiar 1 /"_'—'- Radic Link
Balt — e G e — = ” e
butiey ol LR & & B @ G @ @ B By
Nl &
(CIE w— (o0 ey —— T m— T
RFID Tags I ] 1 Charging Station

Embedded Sensor

Figure 1.3: A Simplified Schematic of the Emhedded ¥ilsration Sensor System

A wircless vibrazion sensor could be cmbedded In the belt and powered by
clectromagnelic induclion s il passes over churging slations. RFIT tags are used to ocate
the position of the [faulty idler. Readings are stored onbeard the sensor amd are
downloaded to cxternal basc seations via a adio ok These base stulions sre linked to o
database server where al] duly com be stored and andlysed.

The embedded sensor would measure the vibration levels of the idler bearings and would be
powered within the belt using electromagnetic induction. Passive Radio  Frequency
Identification (R1'ID) tags could be used as position indicators on cach idler throughout the
systern (Fig, 1.3),

One or more external base stations would be placed around the conveyor svstem. When the
sensor passcs by these statioms 11 would download the stored measurernents via a radio link.
The base stations would be connccted to an external database server, where all the results can

be stored and analysed.

L2 Problems to be Investigated

The objectives of the project were to:

1. Research the warious online vibration monitoring methods in the literature and
understand the theory and concepts involved.

2, UInderstand the basic design of an overland conveyor belt system.

3. Understand the hardware subsystems that arc used in the construction of a data

logging vibration sensor,



1.3 Scope of the Thesis ‘ S

4, Design and build a digital signal processing (DSP) board which can be used to
monitor vibration.

5. Write software which can run the vibration sensor in embedded C programming
language. This software must control the functioning of the sensor and analysis of the
results.

6. Test the system in simulation.

7. Analyse the results of the testing.

Draw conclusions from the results and make suitable recommendations.

1.3  Scope of the Thesis

This venture was carried out as part of a joint project with S.A. Williams. The focus of the
project was to design an embedded vibration sensor for overland conveyor belts which could

successfully locate faulty idlers in the system.

The project was divided into two main areas of research:

1. Design and implementation of a digital signal processing board, which can measure,
log and analyse vibration, temperature and sound.
2. Design and implementation of a power generation and charging station for the

embedded sensor.

This thesis deals with the design, construction and testing of a DSP Board, while S.A.
Williams’ project focuses mainly on investigating possible power genération methods for the

embedded sensor.

1.4  Limitations of the Research Project

The main limitation of this project was that the system could not be tested on an actual

overland conveyor system.
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1.5  The Plan of Development of the Thesis

The thesis begins with a look at the purpose and nature of the project in the introduction
(Chapter 1). This is followed by a literature review which focuses on current maintenance
policies and their place in overland conveyor belt systems (Chapter 2). Different condition
monitoring techniques used on roller element bearings are then considered (Chapter 3).
Overland conveyor belt systems are then discussed with a detailed look at an actual conveyor
system called the Kangra Savmore 6.5 km Overhead Conveyor (Chapter 4). This system was

used as a guideline to calculate many of the parameters used in this project.

The hardware design of the Vibration Data Logging Prototype Board is laid out in Chapter 5.
The hardware design requirements are discussed and each subsystem on the board is looked at
in detail. Next the software design of the Vibration Data Logging Prototype Board is

considered and again each subsystem is analysed (Chapter 6).

The methods that were used to test the hardware and software systems and the results of the
testing are described in Chapter 7 and Chapter 8. From the results, conclusions are drawn
(Chapter 9), and recommendations and improvements for future designs and are given
(Chapter 10).



2 Maintenance Methods
and Strategies

In order for any system to run efficiently and reliably it must be well maintained and
monitored through out its life cycle. This will ensure that a device or system will function as
required. A good maintenance strategy must optimise each of the following qualities:
reliability, availability, efficiency and capability according to the needs of the system [8],
while taking factors such as profitability, safety and environmental issues into account [9].
There are three main types of maintenance strategy: preventative, predictive and corrective,
each with certain advantages and disadvantages [10]. Often these methods are not
implemented independently of one another but in combination to provide the best overall

maintenance plan. These methods will be discussed briefly in the following sections.

2.1 Corrective Maintenance

Corrective maintenance, also known as unplanned maintenance, is maintenance in its most
basic form. A part of a system is utilised until it fails at which point it is repaired or replaced
[11]. This failure can result in unscheduled down time and possible damage to other parts of
the system which can be very costly. The result of the failure is often incorrectly identified as
the cause of the problem [12]. It is therefore not the most ideal maintenance strategy unless a
system is not significant or the cost involved in a preventative maintenance scheme is much

higher than for a simple corrective maintenance plan [11].

2.2 Preventative Maintenance

Unforeseen system failures can result in accidents, environmental damages and a decrease in
product quality {9]. All of these factors are undesirable. It is important to limit the
unpredictability of failures. This can be achieved by implementing a maintenance method that

incorporates some form of planned maintenance. Preventative maintenance schemes were
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introduced as a way to reduce unpredictable failures by performing routine maintenance on a
system at regular intervals. Maintenance is conducted on the system irrespective of its
condition and parts may be replaced even though they might still be functional. The main
advantage of this form of time-based maintenance is that down-time can be planned in
advance. On the other hand, preventative maintenance schemes require large labour forces
and a great number of spare parts, and therefore may not be the most efficient form of
maintenance unless the system’s condition cannot be monitored because of logistics or

expense.

23 Predictive Maintenance

During the 1970’s a new type of maintenance plan was introduced known as condition-based
maintenance [8]. In this strategy, different parameters such as vibration, temperature, noise,
pressure etc. are monitored and compared to known failure patterns in order to determine the
condition of the system. This type of predictive maintenance provides some “lead-time” to
failure which means suitable maintenance can be preformed on the system before significant
damage occurs [10]. Condition-based monitoring systems are becoming a vital part of any
maintenance strategy as the data collected can be used to improve machinery and the current

preventative maintenance schemes.

In the past, most monitoring was done with simple instruments used by highly skilled
maintenance staff. Due to increases in sensor, computing and wireless technology, monitoring
systems can now be remote with a link to a central computing system where the data can be

analysed automatically [13].

Condition monitoring is being used more frequently in the mining industry and in overland
conveyor belt systems. The main advantages of this type of maintenance strategy with respect

to overland conveying in Australia, are laid out by [3] and include:

e A reduction in the time it takes to discover the fault behind a belt stoppage.
¢ Notification of maintenance personnel of the problem before they get to the site of the
fault so that they can take the right equipment with them.



3 Rolling Element Bearing
Monitoring

3.1 Rolling Element Bearings

3.1.1 An Introduction to Rolling Flement Bearings

A rolling element bearing is made up of round or rolling elements placed between two pieces
of material. The most commaon tyvpe of rolling clement beaning 15 the ball bearing (Fig. 3.1)
and this. like most other bearings in this class. is maie up of an inner and outer race with the
rolling elements found in the groove formed between the races. A bearing cage holds each of

the rolling clements in place within the bearing.

Quter Raca
Rolling Element
Inner Race

Figure 3.1: A Schematic Diagram of 2 Ball Bearing

A rolling element bearing is made up of an inher and outer fage wilh Telling elements, in

'il;isﬂllcase balls, found in the groove belwesn them CVodified rem bolou, Y, et al. 20000
Rolling clement bearings arc critical mechanieal parts i most industrial equipment. Their
failure 13 considered 10 be one of the largest causes of breakdown in rotating machinery {16].
Rolling element bearings support the idlers and pulleys in overland conveyor belts. A brief
outline of the main rolling elemeni beanmg monitoring methods is laid out in Scctions 3.2 and

3ok

10
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e Long term breakdown data can be used to analyse downtime and this then allows

management te plan betier preventative maintenance stralegies,

Monitoring the condition of the actual convevor belt in an overland conveyor system is vital
as helting is the single most expensive item in the sysiem. I therefore needs to be kept in
good working condition, Idler bearing failure has been identified as onc of the common
causcs of belt failurc [14] and is therefore o main focus in this thesis. The conveyor belt

svstem gnd its components are examined in more detail in Chapler 4.
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3.1.2  Failure Modes of Rolling Element Bearings in the Idiers of
Overland Conveyor Belts

The lifespan of a rolling element bearing is affected by certain factors such as the load on the
bearings, the speed that they run at, alignment of the bearings, lubrication and cleanliness of
the lubricant inside the bearing [10, 17].

There are several failure modes that can occur in idler rolling element bearings. A few of
these are listed below [17, 18, 19]:

1. Rolling element contact fatigue — This occurs when the constant cycling load of the rolling
element causes fatigue cracks and pits to form in the rolling elements and races. The life
of a correctly mounted and sealed rolling element bearing is rated in hours to the first sign
of contact fatigue and is rated to be 20 000 to 50 000 hrs for typical idler bearings [20].

2. Inadequate lubrication — This will cause greater surface contact between rolling elements
and the races causing greater wear and excessive heating of the bearing parts. This
eventually leads to bearing failure. Relubrication of bearings reduces the risk of them
running dry, however this is a very expensive process in overland conveyor idlers and

therefore most systems make no provision for this [17].

3. Lubrication failure and conmtamination — If the incorrect lubricant is used, or if the
lubricant is contaminated by any form of abrasive particle, it will cause accelerated wear
of the bearing which could result in a failure of the part. If large amounts of contaminate
have entered the bearing it might cause the part to seize leading to the failure of the idler.
Lubrication contamination causes the side idlers to fail more often than main carrying
idler, as particlés settle on the side bearing seals and enter the bearing during expansion
and contraction [17]. This is the most common failure mode in rolling element bearings in

overland conveyor belt systems [21].

4. Misalignment of the idler bearings due to shaft deflection — This causes unbalanced
internal load distribution in the bearing which will cause excessive wear and may lead to

bearing fatigue. It will also increase bearing friction which causes excessive heating and
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possible bearing seizure. In the case of taper bearings it can lead to uneven pressure

distribution across the length of the idler which can cause idler skew.

3.1.3  Damaged Rolling Element Bearing Vibration

All rolling element bearings rotating at a constant speed produce specific periodic vibration
signatures [22]. Damaged bearings produce significant increases in these signatures and this

information provides engineers with a useful means of detecting wear and damage.

There are many different types of vibration from sound, to electromagnetic waves to the
vibration of material objects such as a plucked guitar string. Any system that has inertia and
stiffness will oscillate about its position of equilibrium when an external force is applied to it
[10].

The time that it takes to complete one cycle is known as the period of oscillation (7'). The

number of vibrations per unit time is called the frequency of oscillation (/) and is calculated

using Equation 3.1.

33 G.1)

The SI unit for frequency is Hertz (Hz) and is defined as the number of completed oscillations
per second. The amplitude of a vibration (4) is the maximum displacement of a vibrating

body from its rest position.

A state known as resonance occurs when the driving force coincides with the natural
frequency of the system. This causes the oscillations to reach their maximum amplitude. In
practical vibratory systems, mechanical energy is lost to the surroundings as heat or sound
energy. This is known as damping of the system. The amplitude and duration of the vibration

depends on the damping of system and the response of the system to an external force.
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If vibration reaches unacceptable levels in a component, it will cause accelerated wear and
possible failure of that part, It is therefore important to limit vibration in a system by

monitoring and analysing its causes.

Bearing defects can be classified as either distributed defects which are due to surface
roughness or waviness, off-size rolling elements or misaligned races, or localised defects
which are due to fatigue pits or cracks [23]. Typically, bearings fail due to localised defects,
therefore most rolling element condition monitoring methods focus on their detection. When a
rolling element comes into contact with a localised defect in a bearing, it produces an impulse
which excites the resonances of the structure. The vibration signature of a damaged bearing,
travelling at a constant rotational speed, is a series of periodic exponentially decaying ringing
impulses whose period is determined by the geometry of the bearing, load on the bearing and
the location of the defect [24, 25]. McFadden and Smith (1984) [26] proposed a model for the
vibration produced by a single point defect in a rolling element bearing and White (1984) [27]
explains a method to simulate machinery fault impulse signals. Localised defects are usually
classified according to the area where damage has occurred i.e. outer race damage, inner race
damage and rolling element damage. The frequencies at which the impulses occur are linked
to the motion of the rolling elements in relation to the other bearing parts [23]. This motion
can be expressed in terms of the fundamental frequencies of the bearing parts and can be

calculated using the equations found in Appendix A.

3.2  Vibration Monitoring

Mechanical vibration (Section 3.2), sound, ultrasonic and acoustic emissions (Section 3.3) are
all forms of vibration but differ in frequency range and the medium through which they are
transmitted. The typical frequency range of mechanical vibration measurements is considered

to be 1 Hz — 10 kHz [28]. These measurements are taken on the actual vibrating component.

There have been many studies over the past few decades concerning different measurement
methods which can be used to analyse vibrational data from damaged rolling element bearings
and Tandon and Choudhury (1999) [22] provide a comprehensive review of the different
ideas used in the field. These methods can be split up into two main groups; time domain

methods and frequency domain methods. These ideas are discussed in the following sections.
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3.2.1 Time Domain Methods

Time domain methods are usually the simplest to implement and understand but are not
always the most reliable and effective in noisy environments. They do have several
advantages which are described by Birch (1994) [19], these include speed and efficiency of
computation, smaller memory requirements as calculations can be performed on the data as it
is collected, and reduced data volume from N samples to one, therefore providing a simpler
vibration parameter to interpret. Time domain methods include the following techniques:
RMS vibration measurement, peak level, crest factor analysis, kurtosis analysis and shock

pulse counting. A brief description of the some of the time domain methods follows:

1. RMS Vibration Measurement— This time domain technique is the easiest to implement and
understand and therefore finds widespread use in condition monitoring equipment. The
RMS value provides an accurate measure of a signal’s energy and when a damaged
bearing’s vibration level increases so should the RMS vibration value. This means that it

can be used as an indicator for bearing wear and damage and is given by Equation 3.2

1 N
RMS = Wfo (3.2)

=l

Where N is the number of samples and x is the discrete vibration signal.

However, noise energy is also included in the RMS vibration value and therefore
advanced damage has to have occurred before the RMS value shows a definite change
which makes it an ineffective indicator of early damage. Vibrational acceleration
measurements are often converted to an RMS measurement and usually provide more

information than RMS vibrational displacement measurements [25].

2. Peak Level — The peak level of a signal is defined as the maximum value that a signal

reaches in a given time interval (Eq. 3.3).

peak = x_,[n} (3.3)



3.2 Vibration Monitoring 15

Gustafsson and Tallian (1961) [29] suggested a method of counting the number of peaks
which crossed a predefined voltage level as a means of measuring rolling element bearing

damage. The peak level is more often used in calculating the crest factor.

3. Crest Factor Analysis — The crest factor (Cf) of a signal is the peak value normalised by
dividing by it the RMS value (Eq. 3.4).

peak

&= (3.4)

In this method the Cf is calculated and compared to the expected crest factor for that

particular signal. If there is a discrepancy, it indicates that there is damage in the bearing.

4. Kurtosis Analysis — This statistical method was first suggested as a means to detect
bearing wear by Dyer and Stewart (1978) [30]. Kurtosis is defined as the fourth central
moment about the mean of a Gaussian distribution, normalised by dividing it by the forth
power of the standard deviation (Eq. 3.5). It is a measure of the “peakedness” of a signal
i.e. more of the variance of the signal is due to infrequent extreme deviations from the

mean.

Nz (x, — 5)'
Foa]

=]

kurtosis =

Where N is the number of samples, x; is the ith element of a signal x and ¥ is the mean.

The probability density function of the acceleration of a good bearing has been found to
be Gaussian. When the bearing is damaged it produces an increased number of high levels
of acceleration causing the probability density function to become non-Gaussian with
dominant tails [22]. Kurtosis can therefore be used as an indicator of bearing wear as it is
measure of the “peakedness” of the tails. An undamaged bearing produces a kurtosis value
of approximately three and as the bearing wears, the kurtosis value increases. However,

the kurtosis value decreases when the bearing becomes very damaged, due to an increase
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in the rate and size of the peaks in the signal [30]. This method is not a very popular

method in the condition monitoring industry [22].

5. Shock Pulse Counting — The shock pulse method was developed by SPM Instruments Lid.
UK. and is used widely in industry [22]. The impulses generated by a damaged bearing
are high in frequency while the vibrations from other sources are low in frequency. It is
therefore possible to use band passing techniques to filter out the desired high frequencies.
The shock pulse method uses a piezoelectric transducer (with a resonant frequency of 32
kHz) to produce an electronic filter which filters out the low frequency vibrations while
impulses created by defects in a bearing produce damped oscillations in the transducer at
the resonant frequency. The magnitude of these shock pulses is an indication of bearing
condition, with 35dB indicating developing damage, 35-50dB indicating visible damage
and 50-60dB indicating risk of failure [10].

3.2.2 Frequency Domain Methods

Frequency domain methods are often more difficult to implement and interpret than time
domain methods [19]. Unlike in time domain methods, the shaft speed and bearing
dimensions are needed for analysis. They are, however, possibly the most widely used
methods in bearing damage detection as they provide large amounts of diagnostic information

and perform well in noisier environments.

When a rolling element strikes a defect in a bearing it produces an impulse of very short
duration. The impulse’ s energy is spread over a wide band of frequencies at a very low level
which means it can be hidden in vibration generated by other machine elements. This makes it
difficult to detect using standard spectral techniques. Frequency domain methods utilise the
fact that the impulses excite the resonances of the bearing. These resonances are at a much
higher frequency than the vibration generated by other machine elements. This provides a
narrower band of energy which can be detected more easily than the wide band energy of the
impulse [31]. Three frequency domain methods are discussed below:

1. High Frequency Resonance Technique (HFRT) — This technique, also known as envelope
detection, uses fact that defect impulses in rolling element bearings produce resonances
which are amplitude modulated at the characteristic defect frequency. HFRT is a three



3.3 Sound and Acoustic Emission Monitoring 17

stage process. First the vibration signal is band-pass filtered around the resonance -
frequency removing frequencies from other sources. It is then demodulated using an

envelope detector which rectifies the signal and smoothes it using a low-pass filter to

remove the band-pass resonant frequency. This improves the spectral peaks produced by

the damage in the bearing. A Fast Fourier Transform (FFT) is now taken of the

demodulated signal and the power spectral peaks at the defect frequencies can now be

analysed. McFadden and Smith (1984) [31] provide a comprehensive review of the

technique.

2. Cepstrum Analysis — The cepstrum is defined as the inverse Fourier Transform of the log
of the Fourier Transform of a signal. The power cepstrum, which is the power spectrum of
the logarithmic power spectrum, can be used as a bearing diagnostic method [22]. The
cepstrum of a signal shows a peak at the time or quefrency which corresponds to the
period of the signal. It might be simpler to detect a peak in the power cepstrum than
multiple peaks in the power spectrum therefore simplifying detection of the defect
frequencies [19].

3. Wavelet Analysis — This mathematical method is one of the fastest evolving signal
processing tools [32]. The wavelet transform (WT) produces a variable time-frequency
distribution from which periodic structural ringing can be detected [22]. The modulus of
the wavelet transform can be used for fault diagnosis and shows how the energy of a

signal varies with time and frequency.

3.3  Sound and Acoustic Emission Monitoring

Sound, also known as acoustic noise, is considered to be audible vibrations in the range 20 Hz
to 20 kHz. It is expected that sound measurements will provide the same information as
mechanical vibration measurements as they both lie in the same frequency range and
mechanical vibration is partially transmitted from the machine to the air as sound [28]. These
vibrations are influenced differently by external sources, with sound being especially
susceptible to interference in a noisy environment. There has been little research carried out
on sound measurement as a detection method for damaged rolling element bearings [33]

although two techniques, sound pressure and sound intensity, are occasionally used.
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Acoustic Emission Monitoring is another method which is widely used to monitor the
condition of rolling element bearings. Transient elastic waves are produced in a material
under stress and this is known as acoustic emission (AE) [34]. These signals lie in the higher
vibrational frequency range (> 100 kHz) and this phenomenon occurs when a material
undergoes plastic deformation or when cracks grow in a material. It can be used to detect the
growth of subsurface cracks in bearings before these defects are able to produce significant

vibration signals and therefore provide a useful early warning detection system.



4 The Conveyor Belt
System

4.1 A General Overview of the System

Conveyor belt systems play a viial role in most modem processes, whether it is to transport
coal to a power station, rotate grain in silos or cven move baggage in an aiport; they [orm the

backbone of many different types of ransport systems.
As staled by G. Davies (1981} |35],

“The convever is taken for granted as an obedient servant ready to move mountaing at the

touch of a button.”

Il is thereforc, essential thal the conveyor belt system runs as smoothly as possible without
any major problems. Conveyor belts were first used as carly as 1795 to transporl grain over
comparatively short distances. They have since grown in length, size and carrving capacity

[35].

A conveyor belt is made up ol two end pulleys with some form of continuous maierial, known
as 4 beli, looped around them. The belt rotates around the pullevs which arc driven by drive
motors and 15 supported. along its distance, by stands which coniain idlers. This syslem
provides a means of transporting material from onc point lo another and 1s used in many
dillerent applications in industry and apriculture. Duc to advanccs in belt material design. it is
now possible to make longer and stronger conveyor belting, therefore making overland
conveyor bell systems a viable allemative to rail and road in bulk matcrial transporiation in

the mining and mineral processing industry [36].

19
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A conveyor belt system can be divided into three main scctions:

1. The Tail - The material to be transported is fed onto the conveyor belt in this section. It is

important that the rate of feed is controlled to prevent damage to the belt and the system.

2. The Middle — This is the longest section in a conveyor belt system and contains all the

support stands and 1dlers.

3. The Head The material is cjected at the head of the system. In a single drive system, the

main drive is located wl the head and this dnves the primary drive pulley.

Roof

Stand
Carrier |dlar

Belt

Return Idler

Figure 4.1: A Simplified Diagram of the Conveyor Belt System

Ihe stands fornd the struchuml sopport of the systeon. They are placed al regular inlervuls
throvghout The length ol the convevor belt system. ‘The typical distanye between stands is
about 4 m.

The conveyor belt specifications for the belt conveyor CV-08 for the Savmore Colliery arc
given in Appendix B and were used as a guideline in the vibration scnsor design [37]. These
valucs are typical of conveyor belts of comparable length and those that transport similar

materiul, A brief description of the subsystems in an overland conveyor bell is given in the

following sections,

4.1.1 The Belt

The belt is the most expensive item in a conveyor helt system and can constitule up to 40
percent of the total installation cost [2]. Stresses form in the belt as it moves through the
system. These include the following: [35, 38]
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Transient Stresses form in the bell during starting and slopping of the sysiem.

S0 R e

fongitudinal Stresses are generated in the belt by the drive pulleys during operation.

il

Bendinyg Siresses arise in the belt as it moves around a pulley

4, Flexing Stressey oceur as the bell moves over idlers forming a Nexural transverse wave,
This alse adds a large dynamie loading on the idlers and idler bearings which inercascs
their chance of failure |38].

5. Indetermincte Stresses are brought about by the load impacting on the betl.

It is imporiant (hat the nominal tensile strength rating of the belt is at least 6.7 times greater

than the operating tension of the belt to accommodate all unknown dynaniic eflects [39].

The bell is made up of a top and bottom cover with a belt carcass in between them.
Historigally, the helt carcass was made from multiple lavers of woven cotton. Today, belt
carcassces arc made of lavers of mono or mulli-ply semi synthelic or synthetic woven labrics
separated by luyers of rubber; or altcrnatively, a single laver of parallel galvanised stcel cables
embedded in rubber |40]. Steel cord belts, illustrated in Figure 4.2, have many advantlages
over other belts and these include: an increased tensile strength which cnables them to be used
over lenger distances; increased flexibility due lo the rubber and stegl carcass which allows
them o be uscd with deep troughing idicrs; and thicker covers due to the construction of the

carcass which increases belt life [35].

Edge Distance Top Cover

Cabls Overall Gauge

Cable Pirch Bottom Cover

¥ Belr Widih
Fignure 4.2: The Structure of a Steel Cord Beft

The bell 15 mads up of 2 top cover, a bottom cover and steel cables. 1he sieel cables form
the bell varcass and reinforee the bell (Modificd from Flexsteel bell construction from
CGrondyear Induostrial Produsts) |41

The tvpe of material that covers are made out of depends on the function oi the conveyor belt.
Belt covers protect the bell carcass from weather damage and impacts from material being

transported. They must also be resistant to high temperamires and substances such as oil.
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4.1.2 The Idlers

An idler is made up of a rell or rolls held in place by a bracket which may or may not be
supported on a base. The cylindrical roll consists of four main parts as shown in Figure 4.3:

the outer shell, the shaft, the bearings and the seals.

Cuter Shell

/ Shaft
Bearing

Seal

Figure 4.3: The Structure of an Tdler Roll

An idler pol] consists of thut main compenencs, the outer shell, the shaft, the hearings and
the seals, (hodilied (rom Oshorn Engingered Producis 5A (Ply) Lid, Serigs 23 conveyor
idler specificalions) [42].

The outer shell is made from steel piping and its diametcr varics according to the
requirements of the conveyor. Outer shell diamelers can range from aboul 100 mm o 180

mm, The shaft is made from mild steel and is supported by the bearings, which are housed
inside the shell. The bearings arc shiclded from dusi and dirt by the seals.

The toll arrangement in an idler depends on the whether the idler is on the carrving or return
side of the conveyor sysiem. Carrying idlers are usunally roughed in some way 1o ensure that
the transported material remains cenired on the belt, The typical carrying idler arrangement
consists of one honvontal centre roll with a roll on cither side of il ag illustrated in Figure 4.4.
The trough angle between the centrc and the side rolls can vary between 20° and 457 [21]. The

rcturn idler arrangement consists typically of onc flat horizontal roll or of two rolls angled in a

"V shape,

Left Roll Right Roll

Centre Roll

Figure 4.4: The Carrier [dler Arrangement in the Conveyor Bell

The zide idler rolls are aranped al o angle of 207 b 457 to the contre idler rall 11 ensure
that the material héing irunspored remains centred on the helc
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It is vital that the belt runs centrally on the idlers and pulleys throughout the conveyeor belt
system as an untrained belt will run into the steel frame work damaging the edge of the belt, A
belt is traincd by adjusting the positions of the idlers, pulleys and load [43]. The twoa main
methods used 1o train the bell with wroughing idlers are: shifting the idler axis with respect to
the direction of travel of the beltl und tilting the troughing idler forward which causcs the belt

to self-align |44].

4.1.3 The Drives and Pulleys

The drive motor or motors drive the pulleys which move the conveyor belt around the system.
A conveyor belt system can either have a single head drive or multiple drives, A single head
drive is expensive as it has to be lurge in order to provide cnough power to move the belt. It
does have the advantage, however, that all the major operating machinery is located in one
position which reduces maintenance opcrations. Multiple drive systems may have drives
located in the head, tail or some intermediate position. They are less expensive than single
head drives and the rating of the belt used in the system cun be lower as there is less tensjon

on it |2].

The conveyor helt ts pulled through the system by the drive pulleys. It is important that the
diameter of the puiley is not too small as this will causc a large amount of stress and distortion
of the belt. Gooedvear Industrial Products [44] recommends that the pulleys are |agged, in
other words that they are covered with some material. This will improve the coefficienl of
friction between the belt and the pulley, reduce slippage of the belt in wet condilions, increase
the life of the pulley and the botom cover of the belt and help prevent the build up of material
on the pulley which causcs belt wear, The face width of a drive pulley in a conveyor system is
usually made 50 mm greater than the belt width for belts of 1000 mm and less, and 75 mm

ereater than the belt width for belts greater than 1000 mm [43].

4.1.4 Failure Modes of the Components in Overfund Conveyor Belts

There are several fatlure modes that can oceur with everland conveyor belts. Seme of these
were briefly mentioned in Scetion 1.}, Goedyear Industrial Products [44] provides a

comprehensive troubleshooting manual which gives possible problems that can occur with
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overland conveyor belt svstems and solutions to these problems. This list can be found in

Appendix C.

Some of these problems include: wntrained belts running into the conveyor structure
damaging the edge of the belt; extreme belt stretch putting strain on the belt and on the belt
cables; cxcessive belt cover wear in various forms from grooving of the cover to belt covers
cracking; pulley lag wear causing belt damage; and idler failure which causes overheating and

belt cover damage.

These problems may be prevented by monitoring the condition of the system. The following
chapters focus on the design and construction of a vibration data logging board which can be
used 10 momtor mechanical vibration, sound and temperature which are good indicators of

Sy 5LeIn WEAr,



5 Hardware Design:

Vibration Data Logger

3 An Overview of the Design and Requirements

Vibration sensing was proposed as a possible technigue for monitoning the condition of idlers
in a conveyor belt system 6], The purpose of this project was to design and build a prototype
vibration data logging board with digital signal processing capability that could be used as a
condition monitoring system. This chapter provides a detailed look at the hardware of the
sensor and each of the subsysiems as well as the design considerations behind the selection of

the components for system.

LI General Requirements of the Data Logging System

A data logging device is used to measure, record and store a specified number of samples of a

particular parameter in a system. It reguires the lollowing subsysiems:

1. A sensor measures the desired paramcter with some form of transducer which converts a

rizal world parameter into an electrical signal.

2. An andalogue fo digital converter (ADC) converts the analogue electrical signal which
comes [rom the sensor inlo a digital signal. The sampling rate of the ADC has 1o satisly
the Nyquist-Shannon Sampling Criterion (Lig. 5.1) which stales that the sampling

Irequency (/) must be at least 1wice the maximum frequency (fpu) iD a system 1o prevent

aliasing of the signal.

The ADC can be a stand alone device or built into a microcontroller chip.

25
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3.

Raal Warld )
Slgnals : Sansors

A processor controls the actions of the device and can be anything from a microprocessor
to a digital signal controller to some form of higher processing umt. I is uscd to perform
calculations on the measured data, to transier and retricve data from memory and (o

control communication.

Memory is used to store the collected data until it is necded. It is interfaced with the

processor and must have 4 Jarge enough capacity to store the required number of samples.

An imterfucing and indicaror system provides the user with a means to interact with the
dala logging system. The inlerface sysiem can consist of input and output systems. The
input system enables the user to select or alter enbeard parameters while the owlpud
systern connecls the data logging device o an cxternal system, often some form of
personal computer (PC)H. All the collected daty can then be transferred to the extlernal
device for further processing and analysis. The indicator svstem provides the uscr with a

visual or aural represceotation of the condition of the device

The power supply provides the power to run the device. The type of power supply depends
on the nature of the data logging instrament; for example, a stand alone system requires a

form of battery poswer.

DATA LOGGING DEVICE

1
} Power !
supply |

Frocessar

1
e |'>| PC

I

1

i

Input Cutput i
Conditions [tvdlcators ¢
i

Figure 5.1: A Simplified System Diagram of a Data Lowping Device

A dala logger 3% wsed fo micasurc, reeotd and store 4 patameter of paraneters. Dala ure mneusured
with sarsors, anglysed by lhe processor and stored in some form of memory wnit Data can be
uploaded o o personal compoder through o data retrieval system. The power supply il powers all
1he sitbsvslonns,
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Sl Sensor and Data Capture Reqiiirementis

The vibration data logging prototype board must be able monitor the condition of the idlers
and their bearings to determine their state of wear. The following three paramclers were

selecied as wear indicators:

1. Fibravion — As desenbed in Chapler 3. mechanical vibration of the bearing and bearing
housing is a good indicator ol bearing delects. Due 1o the position ol the board any
vibrations coming from failing idler bearings will be damped as they pass through the
belt, as rubber is a damping medium. The belt will experience many different vibrations
and stresses during the operation of the conveyor such as: small random vibrations from
the movement ol the transported material; vibration spikes ag the bell travels over idlers;
amg transient stresses during starting and stopping of the conveyor: amongst others
(Section 4.1.1). Signal damping and surrounding environmental vibrations will hide small
vibration signals emanaling from failing bearings. Transforming a signal from the time to
the frequency domain can countcract this by isolating the bearing frequencies from
surrounding noise, However, the frequency ol a signal Irom a vibrating source, in this casc
Lthe bearing, will still be subjected 1o a Doppler shift relative o a moving device, This will
cause some [requency modulation of the bearing frequencies which will complicate

analysis using high frequency resonance techniques (Scetion 3.2.2).

it is assumed in this project that only latc damage will be able to be successlully detected
by lime and lrequency domain methods as these technigues are unable to distinguish the
small vibration gignals thal oceur during early damage from cnvironmental noise. This
method will still provide maintenance managers with enough early information to stop
potential belt fallure duc to faulty idlers. ‘The vibration data logging board’s mechanical

vibralion scnsor design takes these limitations into account.

A time based technique. in this casc RMS vibrational acceleration, can be used to measure
mechanical vibration. This technigque has been selected as it is simple to implemeni; is not
allected to the same extent by conveyor movement as frequency megsurements; and has

becn shown to be successful in detectling late damage in bearings [19].
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As 2 belt moves over an idler, it experiences horizontal and vertical displacement relative
to the beli’s motion (Fig. 5.2). This change in the direction and velocity of the belt results

in acceleration in bath horizontal and vertical directions.

Belt

Figure 5.2; Movement of Canveyor Belt Around an Edler

As a belt maves over an idler, it experiences a vertical and hovizontal displacement relative to the
helt's movernent, This changes o the direction and velocily of the bell resulls o geeeleration o both
vertical and honzontal diteetions.

A fauity idler bearing may seize or cause excessive idler vibration resulting in increased
horizontal and vertical accelerahion of the belt. Vibratiomal acceleration must therefore be

measured in the direction of the belt travel, represented by v in Figure 5.3 and vertical 1o

the belt, represented by z.

Cirection nfTrmreI/

= el L ST
Canveyor Belt

Figure 5.3: Directions of Maotion vn the Belt

Wibrational acceleration mmust he measyred in the dircclion of the belt travel () and verical to the
bele {=).

In this study, an ADX1.202F + 2 Dual- Axis Accelerometer J45], is used as the transducer

to pick up mechanical vibration. This is discussed in more detail in Section 5.3,
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2. Sound — This parameter can be used as an indicater of advanced bearing wear as a badly
worn bearing may create an audible sound. An electrel condenser microphone is used to

pick up sound {Section 5.4).

3. temperature — The temperature of the belt will increase as it begins to fail due to seized or
badly worn idlers, Temperature is therefore a parameter that can be used as an indicator of
idler failure. A MAX6608 low voltage analogue lemperalure sensor [46]. is used to

measure temperature (Section 5.3).

Each of the three parameters requires a different sampling rate as the transducers each have
different maximum frequencies that they can measure. The maximum frequencies and the
required sampling rates are given in Table 5.1, The maximum frequencies of the signals have

been given once they have passed through anti-aliasing filters.

Table 5.1: Sampling Frequendcies Mor Kach Transducer

Fach ransducer requires a different sampling ireyuency 2 lbey ach e differenn ooadmum
frequencics. The seleenom of sunpling fraquency owst satisfy the Myguist-Shannen Criterion (g
5,13 The maxitous frequencies shown in fhis table are for the sigmals once they Dane passed
thtough anfi-aligsing Nliers

MAXIMLUDM SAMPLING

FREQUENCY FREQUENCY
TRANSDUCER DESCRIPTION
{hH=) ihffz)

This is g dual-a¥is accelermmcter and the -3
dB bandwidth at ping xg, and vg. 15 0 kHz
. . = The sampling freguency at cach pin must be
R ¥ 2 al Jeast 12 kIM7 (Fg. 5.3 and is sclected Lo
he 16 kHz per chaonel lor ease ol

calculation,
The bandwidth of an electret microphone is
Elevire!  Condeniser 0 g typically 30 Hz — 13 kHe The sampling

Micropiamns frequoncy 15 selected o be 20 kHe which
saristivs the yyuisi-Shurmon Criterion,

The lemiperature Sensor @565 4 lemperature

MAXGEE L Every lfbseconds . : Y :
reading every 10 seaeonds,

Anti-aliasing filters must be used on the output signals of the accelerometer and electret
condenser microphone before they enter the ADC (o limit high frequency noise and ensure

that aliasing of the signal does not oceur. Aliasing arises when a continucus signal is sampled
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al oo low a frequency causing the resulting signals to be indistinguishable [rom one another.

The signal therefore cannot be properly reconstructed from its samples.

It is important to select a high resolution ADC o limit the quantisation error in a signal once
it has been digitised. The guantisation crror is the difference in value between the actual
analogue signal value and the approximated digital value of thal signal once it has been
converted. The 12-bit analogue to digital converter onboard the dsPIC30F6014A digital signal
controller {47] was selected for use on the vibration data logging board, providing a resolution

of BUo oV fora 3.3 V supply.

53.13 Processing Requirements

The processor controls all the sysiem functions in a device and performs all the necessary
calculations on the measured data. It must be fast enough o handle all these processes. A
processor can have extra onboard peripheral modules, sueh as an analogue to digital converter
{ADC), a universal asynchronous recciver transmitter (UARTY or a serial peripheral interface
(8P}, This simplifies the programming process as the required peripheral registers and
[unction libraries already exist and do not have 10 be constructed. The processor in this design
must have digital signal processing capabilities as this simplifies the programming of more
complicaled mathematical techniques, such as Fast Fourier Transforms (FFTs) and moving

average calculations,

A dsPICIOF6014A digital signal controller [47] was scleclted as the processor for the
vibration data logging board as it had: a larpe selection of enboard peripheral modules; the
capability to perform a varlety of digital signal processing calculalions: a relatively low cost;
a large program memery storage capacity (144-kbytes); numerous input/output {I/0} pins; and
a maximum processing speed of 20MIPS (million instructions per second) for a supply
voltage of 3.3V (Section 5.6).

5.1.4  Memory and Data Storage Requirements

The various memaory systems in a data logger are required to store the program used to run the
system. and 10 hold all the captured data. These systems must have a large enough capacity in

order to fulfil these requiremenis,
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The program memary is stored in the processor unil which must have a suitable memory size.
The program memory must be non-volatile, in other words, the data must not be lost it there

is no power supplied to the device.

The collected data mwst be stored it a non—valatile external memory device. The resalution
and sampling rate of the signals will determine the size of the memory, There are a number of
non-volatile memory devices, These include battery powcered static RAM, ECPROM and
Flash. & 32-Mbit Serial Dataflash® chip AT45DB321C [48] was chosen because of its high-
density, low power consumption, low cost, and redvced number of data and address lines. The
capacity was selected based on caleulations found in Appendix D and It provides
approximately sixteen minutes of data recording time. The specilications for the belt conveyor

CV-08 were used in the calculations (Section 5.7).

515 Data Retrieval Requirements from the Data Logging Device

The data which are collected in a data Jogping svstem must be transferred to a PC for lurther
analvsis. One of the requircments in this design is to use some form of serial link between the
device and the PC. A serial data link has fewer connections than an equivalent parallel link.
The data are transferred bit by bil down one data ling as opposed to having a data line for
every bil as is the case with a parallel connection, This reduces the complexity of the
connection betwecn the Iwo communicating devices at cost of comimunication speed. An
asynchronous serial link regoires no clock line which further reduces the number of
comnections between devices, although the transfer specd must be set in both devices before
communication commences, A RS-232 link was selected as it is an asynchronous serial
protocol which is often used when an external device is linked o a personal computer's serial
communication port. This requires that all data signals are converted to the R8-232 standard
before they are sent down the data line, This is achieved with a SP3222E true —3.0V to —3.53¥
R.5-232 Transceiver [49].

The data must be transferred al the tastest possible rate. The maximum transfer rate that could
be handled by the device is 57600 baud which means that 32-Mbits of data will be transferred

10 a PC in approximately ning and a half minutes (Section 5.6).
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5.1.6  Inpur Pavameters and Quiput Indicators Requiremenis

'The vibration data logging board must be able to record, send and erase data. A user must be
able to select when the device perlomms cach of these operations. A dip switch with four
switches was used as the input to the dsPIC30F6014A processor on the prototype board, Only

three of the four switches were used to select the inpul parameters,

It is always uselul on any protolyping board 1o have some form of visual indication of the
onboard processes. 'The user of the vibration data logging device needs to know when the
board 18 recording. sending or erasing data and thiree light emitting diodes (LEDs) are used for
this purpose. Four extra light emitting diodes are also provided as general purpose indicator

lights.

5..7  Power Requirements of the Device

The vibration data logging prototype board is a stand alone device which means that it must
be battery powered. A power supply must have some form of voltage regulation which will
provide a constant output voltage despite Muetuations of the input. Battery lifc must be
maximised by minimising the amount of current drawn from it while still providing chnough
power to the device, This can be achicved by using some form of switch mode power supply

which 15 discussed in more detail in Scotion 5.8,

Muost digital imtegrated cirenits (ICs) now run off 13.3Y as opposed 1o the traditional +3V,
thus the power supply on board the device must provide an output voltage of +3.3V. A 3V
lithium cein cell is used with a LM2623 [DC/13C Boost Converter [30] to produce +5V which
iz then converted to the requircd +3.3V using two Low Voltage Dropout Converters, the

TC1264 |51] and the TC2185 [52] which provide power for the digital and analogue circuits.

5. 1.8 Physical Requirements of the Device

The devices circuits must be made on a printed circuit board (PCR) as this makes the deviee

maore robust. The digital and analogue cirenitry must be isolated from each other in order o
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prevent inlerference between the signals. The accclerometer circuit must be constructed on a

scparatc board as its axes musl be vertical and parallel (o the mamn board.

5.2 A General Overview of the Vibration Data Logging
System

‘The vibration data logger was designed as a prototype board which could be used to monitor
the condition of failing bearings. It was not designed 1o be embedded in an actual bell but
provide a gutdehne of a possible system that could be uscd. A complete system diagram of

the vibration data logging prototype board is illustrated in Figure 3.4,

ZPI Unk
Arcelersmeler
|
= l"”ﬂ
ldsPIC30FG014A
Wizrantione pProcessor l PC
L J—.ﬂ.'é
Temperaturs
SR LUART Uinlt
SMALOGUE FOWER SUPPLY DIGITAL FOWER SUPPLY
i L
POWER SUFPLY UNIT

Figure 5.4: The System Diagram of the ¥ibration Data Lopging Board

The vibrution duty lopging prololyps board bas three sepzors which measure moechanical vibration,
soumd and lemperature, These analegue paramelers are filterod o reduce hiph fregqueiey noise and
prevent aliasing. They arc then converted to digitad valocs by a 12-bit ADC which i¢ buill inlo the
Az ICANESIT4A digieal Siﬁ,n:ﬂ contenller. The dsPICIOPMN 4 A smabvses The dula und stores il in an
Atmel 32-Mbit Daaflash™ ehip vin an onboand seryl penphenit imlerface. The dala can then be
uplosded 1o 8 personal computer via a universal asyoehronous reesiver mansmitter interface,

The complete circuit diagrams of the vibration data logging prototype board can be found in
Appendix F.
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5.3 The Vibration Sensor

5.3.1 An Introduction to the ADXL202E

Accelerometers are transducers designed to measure vibrational acccleration and are often
used in vibration monitoring syvstems. ‘There arc different types of accelerometers. These
include: piczoelectric, integral electromics pieroelectric, piesoresistive, variable capacitance

and servo force halance [53].

An ADXL202E + 2g Dual-Axis Accclerometer was used as the transducer to monitor
vibralion on the vibralion data logging board. Tt is an inlegmiled Micro Electro Mechanical
Svstem {MEMS®} and consists of a micro machincd spring-mass svsicm and a variable
capacitor. The mass 15 connected 10 a movable central plate which lies between two lixed
plates of a differential capacitor. The fixed plates are driven by an 18(" out of phasc squarc
wave. The mass is deflecied when the accelerometer experiences aceeleralion causing the
central plate 1o move, producing an output square wave whosce amplitude is proportional to
the acccleration of the device. It is then possible o use phase sensitive demodulation to

establish the direction of the acceleralion |45].

OV 7o 525V
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Figure 5.5 The ADX1 202F Fenctinvna! Diagram

The ADXLI02E has both analogue and dipieal outputs. The analogus ouipuis are obtainad @ he xg,
and vpy pins. A 32KED internal resistor fopether with an exlenal capacilor sel the bandwidth of the
accelernmeter. The period of the pulse widlh modulated squane wave is st by # resistor connccted o
Pin 2 {Taken from Analog Devices Ineorporated (Jata Sheat, H000) [45].

The ADXI202E provides two output options: an analogue vollage or a digital pulse width
modulaled (PWM) signal whose duty cyeie 18 proportional to acceleration. Tt ¢can measure

ageeleration n two directions and their oricntations are shown in Figure 5.6
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T

F
Bottom View

Fipure 5.6: The Orientations of the ADXL20ZE Acceleration Axes

I'he AIXXE202E can measure acecleration in tan dircctions. The arientation of these axes 5 shown
frurn the bottomm side of the chip.

It comesinal x5 x 2 mm B-lead hermetic leadless chip carrier (LCC) package and can be
powered off of 153V 1o 1525V,

5.3.2 A Description of the Vibration Sensor Circuit used in the Vibration
Data Logging Device

The ADXI20ZE cirewt (Fig. 5.7) s powered off the 3.3V analopue supply (AVDD)

generated on the main vibration data logging board and 18 comnected to the analogue ground

planc (AGND). A small 730 ferrite bead was inscrted in the suppty line together with

decoupling capacitors to form a low-pass filter to reduce any high frequency noise on the

power supply. The accelerometer eircuil was designed accordmg to the procedures laid ow in
the ADXI.202F datasheet {45].
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Fipure 5.7: The ¥Yibration Senzor € ircut|

A ADXIZ02E = 2p Dhal-Axiz Accelcrometer was used g5 the tmosducer on the vibration data
Togping board te monior vibration.
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As mentioned 1n Section 5.3.1, the ADXL202L has both analoguc and digital outputs. ‘The
analogue oulpul was selected as it provides a bandwidth ol up 1o 6 kllz as opposed (o 500 Tz
ot the digital PWM outpul. This will provide enough bandwidih o measure the mechanical
vibrations of laulty bearings. However, this did have the disadvantage of added complexity on

the filtering and analogue lo digital conversion side.

The analogue outputs arc obtained ai the x;y and yyy pins. A 32k internal resistor together
with an cxternal capacitor forms a passive low-pass filter which scis the bandwidth of ihe

acceleromeder (Fq.5.2),

1

1= 5k 52)

Jfe 18 the cul of frequency, R is the value of the resistor and €' is the value of the capacitor in

the RC filter eircuil.

A 1nl ceramic capacitor was selected to set the devices bandwidth to 5 kllz using Lquation

322

= Tare
e
AR f
L 1
T2 (32x 10 )5 < 107)
= 0.994TnF
= lnk

The analogue outputs must be buflered by a voltage follower system as they are not designed

to drive a load directly.

The period of the pulse width modulated square wave is set by a resistor connected to Pin 2
and is caleuiared with Lquation 5.3 [45].

_R(©)
2T 125440 (5.3)
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T isthe PWM period and R, is the value of the resistor connected to Pin 2 in Ohms.
The resistor is necessary even if the digital output is not requived. A 1M resistor was

connected to this point giving a PWM period of § ms.

| R.'i {3
C125M0
1M
125M0

. By

2

‘The ADXLZ02E has a scH test pin (Pin 1) which can be used to test the tunctioning of the
chip. When it i5 connected 10 AVDD it causcs a deflection of 800my. 1n this sysiem a jumper
(JPY) is used to test the ATPXIL.ZUZE. When the jumper is connected, the self test function is

activated, The self test circuit is located on the main vibration data logging board.

Vibrational acceleration must be measured vertical and parallel to the vibration data logging
baard, The ADX1.202L circuit had to be built on a separate PCB in order to achieve this as
the axes are parallel to the chip. It was connected using a 10 x 2 pin right angled connector

which Mtz i socket on the main board. It can be removed when it is not necded.

The outpuls [rom the accelerometer ircuit are cotnected (o anti-aliasing Mlters before
entering an inverting amplifier, biased at 1.65V. with a gain of 2.2, The [illering system
consisis ol a 5-pole low-pass Bessel Filler with a cut off frequency 5 kHz (Fig. 5.8). A Besscl
filler was selecled because ils performance in the time domain is very good as it provides a
constant time delay in the pass-band which corresponds to a linear phase-shift for ali

trequencies in the frequency domain [54].

The first pole of the anti-aliasing filler is the RC oulput stage of the aceelerometer, connected
1 a vollage follower circuit, This is then followed by a 4-pole Sallen-and-Key low-pass
Bessel filter. Il is possible to amplify the signal in the filter by adding resistors to each stage
to create non-inverting amplifiers. However, it was decided that the signals were to be
atnplified by a scparate mverting amplitier which meant that the gain of the circuit could be
allercd simply by changing the value of two resistors as opposed to all of the resistors and

capacitors in the filter stages. T'his made gain altering easier.
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Figure 5.8: The Anti-Alizxing Filters used on the Quiputs Trom the ADXLINZE

S-pole Bezsel low-pass filters ure used on the outputs of the ADXTZE2E w Iilter pu bngh frequency
fipige cEnpnents and prevent aliasing, A Bessel filter was selected as it performs well in the tmme
domain,

The values of the resisiors and capacitors where calculaled using the standard Sallen-and-Key
jow-pass filter equations (Eq. 5.4 and Eq. 5.5) and the Bessel Filter table found in Appendix E
[55].

1
T ESF2nJRRCE,

o ‘\'Rlﬂzctcz {5:}}

"~ RC+RC,

£ {5.4)

<

i 15 the required cut off frequency, FSF is the frequency scaling factor, (J is the quality factor,

and R, and C; are the resistors and capacitors making up the Sallen-and-Key Filter Circuit.

The outputs of the {ilter are connected to the processor via jumpers JP4 and JP3, which means
that they can be disconnected when they are not needed or for circuit troubleshooting. Test
pins are provided on the signals ACCX and ACCY which come (rom the accelerometer, and
ACCX_FILT and ACCY FILT which are the outputs of the anti-aliasing Rhers. An

oscilloscope probe can be connected to these points to view the signals.
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The anti-aliasing [ilter is constructed using Microchip’s MCP6024 opcrational amplifiers
|56]. These were selecled as they ofler single supply operation down tu a voltage as low as
2.5V, have a gain bandwidth product of 10 MHz and a rail-to-rail output swing. They contain
four operational amplifiers per chip which reduces the size of the civeuit on the PCB and

come in surface mount 14-lead plastic small outline (SOIC) 150 mil packages.

54 The Audio Sensor

3.4.1  Awn introduction to Electret Condenser Micraphones

Microphones convert sound into electrical energy. ‘lhere are many different types of
microphones most of which use some form of flexible diaphragm. Condenser microphones
use capacitance to convert sound waves into electrical signals. The diaphragm acts as one
plate of a capacitor and vibrations caused by sound cause the distance between the plates to
vary, The plates are kept at constant charge and therefore the voltage across the capacitor
changes as the distance changes. Llectret condenser microphones have a dielectric in between
the capacitive plates. The dielectric is given a permanent charge and is known as an electret,
These microphones do not require power to polarise the plates, however they do often contain

a preampliticr which reguires power.

35.4.2 A Description of the Audio Sensor Circuit used in the Vibration Data
Logging Device
An electret condenser microphone is used on the vibration daty ogeing board to pick up

audible noise. The microphone (s connected to a stereo jack plug which can be inserted into

the stereo socket on the board, The socket has three connections: bias, signal and ground.
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A clectret condenser nucrophons was uscd as the audie scnsor soboard the vibration data tosser
atnl 35 connected v e boand via @ steree sockel. The outpot signal is amplified, Gitered and then
rrtterad beforz it eners the ALDC of the processor,

The microphone’s preamplifier is powered by +3.3V {(AVIDY) connected via a current
limiting 2.2k resistor. The ground signal is connected to the analogue ground plane
{AGND}). The output signal from the electret condenser microphone is AC coupled to an
inverling amplifier, biased at 1,65V, with a gain of 2.2 by a 10xF capacilor. The capacitor lcets
the AC signal pass through it while blocking the DC bias voltage. The signal then passes into
a single-pole low-pass filter with a cut oft trequency of 10 kHz. It is then buftered before it
enters the ADC mwodule of the dsPIC30F6014A.

The amplifving and butfering circuit is constructed using MOUP602ZZ dual operational

ampiitiers [56].

The ampiified and filtered output signal is connected to the processor via a jumper J1*6 which
means it can be disconnected if necessary. Test pins are provided on signals MIC IN, the

output of the microphone, and MIC_ADC which is the amplified and filtered output.
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5.5  The Temperature Sensor

Temperature sensors lake many forms. An analogue temperature sensor 15 an integrated

circull whose outpul voltage is proportional to temperature,
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Fieure 5.0 The Temperatnre Sensing Cirouit

A WAWARDR o vollaps analopue femperalure sensor s osed to measure the temperaoe of e

vibration data logeing board. 1t senscs s own dic temperaiiee anl woipots o woltags propoer vaef o
Lhat temperniyne.

A MAX6608 low voltage analogue temperature sensor [46] is used 1o measure the
temperalure of the vibration data lopging beard. It senses its own die lemperature and can
accurately sense temperature through its leads as these provide a good thermal path to the 1C.
The transfer function of the chip is given in Equation 3.6 where 07'C equals 500 mV and there

is a change of 10 mV/7C. Tis the die temperature.

V., = 500mV = (T «1omv/C} (5.6)

The MAX6608 circuit is setup as suggested in the datasheet [46]. The output of the
MAX6608 is filtered with a InF ceramic capacitor. This removes any AC signals on that line.
It is conmected 1o the processor via a jumper JPT7 and a test point is provided on the signal
TEMP_ADC which is the output of the device (Fig. 5.10).

The MAX66018 comes in 3-lead Small Outline Transistor Package (SOT-23)
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5.6  The Digital Signal Processor

5.6,/ An Introduction to the &sPICIOF60144 Digital Signal Controller

(Mgital sigmal controllers are specialised microprocessors with digital signal processing
capability. Microchip’s dsPIC30F6014A general purpose digital signal controller has 16-bit
modified Harvard Architecture which means that it uses separate storage and signal pathways
Tor instructions and data. This has the advantage that instructions can be implemented and
data accessed at the same time. The dsPIC30F6014A contains 144 Kbytes of Flash program
mematy, 4 Kbytes of data EEPROM and 8 Kbytes of RAM.

The DSP engine contains a 17-bit x 17-bit multiplier, 40-bit arithmetic logic unit {ALU), two
4{+-hit saturating accumulators and a 4-bit bi-directional barre] shifter [47]. These units make

DEP operations more effictent.

The dsPP1C30F6014A contains a number of peripheral madules which simplify design and
programming. These melude: a 12-bat ADC, timer units, 3Pl modules and VAR'T modules

amomgst others,

I'he dsPIC30FH(14A can be powered off a +2.5Y to a 5.5V supply. 'T'he supply voltage will
atfect the speed of the processor and a dsPIC3UF6GH4A powered with —3.3V can reach a

maximum speed of 200IPS,

The dsPICIOFG014A comes n a 14 X 14 X | mm 80-lead plastic thin quad tlat package
(TOFP},

Microchip's dsPICDEM™ || Development Board [57] was used to learn about the
dsPIC30F6014 processor during the design phase of this project. It contains a dsPIC30F6014
pracessor which is connected to a variety of ditferent devices such as light emitting diodes:
(LEDs). potentiometers. push buttons, RS-232 devices, a CODEC and an external
micracontroller which connects to an LCD display, The device was programmed using the
1ICD2 In-Cireuit Debugger which is connected to a PC with a USB connector. it provides in-

circuit debugging from the MPLAB" sraphical user [S8].
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362 A Description of the Processing Circuit used in the Vibratfion Data
Logging Device

The dsPIC30F6014A processor circuit was designed bascd on the sysiem intcgration

suggestions found in the dsPIC30F6014A dalasheer [47] and the circunl diagrams [or the

dsPICDEM™ 1.1 Development Board |56].

‘The dsPIC30F6014A processor has five positive power supply and five ground connections,
all ol which must be connected. Cach side of the chip has a digital supply and a ground
connection. These are connecled to the +3.3Y digital supply (VDI3) and the digital ground
plane (GMI3) respectively. The remaining two power supply conneclions provide power lo the
12-bit analpgue to digital converler module and are conneeted to the +3.3V analogue supply
{AVDD) and analogue ground plane (AGNID). This ensures that the high speed digital circuits

do not interfers with the analogue signals.
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Fipure 5.11: The Processor Clreult
A dzPICIOFG0ES A digital sipnal comtroller is used as the processing device vnboerd the vibration

data togeing board. All the connections te the provessor are showi 0 e diagram above,
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A 10 MHz crystal is connected across pin 49 (OSC1) and pin 50 (OSC2). A 22pl’ ceramic
capacitor is connected from each pin of the crystal to ground (GND). This together with an
internal feedback resistor and an inverter in the dsPIC30F6014A form a erystal oscillator

circuit which produces the system clock signal {Figure 3.12).
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Figure 5.12; The Crystal Qscillator Circwit

M crvatal pscillator consiss of a guarts ervsoal. two capacitors, o feedback resistor and an inverter,

The dsPTCIOFAD 148 S ¢leck sipnal can be penecated using the cieedit aheve
The dsPLCIOF60T4A contains an internal phase fock loop (PLL) civcuit which can be used 10
multiply the primary oscillator’s frequency by 4, § or 16. In this circuit the clock mode {s set
to XT w/PLL ¥ 8. A test pin is connected to OSC1 and can be used to view the clock signal or

1o connect an exiernal ¢lock.

The processor is programmed using an 1CD2 in-circuit debugger module. The device is

programmed through pin 12 (PGC) and pin 20 (PGD). These lines together with the deviees
master reset, pin 9 ( MCLR Y are connected Lo the ICD2 in-circuil debugger module using a 6

pin RJ-12 right angled modular jack plug. An exicrnal push button is connected via a 10k
pull-up resistor to the MCLR signal ling and can be used to resel the device. Test puints are

provided on the PGC, PG and MCLR signal lines.
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The dsPIC30F6014A contains a 12-bit analogue to digital converter module which uses a
successive approximation register {SAR) to convert signals. All sixteen ADC inputs are
multiplexed into a sample and hold register which is the input to the converter which
generates the result [47] The analogue supply lines are used as Lhe vollage references in
comversions. “The outputs from the sensors are connectled to the 12-bit ADC at the following
locations: the temperature sensor is connceted to pin 27 (ANS), the outputs from the
accelerometer circuit are connected to pin 28 (AN} and pin 29 (AN10), and the cutput from

the microphone circuil is connected to pin 30 (AN11).

A dip switch provides three input signals which are used as SEND (pin 61 — RD1 )y, RECORD
{pin 62 — RD2} and ERASE (pin 63 — RD3) siznals. These are used to start the recording,

sending and erasing processes,

Seven light emitting diodes (1.EDs) are used as indicator lights onboard the vibration data
logeing board, A green LED {pin 7— RG7) is used to indicate SEND. an orange | ED (pin 8 —
RG8) is used to indicate ERASE and a red LED {pin 6 — RG6) is used to indicate RECOGRD.
The four remaining red LEDs are general purposce and uscd in the testing of the board, They

are connected Lo pins 2-5 (RC1-RC4). All LEDs have current [imiting 1kE2 resistors,

The dsPIC30F6014A is connccted to a 32-Mbit Dataflash™ chip, AT45DB321C. These two
devices communicate using a spoeific synchronous serial connection known as the scrial
peripheral interface (SPI). An SPI has 3-wires: scrial data input (SDI); serial data output
(SDO); and serial clock (8CK). A serial connection means that data are transmitled bit by bit
down a line, A clock sicnal (pin 45 — SCK1) is connceted between the devices in order (0
synchronise data trensfer. The device that provides the clock signal and controls the data
transter is known as the master while the other device is known as the slave. The
dsPIC30FF6014A is the master device in this case. The SDI pin from the dsPIC30F6014A (pin
44 — SD11) must be connected to SDO pin on the AT45DB321C and the DO pin from the
dsPIC30I6014A (pin 43 — SDCH ) must be connected to SDO pin on the AT45DRI21C. Tesl
pins are provided on 8DI11. SDG1 and SCK.

The dsPIC30F6014A contains two universal asynchronous transmitter receiver (LART)

modules, Data are retrieved from the vibration data logging board 1o a PC via one of these
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modules, UART is a scrial interface with separate lines for transmission and reception. As no
cloek line is connceted between devices it is important that the transfer speed is set in both
devices before mansmission tukes place. Daty are transteered at a rate of 57600 baud, with 8

data bits. one stop bil and no parity bit.
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Fipmre 5.15:  L'he Dnata Retrieval Circuoit

Taula ure retcigved o the vibralion daa lepping Boord via a aniversal asynchronous transmitesn receiver
{UARTD link. The UARLD module onboard the dsPTCARESOIdA 1y commecied tp o SF3222 R R%-232
lrursoeiver wlich 15 1 (utn comnected 104 9-pin female secal commnnication port which can be connected

ta 'L
The dsPIC30F6014A° s UART maodule is connected 1o a SP32221E true +3.0V 10 +5.5V RS-
232 Transcciver [49] via TX IN (pin 41 — ULITX) and RX_OUT {pin 42 — UJIRX). This RS-
232 system converls a4 +3.3V logic one w -3V and a 0V logic zero to +5V using a series of
charge pump converlers. The SPI222E s connected 1o a right-ungled 9-pin [Crmale serial

communication port with signal lines TX_ OUT and RX_IN.
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Figure 5.14:  Servial Comwmunications Pert Connections for g R5-232 link ta a PC

Drara are sect ta the I'C o pin 2 and received from e MO o pin 3, Pios 4 e A owre Tinked together

and pii 5 provides 1he growad sipmal,
The SP32221: chip was selected as it can run off of a +3.3V supply and can work with ~3.3V
digital lopic levels. It was constructed according to the datasheet specilications [49]. It is

powered with the +3.3V dipital supply {VII) and is connected to the digital 2round planc
(GND). The disable pin | (EN  is connected directly to ground and the do not shutdown pin

{ m) 1% comneeted directly w =33V, Four 0.1 4F ceramiec capagitors are used in the charge
pump converters, The TX_IN and RX_OUT signals are connected (o the deviee via a jumper
(JPR) and test pins are provided on the following signal lines; TX IN, RX OUT, TX_OUT
and RX TN,

5.7 The Memory System

5% An Introduction fo the AT45DB321C 32-Mbit Dataflash™ Chip

Memuory devices come in many forns, some of which are volatile which means they lose their
data when no power (s reccived, or non-volatile which means they store their data even in the
absence of power. Flash memory is a type of non-volatile memory which is electricaily
programmed and erased in blocks. It provides a cheaper alternative to EFPROM. Typical

Flash devices use a parallel interface and address lines to program and read data,

AT45DB321C 32-Mbit Dataflash® chip is a serial flash chip which can be interfaced 10 a
processing device using a 3-wire SPI, The ATA3DB321C s memuory is organised into 3192
pagcs of 528 byics cach. It also contains two 528 byte SRAM buffers which can be used (o
store data while the main memory is programmed [48]. The Dataflash® chip does not require
+5V digital logic levels and can be used with logic levels of 2.7V or —3.3V. It requires a

power supply of <2.7 w —3.6V and can operate at a maximum clock rate ol 40 MHz
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The AT45DB321C 32-Mbit Dataflash™ chip comes in a 28-lead plastic thin small vutline
package {TSOP},

5.7.2 A Description of the Data Storage Circuit used in the Vibration Datu
Logging Device

The AT4503B321C 32-Mbit Dataflash™ circuil was designed based on recommendations in

the datasheet |48]. Il is powered off the —3.3V digital power supply and is connected to the

digital ground plane. The devices logic signals arc therefore +3.3V (logic one) and 0V (logic

Zera),

As deseribed in Section 5.6.2, the Damaflash® chip is conneeted to the dsPIC30F6014A with
the SDI, SDO and SCK pins, The S pin {pin &) of the Dataflash® chip is connected (o the
SDO pin (pin 43 SDOV1) of the processor and the SO pin (pin 7} 15 connected to the SD1
pin {pin 44 — SDII} of the processor, The SCK pins of the two devices are linked and this line

provides the clock signal for shiffing data in and out of the two devices.

The Datatlash™ is enabled through the chip sclect pin {ﬁ} and a high-to-low transition on

this line will begin data transfer between the two devices. The CS nin (pin 4) is connected to
pin 34 (RD8) of the dsPIC30F6014A.
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Figure 5.15;: The Memory Storage Circuit
An AT4SDB321C 32-Mbit Dataflash™ chip is used as an external dave storage chip enbosard the

vibration dgatg logzing board. T is connected 1 the JaPICI0F60T4A ustng & 3-wire SPL
The write protect pin {ﬁ} of the AT45DB321C can be used to prevent the first 256 pages of

the main memory from being programmed, The WP pin {pin 235) is connected to pin 57
(RD11) of the dsPIC30F6014A and for normal programming operation this pin is pulled high.

The reset pin { RESET ) s used to stop the current operation and reset the internal state of the
device to idle. This pin (pin 24) is connected to pin 36 (RD10) of the dsPIC30F6014A and is

driven high for normal operation.

The AT43DB321C's READY/BUSY {pin 23) indicater line gives the status of the device.
This line is pulled low internally when the device is in operation. It {s connected to pin 535

{RD9) of the dsPIC30F6014A via a 1k pull-up resistor.

Test pins are provided on all the AT43DB321C s conncetions 1o the dsPIC30FE0E4A,
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5.8  The Power Supply System

Power supplies are used o provide electrical power to a load or many loads. They come ina
variety of [orms. ‘The three that were used on the vibration data logging prototype board are

discussed in more detail in the ollowing scctions.

5.8 1 An Introduction to Batteries

A battery is a device that converts stored chemical energy into electrical energy and consists
ol ome or more voltaic celfs, A battery’s capacity is measured in ampere hours (A-h) and this
tmeans that a battery with a capacity ot 1A-h can supply a load with a current of 1A for one
hour. Batteries lose charge even it they are not used due to chemical reactiony within the cell.
These reactions occur at a greater rate 48 temperature increases and therefore it is important to

store hatteries in a cool environment.

There are many different types ol batterics which use different chemical reactions to store
charge. Baticrics can be split into two main groups; disposable, which are discarded once they
have been used, and rechargeable which can be recharged and used again, There are many
ditTerent 1ypes of disposable batteries, These include: zinc-carbon; zine-chloride: zing-air;
alkaline: silver-oxide; mercury: and lithium. These diffcrent tvpes of batterics cach have

dilTerent charge storing potential and lifetimes,

A 3V lithiom cell 15 used 1o power the vibration data logging board. This type of ccll was
selected as it produccs twice the voltage of a typical zinc-carbon batiery; has a lifetime of
approximately 10 vears: has a relatively flut discharge curve which meany that il maintains a
constant voltage as it discharges [54] and is made in a 20mm coin cell form which provides a

smaller and lower profile on the PCB,

5.8.2  An Iutroduction to Switch-Mode Power Supplies

A switch-mode power supply (SMPS) uses a saturated transistor or MOSFET o switch the
Ml wnregulated voltage across an inductor for shorl inlervals. This cavses the inductor's

current o build up during each pulse; storing energy in a magnctic field. This energy is then
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transterred to a smoothing capacitor al the oulput. A control circuil alters the pulse width or

switch frequency in ordet 1o maintain a constant autput [54].

Swilch-tnode power supplies are more ethciem than linear regulalors as they switch the full
supply voltage with a variable duty cycle as opposed to being permanently on. This resulls in
less energy being wasted in the form ol heat. They do have the disadvantage that they often
cantain some switching noise on the cutput, SMPS can be used as DC/DC voltage converters

and these are divided into three main groups:

1. Step-down Regulators comvert a higher DC yoltage into a lower DC voltage, A Buck
converler is a type of step-down regulator,

2. Srep-up Regularors convert a lower DC voltage into a higher DC voltage. A Boost
converter i a type of step-up regulator.

3. Imverting Regulators invert a DC voltage,

A LM2623 general purpose DC/DC Roost converter |50] is used onboard the vibration data
logging board Lo regulate and step-up +3V from a lithium cell. It was selected as the voltage
from the =3V lithium cell has to be stepped up to +5Y which is then inputted to two low
dropout regulalors which regulate the voltage to <3.3Y, the voltage that all the inteprated
circuits on the board are powered, A SMPS maximises the batterics life as it is highly
efficient, up to 85% efficiency at an input voltage of +3V. This particular SMPS has fow

exiernal components and has internal MOSFET switches which simplify circuit design.

This chip is specilically designed for low input voltage applications and can accept an input
vollage between 0.8Y to 14V and convert it to a regulated output of 1.24V to 14V, It draws a
typical operating current of 80uA which means a battery with a capacity of 100 mA-h would

last 1250 hours which is approximately 52 days.
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Figure 5,167 A Functional Diagran of the LM2623 DCYDC Boost Convertor

The LaA2623 is a gencial purposc gated oscillator based DHO/OU Boost converter. B s used onboard
the vibration data logging board o gomvert +3% for g lithiom cell (e 5% (Taken Fom Natioona)
Sermcomductor Corquoration Data Shect, 2004 [S0].

A functional diagram of the LLM2623 is given in Figure 5.16. The LM2623 uses a ‘Ratio

Adaptive Gated Oscillator Circuit” to compensate for changas in the input/output voltage ratio

[50]. An intemal N-channel power MOSFET 14 uscd as the swilch in the regulater.

The LM2623 comes in an 8-pin mini small outline (50 package.

5.8.3 An Introduction to Low Dropount Regulators

A low dropout regulator (1.IX)) is a tvpe of linear voltage regulator which can have a small
difference between its inpul and output voltages. Linear voltage regulators use some form of
transistor or field effect transisior which acts as a variable resistor. A lot of power (s
dissipated across this device which reduces its etficiency, However, they do not use any form
of switching device which means there is significantly less noise on their output as opposed to

a Shpy.

Two LDOs are used onboard the vibration data logging board as pest regulators from the

SMP5. They are used to reduce the ripple on the oulput of the SMPS so producing stable
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—3.3V suppiies for the digital and analogue circuits. Naoise is reduced in the sysiem by having

dilferent voltage repaiated suppites lor the analogue and digital circuitry.

A TC1264 800mA +3.3V fixed output CMOS LDO |51] is wsed (o regulate the +3Y from the
SMPS 10 +3.3Y tor the digital supply. It was selected as il provides a fixed +3.3V output and

15 able to provide enough currend 4o the digital cirewits, W comes ina 3-pin DDPAK,

A CTC2IRS - 33V [50mA CMOS T.DO [52] is used (o regulate {he oulput of the SMPS to
L2V for the analogue supply. 1t comes in a 3-lgad plastic small outline transistor package
(SOT-23),

384 A Description of the Power Supply Circuit used in the Vibration
Dara Logging Device

The power supply circuit onboard Lhe vibration data logging board consists of a lithium cell, a
L2622 Boost converter, some post regodation 1O fifters, two low dropout reguiators,

TC 1264 and TC21 83, and decoupling capacifors,

The LM2623 Boost converter circult uwsed on the board was laken from National
Semiconductors Ratio Adaptive Gated Oscillator Cookbook |5%]. The SMPS switching
frequency s set with B3, a 150k resistor. A 4.7pl’ ceramic capacitor allows the duty cxele of
the internal oscillistor to be programmable and this tosether with R4 allows the duty evele 1o

dyvnamically compensate for changes in the input/output voltage ratio [50].
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Figore 5.17: Switch Mode Power Supply Civcoir
A LA2a23 peneral purpose DOMDC Boost converter is used onboard the vibration daga [opping

board to regulate and step-up the +3% from a lichivm cell w0 +5% which then inputted to two low

dropoul tegulalory which regulaie the voftage to +3.3V as this is the voltape that all the Inteprated

circuits on the board are powered off,
The output voltage is set using a resistor divider made up of R1 and R2 which are connected
between the output, the feedback pin (pin 4) and ground. R2 is selected to be a 100k resistor

and R1 is chosen based on Equation 5.7.

ooy
s Zow || :
- R“[[LM] .. R
AJKER resistor was selected for R1 in order to get an cutput voltage of +5V.
s
R, =100k2

orfim

. i
(10010 {LL24J J

= 3032258
& 300k
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A STMicroclectronics STPS130U 40V, 1A Schottky diode is used as the output diode as it
can be switched at high speeds. A 4.7aH DO1813P-472HC Coileratt inductor is used as the

current storing efement in the SMPS,

A 224F (antalum decoupling capacitor is connected across the batlery’s inputs and a 684F
tantalum decoupling capacitor is placed across the outpul of the SMPS in order to reduce

oulpul ripple.

A preen led is conmected with a Tkl currenl limiting resistor across the output of the SMEPS

and is used as a power on indicator light.

The SMPS is connected via a jumper (JP1} to the fow dropout regulators. This means that it
can be disconmected from the system for lroubleshooling or if an alternative voltage input is

reguired to Lhe [LDOs,

Connector pins are placed on the inpul vollage (VIN)Y and ground (GND) conneclions, These
meatl that an exlernal O power supply unil can be used as the inpul vellage source Instead of

the lithium cell. A test pin is provided on the output of the SMPS (VD _SMPS).
Two small 756 ferrite beads were inserted in the output of the SMPS and this, together with
two 1004 tantalum decoupling capacitors, [orm low-pass [illers which are used o reduce

any nolse on the power supply,
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Figure 5.18: A LC Low-pass Filter

A sl TAC2 ferride hewnds s ansericd mothe ongpae of the 53PS and this opether, with o |RIGF
tantalum degoupling capacitor, tonr lowepass filters wluch arc wsed fo reduce any npple on the
power supply,
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The outputs ot the LC low-pass filters are then mputted inlo the two low dropoul repulators,
TC1264 und TC2185,
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Figure 5.1%: The Digital Snpply Circoil

A TC1264 300mA 3.3V fixed ourpur OGS Lony dropout voltaee regulobor ie uged Lo regulate the
+5W [roe the SMI'S o =33 for the digilal supply,

A 14 tantalum decoupling capacitor is placed at the input to the TC1264 (pin 1) and pin 2 15
comnectad to the digital ground plane. The back tab ot the chip is also connected to the digital
ground plane, A 1;F tantalum decoupling capacilor is used as the output decoupling capacitor
for the TC1264. A jumper (JP2) links the oulpul of the TC1264 to the digital power supply
line which is the power supply line for all the digital circuits onboard the vibration data

lopping board. A test point is provided on the output of the TC1264 (VDD),
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Ficure 5.20: The Analugue Supply Circuil

A TCZI88 +3.3Y L50mA CMOE low dropour voltage regalitor 2 wsed Lo repulate the output of the
SMIME to ~3.3Y for the pnaloge supply.
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A 1ul tantalum decoupling capacitor is placed at the input to the TC2185 (pin 1) and pin 2 is
connected 1o the analogue ground plane. The do not shutdown pin (pin3 — SHDN) is
connecied directly to the input to ensure nonmal operation and the Bypass pin {pin 4) is
connected to ground using a 10nF ceramic capacitor which improves the power supply
rgjection tatio. A | tantalum decowpling capacitor is used as the output decoupling
capacitor for the TC2185. A yjumper (JP3) links the output of the 1.DO to the analogue power
supply line that supplies all the analogue cireuits onboard the vibration data logging board. A

test point is provided on the output of the TC2185 (AVDD).

Decoupling capacitors are supplied throughous the board between all power signals and
ground planes, Small 0.1 ceramic capacitots are used to filter out high lrequency noise
while larger 10041° tamalum capacitors are used to filier out lower leequencies. Decoupling
capacitors are placed as close to the power pins of the devices as possible. They are then
conngcted direetly fo the ground plane through a via. Every [C has at least one decoupling

capacitor.

5.9 Printed Circuit Board Design

AL Asn Introduction to the Printed Circuir Board Design

Electrical circuits are construgted on printed circuit boards (PCB) which are essentially layers
of copper laminated on to layers of insulator. Electronic components are soldered onto the
PCB and the connections between them are etched out Lo fonm traces. Layers are connected to
gach other thiough small plated holes known as vias, Origimally, all components had pins
which were soldered into plated holes on the PCB. Susface mounted devices are now
becoming the new means of connecting components o PCBs. These devices are connected to
the PCD by soldering a lead onto a pad. This means that the devices can be made very small
as pin size is not a limiiing factor, PCBs are graded according to the laminate material. This
detenmines the quality of the board. PCBs can be single-sided. double-sided through holes, or

multilayer boards depending on the application and complexity of the circuit.

To ensure that noise in a eireuit is kept at a minimum, it 15 advised that ground lines are made

into ground planes which mewxn that an enire plane of copper forms the ground conngction.
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Conngetions to the ground plane are made through vias which shortens the path o ground,

‘The ground plane also provides some shielding against noise from external sources [60].

It is important to scparate the analogue and digital ground planes and conneet them to the
power supply Lsing a single point connection, This fucther reduces nodsc on the board. The
analogue ground plane must not overlap he digital ground plane as the distributed

capacitance will couple high speed digital noise into the analogue circuitry [60].
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Figure 5.21: An Example of an [deal Layout fur g Frinted Circuit Roard

Separatmg the ansloguc and digial ground planes reduces omse on g PCR. Thess planes ace
connected tu the power supply via @ single point cennection. L is recemmended that cempangnts are
placed on the PUB according o thair specd (Uaken from Maneini. B, 20402 (6],

Mancini (2002) |6 recommends that components are placed on the PCB according Lo their

speed and an example of a well designed circuil board layout 15 given in Figure 5.21.

X2 A Description of the Printed Circait Board used in the Vibration
Data Logging Device

The vibration data logging protolype board was desiptied with Altium Design Explorer ver.

7.2.85. This program was used Lo draw the schematies, create printed circuit board drawings

and finally to produce the manufacturing Gerber files. All the printed circuit board diagrams

can be found in Appendices G and H. Pholographs of the boards can be found in Appendix L
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The vibration data logzing printed citcult was manutactured on 150 x 120 x 3 mm double
sided plated through-hole board. The PCB material was ['R-4 which is Name resistant and
made from glass cloth and epoxy. The mini accelecrometer board was made from the same
material on a 25 ¥ 25 % 3 mm double sided plated through-hole board. The copper thickness

was 70 gan, Both top and bottom sides were covered wilh a solder mask.

Ground planes were made on both sides of the board Lo provide maximum shielding. There
arc three scparate ground planes: power, analogue and digital. ‘The power ground planc is
linked to the digital ground planc at the top edpe of the board and to the analogue plane at the

bottom cdge of the board ithrough single point conncetions.

All of the digial components and digilal signal traces arc placed on the digital eround plane.
The dsPIC30F6014A is placed on the edge of the analogue and digital plancs as the analogue
plane lics under the ADC pins of the device. All the analegue components and analoguc
signal traces arc fpund on the analogue ground planc. 1Cs are all placed on the 1op side of the
board,

Signal iraces are placed, where possible, on the top side of the board while the power suppty
lines are placed on the botlom of the board and linked (o the components using vias. Signal
traces arc on average 0.4 mim wide with the higher currenl power supply traces being [ mim

widce.

The PCB traces for the SMPS were laid out according to the specifications found in National
Semiconductors ‘Layout guidelines for switching power supplies’ [61]. This suggests that
planes are used instead of traces to connect signals and that the high frequency components
are placed far away from the feedback line. It is also import o make sure the traces in-

between compaonents are as short as passtble,

The SMPS is linked to the LC filters and then to the LDOs using a 5 mm trace. The
components used in the analogue and digital supplies are connected to the ICs using planes

rather than lrages which turther reduces noise.
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Signal lines are kept as short as possible to prevent degradation of the signal through noise. It
is very important that the traces from the crystal oscillator are as short and direct as possible

as acute angles might cause reflections which prevents the oscillator from starting up.

All signal trace corners are angled at 45°, as this insures that there will be no reflections of

high speed signals at the corners.

Off board connectors such as the RS-232 serial communications port and the RJ-12 ICD2 in-
circuit debugger connector are placed at the top end of the board for ease of use. The electret
condenser microphone socket is placed on the bottom left corner of the board to separate
analogue and digital components. The ADXL202E accelerometer board is connected to the

main PCB using a 10 X 2 socket and can be disconnected when it is not needed.

Jumpers have been used throughout the board to separate sections of the board for trouble
shooting and to isolate signals. Test pins have been provided so that an oscilloscope probe can

be connected allowing all the major signals to be viewed.
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Vibration Data Logger

6.1  An Overview of the Software Requirements

Software onboard a data logging device is responsible for interfacing all the different
hardware modules; collecting data samples; performing calculations and analysis on data;
communicating between devices; and for general control of the system. This chapter provides
a detailed look at the software systems implemented in the vibration data logging board. The
software code for the vibration data logging board can be found in Appendix K.

The software was written in C using the MPLAB® C30 C compiler [62], which is Microchip’s
ANSI compliant C compiler for 16-bit devices such as the dsPIC30F family of digital signal

processors.

This software was written for the integration of the all the functions used to control the
modules on the vibration data logging board. The program for each module was written and
tested separately. Due to the failure of the Write/Read operation of the AT454DB321C
Dataflash® this integration program could not be implemented. A description of each of the
tests and the results can be found in Chapter 8.

The vibration data logging board must record data from the sensors, analyse it and then send it
to a personal computer for further analysis. The main software program consists of four parts.

They are each discussed in more detail in the following sections (Fig. 6.1):
1. Setup sets up the dsPIC30F6014A digital signal controller’s input/output (I/O) ports,

analogue to digital controller module, universal asynchronous receiver transmitter module

and serial peripheral interface module for the vibration data logging board.

62
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2. Record is used to collect data samples from either the accelerometer, microphone or
temperature sensor at the specified sample rate; perform the required conversions on the
data and then store it in the AT45DB321C Dataflash® chip.

3. Send is used to transmit the data stored in the AT45DB321C Dataflash® chip via the
dsPIC30F6014A’s UART module to a personal computer running Microsoft® Hyper

Terminal,

4. Erase is used to clear the entire contents of the AT45DB321C Dataflash® chip.

Setup Ports
)
Setup ADC
[ )
Setup UART1
[ ]

Setup SPIH

Record

NO
NO ]

Figure 6.1: The System Diagram of the Main Function

The main software program consists of four parts: the setup functions; the record function; the send
function and the erase function. The processor runs through the main program and checks to see
whether any of the functions switches have been set. If so it jumps to the appropriate function.

Record, send and erase are selected by setting the appropriate dip switch. Record is set with
switch 1; Send with switch 2; and Erase with switch 3. Each switch is prioritised according to

function, in other words if the record switch is activated all the other switches are deactivated.
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If the send switch is activated, the erase switch is deactivated but the record switch can still
override the send function and so on. The record function has the highest priority, followed by
the send function. The erase function has the lowest priority.

6.2 Include Files

The main software used to run the vibration data logging board includes five header files

which are used to define common parameters used throughout the program. They are:

1. p30f6014a.h [64] is the standard MPLAB-C30 dsPIC30F6014A processor header which
contains the definitions for all of the function registers and macros to setup the system
specifications of the dsPIC30F6014A. \

2. math.h contains the standard C math library definitions.
3. dsPIC30F6014APins.h defines the pin names used on the vibration data logging board.

4. AT45DB321C.h defines the opcode commands used by the AT45DB321C Dataflash®
chip.

5. common.h defines all the common parameters, such as instruction clock frequency and

baud rate, used in the main software program.

These header files are used to simplify the programming process and shorten troubleshooting

time as constants are defined in one place and can therefore be changed easily.

6.3  The Setup Functions

The setup functions are used to initialise the dsPIC30F6014A’s peripheral modules which are
used on the vibration data logging prototype board. Each of the peripheral modules has 16-bit
function registers which are used to configure and control the operation of the module. The
dsPIC30F6014A digital signal controller’s input/output (I/0) ports, analogue to digital
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controller module (ADC), universal asynchronous receiver transmitter module (UART) and
serial peripheral interface module (SPI) are initialised with four setup functions. These are

discussed in more detail in the following sections.

6.3.1 Setup Ports Function — InitPorts

The input/output (I/O) pins onboard microcontrollers are used to monitor input signals and
control external devices connected to them. Most of the dsPIC30F6014A’s I/O pins are shared
with onboard peripheral modules. The /O functionality is generally disabled when the
peripheral module is initialised. The I/O ports are controlled by three registers [63]. These are:

1. 7RISx (Data Direction Register) is used to initialise the port pins as inputs or outputs by
writing a 1 (input) or a 0 (output) to the appropriate bit.

2. PORTx (1/0 Port Register) is used to set and access data on the I/O port pins. A read of
the port register gives the values on the I/O lines and a write to the port register writes the

value to the port latches.

3. LATx (/O Latch Register) is used to set and access the values of the port latches. A read
of the latch register gives the value of the port latches, while a write to the latch register

writes the value to the port latches.
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Dedicated Port Module
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Figure 6.2: Structure Block Disgram of a General Input/Output Port

TRISx controls the data direction of a general /O pin. PORTx and LATx are used 10 set and access
data on the /O pins and the data laiches respectively. A read of the port register gives the values on
the IO lines and a write to the port register writes the value to the port latches. A read of the latch
register gives the value of the port laiches, while a write to the latch register writes the value to the
port latches (Adapted from Microchip Technology Incorporated Reference Manual, 2003) [63].

A function called InitPorts was created and used to set up the directions and values of all the
ports on board the dsPIC30F6014A. The names, port numbers and initial value of the general

input/output pins used onboard the vibration data logging board are given in Table 6.1.

Table 6.1: Name, Direction and Initial Value of the General /O Ports

The direction and initial value of general input/output ports used onboard the vibration data logging
board are set up with 8 function called /nitPoris.c. This table gives the names of the signals and of
the ports to which they are connected. The initial values are set using the PORTx registers in the

dsPIC3OF6014A.
INPUTS OUTPUTS
SIGNAL INITIAL SIGNAL INITIAL
NAME PORT NAME VALUE NAME PORT NAME VALUE
SEND RDI 0 LEDI RC1 0
RECORD RD2 0 LED2 RC2 0
ERASE RD3 0 LED3 RC3 0
LED4 RC4 0
READY/ BUSY RD9 0 .
&5 RDS 1
RESET RD10 H
wp RD11 1
RECORD LED RG6 0
SEND_LED RG7 0
ERASE_ LED RGS 0
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Port directions were set using the appropriate TRISx data direction register. The values of the
ports were initialised using PORTx registers. All unused pins were made outputs and their

value was set {0 zero.

Table 6.2: Function Registers for the General 1/O Ports

The values of the function registers used to configure the general input/output ports in the
dsPIC30F6014A digital signal processor are given in hexadecimal and binary.

HEXADECIMAL
REGISTER NAME VALUE BINARY VALUE
TRISA 0x0000 0000 0000 0000 0000
TRISB O0x0F03 0000 1111 0000 0011
TRISC 0x0000 0000 0000 0000 0000
TRISD Ox020E 0000 00100000 1110
TRISF 0x0104 0000 0001 0000 0100
TRISG 0x0000 0000 0000 0000 0000
PORTA 0x0000 0000 0000 0000 0000
PORTEB 00000 0000 0000 0000 0000
PORTC 0x0000 0000 0000 0000 0000
PORTD 0x0F00 0000 1111 0000 0000
PORTF 0x0000 0000 0000 0000 0000
PORIG 0x0000 0000 0000 0000 0000

6.3.2  Setup Analogue to Digital Converter Module — InitADCI2.c

The dsPIC30F6014A contains a sixteen input 12-bit analogue to digital converter module
which shares its input pins with PORT B.
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Figure 6.3: Structure Block Disgram of the 12-bit ADC Modale

The dsPIC30F6014A contains a 12-bit analogue to digital converter module which uses a successive
approximation register (SAR) to convert signals. All sixteen ADC inputs sre multiplexed into a
sample and hold register that is input to the converter which generates the result. The analogue supply
lines are used as the voltage references in conversions. The outputs from the sensors are connecied to
the 12-bit ADC at the following locations: the temperature sensor is connected to pin 27 (ANS), the
outputs from the accelerometer circuit are connected to pin 28 (AN9) and pin 29 (AN10), and the
output from the microphone circuit is comnected to pin 30 (AN11) (Adapted from Microchip
Technology Incorporated Data Sheet, 2008) [47].

This module has six 16-bit function registers which are used to control the functioning of the
ADC module. They are:

1. ADCONI (ADC Control Register 1) is used to enable the ADC Module; set the data

output format; set the conversion trigger source; and enable auto or manual sampling.
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2. ADCON2 {ADC Control Register 2) is used to select the voltage reference source; set the

&,

number of samples per interrupt; set the buflfer configuration: and sct whether w use
multiplexer A (MUXA) scttings or to alternate hetween MUXA and multiplexer B
{MUXH} settings.

ADCON3 (ANC Conlrol Register 3) is used to scleet ADC conversion clock source: and
the acquisition and conversion times. These arc used (o set the automatic sampling rate of

the AT module.

ADCHS (ADC Input Select Register) 15 used o selecl the inpul pins o the sample and
hold amplifiers.

. ADPCFG (ADC Port Conflouration Repister) is used to configue the input pins as gither

analosue or digital. A digital pin acts as a general inputfoutput pin of PORT B.

ADCSSL {ADC Tnput Scan Sclection Register) s used to set the sequence of the scanned

inputs.

Sarnpling can be manual or automatic. Manual sampling is achicved by clearing the SAMF bit

in the APCONT register. This starts dala conversion, Sampling continues onee the SAMP is

sol apain, Auto sampling is enabled by setting the AS4M bit in the 4DCONT reaister.

Sampling begins immediately afler conversion. The aute sampling rate is set using the

SAMC=4:0> {Auto Sample Time Bils) and the ADCS<5:0= (ADC Conversion Clock Select

Bits). An analogue clock (7,p) must have a minimum period of 668ns as defined in the

Microchip Technology Incorporated Data Sheet (2003) [47], "This ensures thal the sampling

capacilors within the ADC do not fose charge, T4p contrels the conversion Lliming which must

be at feast fourteen clock periods long. Egquations 6.1 and 6.2 are used to calculate the

conversion clock period [63].

1, (4DCS <5:0= 1)

Tin = 6.1
I 3 (6.1)

Toar = Fan14 | SAMC <4:05) (6.2)
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Where Typ 15 the pentod of the analogue to digital converter clock in seconds; 7., is the
instruction clock period in scconds and Ty is the total sampling period in seconds.
ADCS<5:0= and SAM(C<4:0> are the decimal values of these bits,

aocek S, UL AU R

— Tao ToOMY —t—— TAH) ————a—— TCONY — e ——
1
e &

SAMP Q et i W 0 T S

Figure i.d: Timing Thapram of the Aol Sampling Mode of the ADC Module

Auto sampling 15 enabled by seting the A5AM bt in the A0 remisier. Sampleng emins
innnediately after comversion. The auen sampling rate 15 561 usng the S400 (Amo Sample Time
Fitg] and the A0S (ANDRC Conversion Clock Select Bies), An analogue clock {7a0) comtriy (e
comversinn wanng (=404 Ty and the sequisigion tme Ty ). The S2407 b 6 cleared automasically
once cotversion bomins (Adapted from Microchip Technology Incorporated Fefercnes ddanoal,
2003 |6d].

The results of an ADC conversion are storgd in a read-only 16-word buffer called ADCBUFD
— ADCBUF 5. The bulfer can be split into two 8-word buffers. An interrupt will oceur once
first 8-words in the buiTer are full; data are then loaded into the sccond 8-word buflfer. The
user can access data from the first bulfer while the second bufter is filled, providing more

processing Lime between inlerraps,

The buffer is 12-hits wide and data are represented in four differcnt 16-bit date formats. These

are: Intcger; Signed Integer; Fractional; and Signed Fractional (O1.135).

InaADC12 was used to configure the 12-bit analogue to digital converler module for use on
the vibration data logging board; setup the analogue to digitel converter interrupts and to start
the ADC module. An fanADCT2.e tunction was written for the different analogue sensors as
cach requires different configuration settings. A general description of initialising functions

for cach of the anafogue sensors is given below:

. Accelerometer — The ADXL202E has two outputs ACCX (AN9) and ACCY (ANID),
which must each be sampled at 16 kHz. All other AIXC pins are sct as digital outputs. The
ALTS bit in ADCONZ register selects the atternate input sample mode. This allows the
ADC 1o aliernale inputs to the sample-hold amplifier after every sample-hold sequence.
The ALES bit 18 set in this case and the ADC alternates between the ACCX and ACCY
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inputs, The ingoming signals must be sampled at twice the required rate to enswre a
sampling rate of 16 kHz. Only half the samples from a particular signal will be ayailable
when both signals are collectively sampled at 16 kblz, The sample rate is theretore set to

32kHe.

Automatic sampling is enabied and the sample rate is set by the S4MO<£0> (Auto
Sample Time Bits) and ADSC<3:0> (A/C Conversion Clock Select Bits), These values
are set 1o

ADCY <5:0==57=11100],
SAMC <4 0=>=8=01000,

The aulo sampling calculations can be Tound (0 Appendix 1

The output data [ormat from the ADC 15 signed (ractional. This produces numbers m the
range 0.9995 (o -1 which ensures that ne over[low can cecur in muliplication operations

such as in RMS calculations.

S |d10|dS |8 |d7 |dE | d5|da | d3 | d2)dl JdB]C O] O] O

Iipure 6.5: Signed Fractional (©Y1.15) Data Format of the 12-bit ADC Muodule

The 12-20 ALC result is represcnted In ong of four differoat 16-bic pumber formars. The (1,15 data

[ormel his oz sign bt and ieen dat bals, but in gtos case onby | T-bits wrg used lor datz,
[nterrupts occur after the sixteenth sample-hold sequence. This allows eight samples to be
collected from ACCX and then from ACCY. The result butter is conligurcd as onc 16-

word bufter.

Table 6.3: Function Hegisters fpr the ADC with Aceclerometer Topuis

The values af the Maneuion repisters wed woconfpore U AT module which 5 cooreected e Uhe
accelerometer. They are given in hexadecimal and binary.

HEXADECTMAL

REGISTER MAMLE VALUE BINARY VAILHL
ADCEINS O=03ED OO0 QoL LD GO0
A DR O 030 CHOCHD DRy (R L LA
ADCENT Dl 30 CHCH TCRLC G T 1EH00
ALHCILS Al CCHC TCHT CHACHD TEHICH
AR (xE9FE LTl e 11

ADNCRSE R HE HL CHOCHD ORI CHOCH OO
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2, kilectret Condenser Microphone — The output of the Electret Condenser Microphone is
connected to AN11, All other ADC pins are set as digital cuiputs. Avtomatic sampling is

cnabled and set to 20 kHz using SAMC <4:40> and ADSC<5:0> bits, They arc:

ADCS < 5:0>=57 =1 1100},
SAMC <4:0>:21 1010,

Drata are output as a signed (ractional and the ANC result buffer ARDCRLF is splil inlo two

8-word buffers. Interrupts ceeur after the cighth sample hold sequence.

Table 6.4: Function Kegisters for thy ATC with 2 Microphane Input

The values of the funetion Tegisters used W confguee the ADC madule which is comected to the
mergnbons. They ure given 10 beaadecitaal and binary.

HEXADPECIMAL

REGISTER NAME VALLE BINARY VALLUE
AR00AH Ox03ED OEROE T T T DD
AN 0x0022 EROL CREMIER SELEL EG T
ADCONT x L339 OG0T LD T T 1601
ALDCES D100 QEROD EPOCH CHIEKD TERLT
ADPURC UxFYFF [ERREURE AR S RE|
ADETESE 0x0004 GUCERCUT RGN

3. Analopwe Temperatire Sensor — The outpul of the MAX6608 analogue temperature
sensor chip is connected to analogue to digital converter via pin ANS. All of the other

ADC pins are set as digital outputs,

[Daia trom the temperature sensor must be updated every ten second, The AIXC module’s
sample/conversion sequence is manually set in this case as the sampling peried is
rclatively high. This is achieved by placing a suilable delay between the setting and
clearing of the S4MP bit in AIDCON].

Data arc outputted as intceers as there are no large multiplications in the temperature

analysis. Inlerrupts arc not used in this case.

0 |0l o] o |di1jdio|dy jd8 |d7 jdE |d5|dd |d3 |d2] dt | dO

Figure 6.6; Unsloned Tateger Data Format of the §2-hil ADC Module

The 12-bit ALNC result is representyd im one of [iwr dilfereat LA-BiE number formats. The wnsigned
inrezer data fodmat bas i sizn bicand 12-bits ot datic
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Tabde &.5: Function Registers faor the ADC with o 'Temperature Sensor Input
The values of e function ragistars used m contienre the ALC module whieh 12 connected to 1he
femperature seosor They arg piven o hexadecimisl and bisary
EEGISTER SANME HEXJ‘:DEE[MAL BINARY VALUE
YALUE
AN (e CHICH) G DECHY SO0 (K00
ADCOND (e TICHIS COCArHs CA0HA0H CICHD
ADCONT Rt N bes CICACIA COACICY $ACleRC) (T 0
ADCHS RTINS HLICE CALIY SBCIENCL TAACIH
ADPCEG ok Ll [RARANARRRREREE R
ADCEEL R IO s ST L)
6.3.3  Setup Universal Asynchronous Receiver Transmitter Module —

InitARTI

The dsPIC30F6014A contains two universal asvnchronous receiver transmitter modules.

UARTI was used in this study to transmit the collected data from the vibration data logging

board to a personal computer. The module is made up of an asyvachronous transmitter, and

asynchronous receiver and a baud rate generator.

— -4 Baud Ratg Ganerator

e IWART Receiver
- X
xR
L UART Transmmitier PE
Ll

Figure /.7:  Siructure Tlock Diagram of the UARTL Module

The module = made up of an asyochootews anstiter, and asynchronous reeciver and a bawd Tale
seneralor, Dura are shifted inoand owt of the UART madule st 2 baud rate sel by the haud rate
gener alor (Adupted oo Micooclup Teehnology Incarporatesd Relerenes Muanad, 20050 |63]

The UART modules are controlled with the following registers:

|, DxMODE (UAR T Mode Register) is used to caable the module: set the size, parity data

and the number of stop bits of the data.
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2. UxSTA (UARTx Status and Control Register) is used o enable interrupls and monitor the
condition of the UART module.

3, LxBRG (UARTx Baud Rate Generator Control Register) is used to control the period ol a
free running 16-bit tkner, The baud rate can be caleulated with Equation 6.3 |63]:

P
Bl Rate = el 63
16x(UxBRG <15:0 > +1) (5.4

Where F,, is the instruction cycle clock frequency and LoeBRC< /310 is Lhe deeimal value of
the JARTx Baud Rate Generator Control Register.

Each UART module contains a 4-word deep First-In-First-Out (FIFO) transmit buffer
{IATXRE() and a 4-word deep FIFO receive buffer (UxRYREGD). Data are loaded in the
transmit buffer by the user. This is then shifted into a transmit shift register (L TSR} where it
will be transmitted at the baud rate set by the baud rate generator. The UART receiver module

is not used in this project.

InitUARTY is used to initlalise the UARTI module onboard the dsPICIOF60] 44, The values

of the function registers are given in Table 6.6.

‘Eable 6.6: Yuncticn Regmters for the UART1 Moduwle

The values of the funetion repisters wsed to confipure the UART | madule in the dsPICHIFS014A
dipital sipnal processor are given in hexadecimal and hinary.

HEXADECIMAL
REGISTER MAME VALUE BINARY VALUE
LI MCHIE Ox3 i} 1000 (O CHICHY 000
LidST4T AL D0CH) DRI CHOCHY QO
L BRG =00 S OOCH) OEH (O 0101

The data size is set to 8-bits with no parity and no stop bit. The module can continue
operation in idle mode and no interrupts are enabled. The baud rate is set 1o 57600 bits/second

and the value of the UxBRG register is calculated to be:
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F.
PR s —— ]
16- Baud Rare

L Shslnr
" 16x 57600
0.7

=21
=0x0015,

This gives a baud rate of 5681818 bits/sccond. The error between the desired baud rale and

the calculated board rate is determined with Equation 6.4

(Cedcrdated Beud Rate — Desived Band Rare)
Desired Boud Rate

Error{®hi = =100 (6.4)

_ [56818.18—357600)
L S7600
=—1.36%

=100

6.3.4 Setup Serial Peripheral Interface — InitSPI

The dsPIC3UIG014A conlains two scrial peripheral interface modules which can be used 1o
connect to other devices. SPIT is uscd onboard the vibration data logging beard two
communicate with the AT43DB321C Dataflash® Chip. The $PI modules are setup using two

function registers;

1. SPRCON (SPl Control Register) is used 1o set up the functicning of the SP1 module. It
can enable framed SPI disable the SDO pin; select whether the word leagth 1s 8 or 16-bits
longe: select whether the dsPIC30F6014A 15 a master or a slave: set the SPI mode and set

the serial clock speed.
2. SPIxSTAT (SPI Status Register) is used to give the status of the SPI device.

The SPI module contains a buffer called SPIXBUF which is internally comprised of two
separate unidirectional registers SPIxTAR (SPI Transmit Butfer) and SPRXE (SP] Receive
Buffer). These two repisters are connected to the SPIxSR (SPI Shift Register) which shitis

data into and out of the device at the scrial clock speed. When data are written to the
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SPIxBUF it is written internally to the SPATXB register and when data arc rcad from
SPIAUF it is read from the SPIxRXH register. For cvery byte shifted out of a serial peripheral

interface. one byte is shifled in.

P o = N e T e T T e _— === =
' WPICIOFEONIA | | ATISDBIZIC T ol :
: [SPIMASTER) | \spisiave] | o = ,
i i i % Il i
(I 1 I - =i 1
sSpot 4
[ 1 - | g iEl 1
1 1 i " im! :
I i 1 ] Pt — <1
BE Soanl Hecsive Butfer i =2 r: ks =1 |
I 5P R xR 1 1 b il 1
: >~ ' : 3 {{ 2]
| | | [ S8 . i
' i1 z Ll 1Bl i g
: 1 1 9 1 P ﬁ |
| L Shif Rog sl son i = it |
I (EFIERY i 1 g - [ | % i
i | [ [
| T LSt | | g P |
: [ : CEOfEl L B
(]
j |
: Sorkal Traramit Butier : : E:ln E .i - i
| (BRI T ) | | X tia [
[ [ 2R o i |
e T | ! i 1 a1 |
: | SenalCluek ! _ B :
: S0 Butor SeKT ikl 3 £l |
i (&P ELF) i : § l I
I | S 4 ' i
i LS p——————— e =[5 i F |
| | hle |
e e o o mm mm o m owm owr o m om wmw) D T T T =

Fignre 6.8:  Struciure Block Diagrans of the SPT Connections berween the dsPICI0FR014A
aod the AT45DB321C DadaNask”™ Chip

The 5P module contmins o bulfer eolled SPIRALF which & internally compised of two scparate
unidirecliongl cépisters S THE (SP] Transniit Buffer) and SPAREE (S Receive Buoller) These
twig registers are vonnecied to the SPASE (5P Shift Kegster) wiich shafis s ma aod out of the
device 2t the seriul clogk speed. The ATSSDRAZIC 32-Mbir Dataflssh™ clup i= & scrial flush chip
which ¢an be inter Ticed (o 8 processing deviee nsimg a 5-wme SPL The AT43DR321CT s memocy s
orguniscd into $192 pages of 528 hytex cich [l also contans mr 528 byte SHAM buffers which cim
be wed bp sipre dita while the main nemory is programmed | Adapicd from Micrpchip Technnlogy
ncorporated Meforence Manunl, 2003) [€3] and { Aime] Corporation [Daa Sheet, 2003 48]

The SP1 module supports four SPI clock modes which are defined as SPI Mode 0, SP1 Mode
1; SP1 Mode 2 and SP1 Mode3. ‘Ihe timing dizgrams [or sach of these modes are given in
Figure 6.9,
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Figure 6.9 Timing MHugrams for the Four SPT Modes

The 3P Mode depeods oo the glock polarity (CKPY e sige of the clock signal (CEEY on swhich
daty are cutpulled and the dats mpul sumple phase. The ATAFDEIZIC only supports SPT modes O
and 3 which arc Indicated in ted in the above diagram (Taken from Micewchip Technology
Incorporaied Relpretnce Mamjal, 2003) [63]:
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The SP1 Mode depends on the polarity of the clock (CKP) in an idle state: the edge of the
clock signal (CKL) on which data are outputted and the whether the input data are sampled at
the middle or end of the data output time.

fnig8Pf1 18 used to initialisc the SPI module onboard the dsPIC30F6014A  for
communication with an AT45DB321¢C Dataflash® chip. The dsP1C3016014A is sclected as

the master device with framed SPI support disabled as another gencral 140 pin RD8 (€8 ) is
used as the chip select pim, Commumication is B-bits wide and SPI Mode 0 is usced. This
implies that the polarity of the idle clock state is low; data are shified in on the nsing edge of
the clock and that data are sampled at in the nuddle of the data output time.

The value of the serial clock is generated by sealing the instruchion clock Irequency with a

primary and sceondary prescaler. The clock. in thas case, 15 set to 1,67 Mz,

&
SCLK = (6.5)
(Pr imary Prescaler xSecondary Prescaler)
2
(3x4)
=1.67 MHz

Table 6.7: Funetion Begisters for the SP1 Muodule

The values of the function registers vse] 1o condipure the SPI module in the dstlC30F6014A
digitzl sipnal pracessor ace pwiven in hexedecimal and binary.

. HEXADECIMAL .
REGISTER NAME VALUFE BINARY VALLUE

SPITCON Ox0036 Q000 0000 001 ] 6110
SPIISTAT O B0 1CWRCr QOO0 (RO (rOpheh
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6.4 General Functions

0.4.1 Tire Send and Receive Function for the Serial Peripheral Interface
Module — SendReceiveByte

"The SendReceiveByfe function is used to send an 8-bit data byte o the A'T43DB321C
Dataflash® chip via serial peripheral interface 1 on the dsPIC30FA014A and it returmns the
received byte in SN BUF. This function utilises the SPI property that for every byte shifted
out of a master device via a serial peripheral interface, one byte is shifted in trom the slave

device,

The input data byie is written to SPHBLY and the SPI module is enabled. This will transmit
the data via the SPI output data line to the slave device. The function must then wait until the
transfer is complete and a byvie has been received in S/ BUF via the SPT input data line. The
received byte is then returned by the function. This program was adapted from code by Stowe
(2006) |65].

atdP e iy e Byt

SEND
Deta to SPI1EUF

T

EMAELE
EFH

Trenamit
CoOMPLETE

Racaive
COMPLETE

RETURM
SPHELUF

Figure 6.10:  The System THayram af the SendReceiveBrte Function

The SendRecerveSyte fmclion s used 1o send an B-bit data yte o the A1430B321C Daraflash®
chip via serial perpheral ineerface 1 oo the dsPTOIOFSOTAA amd it celurmes the received Byte fownd in
SIMIRUF,
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6.4.2 RMS Calculation Function — RMSCalculation

The RMSCatcrdation function is used to caleulate the RMS value of an areay of numbers, N
values long. Is inpul arguments are a pointer o the beginning of an amray of inlegers and the
length of the array N. The RMS value is calculated using liquation 3.2, The RMS value is
then converted from a Q1.15 signed fractional number to an unsigned integer using the

(31 5tolnteger function described in Section 6.4.3. This value is then returned by the function.

FEMSCaloulation

IMITIALISE
l.ocal Variables

All Data
SUMMED ?

YES

FOUARE Dats

3

SUM Data

Find AVERAGE

¥

SOUARE ROOT
Data

D15talnteger

Fipure 6.11: The System Diagram of the RSCalcwfraion Punction

The RASTalculeiion Functiod i3 used 1 calculate the RAS value for an array of lengih 4. All data
puambs ure syuewe] and summed fepeiber, The ayvecage of ibe sum G then caleulared, The syuare ool
of the average s comverted to an integer and returned by the function,
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6.4.3 Q1.15 Signed Infeger fo Unsigned Integer Conversion Function —
Q1 5tolnieger

This lunction converts the 12-bit result in Q1.15 signed fractional format from the ADC
module to an unsigned inleger. To convert a (31.15 number to and unsigned integer the
following sleps were taken as ilustrated in Figure 6.12, The converted value is then returned

by the function.

G1.15 Value] s |d10|do|ds |d7 | de a5 | dd |da|d2fdi |do]l o o fo| o

Value=>>4|lo |o|loclo]| s |410|d9|ds | d7 | d6 | d5 | dd | d3 | d2] 21 { dg

DXOOFF| o || o oo | 0| e|a| i3 NP |[TET]1]1

Value Bytes12| o0 |0 |o | o |0 |0 |G| @ |d7|dB|dE|d4 |d3|d2]d1 | dO

Value»>»>glo|lotololololelaolo|lo|lo]lofls |do)ag]|de
+ (% >= 0x0800) OR =[x < O0x0800})
oworgalo o Jofololnlolo|lolalolofb1]lo]|lo]|o
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Figure 6.12: }1.15 Fractional Format to an U'nsigned Integer Conversion Function

A 01,15 fractional valuc can be converted to an unsizned inteper using the above procedurs.

6.4.4 Output from the ADC Madule to Volts in ASCIHI Format Function —
asciiVoltsConv

The output from the ADC is a 12-hit value which ranges in value from 0 — 4096 (2'%). It is

therefore necessary to convert this value mto a voltage valuc which can be analysed more

easily. The asciiVoltsConv function converts an unsigned integer inie lour ASCII characters

which can be casily sent to a PC via the UTART! medule,
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If the 12-bit valuc is greater than 1V, it is divided by 0x04D9 {1V - output from the ADC is
12414 = 0x04D9,). The quotient is egual 1o the number of voltages. This value is then
converted to an ASCII character by the asciiCopny function described in Section 6.4.5. The

remainder is passed on to the next step, This is repeated for 100mVs. 10mVs and ImVs.

ascllveltsCany

HIMALISE
Lacal ariables

DivIDE
1 W

azcilCeny H alts ]

DIVIDE by
100m\E

I

asgllCony H 100mys J

I REMAINDER

YES CIVIDE by
THIYE

MO

REMAINDER i‘—(-_asl:lil‘.'.ﬂnv _}-[ 104 J
YES

DIVIDE by
m's

Mo

ascliCony H m''a )

Figure 6.13%: ADC Output toa ASCH Yoltage Value Converslon Funetion

Uhe output frenm the ADC car e converted 1o the equivalenl vollage value using the algorithm
ilustraled above, The original value s separated into four ASCH woltage values which can be
displayed easily ona PC.

6.4.5 Integer to ASCH Conversion Function — asciiCony

This function converts a 16-bit value to an 8-bit ASCII character which can be viewed easily
on a PC. This is achieved by selecting the first four bits of the value and adding them to a

suilable oflset of either 0x37 for numbers preater than 9 or 0x30 for numbers Iess than 9.
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0.5 Erase

The erase function is activated by enabling switch 3 on the vibration data logging board. It is
used to erase the entire contents of the AT43DB321C Dartaflash®™ chip. 1t does this by erasing
blocks of eighl pages at a time, The defaull reset state of all the values is OxFF. This code was

adapled from code written for the AVR3335 Digital Sound Recorder [66].

Turn Erans LED
arH

I

REZET
Black Caoltel

[]
RESET
Diazaflan a
CLEAR Flapg
]

SET

D afanl s
FULL Flaa

Al Blacks VES

ER&SEDF

EMABLE
CrakmFLash
¥

TRAMZMIT
‘Block Erass’
Dpcode

¥

TRAMEMIT
Blagh Addregs

]

TRAMZMIT
Dan't Sare Blts

DLSAELE
Crutafiash

)

IMCREMEHT
Bilock Towumter

Cataflash
READY?

Turn Erase LED
oFF

Figure f.14: The System Diagram of the Ergse Funcrion

The Frare toncticn is used fo crase the cutirg conients of the ATA50B321C Dataflash® chip by
erasing blocks ol efhl puges ut o time. The defaull rese soate of all the values is OxFF.
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The erase function does not have any mpul paramelers and it docs not return a value, The
Erasc LED is used 10 indicate when the crase function is in operation. The Frase function
should be activated before any data logging takes place as it sct all the bits in the Dataflash®

chip to a known state.

A block crase of the AT45DB321C Dataflash™ is achieved by enabling the Dataflash® chip

(C5 =), transmitting the block erase opcode command x50, followed by two reserved bits,

nine address bits, and thirteen don’t care bits via the serial peripheral interface to the

Dataflash® chip, and then disabling the chip (E =

Lelclefela[rfafalalnfalafafalalxix|x|x]x]x]xfx]x]xfxfx[x]

Figure 615 TWhowh Frase Instroction Formal

& hlock erase imsiruction for the AT4ITRIZIC DaaMash® consises af a Tour hit oproode (T},

Tallowed by twi teserved hits (R, nine address bits {4} and thirteen don’t care hits {X).
This process must be repeated 1024 times in order for the entire Datatlash® chip 1o be erascd.
A static block counter is initialised to store the address of the block to be crased and this is
incremented every loop. After each loop the Dataflash’s® Reody / Busy Hnc is checked to see

if the current block erase operation is complete.

6.6 Record

The record function is selected by enabling switch | on the vibration data loeging board. Itis
used 1o record data from one of the sensor devices until the AT45DB321C Dataflash™ chips

memory is full. A record LED is uscd to indicate when recording takes place.

This function enables the ADC to collect 8 samples trom one of the onboard sensors, These
values are stored in the ADC buffer. The voltaze offset of 1.67V is subtracted from each
valug in the buffor and then the resulting buffer is converted into a single RMS value, This
value is then written to the Dataflash® chip using the WritetoDotaFiash function described in
Scction 6.6.1.
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Figure 616 The System Digrao of the Record Function

SUETRACI
bl

The Record Tunctor collects eishl samples Som the ALC ewdele and calenates che ME welue of
these sanoples The BRS valyes wre then slored inhe ATI3003210 Datallasn® wedl it is full This
process 15 then repeated.
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6.6.1  The Write to the AT45DB321C Dataflash™ Chip Function -
WritetoDataflash

This function is uscd by the Record function to store all the calculated RMS valucs in the

AT45DB321C chip. Data are written to the Dataflash®™ device's main memory via SRAM

butfer 1. This program was adapted from Atmel Corporation Application Note (2005) [66].

This function first checks whether the memory is full before it commences with a wrile
operation, Data are first transferred to SRAM buffer 1. Data are only written to the main

memory when Buffer 1 is [ull.

A transter to buffer 1 of the AT45DB32 IC Dataflash® is achieved by enabling the Dataflash®
chip (CS =0), transmitting the write to buffer | opcode command 0x84;, followed fourteen
don't care bits, ten address bits, and eight bits ol data via the scrial peripheral interface to the
Dataflash™ chip, and then disabling the chip (€8 =1). The position of the data in the buffer is

sel by a bulter counter.

LelelelelxPxI ] xx[x]x[x]xx{*]x[x[xfafafafafafa]afafa]a]
Figure 6.17; Wrile to Rulfer | Insiroctlon Format

A write 1 buffer] mstrucnon for the ATSSDEI2LC DetaNesh®™ comsisis of a tour bit opcode (C),
followed by founicen don' core bt (X)) and 20 oddress bits (A).

Once buffer 1 contains 528 byies of data, a write data from buffer | 1o main memory without
crase command is issued. This is achieved by taking S low. transmitting a program main
memory without erase opcode OxR8;, followed by one reserved bit, thirteen address bits and
len don’t care bits, The chip is then disabled, This process is repeated 8192 times until all the
pages in the Dataflash® are full, A memory is full Mag is then set Indicating that data must be

transferred or crase before another write operation can lake place.

R DGR A A L R
Figure &.1%:  Write Buffer | to Main Memory Insiroctlion Format

A wrike builer | lo mam memory instruction foc the AT4SDEITIC Datoflash™ conspts of & four bit
opeode (C), folbmwed be ome reserved bils (R), thirteen address bits {A) and wn don't care bies (X))

The funetion then returns to the record function.
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DetaFinsh

it Cak
Opcods

TRANSMIT
Page Counder

TRAMNBMIT
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DIesBLE
Dataflash

INCREMENT
Fage Courder

Figure 6.19: The System Diagram of the WritetoDataflash Function

The WritetoDataflash function is used to write a character of data to main memory through buffer 1
until the AT45DB321C Dataflash® chip is full.
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6.7 Send

The Send function is selected by turning Switch 2 on. The send LED then turns on to indicate
that the board is sending data. This function reads data from the Dataflash® and then transfers
it to a PC running Microsoft® HyperTerminal via UART1. To ensure a seemingly continuous
read operation, data are transferred into one SRAM buffer until it is full and then transferred
into the next buffer while the first buffer is sending data out of the device.

A page of memory to buffer transfer is accomplished by the PagetoBuffer function described
in Section 6.7.1. Once the data are in the buffer it is sent to the dsPIC30F6014A by the
ReadfromBuffer function described in Section 6.7.2. These values are then sent to a PC using
the SendtoUART1 function described in Section 6.7.3.
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Figure 6.20: The System Diagram of the Send Function

The Send function is used to upload all the data stored in the AT45DB321C Dataflash® chip, to a PC
computer via the UART! module.
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6.7.1  Main Memory Page to Buffer Transfer Function — PagetoBufjer

This function was adapted from Atmel Corporation Application Note (2005) {66] and is used
to transfer one page of data from the active buffer of the AT45DB321C Dataflash® chip.

felejelcirjafalajajalajajajajajajajafxjxixjxfxix|xjxfx]jx]
Figure 6.21: Page to Buffer Transfer Instruction Format

A page to buffer transfer instruction for the AT45DB321C Dataflash® consists of s four bit opcode
(C), followed by one reserved bits (R), thirteen address bits (A) and ten don’t care bits (X).

This is achieved by enabling the Dataflash® chip, sending a transfer from main memory to
the appropriate buffer opcode command (Buffer 1 — 0x53,; Buffer 2 — 0x55;), followed by
one reserved bit, thirteen address bits and ten don’t care bits. The chip is then disabled.

ENABLE
DataFlash

| TRANSMIT
‘Mem to Buffer2’

TRANSMIT Opeods
‘Mem to Buffer?’
Opecods

| P

)

TRANSMIT
PageAddress

)

TRANSMIT
Don't Care Blte

]

DiSABLE
Deteflash

Figure 6.22: The System Diagram of the PagetoBuffer Function

The PagetoBuffer function is used to transfer one page of data from the main memory to the active
buffer of the AT45DB321C Dataflash® chip.
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6.7.2  Read Data from AT45DB32I1C SRAM Buffer Function -
ReadfromBuffer
The ReadfromBuffer function was adapted from Stowe (2006) [65] and it is used to read data

of a specified length from a particular address in the chosen buffer.

lelefelefxixix|xfxfx|x|xjx|x|xfx|x|xjajajajajajajajajajajl
Figure 6.23: Read from Buffer Instruction Format

A read from buffer instruction for the AT45DB321C Dataflash® consists of & four bit opcode (),
followed by fourteen don’t care bits (X) and ten address bits (A).

This is achieved by setting CS low, transmitting a read from buffer opcode command (Buffer
1 — 0xDdy,; Buffer 2 — 0xD6y), followed by fourteen don’t care bits, ten address bits and eight
don’t care bits. A following don’t care bit starts the transfer. A byte of data is transferred out
of the device by sending a don’t care bit. This is repeated until the buffer is empty. The

transferred data are stored in a buffer array. The chip is then disabled.
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ReadfromButler
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[ ]
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Dataflash

Figure 6.24: The System Disgraw of the ReadfromBuffer Function

The ReadfromBuffer function is used to read data of a specified length from a particular address in
the active buffer.

6.7.3 Send Data to a PC via the UARTI Module Function — SendtoUARTI1

The collected data are transferred to a PC via the UART] module. A function called
SendtoUARTI transfers data from an array to a PC via a serial port. This function takes two
consecutive characters from the buffer array aad combines them into one 16-bit integer. This
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value is then converted into volts and ASCII using asciiVoltsConv (Section 6.4.4). Data

values are outputted as below:
x.xxx V
The UART1 module is then enabled. An interrupt will occur when the module has transmitted

one word of data. The interrupt service routine then clears the interrupt has occurred flag and

transmits another word of data. This process is repeated until all the data are sent to the PC.

SendtolUART1

INITIALISE
Local Variables

All Bytes
TxMTTED?

COMBINE
2 Characters

SET
Output Data
Values
3

RESET
Tx Courter

%

RESET
Character Tx
Flag
)

ENABLE
interrupts

)

START
Txmlsslon

Figure 6.25: The System Diagram of the SendioUARTI Function
The Sendto UART! function is used to transfer collected data to a PC via the UART! module.




7 Hardware Testing

The Vibration Data Logging Board hardware subsystem’s functionality was tested to monitor
performance under different conditions. The following subsystems were tested the power
supply system; the anti-aliasing filtering circuits; the accelerometer board and the microphone

circuit. They are discussed in more detail in the next sections.

7.1  Vibration Data Logging Board Version 1.0

7.1.1 A General Description of the System

Two vibration data logging prototype boards were designed and constructed during this
project. The first vibration data logging board was similar to the Vibration Data Logging
Board described in Chapter 5, in all respects except for the following:

1. The board was powered by two AA 1.2V Nickel Metal Hydride (NiMH) Batteries. This
input voltage of +2.4V was directly stepped up to +3.3V using an LM2623 based switch
mode power supply circuit. No low voltage dropout regulators were used on the output of
the SMPS.

2. A ground plane was only included on the bottom side of the Printed Circuit Board as
opposed to both sides as in the Vibration Data Logging (VDL) Board Version 2.0.

3. There were no jumpers to separate modules and signals. No test points were provided on

the signals.

4. Microchip MCP604 Quad 2.7V to 5.5V Single-Supply CMOS Op Amps [67] were used
instead of Microchip MCP6024 operational amplifiers [$6] in the anti-aliasing filters.

5. No anti-aliasing filter was included on the output signal from the electret condenser

microphone.

94
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6. The output signals from the accelerometer and microphone circuits were not amplified.

7. A dsPIC30F6014 digital signal controller was used as the processor chip. A
dsPIC30F6014A digital signal controller, a revised version of the original chip, was used

on the later board.

8. A 7.372 MHz crystal was used to provide the system clock for the dsPIC30F6014
processor as opposed to a 10 MHz crystal for the dsPIC30F6014A processor.

9. An external power on reset circuit was included on the MCLR line for slow Vgq power up
(Figure 7.1).

YD VDD

vobb AR

]

R /Z\b !

R1

$ M :MCLR

RESET .-| o R— E

' o 1 dsPIC30F6014

Figure 7.1: External Power on Reset Circuit used on VDL Board ver. 1.0

This cicuit is required when the VDD power -slope is too slow (Adapted fromMicrochip
Technology Incorporated Data Sheet, 2003) [47].

10. An Atmel AT45DB321B 32-Mbit Serial Dataflash® chip was used as the memory storage
device. A newer version of the device the AT45DB321C Dataflash® chip was used on the

later board.

11. An external reset push button was included on the Serial Dataflash® chip RESET Line.
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7.1.2  Board Testing and Troubleshooting

A Hewlett Packard E3630A (0-6V, 2.5A/ 0-+20V, 0.5A) Triple DC Power Supply Unit (PSU)
was used to simulate the 2.4V produced by two 1.2V AA NiMH cells. The output range of the
PSU was set to 0-6V and the output voltage was set to +2.4V. A Hewlett Packard 54600A
100MHz 2 Channel Oscilloscope was used to monitor voltages and signals through the board.

When power was connected to the Vibration Data Logging Board ver. 1.0 for the first time
the PSU indicated that the PSU was sourcing too much current. The output voltage of the
switch mode power supply circuit was not reaching the expected 3.3V no matter what input
voltage was supplied. This implied there was a problem and possible short circuit on the

vibration data logging board.
The following steps were taken to find the source of the problem:

1. All power supply tracks to the digital and analogue systems were cut, therefore isolating
the power supply from the rest of the board. The SMPS then appeared to be functional and
produced the required output voltage of -+3.3V,

2. Each analogue and digital system was then examined and compared to the data sheets and
circuit diagrams. It was then discovered that there was an error in the PCB layout and due
to this the MCP604 chips were wired incorrectly. The positive supply lines were
connected to Pin 11 and the ground connections were connected to Pin 4. Ground should

have been connected to Pin 11 and the positive supply to Pin 4.

This problem was solved by cutting the power supply tracks to the MCP604 chips. External

wires were then used to connect the correct supply lines to the chips.

An oscilloscope probe was connected to the output of the SMPS and it was discovered that
there was a large output voltage ripple of approximately 1V.

When the ICD2 is connected to a device it runs a self test which checks the targets board’s
voltage levels to ensure correct operation. If the voltage levels are not correct the self test
fails. The ICD2 module’s self test function failed when it was connected to the Vibration Data
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Logging Board ver. 1.0 for the first time. After careful examination it was found that the

external power on reset circuit was interfering with the voltage levels on the MCLR line.

After removing this circuit the self test passed.

Programming of the dsPIC30F6014 processor was now attempted. The ICD2 Module could
not connect to the processor in debugging mode. An oscilloscope probe was connected to
OSC1 and OSC2 to monitor the clock signal. It was discovered that the crystal oscillator
circuit was not oscillating. A range of capacitors with different values were inserted to start
the oscillator but it did not oscillate. The crystal was disconnected from the circuit and an
external clock circuit was constructed and used as the clock signal. This allowed the
dsPIC30F6014 to be tested. It is probable that the clock did not oscillate due to the length of
the clock signal lines (approximately 30 mm), reflections at the acute comers in the clock

tracks and the ripple on the supply voltage line.

Due to the design flaws in the VDL ver.1.0, a new board was constructed. The design of the
new board took all of these problems into account, All issues in the VDL verl.0 were

corrected in VDL ver. 2.0.

7.2  The Power Supply

Before the new power supply was designed for the Vibration Data Logging Board ver. 2.0 the

following tests were carried out:

1. The LM2623 Switch Mode Power Supply’s output RMS voltage was monitored under
varying input voltages. The SMPS was configured for a +3.3V output.

2. The LM2623 Switch Mode Power Supply’s output RMS voltage was monitored under
varying input voltages. The SMPS was configured for a +5V output.

3. Low Dropout Voltage regulators (LDO) TC1264-3.3V and TC2185-3.3V were connected
to the output of as power supply unit. The input voltage was varied and the RMS output

voltage was monitored.
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4. Each of the subsystem’s signal to noise ratios were calculated to give an indication of the

noise rejection properties of each system.

A Hewlett Packard E3630A (0-6V, 2.5A/ 0-+20V, 0.5A) Triple DC Power Supply Unit (PSU)
was used to generate the different input voltages and an Agilent Technologies DSO3152A
(100 MHz, 1 GSa/s) Digital Storage Oscilloscope was used to monitor the input and output
voltages. At the beginning of testing the Agilent Technologies DSO3152A Digital Storage

Oscilloscope was calibrated using the self calibrate function.

7.2.1 Switch Mode Power Supply 3.3V Testing

The SMPS onboard the Vibration Data Logging Board ver. 1.0 was used as the SMPS in this
test. The circuit is illustrated in Figure 7.2. The voltage supply (Va4) lines which connect the
SMPS to the rest of the board were cut, isolating the SMPS.

The switch mode power supply’s input was designed to be connected to two NiMH cells
(2.4V) and the output voltage was set to 3.3V using resistors R1 and R2. These resistors were

selected from E24 resistor values using Equation 5.7,

Vin 8MPS
Q
- Ll 47uH D1 STPRI36U
I e
DOISI3P4TIHC

40V

l g8
.,;}_._.
|]| ‘

Figure 7.2: Switch Mode Power Supply (3.3V)

The Switch Mode Power Supply (SMPS) is found on the Vibration Data Logging Board ver. 1.0. It
was isolated from the rest of the circuit by cutting through the lines which connected the supply
voltage (Vq) to the rest of the board.
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The input of the SMPS was connected to the Ilewlett Packard E3630A DC Power Supply
Unil, The -6V, 2.5A output was used. The input (Viswmes) and outpul (Vamsmes) RMS
voltages (Vi) of the SMPS were monitored using the Agilent Technologies DXSO3152A
Digital Storage Oscilloscope. 'The oscilloscope was given 30 minutes to warm up as suggested
in the NSO3INN0 operating manual in order o provide the best resulis. The ambient

lemperature was approximately 18°C,

The input was monitored on channel 1 {CHI1) and the output was monitored on channel 2
{C’H2). Both probes were X10 probes and the acquistion mode ol the oscilloscope was set to
NORMAL. The scopes automatic measuring mode was uscd to find the RMS vollage ol both

channels and this was displayed on the osailloscope screen.

The mput to the switch mode power supply was swepl from =5V in approximately 100mY
intervals and the input and output RMS voltages were recorded at these different values. A

graph could then be plotted of the inpul versus the oulpul RMS voltage.
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Figure 7.3:  Input RMS Voltage vs. Oulpet RMS Voltage for the SMPS [3.3V)

The input volage Lo the Switch Made Power Supply (SMPS) was varicd between {h and 3V in
10N intetvaks and the output EMS volages were recorded. The device opertes cometly in the
12V 10 305 vollage range.
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Figure 7.9: Inpuot RMS Voltage vs. Output RMS Voltage for the TC2185-3.3V
The NC218%-3.3% tums on at 1.5%, It regulates the supply to 3.3V when the input voltage reaches

approximaeely L4,
The device produces the desired 2.3V output at an input of approximately 3.3V in the above
fipurc. This aprecs with the caleulated value of 3302V {f, = 100uA) and proves that the

device functions as expected.

Lk Signal to Noise Ratio Testing

The signal 1o noise rato (SNR) ol the SMPS (5V) and the LDOs was tested. The signal to
noise rtio gives 4n indication of the power of a signal to the power of background noise at a

peint in a circuit and can be caleulated with Equation 7.2.

I_f
SNR =2D10gm[--§‘—J (7.2)

i

Where SA'R is the signal to noise ratio in decibels (dB). V; is the voltage of the signal and ¥, is
the peak to peak voltage of the noise.
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An Agilent Technolopies DS0O3152A Digpital Storage Oscilloscope was used to monitor the
signal and noise strength, The signal was monitored on channel 1 {C111}. ‘U'he probe was in
¥ made and the acquisition made of the oscilloscope was set to NORMAILL 'The scopes
aelomalic measuring mode was vsed to find the BMS voltage of the signal and the peak to

pedk value of the noise. This was displayed on the oscilloscope screcn.

‘The SMPS {5V} was powered by a +3V input voltage generated by the 0-6V, 2.54 output of
the 11P E3630A DC Power Supply Unit. The 5V output from the SMPS then provided the
input for hoth low voltage dropout regulators, The RMS voltage of the signal and the peak to
peak value of the noise were measured at the input and cutput of the SMPS (3V), and at the

outputs of the 1.130s.

Table 7.1: The Sigoal in Moise Rafios for Cach af the Power Sopply Modules

Thee sewreal e i und peak L peak oose level were oeasured for gach ol e power supply
madules. The SMRs were than caleulared using Eq.7.2. A higher signal to polsc tatio 15 imdichics b
stronger signal 1o notsy fevel ul thet parg ol the cirooit.

SIGNAL NOTSE SIGNALTO
SIGNAL VOLTAGE VULTAGE NOISE RATIO
(¥} {mVp-p) (1)
fupaet fraem HP E36304 3035 G 34
Chatpal from SAPSATE) R H Atk 40
Ot from TUI264-3.3F 334 13 46
Clutpal fare FC2IE33.3F Fiiid 566 i

The SNR wvalue increases through the power supply modules with the TC2185-3.3V low
vollage dropout resulator providing the best value, This test shows that the 1.DOs provide an
cnhancement on the SNR of the SMPS which will improve ripple rejection on the power

supply line, This will create more stability in the boards functioning.

The remodelling of the yibration data logging board took all of the test results of the VDL ver
1.0 into account and low voltage dropout regulators were included on the output of the SMPS
to decrease the amount of outpul ripple on the supply line. They decreased the output ripple

value from approximately 1V p-p to 60mY which is a more acceptable value.
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7.3  The Anti-Aliasing Filtering Circuits

The Tunctioning of the anti-aliasing filters onboard the vibration data legeing board ver, 2.0
was tested. The input and output voltages were monitored over a wide frequency range in

order to plot a pain versus inpot frequency graph.

7.3.1 The 5-pole Low-pass Bessel Filter Testing

The 5-pole low-pass Bessel anti-aliasing filter used to filter the ACCX output from the
accelerometer was ulilised in the function test. The aceelerometer board was disconneeted and
the jumper (IP4) linking the anti-aliasing filter circuit to the dsPIC30F60144A processor was

removed. This isolated the anti-aliasing filter from the rest of the board.

The 0-6V, 2.5A oulput of a Hewlett Packard E3630A DC Power Supply Unit was connected
to the SMPS onboard the vibration data logging board. It was set at +-3V. This powered the
powet supply module of the board which in turn powered the anti-aliasing filter with +3.3V

single supply voltage.

A Hewlett Packard E3312A 15 Milz Function/Arbitrary Waveform Generator was used to
produce the input signal to circuit. T'he input was sct as a | Vp-p sine wave with & DC offset of
+1.61¥, This was then connected to test pin ACCX as the inpul to the filler and test pin
ACCX_ADC was the output of the filter, The frequency of the sine wave was swept from (-
25 kHz in 200Hz intervals, The corresponding inpul and oulput vollages were recorded. The
gain of the filter was then calculated using Fquation 7.3 and plotted against input frequency

(Figure 7.10).

Cone N
Gain(dB)=20 log,[{ - J (7.3
An Agilent Technologies DS03152A Digital Storage Oscilloscope was used to menitor the
input and output voltages, The input voltage was monitored on channel 1 (CH1} and the
output voltage was monitored on channel 2 (CH2). The probe was in x10 mode and the
acquisition mode of the oscilloscope was set to NORMAL. The scopes automatic measuring

made was used to find the voltage of the input and output voltage signals.
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Figare 7.10:  Bade Plot for the S-Pole Low-pass Bessel Filter

e of the S-pole low-pass Bessel anti-altasing [hers onboard the vibeation duly leeging board was
used to test filter functioning. The 1ioput of the Gier was connected 1o a sigmal gencrator omtputting a
1Vp-p sine wave oftset at 1161V, [he inpot frogquency was sweep Trom (225 kIz in 200 |17
intervals. The gain ol the eircait was then compared to input frequency,

The lilier circuit has 2 pain of 2.2V set by an inverting amplifier. The ourpul voltage was
normalised by dividing it by 2.2, The gain of the circuit was then plotted against frequency

using a logarithmic seale. The graph illustrated n Figure 7.10, follows the typical low-pass

Bessel hlter curve and the -3dB value is at approximately 7 kHz.

Lidid The RC Low-pass Filter Testing

The RC low-pass anti-aliasing filier used 1o fller the ouiput of the electret condenser
microphone was tested using the same procedure as the 5-pole low-pass Bessel filter, The
gain was calculated using the different inpul and ouiput voltages and was plotted against

frequency using g logarithmic scale Figure 7.11.
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Figure 7.11: Bode Plot far the RO Low-pass Filicr

The RE Jow-pass anti-aliasing filters onboand the vibration data Jowsing board was osed Lo st filter

functientig. The input of the filker was connected Lo & signal zenemator oulpuliing  1¥p-p sine wave

arfset ar+1.61%, The inpul freguency was seeep fom 0-25 kHz in 200 Hz intervals. The gain of the

Ciruil wis When compared 1o ioput foqueney.
The filter circuit has a gain of 2.2V set by an inverting amplifier. The output voltage was
normafised by dividing it by 2.2. The voltage gain values were calculaled using Equation 7.3
and then plotted againgt frequency using @ logarithmic scale. The graph illustraled in Figure
7.11, foltows the typical low-pass RC filtcr curve with a very slow drop-off rate. The -3dB

value is at approximately 10 kHe.



8 Software Testing

The software modules and subsystems used onboard the vibration data logging board were
each tested separately. The functionality of every module could then be verified. A project
called Initial Testing was created in MPLAB® 7.30. Each test was written in a different file
and the code can be found in Appendix L. The following header files were included in the

project:

[

p30f6014a.h [64]
math.h
dsPIC30F6014APins.h
AT45DB321Ch

common.h

gos e

The dsPIC30F6014A was configured using macros defined in the p30f6014a.h header file.
The oscillator was set to XT w/PLL 8x; the watchdog timer was disabled; master clear on

reset was enabled and general code segment protect was disabled.

8.1 The Light Emitting Diodes

A program called TestLEDs.c was written to test the indicator LEDs onboard the vibration
data logging board ver.2.0. This program sets the appropriate pins in Port C and Port G as
outputs and sets their initial value to zero. All the indicator lights will then be turned on for

the duration of the program by setting the values of the output port pins to one.

All of the LED indicator lights functioned correctly.

8.2  The Universal Asynchronous Receiver Transmitter

The UART1 module onboard the vibration data logging board was tested using a program
called TestUART.c. This module is the primary serial communication link, between the
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Vibration Data Logging Prototype Board and to a personal computer. Microsoft® Hyper
Terminal is used to view the data. All the jumpers (JP8) on the transmit and receive signal

lines must be connected.

The UART1 module is initialised with an InitUARTI function. This function enables the
UART]1 module; enables interrupts to occur when the transmit buffer is empty; and enables 8-
bit data with no parity and one stop bit. Data are transferred at 9600 baud.

A variable containing the ‘A’ character is initialised and written to the UITXREG, where it is
transmitted continuously to a PC running Microsoft® Hyper Terminal. '

The UART1 module onboard the dsPIC30F6014A was able to transmit ‘A’ character to a PC
running Microsoft® Hyper Terminal, correctly. This proves that the UART1 module is

operational.

8.3  The Analogue to Digital Converter

8.3.1 Variable DC Voltage Input Testing

TestADCI12Potentiometer.c was written to test the basic functioning of the 12-bit analogue to
digital converter module onboard the dsPIC30F6014A.

A DC voltage (0-3.3V) was produced by a potentiometer connected across the analogue
power supply. Jumper (JP6) was removed and the output from the potentiometer connected to
test pin MIC_ADC which is linked to the ADC module in the dsPIC30F6014A.

The voltage value of potentiometer is sampled manually by the ADC module every 20ms.
This is achieved by inserting a delay loop between set and clearing of the SAMP bit in
ADCONI. This value is then sent to a PC running Microsoff® Hyper Terminal via UARTI.
The 12-bit integer value of the potentiometer is first converted to binary coded decimal and
then to a suitable ASCII character before transmission.
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The ADC module converted the potentiometer to a number with two decimal places and this
was received by a PC running Microsoft® Hyper Terminal correctly. This shows that the ADC

module is functional.

8.3.2  MAX6608 Temperature Sensor Testing

The code used to test the MAX6608 analogue temperature sensor (TestMAX6608.c) is vei'y
similar to that of Test4ADC12Potentiometer.c. This program tests the functioning of both the
12-bit ADC module of the dsPIC30F6014A and the low voltage analogue temperature sensor
(MAX6608) onboard the Vibration Data Logging Prototype Board. Jumper JP7 must be

connected to link the temperature sensor to the processor.

The voltage output from the MAX6608 is sampled manually by the ADC module every 20ms.
This value is then converted to °C using Equation 5.6. This value is then converted to binary
coded decimal and the suitable ASCII character and sent to a PC running Microsoft® Hyper
Terminal via UART1.

The ADC module converted the analogue temperature from the MAX6608 to the expected

value and this was received by a PC running Microsoft® Hyper Terminal correctly.

8.3.3  Electret Microphone Testing
This program (TestMIC.c) tests the functioning of both the 12-bit Analogue to Digital

Converter Module and the Electret Condenser Microphone which can be connected to the
socket J2 on the Vibration Data Logging Prototype Board.

The output from the microphone is automatically sampled at 20 kHz by setting the
ADCS<5:0> and SAMC<4:0> bits of the ADCON3 register. An interrupt occurs once eight
samples have been collected. These values are then put into an array which forms the input to
the RMS conversion function. This value is then converted to a binary coded decimal number
and in the suitable ASCII format. It is then outputted to a PC running Microsoft® Hyper
Terminal via the UART1 module.
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834  ADXLZ202E Accelerometer Testing
The TestACC.c program works very similarly to TestMIC.c except that data are collected

alternatively from two different sources.

The outputs from the accelerometer are automatically sampled at 30kHz by setting the
ADCS<5:0> and SAMC<4:0> bits of the ADCON3 register. An interrupt occurs once every
sixteen samples and these values are separated into two different arrays which form the input
to the RMS conversion function. These values are then converted to binary coded decimal and
he suitable ASCII format. It is then outputted to a PC running Microsoft® Hyper Terminal via
the UART1! module.

84  The Memory Circuit

8.4.1  Memory Status Register Testing

This program (TestMEMORYSTATUS.c) tests the Atmel 32-Mbit Dataflash®, AT45DB321C
(U9) onboard the Vibration Data Logging Prototype Board. The Dataflash® chip is connected
to the dsPIC30F6014A via one of the Serial Peripheral Interface (SPI1) modules on board the
MCU.

The AT45DB321C has an onboard status register. The contents of this register are sent to the
dsPIC30F6014A and are compared to the expected value of 0xB4. If the Dataflash® chip is
intact LED?2 is switched ON if it is not intact LED4 is switched ON,

The correct value of the status register was sent back to the dsPIC30F6014A and LED2 was
switched on. It therefore appears that the memory chip works correctly as the correct value of
the status is register is outputted from the AT45DB321C.

84.2  Memory Erase/Write/Read Testing

This program (TestMEMORY.c) tests the erase, write to and read from the SRAM buffers
onboard the Atmel 32-Mbit Dataflash®, AT45DB321C chip.



8.4 The Memory Circuit 115

An array of 20 characters is created. These are then written to buffer 1 onboard the
AT45DB321C chip. Once the write is complete, the data are then read back to the
dsPIC30F6014A from the memory chip. A character from the transmitted array and the
corresponding character from the read array are compared. If these values are the same the
Dataflash® chip is intact and LED2 is switched ON, if it is not LED4 is switched ON.

The Erase operation of the AT45DB321C was tested, the Erase LED switched on for
approximately 20 seconds. This means that this operation appears to work. However, when
the Write/Read operation was tested, an incorrect value was outputted back to the

dsPIC30F6014A SPI1BUF register. This value was often OxFF which is the reset state of the
chip.

Another AT45DB321C was tested and produced the same results. The complete memory

functioning could therefore not be tested.



9 Conclusions

9.1 Restatement of Project Objectives

Overland conveyor belt systems form a vital part of modern transportation systems in the
mining and mineral processing industries. It is vital that the system is well maintained in order
to minimise system downtime and maximise profit. The conveyor belt is the single most
expensive item in the system. It must be monitored to pick up potential problems before they
cause belt failure. The majority of conveyor belt condition monitoring methods identify belt

failure rather than belt failure causes.

The purpose of this project was to research and design a belt condition monitoring board
which could be embedded in a conveyor belt. This would then be used to monitor the
condition of the conveyor idlers whose failure can result in major system damage. The
venture was split into two areas of research: the design of a vibration data logging board, and
the design of a power generation system. This thesis focused on the design and construction
of a DSP vibration data logging prototype board, while S.A. Williams investigated the design

of a power generation system.

The objectives of this project were to: conduct an extensive literature review of different
maintenance methods with a specific focus on rolling element bearing monitoring; to
understand the design of an overland conveyor system; to take the knowledge learnt from the
literature and design and construct a digital signal processing vibration data logging system;

and finally to test the system in simulation.

9.2  Context of Design

Many different aspects of overall maintenance were examined in this thesis, from general
maintenance theory to signal processing techniques used in the condition monitoring

equipment.
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Condition-based monitoring systems are the best long term solution in conveyor belt
maintenance. They give maintenance managers advanced warning of potential problems and
provide vital data which can be used in improving future designs. A parameter monitoring

data logging sensor is therefore a good way to monitor the condition of system.

Rolling element failure is one of the largest causes of rotating machinery breakdowns.
Conveyor belt idlers and pulleys are supported by rolling elements and therefore these need to

be monitored.

Various monitoring methods were investigated and it was found that mechanical vibration of
the bearing and bearing housing is a good indicator of bearing defects. However, there were
few studies on remote vibration monitoring. This area of research needs to be investigated
further. As the sensor would be located in the belt, signal damping and surrounding
environmental vibrations will hide small vibration signals emanating from failing bearings.
Therefore late damage will only be successfully detected by time and frequency domain
methods as these techniques are unable to distinguish the small vibratﬁon signals that occur

during early damage from environmental noise.

RMS vibrational acceleration was selected as the main method which was used to measure
mechanical vibration. This technique was selected as it is simple to implement; not affected to
the same extent by conveyor movement as frequency measurements; and has been shown to
be successful in detecting late damage in bearings [19]. Vibrational acceleration must be
measured in the direction of the belt travel, and vertical to the belt, as a faulty idler bearing
will cause excessive idler vibration resulting in increased horizontal and vertical acceleration
of the belt.

Sound can also be used as an indicator of advanced bearing wear as a badly worn bearing may
create an audible sound. Temperature is another parameter which can be used as a wear

indicator. A belt’s temperature increases due to increased fiction on badly worn idlers.
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9.3  Fulfilment of Requirements

A vibration data logging board with digital signal processing board capability was designed
and constructed. It contained three onboard condition monitoring sensors: a dual axis
accelerometer which was used to monitor mechanical vibration, an electret condenser
microphone which picked up audible sound and an analogue temperature sensor which
measured the temperature of the board. Signals from the accelerometers were filtered with 5-
pole low-pass Bessel filters and the signal from the electret microphone was filtered with a

simple RC filter.

The vibration data logger was battery powered making the device portable. A switch mode
power supply was used to efficiently regulate the batteries supply. Low voltage dropout
regulators provided post regulation and filtered out ripple on the supply lines.

The board contains a dsPIC30F6014A digital signal controller with many different peripheral
modules. The 12-bit analogue to digital controller, the universal asynchronous receiver
transmitter and the serial peripheral interface modules were used. This processor had enough
onboard memory to store all the software that was written for the board and enough

processing power to perform all the required mathematical operations.

Three switches are used to select the whether the board records, sends or erases data. Indicator

LEDs are used to show which process is in operation.

Data are sampled at different rates according to the device. RMS calculations are preformed
on samples from the accelerometer and electret condenser microphone. Up to sixteen minutes
of data can be recorded. Data are stored in an Atmel 32-Mbit AT45DB321C serial Dataflash®

device.

The vibration data logger can upload data to a personal computer via a serial link. Data can be

viewed using Microsoft® HyperTerminal.

The main circuit was constructed on a 150 x120 x 3 mm double sided plated through hole
board. Large separate ground planes on both sides of the board simplified circuit layout and

reduces noise on the power supplies.
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9.4 Hardware Performance

Two vibration data logging boards were constructed. The design of vibration data logging
board ver. 2.0 corrected all the faults found in ver 1.0 therefore improving on the overall
design of the system. All hardware sections could be isolated from the rest of the board by
disconnecting the relevant jumpers. This simplified testing and trouble shooting. Test pins

were provided on all the major signals.

The power supply system and anti aliasing filters were thoroughly tested. The low voltage
dropout regulators significantly reduced noise output from the switch mode power supply.
Therefore a switch mode power supply with low voltage dropout regulators forms low input

current, efficient, low noise power supply system.

The anti-aliasing filters functioned as required and successfully filtered out high frequency

signal components.

9.5 Software Performance

The software modules and subsystems used onboard the vibration data logging board were
each tested separately. The functionality of every module could then be verified. A project
called Initial Testing was created in MPLAB® 7.30. Each test was written in a different file.

The following components were tested:
1. Light Emitting Diodes — These LEDs functioned correctly.

2. Universal Asynchronous Receiver Transmitter Module — This module was able to

successfully transmit a character to a PC running Microsoft® HyperTerminal.

3. Analogue to Digital Converter — Four programs were written to test the ADC module

when connected to different inputs. The module was able to sample each source correctly.

4. ATA45DB321C Dataflash® Chip ~Two programs were written to test this device. The
device’s integrity was verified by polling the status register and comparing it to the

expected value. It was found that this value was correct. The second program was used to
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5. write and read an array of data to Dataflash® Chip. The program could also erase the chip.
The erase function seemed to work, however the data that was received back from the
Dataflash® Chip was not the same data that had been written to the chip. This operation
failed and prevented further programming of the vibration data logging device.

Software was written for the integration of the all the functions used to control the modules on
the vibration data logging board. Due to the failure of the Write/Read operation of the
AT454DB321C Dataflash® this integration program could not be implemented.



10 Recommendations

10.1 Recommendations for Current Study

10.1.1  Conduct Further Testing on AT45DB321C Dataﬂash® Chip
The AT45DB321C Dataflash® chip must be further tested to determine the cause of the

write/read fault. The write/read problem must be solved in order for the Vibration Data
Logging Board to be fully functional. If the problem cannot be found, or if there is a conflict
between the SPI timing of the dsPIC30F6014A and the AT45DB321C, an alternative memory

storage device must be used.

10.1.2 Mechanical Vibration as a Primary Input Source

Mechanical vibration must be used as the primary input to the vibration data logging device,
as sound is redundant in this case as it lies in the same frequency range and is more difficult to

detect. Sound is very hard to detect in noisy industrial environments.

10.1.3  Convert Serial Data Link to a Wireless Data Link

The standard serial link between the vibration data logging board and the PC must be changed
to a wireless link. This would increase the portability of the device as it would not have to be

close to or brought back to a PC for data upload.

10.1.4 Create a User-friendly Software Interface for a PC

A simple to use software package to view and analyse collected data must be written for a
personal computer. This would provide the user with a simpler way to access and monitor

bearing condition.
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10.1.5 Provide Battery Recharging Function

A battery recharging function should be incorporated into the device. This would save on the
cost of batteries and would make embedding the device in the conveyor belt more feasible.

This would mean that a suitable recharge system be developed.

10.1.6  Provide an Onboard Power Management System
An onboard power management system could be implemented that would put idle chips in
sleep mode when they are not in use. This would improve power saving and increase battery

life of the device.

10.1.7  Test the System on a Variety of Bearings

The system must be tested on many different types of bearings which are run from new to
failure. This would provide a large data set which can be used to improve on the design and

the monitoring system in general.

10.1.8 Construct a Smaller and More Flexible Board

Once all of the above recommendations have been taken into account, a smaller, more flexible
board must be constructed which could be embedded in a belt and then tested on the actual

system.

10.2 Recommendations for Further Studies

10.2.1 Investigate Remote Vibration Sensing on Rolling Element Bearings

Not many studies have been carried out on remote vibration sensing of rolling element
bearings. All studies focus on measuring the vibration of the bearing in close proximity
through its housing. A further study should be under taken which investigates the possibility
of measuring vibration of a bearing at a distance. These results would lead to an improved

design for the vibration data logging board.
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10.2.2 Investigate Wavelet Transforms as a Possible Monitoring Technique

Wavelet transforms should be investigated as an alternative to traditional time and frequency
domain methods for vibrational data analysis. Current studies seem to be moving towards this

technique and further investigation into the feasibility of using wavelets in remote sensing

should be investigated.



11 List of References

{1}

[2}

31

141

sl

[61

[71

8]

NORDELL, L.K. ZISCO installs worlds longest troughed belt 15.6 km horizontally
curved overland conveyor. CKit - The Bulk Materials Handling Knowledge Base

Paper. www.ckit.co.za

SMITH, W.A.C. & SPRIGGS, G.H. (1981). Long overland conveyors.
Proceedings of the BELTCON 1 Conference. International Materials Handling
Conference: Johannesburg, South Africa

OWEN, P. (1997). Condition monitoring for conveyors. Proceedings of the
BELTCON 9 Conference. International Materials Handling Conference: Johannesburg,
South Africa

BROWN, B. (1983). State of the art usage of the Harrison conveyor belt monitor.
Proceedings of the BELTCON 2 Conference. International Materials Handling

Conference: Johannesburg, South Africa

DAVIES, G.J. (1987). Modern concepts in belt rip detection for steel-cord
reinforced conveyor belts. Proceedings of the BELTCON 4 Conference. International
Materials Handling Conference: Johannesburg, South Africa

TAPSON, J. (2004). Personal Communication

DING, J.J. & AL-JUMAILY, A. (2000). A linear regression model for the
identification of unbalance changes in rotating machines. Jowrnal of Sound and
Vibration. 231(1): 125-144

DEKKER, R. (1996). Applications of maintenance optimization models: a review
and analysis. Reliability Engineering and Safety Systems. 51(3): 229-240

124



11

List of References 1258

191

[10]

(11]

(12]

[13]

(14]

[15]

[16]

KHAN, F.I. & HADDARA, M.M. (2003). Risk-based maintenance (RBM): A
quantitative approach for maintenance/inspection scheduling and planning. Jouwrnal
of Loss Prevention in the Process Industries. 16(6): 561-573

RAQO, BK.N. (1996). Hand book of Condition Monitoring. 1st Ed. Oxford, UK.:
Elsevier Advanced Technology

HORNER, RM.W., EL-HARAM, M.A, & MUNNS, AK. (1997). Building
maintenance strategy: A new management approach. Jowrnal of Quality in

Maintenance Engineering. 3(4): 273-280

SURTEES, A.J. (1995). Conveyor system commissioning, maintenance and failure
analysis using black box techniques. Proceedings of the BELTCON 8 Conference.

International Materials Handling Conference: Johannesburg, South Africa

REIMCHE, W., SUDMERSEN, U., PIETSCH, O., SCHEER, C. & BACH, F-W.
(2003).  Basics of vibration monitoring for fault detection and process control.

Proceedings of the 3rd Pan-American Conference for NDT: Rio de Janeiro, Brazil

TUCKEY, K., WOMACK, R. & STOLZ, H. (1985). Maintenance on belt
conveyors - A practical approach to this vital link in continuous production.
Proceedings of the BELTCON 3 Conference. International Materials Handling
Conference: Johannesburg, South Africa.

MUTOU, Y., FUJIU, K., MATSUSHIMA, T., OGAWA, T. & NODA, B. (2000).
Schematics for the cage for a ball bearing. U.S. Patent #6074099

LI Y., BILLINGTON, 8., ZHANG, C,, KURFESS, T., DANYLUK, S. & LAING,
S. (1999). Adaptive prognostics for rolling element bearing condition. Mechanical
Systems and Signal Processing. 13(1): 103-113



126

Chapter 11:  List of References

[17]

[18]

(19]

[20]

f21]

22)

[23]

[24]

[25]

HEEMSKERK, R.S. & ALLENSPACH, E. (1987). Rolling bearings in bulk
conveyors.  Proceedings of the BELTCON 4 Conference. International Materials

Handling Conference: Johannesburg, South Africa

ESCHMANN, P, HASBARGEN, L. & WEIGAND, K. (1958). Ball and roller
bearings: Their theory, design and application. Miinchen: Oldenbourg

BIRCH, D. (1994). A review of vibration signal processing techniques for use in a
real time condition monitoring system.  M.Sc Thesis. Department of Electrical
Engineering. University of Cape Town

SKF RELIABILITY SYSTEMS, (1981). Bearings for bulk conveyors. SKF
Reliability Systems "S-Range" Handbook Series. SKF 3209

FRITTELLA, A. & COHEN, M.G. (1991). Conveyor Idler Standards.
Proceedings of the BELTCON 6 Conference. International Materials Handling
Conference: Johannesburg, South Africa

TANDON, N. & CHOUDHURY, A. (1999). A review of vibration and acoustic
measurement methods for the detection of defects in rolling element bearings.
Tribology International. 32(8). 469-480

TANDON, N. & CHOUDHURY, A. (1997). An analytical model for the
prediction of the vibration response of rolling element bearings due to a localized
defect. Journal of Sound and Vibration. 205(3): 275-292

LI, CJ. & MA, J. (1997). Wavelet decomposition of vibrations for detection of
bearing-localized defects. NDT&E International. 30(3): 143-149

KIRAL, Z. & KARAGULLE, H. (2003). Simulation and analysis of vibration
signals generated by rolling element bearing with defects. Tribology International.
36(9): 667-678



11

List of References 127

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

MCFADDEN, P.D. & SMITH, J.D. (1984). Model for the vibration produced by a
single point defect in a rolling element bearing. Jowrnal of Sound and Vibration.
96(1): 69-82

WHITE, M.F. (1984). Simulation and analysis of machinery fault signals.
Journal of Sound and Vibration. 93(1): 95-116

JANTUNEN, E. (2002). A summary of methods applied to tool condition
monitoring in drilling.  International Journal of Machine Tools & Manufacture.
42(9): 997-1010

GUSTAFSSON, 0.G. & TALLIAN, T. (1961). Detection of damage in assembled
rolling element bearings. ASLE Preprint 61-AM 3B-1. 16th ASLE, Philadelphia, PA

DYER, D. & STEWART, RM. (1978). Detection of rolling element bearing
damage by statistical vibration analysis.  Tramsactions of the ASME, Journal of
Mechanical Design. 160(2): 229-235

MCFADDEN, P.D. & SMITH, J.D. (1984). Vibration monitoring of rolling
element bearings by the high frequency resonance technique - a review. Tribology
International. 17(1): 3-10

PENG, Z.K. & CHU, F.L. (2004). Application of the wavelet transform in
machine condition monitoring and fault diagnosis: a review with bibliography.
Mechanical Systems and Signal Processing. 18(2): 199-221

TANDON, N. & NAKRA, B.C. (1990). The application of the sound intensity
technique to defect detection in rolling-element bearings. Applied Acoustics. 29(3):
207-217

CHOUDHURY, A. & TANDON, N. (2000). Application of acoustic emission
technique for the detection of defects in rolling element bearings.  Tribology
International. 33(1): 39-45



128

Chapter 11:  List of References

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

(43]

[44]

DAVIES, G.J. (1981).  Aspects of conveyor belting.  Proceedings of the
BELTCON 1 Conference. International Materials Handling Conference: Johannesburg,

South Africa

HARRISON, A. (1987). Future design of belt conveyors using dynamic analysis.
Bulk Solids Handling. 7(3): 375-379

LODEWIJKS, G. (2003). Report of the static and dynamic analyses of the belt
conveyor CV-08 for Savmore Colliery Maquesa Shafits Overland project. Report for
Bateman Materials Handling Lid. DAR-060103-01

HARRISON, A. & ROBERTS, AW, (1984). Technical requirements for
operating conveyor belts at high speed. Bulk Solids Handling. 4(1): 99-104

PAGE, T.P.T. (1987). Large conveyors - The case for total system design.
Proceedings of the BELTCON 4 Conference. International Materials Handling
Conference: Johannesburg, South Africa

HARRISON, A. (1988). A new development in textile-ply belt monitoring. Bulk
Solids Handling. 8(2): 231-233

GOODYEAR INDUSTRIAL PRODUCTS. www.goodyearindustrialproducts.com/
conveyorbelts/products/flexsteel html#fspec

OSBORN ENGINEERED PRODUCTS SA (PTY) LTD.

www.osborn.co.za/products/specs/osb_conv_idler_specs.htm

MOLLER, J.J. (1981). Protect your conveyor investment. Proceedings of the
BELTCON 1 Conference. International Materials Handling Conference: Johannesburg,
South Africa

GOODYEAR INDUSTRIAL PRODUCTS. Conveyor belt maintenance manual,

Goodyear Industrial Products Manuals.



11

List of References 129

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

ANALOG DEVICES INCORPORATED. (2002). Low-cost £2 g dual-axis
accelerometer with duty cycle, ADXL202E. Analog Devices Incorporated Data
Sheet. Rev., A

MAXIM INTEGRATED PRODUCTS. (2001). MAX6607/MAX6608 low-
voltage analog temperature sensors in SC70 and SOT23 packages. Maxim Integrated
Products Data Sheet. 19-2040; Rev. 1; 6/01

MICROCHIP TECHNOLOGY INCORPORATED. (2005). dsPIC30F6011A/
6012A/6013A/6014A data sheet, high-performance digital signal controllers.
Microchip Technology Incorporated Data Sheet. DS70143B

ATMEL CORPORATION. (2003). AT45DB321B, 32-megabit 2.7-volt only
DataFlash®. Atmel Corporation Data Sheet. Rev. 2223E-DFLASH-11/03

SIPEX CORPORATION. (2005). SP3222E, SP3232E true +3.0 to +5.0V RS-232

transceivers. Sipex Corporation Data Sheet.

NATIONAL SEMICONDUCTOR CORPORATION. (2004). LM2623 general
purpose, gated oscillator based, DC/DC boost converter. National Semiconductor
Corporation Data Sheet. DS200388

MICROCHIP TECHNOLOGY INCORPORATED. (2002). TCli264 800mA
fixed output CMOS LDO. Microchip Technology Incorporated Data Sheet.
DS213758

MICROCHIP TECHNOLOGY INCORPORATED. (2004). TC2014/2015/
2185 50 mA, 100 mA, 150 mA CMOS LDOs with shutdown and reference bypass.
Microchip Technology Incorporated Data Sheet. DS21662D

>
WILSON, J. (1999). A practical approach to vibration detection and measurement
- Part 1: Physical principles and detection techniques. Sensors. 16(2): 12-27



130

Chapter 11:  List of References

[54]

(551

[56]

[57]

[58]

(591

[60]

[61]

[62]

[63]

HOROWITZ, P. & HILL, W. (1995). The art of electronics.  2nd Ed.
Cambridge: Cambridge University Press

KARKI, J. (2000). Active low-pass filter design. Texas Instruments Incorporated
Application Note. SLOAG49A

MICROCHIP TECHNOLOGY INCORPORATED. (2003). MCP6021/2/3/4
rail-to-rail input/output, 10 MHz op amp. Microchip Technology Incorporated Data
Sheet. DS21685B |

MICROCHIP TECHNOLOGY INCORPORATED. (2003a). dsPICDEM™ 1.1
development board user's guide. Microchip Technology Incorporated User's Guide.
DS70099B

MICROCHIP TECHNOLOGY INCORPORATED. (2003b). MPLAB® ICD2
in-circuit debugger user's guide. Microchip Technology Incorporated User's Guide.
DS51331A

FAIRBANKS, J. (2002). LM2623 ratio adaptive gated oscillator cookbook.
National Semiconductor Corporation Application Note. AN1221

MANCINI, R. (2002). Op amps for everyone. Texas Instruments Incorporated
Design Reference. SLOD006B

JENSEN, C. (1999). Layout guidelines for switching power supplies. National
Semiconductor Corporation Application Note. AN1149

MICROCHIP TECHNOLOGY INCORPORATED. (2003c). MPLAB® C30 C
compiler user's guide. Microchip Technology Incorporated User's Guide. DS51284B

MICROCHIP TECHNOLOGY INCORPORATED, (2003). dsPIC30F family
reference manual, high performance digital signal controllers. Microchip Technology
Incorporated Reference Manual. DS70046B



11 List of References ' 131

[64] SINHA, P. (2005). MPLAB-C30 dsPIC30F6014A processor header. Microchip
Technology Incorporated Program. Rev. 4.3

[65] STOWE,G. (2006). Dataflash® integrity testing SPI code.

[66] ATMEL CORPORATION. (2005). AVR335: Digital sound recorder with AVR®
and DataFlash®. Atmel Corporation Application Note. Rev. 1456C-AVR-04/05

[67} MICROCHIP TECHNOLOGY INCORPORATED. (2004). MCP601/2/3/4
2.7V to 5.5V Single -Supply CMOS Op Amps. Microchip Technology Incorporated
Data Sheet. DS21314F

[68] D'SOUZA, S. (2003). dsPICDEM™ low cost starter board demonstration code.
Microchip Technology Incorporated Program. ADC12_UART.c; Rev. 1.0

[69] VASUKI, H. (2005). CE001_ADC DSP_lib FILTER example source code.
Microchip Technology Incorporated Program. ADC.c; Rev. 2.0,



132



Appendix A

Rolling Element Bearing Fundamental Frequencies

The vibrational motion of a rotating rolling element bearing can be expressed in terms of the
fundamental frequencies of the bearing parts. It is assumed that the outer race is stationary

and the inner race rotates at the shaft frequency .

e Fundamental Train Frequency (FTF) — The rate of rotation of the bearing cage.
= .ai 1- i O
@, = > D cosa [rad/s]

e Ball Spin Frequency (BSF) — The rate at which a point on a rolling element makes

contact with the races.

2
w, = Do, 1~£70052 a [rad/s]
2d D

o Ball Pass Frequency Outer (BPFO) — The rate at which the rolling elements pass

over a fixed point on the outer race.

WDy = 2w [rad/ s]

(4

o Ball Pass Frequency Inner (BPFI) — The rate at which the rolling elements pass over

a fixed point on the inner race.

w, =Z(o, -w,) [rad/s]

where a is the shaft rotation frequency in rad/s, d is the rolling element diameter, D is the
distance between centres of two rolling elements on opposite sides of the bearing also known

as the pitch diameter, Z is the number of rolling elements and « is the contact angle.
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Appendix B

Selected Design Specifications for the Savmore Overland
Belt Conveyor CV-08 (Lodewijks, G., 2003) [36].

Project Details:

1. Project
2. Owner
3.
4
5

Conveyor

. Length

. Elevation

Material Specification:

1.

Material Conveyed

2. Design Tonnage
3. Bulk Density

4,

5. Surcharge Angle

Maximum Lump Size

Belt Specification:

Ao S A

Manufacturer

Width

Strength

Design Velocity

Belt Type

Class

Cover Thickness (Top)

Cover Thickness (Bottom)

Weight

10. Tape Length (approx)

11. Belt Edge Clearance to Ore

Magquesa Shafts Overland

Savmore Colliery

Overland Belt Conveyor System CV-08
6541 m

-60 m

ROM Coal
1000 tons/hour
850 kg.m”

100 mm

20°

Goodyear
900 mm
1000 N/mm
5.75 m/s
Steel Cord
ST 1000
6.0 mm
5.0 mm
19.0 kg/m
13125 m
137 mm
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Idler Specification:

1. Type:

a. Carry
b. Retumn

2. Roll Dimensions
a. Carry
b. Return

3. Applied Load

a. Carry
b. Return

4. Spacing
Carry (straight)

a.
b
c.
d

€.

f.

Carry (horizontal curve)
. Return (straight)
Return (convex/concave)
Return (horizontal curve)

. Carry (convex/concave)

5. Banking Angles
a. Carry
b. Return

6. Quantity (approx)

a. Carry
b. Return

Pulley Specifications:
1. Drive Pulley

a.
b. Face Width
c.
d

= o

Diameter

Lagging (ceramic)

. Shafi Diameter

Bearing Diameter

Bearing Centres

3 Equal Width Rolls, 45° trough angle
2 Equal Width Rolls, 10° trough angle

152 mm diameter X 350 mm face

152 mm diameter X 350 mm face

3050 N
1855 N

4.5m
4.5m
225 m
9.0m
9.0m
4.5m

34m
9.0m

1458
730

800 mm
1150 mm
12 mm
240 mm
200 mm
1550 mm
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2. High Tension Pulley

f.

Diameter

Face Width
Lagging (ceramic)
Shaft Diameter
Bearing Diameter

Bearing Centres

3. Low Tension Pulley

a.

&

Mmoo a0

Diameter

Face Width
Lagging (ceramic)
Shaft Diameter
Bearing Diameter

Bearing Centres

4. Turnover Pulley

&

S I

Diameter

Face Width
Lagging (ceramic)
Shaft Diameter
Bearing Diameter

Bearing Centres

Drive System Specification

ARG o

Motor Types
Nameplate Rating of Motors
Motor Quantity Primary Pulley
Motor Quantity Secondary Pulley-
Total Installed Power
Motor Synchronous Speed

800 mm
1150 mm
12 mm
240 mm
200 mm
1550 mm

630 mm
1150 mm
0 mm

140 mm
115 mm
1550 mm

150 mm
1150 mm
0 mm

75 mm
75 mm
1550 mm

VSD/VFD
375kW

1

1

750 kW
1500 RPM
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Appendix C

Troubleshooting Manual for Problems Encountered in

Overland Conveyor Belts (Taken from Goodyear Industrial Products) [44].

PROBLEM CAUSE imn order of probable
Conveyor runs to one gide at given point on structure 5 4 1 2 3 44
Particular section of belt runs to one side at all poinis on conveyor 6 7 - - - -
Belt runs to one side for long distance or entire length of conveyor 39 8 5 1 2 3
Belt runs off at tail pulley 39 10 1 - - -
Belt runs off head pulley 33 10 1 3 - -
Belt slip 34 | 33 31 i0 4 -
Belt slip on starting 34 K} 33 - - -
Excessive belt stretch 41 42 | 43 12 1 32 | 38
Grooving, gouging or stripping of top cover 13 14 15 16 - -
Excessive top cover wear, uniform around belt 19 20 10 8 36 -
Severe pulley cover wear 4 9 10 17 11 27
Longitudinal grooving or cracking of botiom cover 4 10 9 33 - -
Covers harden or crack 23 37 . - - -
Cover swells in spots or streaks 21 - - - - -
Belt breaks at or behind fasteners; fasteners pull out 24 22 12 23 - -
Vulcanized splice separation 38 30 12 17 1 23 -
Excessive edge wear, broken edges 8 10 40 7 - -
Transverse breaks at belt edge 18 28 26 - - -
Short breaks in carcass parallel to belt edge, star breaks in carcass 16 17 - - - -
Ply separation 29 30 23 - - -
Carcass fatigue at idler junction 25 2 | 27 | 28 29 | 36
Cover blisters of sand blisters 45 21 - - - -
Belt cupping ~ new belt 46 - - - - -
Belt cupping — old belt (was OK when new) 21 23 - - - -
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1. Idlers or pulleys out-of-square with center line of
belt:

Readjust idlers in affected area.

2, Conveyor frame or structure crooked:
Straighten in affected area,

3. Idler stands not centered on belt:

Readjust idlers in affected area.

4. Sticking idlers:

Free idlers and improve maintenance and lubrication.
5. Buildup of material on idlers:

Remove accumulation; improve maintenance,
scrapers or other cleaning devices.

6. Belt not joined squarely:

Remove affected splice and re-splice.

7. Bowed belt:

For new belt this condition should disappear during break-in;
in rare instances belt must be strightened or replaced; check
storage and handling of belt rolls.

8. Off-center loading or poor loading:

Adjust chute to place load on center of belt, discharge
material in direction of belt travel at or near belt speed.

9. Slippage on drive pulley:

Increase tension thru screw take up or add counterweight;
lag drive pulley; increase arc of contact.

10. Material spillage and buildup:

Improve loading and transfer conditions; install cleaning
devices, improve maintenance.

11. Bolt heads protruding above lagging:

Tighten bolts; replace lagging; use vulcanized-on lagging.
12. Tension too high:

Increase speed, same tonnage; reduce tonnage, same speed;
reduce friction with better maintenance and replacement of
damaged idlers; decrease tension by increasing arc of contact
Or go to lagged pulley; reduce CWT to minimum amount,
13. Skirt boards improperly adjusted or of wrong
material:

Adjust skirt board supports to minimum 17 between metal
and belt with gap increasing in direction of belt travel; use
skirt board rubber (not old belt).

14. Belt spanking down under load impact:

Install cushion idlers,

15, Materisl hanging up in or under chute:

Improve loading to reduce spillage; install baffles; widen
chute.

16. Impact of material on belt:

Reduce impact by improving chute design; install impact
idlers.

17. Material trapped between belt and pulley:

Install plows or scrapers on retumn run ahead of tail pulley.
18. Belt edges folding up on structure:

Same corrections as for 1, 2, 3; install limit switches; provide
more clearance,

19. Dirty, stuck, or misaligned return rolls:

Remove accumulations; install cleaning devices, use self
cleaning

Return rolls, improve maintenance and lubrication.

20. Cover guality too low:

Replace with belt of heavier cover gauge or higher quality
rubber.

21. Spilled oll or grease, over-lubrication of Idlers:
Improve housekeeping; reduce quantity of grease used;
check grease seals.

22. Wrong type of fastener, fasteners too tight or too
loose:

Use proper fasteners and splice technique; set up schedule
for regular fastener inspection.

13. Heat or chemical damage:

install
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Use belt designed for specific condition.

24. Fastener plates too long for pulley size:

Replace with smaller fasteners; increase pulley size.

25. Improper transition between troughed belt and
terminal pulleys:

Adjust transition in accordance with Goodyear Handbook of
Belting [44]

26. Severe convex (hump) vertical curve:

Decrease idler spacing in curve; increase curve radius;
consult Goodyear Handbook of Belting [44] for assistance.
27, Excessive forward tilt of trough rolls:

Reduce forward tilt of idlers to no more than 2° from
vertical,

28. Excess gap between idler rolls:

Replace idlers; replace with heavier belt.

29, Insufficient transverse stiffness:

Replace with the proper belt.

30. Pulleys too small:

Use larger diameter pulleys.

31. Counterwelght too Hght:

Add counterweight or increase screw take-up tension to
value determined from calculations.

33. Counterweight too heavy:

Lighten counterweight to value required by calculations.

33. Pulley lagging worn:

Replace pulley lagging.

34. Insufficient traction between belt and pulley:

Lag drive pulley; increase belt wrap; install belt cleaning
devices.

35. System under belted:

Recalculate belt tensions and select proper belt,

36. Excessive sag between idlers causing load to work
and shuffle on belt as it passes over idlers:

Increase tension if unnecessarily low, reduce idler spacing.
37. improper storage or handling:

Refer to Goodyear |44] for proper storage and handling
instructions.

38. Belt improperly spliced:

Re-splice using proper method as recommended by
Goodyear [44].

39. Belt running off-center around the tail pulley and
through the loading area:

Install training idlers on the return run prior to il pulley.

40, Belt hitting structure:

Install training idlers on carrying and retum run.

41, Improper belt installation csusing apparent
excessive belt stretch:

Pull belt through counterweight with a tension equal to at
feast

Empty running tension; run belt in with mechanical
fasteners.

42. Improper initia} positioning of counterweight in its
carviage causing apparent excessive belt stretch:
Check Goodyear Handbook of Belting [44]
recommended initial position,

43. Insufficient counterweight travel:

Consult Goodyear Conveyor and Elevator Belt Selection
Manual for recommended minimum distances.

44. Structure not level:

Level structure in affected area.

45, Cover cuts or very small cover away from carcass:
Make spot repair with vulcanizer or self-curing repair
material,

46, Excessive cover gauge ratio:

Use a belt with a lower gauge ratio and/or a thicker carcass.
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Appendix D

External Memory Calculations for the Vibration Data
Logging Board

An Atmel AT45DIB3I21C 32-Mbit Dataflash®™ Chip was selected as the memory storage
device on the vibration daia logging board and this sive of slorage capacity was selected due

to the following calculations:

5.75 mfs

Figure ;. Savmore Ovierfanil Bell Conveyar (V08

‘Ihe parameters from the Savmere Overland Convevor Belt CV-08 were wsed o coloalate the size of
The mermors storage device.

The speed ol the belt is assumed to be 53.75 m/s, the distance between idlers 15 4.5m and the
diameter of an idler is 152 mm. The maximum required sampling rate of any of the sensors is

16 kHw.

The RMS calculation is a form of averaging and is taken over 8 samples of data as this is half
the size of the ADC Buffer. It gives and indication of the magnitude of the acceleration and
therefore vibration of the system. 1t is important to take a large number of samples over the

idlers as these are of interest. The maximum number of samples per metre is:

Samples ! Second
BeltSpeed

_ 16000samples | 5

il ST7amf s

= 2782.601 samples:m

= 2783 samplesim

Number of Samples | Metre =
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Therefore the number of samples per idler is:

Number of Sampies ! Idier = (samplex ! m)x (fdlerd)
= 2783 sqmples - m™ x 0152 m
= 422 Y6samples | idler

There will be a maximum number of 256 kbits produced every second lor & sampling rate of
16 kHz as cvery sample is 16 bits long.

Number of bits/y = (.mmpfe.s ! .s]x (word .ﬂ‘ze)
=16000kHz x 1 6bits
=256kbits ! ¥

As there arc 8 samples per RMS measurement this number is reduced to 32 kbits/second.

Number of bits/s 256 kbits
N 2
=32 khuts ' 5

RMSRute =

This means that a 32Mbit memeory chip wall store approximately [6minutes and 40 scconds
of dala.
MemoryCupacity  32Mbits

RMSRate I2khity ' s
= 10008

=16nun 405

Storage Tine =
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Appendix E

Bessel Filter Table (Taken from Kaeki, 1., 2000) [55]

FILTER STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5 :
ORDER | .o, 0 FSF | © FSF | Q FSF Q FSI- Q
T 1.2736 | D.5773 'k\\\\%&
. LA |G | S aE
4 14192 | 03219 | 15912 | 08055
5 15611 | 0.5635 | 1.7607 | 0.9165
6 16060 | 05103 | 16913 | 06012 [ 19071 | 10234 N\
7 |17 | 0534 | 18235 | 0.6608 | 20507 | 11262 | 168535 RN
8 17837 | 0.5060 | 2.1953 | 1.2258 | 19591 | 0.7109 | 1.8376 | 0.5596
“9  [1@ [osior | 1oams oseos | 20815 | 07606 | 23285 | 13220 | 18575 NN\
10 19490 | 0.5040 | 19870 | 0.5380 | 2.0680 | 06200 | 22110 | 0.8100 | 24850 | 14150 |
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Appendix F

Circnit Diagrams for the Vibration Data Logging
Prototype Board

Accelerometer Board
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Main Board — Power Supply
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Main Board — Analogue Circuits
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. R

Main Board — Digital Circuits
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Appendix G

Main Vibration Data Logging Prototype Printed Circuit
Board Lavout

Top Laver Silkscreen
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Top Layer

148



Tap Layer Pad Master
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Top Layer Paste Mask
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Ton Layer Solder Mask
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Bottom Layer Sitliscreen
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Bottom Layer
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Bottom Layer Pad Master
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Botterm Layer Solder Musk
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Drill Guide for the Top and Bottom Layers
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Drill Drawing for Tep and Bottom Layers
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Appendix H

Accelerometer Printed Circuit Board Layout

Top Layer Silkscreen

Top Layer

Top Layer Pad Master

Top Laver Paste Mask

Top Layer Solder Mask



Bottom Layer Silkscreen Overlay
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Drill Drawings for the Top and Bottom Layers
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Appendix |

Photographs of the Printed Circuit Board

Vibrarion Data Logging Board ver. 1.0) — Main Board
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Vibration Data Logging Board ver. 1.0 — Accelerometer Board
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Vibration Data Logging Board ver. 2,00 — Main Board (Top)

162



Vibratinn Data Logging Board ver. 2.0 — Main Board (Bottom)
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Vibration Data Logging Board ver. 2.0 —Accelerometer Board (Top)
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Vibration Date Logging Board ver. 2.0 —Accelerometer Board (Botton)




Appendix J

Analogue to Digital Sampling Rate Calculations

Auto Sampling is used in the ADC module for the accclerometer and micrephone inputs. The
following calculations were used 1o delermine the values of the ADCS<3:0> and

SAMC<4:0 bits,

The instruction clock frequency is set by the erysial oscillator [requency und the internal PLL
multiplier value. The [requency is set lo 20MIPS for all programming opcrations using a 10)

MIIz crvstal and a PLL valuc of x8. This means thal the instruction ¢lock period is:

1
:I::v TR
j.:_',
' !
200MIPS

= 50ss

A minimum analogue clock time of 668ns is required to ensure that the sampling capacitors

do not losc charge. This means that there will be a minimum conversion time of

1, =0668ns
:I;'mal = 14?-:I.I'J
=9 352 1y

Thercfore in this case the comversion time s set to a value of

£ =20us

AT
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Accelerometer Inputs

The accelerometer signals must be sampled at 32 kHz. This gives a sampling period of

1
TSAMP='f:

1
“32x10°
=31.25us

By rearranging Equation 6.1 the ADCS<5:0> bits can be calculated

ADCS <5:05= 2| Teom |
13\ T

&

;(2@10“}_1
7\50x10°
=57.14285714
~57=111001,

From this the actual value of the analogue clock can be calculated

T,(ADCS <5:0> +1)
2

_50x107-(57+1)

2

Actuadl T, =

=1.45us
This value can now be used in Equation 6.2 to find the SAMC<4:0> bits

Tour — 14T,

AD
_ (31.25x107)-14(1.45x10¢)
- 1.45x107
=17.551724138
~8=01000,

SAMC <4:0>=
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Electret Condenser Microphone

The electret condenser microphone signal must be sampled at 20 kHz. This gives a sampling
period of

1
Topp = —
S

1
T 20x10°
= S50 us

By rearranging Equation 6.1 the ADCS<5:0> bits can be calculated

pcs <s:0-2{ L |

cy

=_1_(20x10'6)_1
7{50x107°
=57.14285714
~57=111001,

From this the actual value of the analogue clock can be calculated

T,(4ADCS <5:0> +1)
2

_50x107°-(57+1)

- 2

=1.45us

Actual T, =

This value can now be used in Equation 6.2 to find the SAMC<4.0> bits

SAMC <40 = Toawr ~14Tp

AD
(s0x107¢)-14(1.45x107)
1.45%10™

= 20.48275862

~21=10101,

168



Appendix K

Code for the Vibration Data Logging Board

Header Files — dsPIC30F6014Apins.h

//
/7
7/
//
/7
/"
/7
/
//
//
7/
//
//
//
/
/7

VIBRATION SENSOR PIN AND INTERFACE DEFINITIONS
BY: ROBYN VERRINDER
DATE: 23 MAY 2005
PROCESSOR: dsPIC30F6014a
BOARD: VIBRATION SENSOR PROTOTYPE BOARD
IDE: MPLAB IDE v7.30
COMPILER: C30 C COMPILER
DESCRIPTION: Definition of all connections to the dsPIC3I0F6014A

microcontroller.

The pin descriptions are as described in the various
data sheets for the devices and follow the naming
standard on the schematics for the Vibration Data
Logging Prototype Board (Chapter 5)

PIN CONNECTIONS AND CONFIGURATIONS:

A 00 -3 O R B L B

COFS/RG15
T2CK/RCL ovvvvnns e
T3CK/RC2
T4CK/RC3
THCK/RCE .. ovvnnnnnnn.
SCK2/CNB /RGE
SDI2/CNS/RGT ..ovveve.
SDO2/CN10/RGS
MCLR ..vvvennnn. e

vss ...
VDD tovivneornnnnannan
INT1/RAlZ
INT2/RAL3 ...ovvvnnnn.
AN5/CN7/RB5
AN4/CNE6/RBY
AN3/CN5/RB3
AN2/CN4/RB2 ..........
AN1/PGC/CN3 ..........
ANO/PGD/CN2/RBO ......
AN6/CCFA/RBE
ANT7/RB7
VREF-/RAS
VREF+/RAL0
AVDD ......cvvevnoonnn

ANS/RBS ...... Ceve s
AN10/RBI1O
AN11/RB11
vss .
VDD tovivnvenvennannsn
AN12/RB12
AN13/RB13
AN14/RB14
AN15/0CFB/CN12/RB15
ICT/CN20/RD14
IC8B/CN21/RD15
U2RX/CN1T/RF4

OB OB KON OROB S OEoAOE RN KW ERB.E NN R E DA EE TR K

aet s
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LEDL ......... ceea e QUTPUT
LEDZ vivveervensannaves QUTPUT
LED3 ........ sersanenan QUTPUT
LED4d ....... errerueean OUTPUT
RECORD LED ......... +.+ OUTPUT
SEND LED .....0vvunenss CUTPUT
ERASE_LED ....cvuvvuaas QUTPUT
MCLR .ocivoiirvnnones .. ICD2
NOT CONNECTED

SGND (Signal Gnd) ..... POWER
VvbD (Signal Power)..... POWER
WOT CONMECTED

NOT CONNECTED

NOT CONNECTED

NOT CONNECTED

NOT CONNECTED

NOT CONNECTED

PGC ..... cesssenas e Icn2
PGD ....ccvevcesonsocss ICb2
NOT CONNECTED

NOT CONNECTED

NOT CONNECTED

NOT CONNECTED

AVDD (Analoy Power) . ANALOG
AGND (Analog Power) . ANALOG
TEMP_ADC (MAX6608) . ANALOG
ACCX_ADC (ADXL202) . ANALOG
ACCY_ADC (ADXL202) .... ANALOG

. MIC_ADC (Electret Mic). ANALOG
. SGND (Signal Gnd)

POWER
POWER

VDD (Signal Power)
NOT CONMECTED
NOT CONNECTED

. NOT CONNECTED
. NOT CONNECTED

NOT CONNECTED
NOT CONNECTED
HOT CONNECTED

POWER
POWER
INPUT
INPUT
INPUT
INPUT



// 40 = U2TX/CNIB/RFS ........ NOT CONNECTED

// 41 = ULTX/RF3 ............. TX_IN (RS232 TX) ..... OUTPUT

// 42 = UIRX/RF2 o.vvvovnnnnns RX_OUT (R$232 RX) .... INPUT

// 43 = SDOL/RFB .......... ... 80 (Serial Output) ... OUTPUT

// 44 = SDIL/RFT o.ivrionnnnnns SI (Serial Input) .... INPUT

// 45 = SCK1/INTO/RF6 ........ SCK (Serial Clock) ... OUTPUT

// 46 = SDA/RGI ...ivievnnnnnn NOT CONNECTED

/7 47 = SCL/RGZ ...cvvuvnennes NOT CORNECTED

// 48 = VDD iviinennnnnnnanin VDD (Signal Power) ... POWER

// 49 = OSCL .ivvvnrvnnevonnns O3CL tvvevvorocnnnnnas XTAL 0SC

/7 50 = OSC2 ..iivevvnreronnees OBC2 tovvennnnnonnnans XTAL 0S8C

7/ 51 = ' TN . SGND (Signal Gnd) .... POWER

// 52 = INT3/RA14 ............ NOT CONNECTED

7/ 53 = INT4/RALS ....ovvnvnns NOT CONNECTED

// 54 = ICI/RDB ...vvvvvnnss ... C8 (Chip Select) ..... OUTPUT

// 55 = IC2/RDY9 ....e000000..., READY/BUSY ........... INPUT

// 56 = ICI/RDIO ..vvvvvnnnnnn RESET ...... Ceeeaanees OUTPUT

/7 57 = IC4/RDIL ......... v... WP (Write Protect) ... OUTPUT

// 58 = OCL/RDO .......covuunn NOT CONNECTED

/7 59 = SO0SC2/CN1/RC13 ....,.. NOT CONNECTED

// 60 = SOSCL/TICK/RC14 ...... NOT CONNECTED

7/ 61 = OC2/RD1 ...... s SEND ........ Ceeeeeaa INPUT

// 62 = OC3/RD2 .....v0o0v0aeee RECORD .0vivnrucnnnnns INPUT

// 63 = OC4/RD3 ...viviunenanns ERASE ocvvcvvecsaanens INPUT

// 64 = ICS/RD12 .....evvuann. NOT CONNECTED

// 65 = IC6/CN1S/RD13 ........ NOT CONNECTED

// 66 = OC5/CN13/RD4 ......... NOT CONNECTED

// 67 = OC6/CN14/RD5 ......... NOT CONNECTED

// 68 = OC7/CN15/RD6 ...... ... NOT CONNECTED

// 69 = OCB/CNI6/RDT ..ovuvnn. NOT CONNECTED

// 70 = VSS ...ii... teersen... SGND (Gnd) .......... . POWER

// 71 = VDD vvernnnennn Cereene VDD (POWer) .......... POWER

// 72 = CIRX/RFO .....vs0v.... NOT CONNECTED

// 73 = CITX/RFLl ...... essss00 NOT CONNECTED

// 74 = C2TX/RGL ..evvvvnnnnns NOT CONNECTED

// 75 = C2RX/RGO ... vvveonanns NOT CONNECTED

// 76 = CHN22/RA6 ...vocuvae ... NOT CONNECTED

/7 77 = CN23/RA7 ...ovuvnn. .... NOT CONNECTED

// 78 = CSCK/RGLE ...vvevrannn NOT CONNECTED

// 79 = CSDI/RG12 ............ NOT COWNECTED

// 80 = CSDO/RGL3 . ...conevunn.. NOT CONNECTED

7/

// VIBRATION DATA LOGGING PROTOTYPE BOARD IC LIST:

// Ul = LM2623MM ............. General Purpose, Gated Oscillator Based, DC/DC
144 Boost Converter, 5V Output [50]

/7 U2 = TC1264-3.3V ....... ... 3.3V, 800mA Low Voltage Dropout Regulator [51]
// u3 = TC2185-3.3V ......... . 3.3V, 150mA Low Voltage Dropout Regulator [52)
7/ u4 = MCP6024 ..........000.0 Quad 2.7V to 5.5V Single-Supply CMOS Op Amp
// U5 - MCP6024 .............. Quad 2.7V to 5.5V Single-Supply CMOS Op Amp
// Ué = MCP6022 v.vivovencanns Dual 2.7V to 5.5V Single-Supply CMOS Op Amp [56]
// u7 = MAXG660BUK ............ Low=Voltage Analogue Temperature Sensor [46]
7/ [+£:] = dsPIC30F6014a ........ General Purpose Digital Signal Controller [47]
// usg = AT45DB321C .......... . 32-Mbit Serial Data Flash [48]

// ulg = SP3222EET ... vvvvnns .. +3.0V to +5.5V RS-232 Transceivers [49]

// Ull = ADXL202E ....ovesnnsas +/-2g Dual-Axis Accelerometer with Duty Cycle
// Qutput [45]

/7

#ifndef __DSPIC30F6014APINS_H

#define __DSPIC30F6014APINS_H

#include "p30F6014A.h"

//

7/ Ull: ADXL202E = +/- 2 g Dual-Axis Accelerometer with Duty Cycle Output

/7

1/ PIN OUTS:

/7 1 = L= ... SELF TEST

// 2 = T2 vevneans RN .... CONNECT RESET TO SET T2 PERIOD

/7 3 = COM tvvivriinnnnnnnnse COMMON

/7 4 = YOUT vineriecnnnnnns Y-CHANNEL DUTY CYCLE OUTPUT

7/ 5 = KOUT vvvnnrcvnaonnens X~CHANNEL DUTY CYCLE OUTPUT

/7 6 = YFILT Ceeenearaees . Y-CHANNEL FILTER PIN

/7 7 = KPILT ovvevnnnnnnns .. X~CHANNEL FILTER PIN

// 8 = VDD ohevvenrannnonans 3V - 5,25V

/7
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// PIN CONNECTIONS: (ADXL202E to dsPIC30F6014a)

/7 vDD = AVDD

/7 COM = AGND .

/7 ACCX -> U4 (PIN3) ~-> (PIN1l4) ACCX_FILT -> JP4 -> ACCX_ADC = ANS (PIN 28)
// ACCY -> U5 (PIN3) -> (PIN14) ACCY_FILT -> JP5 -> ACCY_ADC = AN1O0 (PIN 29)
//

J o e e e e 1
// PIN DEFINITIONS:

o o o ] 1 2 0 e
#define ACCX_ADC PORTBbits.RBY

#define ACCY_ADC PORTBbits.RB10

//

// [ MAX6608 = Low-Voltage Analogue Temperature Sensor
//

// PIN OUTS:

// 1 = HC .ovieerivosnnnen .» NOT CONNECTED

7/ 2 = GHD ... vonnnnne GROUND

// 3 = - S seraseasss. MUST BE CONNECTED TO GND
// 4 = VCC o iiiiiiveavnnnes SUPPLY INPUT

/7 5 = OUT .e..cessveeeoess, TEMPERATURE SENSOR OQUTPUT
//

/7 PIN CONNECTIONS: (MAX6608 to dsPIC30F6014A)

// vee = AVDD

7/ GHND = AGHND

/7 A = AGND

// OUT (TEMP) =-> JP7 -> TEMP_ADC = AN8 (PIN 27)

[ o e o - e e
// PIN DEFINITIONS:

[/ = e
#define TEMP_ADC PORTBbits.RBS

//

/7 MK1: Electret Condenser Microphone

//

// PIN OUTS:

// 1 @ GND ....covvinvsocnnns GROUND

/7 2 = SIGNAL ceasseaen »soo OUTPUT SIGNAL

// 3 = BIAS . ....ivrvronnnnen BIAS VOLTAGE 3.3V - 12v
//

/7 PIN CONNECTIONS: (MKl to dsPIC30F6014a)

// GND = AGND

/7 SIGNAL (MIC_IN)} =-> U6 (PIN2) =-> (PIN7) MIC_FILT -> JP6 -> MIC_ADC = AN11l (PIN 30)
// BIAS (VIA R22) = AVDD

[ fmm—- e e D 0 7 0 B O o o
// PIN DEFINITIONS:

[ o o e e e e e 7 2 e
#define MIC_ADC PORTBbits.RB11

//

// 09: AT45DB321C = 32-Mbit Serial Data Flash

/7

/7 PIN QUTS:

/7 1 = GND ... vineineenaes GROUND

/7 2 = MC . iivvevvnonns «..+ NOT CONNECTED

7/ 3 = NC L icieeinnnvosnnsen NOT COMNECTED

// 4 = C8 i it teroevsannnsunns CHIP SELECT

// 5 = SCK it erinosnonsscnss SERIAL CLOCK

/7 3 = ST ..... creenrse s SERIAL INPUT

/7 7 = L SERIAL OUTPUT

// 8 = NC L .errieeronrosnanes NOT CONNECTED

/7 9 = HE it iivereononns NOT CONNECTED

/7 10 & NC L ieeniitnnnvionnnse NOT CONNECTED

/7 11 = HO oo eevonensroans NOT CONNECTED

/7 12 = NC ........... N NOT CONNECTED

7/ 13 = HC ..o eeierenerneenees NOT CONNECTED

// 14 = HE oo oernnesons NOT CORNECTED

// 15 = HC ...ciiiivinvinenne NOT CONNECTED

/7 16 = HO eiieiienenonceans NOT CONNECTED

/7 17 = NC ....... sesseessees NOT CONNECTED

// 18 = NC .. iiiivvvennnonae NOT CONNECTED

/7 19 = NC ... ererasean .. NOT CONNECTED

/7 20 = WC e vieareens veess NOT CONNECTED

7/ 21 = HC Loviinreaosnnsases NOT CONNECTED



/7 22 = NC o.vu.s e reenaen NOT CONNECTED

// 23 = RDY/BUSY ...... ++e... READY/BUSY

// 24 = RESET «.ovivenoonnnnn CHIP RESET

/7 25 = |2 veesevs... HARDWARE PAGE WRITE PROTECT

// 26 = NC vevvnvnnnans ceenee NOT CONNECTED

// 27 = BC tiverianrnnnooannas NOT CONNECTED

/7 28 = vee ..., vasssrsene.. POWER SUPPLY

//

// PIN CONNECTIONS: (AT45DB321B to dsPIC30F6014a)

/7 vee =  yDD

// GND = SGND

// SCK = §CK1 (PIN 45)

// sI = SDI1 (PIN 44)

// 80 = SDO1 (PIN 43)

// cs = RD§ (PIN 54)

// RDY/BUSY = RDS (PIN 55)

/7 RESET = RD10 (PIN 56)

// wp = RD11 (PIN 57)

e e - e e e e

/7 PIN DEFINITIONS:

[/ e - o o o e
$#define SCK PORTFbits.RF6

#define s8I PORTFbits.RF7

#define 80 PORTFbits.RF8

#define cs PORTDbits .RDS

#define READY BUSY PORTDbits.RD9

$#define RESET PORTDbits .RD10

#define WP PORTDbits .RD11

/7

/7 U10: 8P3222 = +3.0V to +5.5V RS-232 Transceivers

/7

// PIN OUTS:

// 1 = EN ....vovevesoeses: RECEIVER ENABLE CONTROL

// 2 = Clt i iiineecnnncnnas +VE TERMINAL FOR 1ST CHARGE PUMP CAP
7/ 3 = VE ciinnanenn weeese. 5.5V GENERATED BY THE CHARGE PUMP
/7 4 = Cl= tiiiineernannens -VE TERMINAL FOR 1ST CHARGE PUMP CAP
// 5 = C2+ ...... wvveeeess. +VE TERMINAL FOR 2ND CHARGE PUMP CAP
/7 6 - C2= tiivnnnn vesees.. =VE TERMINAL FOR 2ND CHARGE PUMP CAP
7/ 7 = Vo i iiioeoerasannsas -5,.5V GENERATED BY THE CHARGE PUMP
// 8 = T20UT voveivvnoonaan 2ND TRANSMITTER OUTPUT VOLTAGE

// 9 = R2IN - @ 2ND RECEIVER INPUT VOLTAGE

// 10 = R20UT .....vvvecve.. 2ND RECEIVER QUTPUT VOLTAGE

/7 11 = T2IN v vverenracnnans 2ND TRANSMITTER INPUT VOLTAGE

7/ 12 = TIIN o .vivovnconnnns 18T TRANSMITTER INPUT VOLTAGE

// 13 - RIOUT ..vvivrnoosens 1ST RECEIVER QUTPUT VOLTAGE

// 14 = RIIN ..... veseeses.. 18T RECEIVER INPUT VOLTAGE

// 15 = T10UT ...... eeve.e.. 18T TRANSMITTER OUTPUT VOLTAGE

// 16 = GND cevvinnens e GROUND

// 17 = k' o7 o . SUPPLY VOLTAGE

// 18 = SHDN .....coevvnne. . ACTIVE LOW SHUTDOWN CONTROL INPUT
/7

// PIN CONNECTIONS: (5P3222 to dsPIC30F6014a)

/7 vee = VDD

// GND = SGND

// TX_IN = RF3 (PIN 41)

/7 RX_OUT = RF2 (PIN 42)

[ e e e et B

// PIN DEFINITIONS:

[ )= e e e et
#define TX_IN PORTFbits.RF3

#define RX_OUT PORTFbits.RF2

//

/7 DIP SWITCH INPUT (SWITCHES)

/7

// SWITCHES:

// 1 = SEND

// 2 = RECORD

// 3 - ERASE

// 4 = NOT USED

//
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/7 PIN CONNECTIONS: (DIP SWITCH TO dsPIC30F6014A)

// SEND = RD1 (PIN 61)

7/ RECORD = RDZ (PIN 62)

// ERASE = RD3 (PIN 63)

o o T 0
/7 PIN DEFINITIONS:

{ /= o o o 8 0 7 e
§define SEND PORTDbits.RD1

#define RECORD PORTDbits.RD2

#define ERASE PORTDbits.RD3

//

// LEDS

//

// PIN CONNECTIONS: (LEDS to dsPIC30F6014A)

/7 LED1 = RC1 (PIN 2)

// LED2Z = RC2 (PIN 3)

174 LED3 = RC3 (PIN 4)

/7 LED4 = RC4 (PIN 5)

//

/7 RECORD_LED = RG6 (PIN &)

// SEND_LED = RG7 (PIN 7)

124 ERASE_LED = RG8 (PIN 8)

[ ] e 2
7/ PIN DEFINITIONS:
At
#define LED1 PORTCbits.RC1

#define LED2 PORTChits.RC2

#define LED3 PORTCbits.RC3

$#define LED4 PORTCbits.RC4

#define RECORD_LED PORTGbits.RG6

#define SEND_LED PORTGbits .RG7

§define ERASE_LED PORTGbits.RGS

//

#endif
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Header Files - AT45DB321C.h

//
//’;’ AT45DB321C HEADER FILE
/7 BY: ROBYN VERRINDER
// DATE: 13 APRIL 2006
/7
// PROCESSOR: dsPIC30F6014Aa
/ BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD
// IDE: MPLAB IDE v7.30
/7 COMPILER: €30 ¢ COMPILER
//
// DESCRIPTION: Header file for AT45DB321B Library functions and
// definitions.
// CONTENTS : Function Prototypes
/7 Opcode Command Constants
//
/7 CHIP: AT45DB321C 32-megabit DataFlash Chip
// INTERFACE: SPI1 (Serial peripheral Interface)
/7
// MEMORY SIZE: 32 Mbits
/7 BYTES/PAGE: 528 bytes/page
// PAGES/BLOCK: 8 blocks/page
/7 NOC OF PAGES: 8192 pages
// NO OF BLOCKS: 1024 blocks
//
#1fndef __BT45DB321C_H
#define _AT45DB321C_H
//
/7 PIN QUTS:
// cs = Chip Select ........... veso. LOW = Selected, HIGH = Deselected
// SCKR = Serial Clock .......... .+... Can be clocked up to 20Mhz
// sI = Serial Data In ......... .... Input only, used to shift data into device
7/ 80 = Serial Data Out .......... .. OCutput only, used to shift data out of device
/7 WP = Hardware Page Write Protect LOW = cannot reprogramme lst 256 pages of
// main mem, HIGH = can programme
/7 RESET = Chip Reset ........ RN . LOW = reset chip, HIGH = normal operation
/7 RDY/BUSY = Ready/Busy ............ .... Output pin - LOW = Device is BUSY
/7
// PIN CONNECTIONS: (AT45DB321C to dsPIC30F6014A) {dsPIC30F6014A PORT DIRECTION)
/7 SCK = SCK1 (PIN 45) ......000e veees . OUTPUT
// SI = SpOl (PIN 43) ....... [ .. OUTPUT
// $0 = SDI1 (PIN 44) ........covivunnns INPUT
// cs = RDB (PIN 54) ...cenvvavees +... OUTPUT
/7 RDY/BUSY = RDYS (PIN 55)..... cesse e ese. . INPUT
// RESET = RD10 (PIN 56) ......0000000s v oe. QUTPUT
/7 WP = RDLIL (PIN 57) ....vovreenenssos QUTPUT
//
7/ MODES :
/7 Inactive Clock Polarity:
// LOW ......0.. . (SPIxCONbits.CKP = () .... Idle clock state is LOW
// HIGH .......... (SPIXCONbits.CKP = 1) .... Idle clock state is HIGH
//
/7 SPI Mode:
// SPI Mode 0 .... (SPIxCONbits.CKE = 0) .... Data clocked out on 2nd pulse (ACTIVE ->
/7 IDLE State)
// SPI Mode 3 .... (SPIxCONDbits.CKE = 1) .... Data clocked out on ist pulse (IDLE ->
7/ Active State)
//
/7 DEFINING DATA CLOCKING MODES
AR e o e e -
7/ DESCRIPTION: Defines constants for data mode selection
== -— o e 0 e - -
#define INACTIVE_CLKPOLARITY LOW 0 7/ State of clock in IDLE Mode
$define INACTIVE_CLKPOLARITY_HIGH 1
f#define SPI_MODE( 0 // Edge of CLK on which to CLK in
// data
#define SPI_MODE3 1
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f#define INACTIVE CLKPOLARITY INACTIVE CLKPOLARITY_ LOW /7 Selects Clock LOW
// in IDLE mode
#define SPI_MODE SPI_MODEO 1/ Selects SPI Mode 3

[ fmmmm e

/7 STATUS REGISTER - § BIT

o e e e 0 o e

7/ BIT7 = RDY/BUSY tovenrvnnnsonse LOW = busy, HIGH = not busy

// BIT6 = COMP . ..vvvvvnnennnsen .. LOW = data in main memory matches buffer, HIGR
/7 = at least 1 bit of data in main memory does
/7 not match data in buffer

// BITS = ) R et i reree e Bits 5-2 = device density

/7 BIT4 = 1

/ BIT3 = 0

7/ BIT2 = 1

/7 BIT1 = X

// BITO = X
{2 e 0 0

// BUFFER CONSTANTS

o e e e e e e

$define BUFFER1 0x01

#define BUFFER2 0x02

#define MEM BUFFERSIZE 528 // Size of SRAM buffer onboard AT45DB321C

1/

/7 OPCODE INSTRUCTIONS: (COMMAND TYPE_NAME MODE)

//

// Read Commands: (CMD Read ....)

[/ a e e e e e e - - - 7

/7 CONTINUQUSARRAY ......... OxE8 ..... Reads a continuous stream of data from device
/7 with just clk signal

// MAINMEMPAGE .....oc000ens 0xb2 ,.... Reads data directly from main memory bypassing
/ buffers

/ BUFFERL .....cvuivuvnnnns 0xD4 ..... Reads data from buffer 1

// BUFFER2 .....c0000000 cee.. 0xDE ..., Reads data from buffer 2

// STATUSREG . ..vvcvecvsenas 0xD7 ..... Reads status register of device
ot 0 0 £ e e 2 0 2

#define CMD_READ_CONTINUOUSARRAY OxES

#define CMD_READ_MAINMEMPAGE 0xD2

#define CMD_READ_BUFFER1 0xD4

#define CMD_READ_BUFFER2 0xD6

#define CMD_READ_STATUSREG 0xD7

e e e e e e e e 5 0 o

// Write Commands: (CMD_Write/Prog_....)

] e e e e e 2 0 0 2

// BUFFERL .......covunnnenn 0x84 ..... Writes to buffer 1

// BUFFERZ ..o cvvvvencenaans 0x87 ..... Writes to buffer 2

/7 BUF1toMAINMEM WERASE .... 0x83 ..... First erases page (makes every entry a 1), then
/7 programs main memory from buffer 1

/7 BUF2toMAINMEM WERASE .... 0x86 ..... First erases page (makes every entry & 1), then
7/ programs main memory from buffer 2

// BUF1toMAINMEM WOERASE ... Ox88 ,.... Programs main memory from buffer 1 with out erase
// (only program a page if it has previously been
/7 srased)

/7 BUF2toMAINMEM WOERASE ... 0x89 ..... Programs main memory from buffer 2 with out erase
// (only program a page if it has previously been
// erased)

/7 MAINMEMPAGE_THRUBUF1 .... Ox82 ..... Data is shifted in buffer 1, erases page and then
/7 programs a page in main memory

// MAINMEMPAGE_THRUBUF2 .... 0x85 ..... Data is shifted in buffer 2, erases page and then
// programs a page in main memory

o o o 0 0 0

#define CMD_WRITE_BUFFER1 0x84

#define CMD_WRITE_BUFFER2 0x87

#define CMD_PROG_BUFltoMAINMEM WERASE 0x83

#define CMD_PROG_BUF2toMAINMEM WERASE 0x86

#define CMD“PROG_BUFltoMAINMEM_WOERASEOx88

fdefine CMD_PROG_BUF2toMAINMEM WOERASEOx89

#define CMD_PROG_MAINMEMPAGE THRUBUF1 Ox82

#define CMD_PROG_MAINMEMPAGE THRUBUF2 (x85

/o e o 0 0 o -

// Erase Commands: (CMD_Erase_....)

[ om0 2 2 e

// PAGE ...vocvvoennecaonnn . Ox8l ..... Erases an individual page in memory

// BLOCK ...iievrnenceecnnns 0x50 ..... Erases 8 pages of main memory

£ o o o



#define CMD_ERASE_PAGE 0x81

§define CMD_ERASE BLOCK 0x50

£ o o e e e

// Transfsr Commands: (CMD Transfer_....)

[ o o o e ot 2 2 0 o

/7 MAINMEMPAGEtoBUF1 ,...... 0x53 ..... Transfers a page of data from main memory to

// buffer 1

// MAINMEMPAGEtOBUF2 ....... 0x55 ..... Transfers a page of data from main memory to

// buffer 2

/== - ——— s

#define CMD_TRANSFER_MAINMEMPAGEtOBUFl 0x53

#define CMD_TRANSFER_MAINMEMPAGEtoOBUF2 0x55

£ o o om0 2 2 2 o -

/ Compare Commands: (CMD_Compare ....}

[ om0

// MAINMEMPAGEtoBUFl ....... 0x60 ..... Compares a page of data in main mem to buffer 1
/7 MAINMEMPAGEtoBUF2 ....... Ox61 ....., Compares & page of data in main mem to buffer 2
[ fmmmmmm e e o e e e e

#define CMD_COMPARE MAINMEMPAGEtoBUF1 0x60

#define CMD_COMPARE_MAINMEMPAGEtoBUFZ Ox61

/== - - o e o 2 e

7/ Rewrite Commands: (CMD_ReWrite ....)

[ o o e

/7 AUTOPAGE_THRUBUF1 ....... 0x58 ..... Combination of main memory to buffer 1 transfer
/7 and main memory page program with erase

/7 AUTOPAGE_THRUBUFZ ....... 0x59 ..... Combination of main memory to buffer 2 transfer
// and main memory page program with erase

o e e e e o e e

#define CMD_REWRITE_AUTOPAGE_THRUBUFI 0x58

#define CMD_REWRITE_AUTOPAGE__THRUBUFZ 0x59

i

#endif
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Header Files — common.h

//

7/ COMMON DEFINITIONS HEADER FILE

//

// BY: ROBYN VERRINDER

/7 DATE: 18 APRIL 2006

//

7/ PROCESSOR: dsPIC30F6014A

// BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD

// IDE: MPLAB IDE v7.30

// COMPILER: C30 C COMPILER

/

// DESCRIPTION: Header file of common definitions used in the software

// for the Vibration Data Logging Prototype Board.

//

$ifndef __COMMON_H

#define __COMMON_H

//

// BOOLEAN CONSTANTS

/7

#define TRUE 0x01

#define FALSE 0x00

//

// TIMING

//

$#define FXTAL 10000000 // Crystal Frequency

#define PLL_4 4 / PLLx4 Mode

#define PLL_8 8 // PLLx8 Mode

#define PLL PLL_8 // PLL Mode Selection

#define FCY (FEXTAL*PLL) /4 // FCY = 20MIPS

$#define TMS FCY/100 / Time divider for milliseconds

$#define MILLISEC FCY/TMS // Millisecond delay for delay loop

#define ACC_FS 30000 /7 Accelerometers Sampling rate =
/ channel

#define MIC_FS 20000 /7 Microphone Sampling rate = 20kHz

#define SINE_FS 5000 /i Sinewave ADC Sampling rate = 5kHz

//

/ ADC SELECTION

//

#define ADC_BUFFERSIZE 8 / Size of the ADC Buffer

#define ADC_ACCURACY 12 7/ Accuracy of the ADC Module in bits

#define OFFSET 0x0819 // Offset due to amplifier

//

/7 COMMUNICATION SETTINGS

//

$define BRUD 57600 // Baud rate setting for UART module

#define TX_BUFFERSIZE 9 / Transmit buffer size for UART module

//

#endif
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Main Program

//

7/ VIBRATION DATA LOGGING BOARD SQFTWARE PROGRAM

/7

/7 BY: ROBYN VERRINDER

/! Parts of this program were adapted from the

/7 Example Code for the dsPICDEM Low Cost Starter Board

/! ADC12_UART.c (D'Souza, S., 2003) ([681;

/ the example code CE0Q1_ADC_DSP_1ib FILTER ADC.c

// (Vasuki, H., 2005) [69]; from the source code

/7 to test the validity of the Dataflash® chip

/7 (Stowe, G., 2006) [65].

// DATE: 06 MAY 2006

/!

// PROCESSOR: dsPIC30F6014A

/7 BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARRD

7/ IDE: MPLAB IDE v7.30

// COMPILER: C30 C COMPILER

/!

/7 DESCRIPTION: This program integrates all of the functions used to

174 control the modules on board the Vibration Data Logging
// board.

//

/" Register descriptions are as in dsPIC30F Family Reference Manual
/7 Section 12: Timers, Section 18: 12 bit A/D Converter and Section 19:
/7 UART {(Microchip Technology Incorporated Reference Manual, 2003) [63].
/7

/7 XTAL FREQ (Fxtal): 10MHz

/7 MIPS: 20MIPS (XT PLLx8 Mode)

/4 TCY: 50ns

/7 Tconv: 20us {this value is greater than the 10us minimum)
7/ Tad: 1.45u8 (calculated value using ADCS<5:0> bits)
//

#include "p30£601l4a.h”® /7 {(Sinha, P., 2005) [64].
#include <math.h> // Standard C Math header file
#include "dsPIC30F6014APins.h"

#include "AT45DB321B.h"

#include "common.h"

F £ e e e e ——— - s e

/7 dsPIC30F6014A CONFIGURATION SETTINGS

o e e -

/7 CLOCK SWITCHING AND MONITOR ...... sessssss. Sw Disabled, Mon Disabled

// OSCILLATOR ..vvveevsrnosansnnss sereesssoars XT Ww/PLL Bx

7/ WATCHDOG TIMER ....c0c00s00cas0s ssssvesss., Disabled

// MASTER CLEAR ENABLE .....cv00voeus vesssass. Enabled

// POR TIMER VALUE .....v.0evnuosn veeasesennss 64ms

/7 GENERAL CODE SEGMENT CODE PROTECT ......... Disabled
{2

_FOBC(CSW_FSCM_OFF & XT_PLL8);

_FWDT (WDT_OFF) ;

_FBORPOR (MCLR_EN & PWRT_64);
_FGS (CODE_PROT_OFF) ;

‘void InitPorts(void)
void InitADCL2 (void);
void InitUART1 (void);
vold InitSPIl (void)

unsigned char SendReceiveByte{unsigned char data);

void Record (void);
void Send (void);
void Erase (void);

void WritetoDataflash (unsigned char data):;
woid ReadfromDataflash(void);

void PagetoBuffer (unsigned char active_buffer, unsigned int page_counter);
void ReadfromBuffer (unsigned char buffer, unsigned short address,

unsigned char *returned data, unsigned short length);
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void SendtoUARTI1 (unsigned char datall):

unsigned int RMSCalculation(unsigned int *dataPtr,

unsigned int QlS5toInteger (signed int value);
void

int N);

asciivVoltsConv(const unsigned int value);

char asciiConv(unsigned int value);

void __attribute_ ({__interrxupt_ )) _UlTXInterrupt (void);

F o e e e
/7 GLOBAL FLAGS

f e e e

unsigned int mem_is_clear = 0; // Main memory is empty flag
unsigned int mem is_full = 0; // Main memory is full flag
{8 S

/7 ASCII BUFFERS FOR SERIAL DATA

e

77 BYTE NAME VALUE
/o o - ——

// 8 ........ DATA<3> ........ 0%30 ........ Units

/7 T ovenrnnnn el e OK2E ..cenons Decimal Point

// 6 ciiernon DATA<2> ...... 0x31 ........ Tenths

// 5 ceennons DATA<I> ........ 0x32 ... Hundredths

// 4 v+ss. DATACO> ........ 0x33 ........ Thousands

/7 K SPACE .......0 0x20

// 2 e Y e 0x43

// 1 ..0.. . LF civeneonnness 0x0A

// 0 . CR vivvrennonnns 0x0D

J o o e e e

Initialises Ports
Initialises the ADC1Z2 module
Initialises the UART1 module
Initialises the SPI1 module
Do forever

If RECORD has been selected

Record Data

Elseif SEND is selected and RECORD is not

1 o o 8 o
/7 GLOBAL VARIABLES
£ [ o e
unsigned char units;
unsigned char tenths;
unsigned char hundredths;
unsigned char thousandths;
unsigned char txCount;
[/ e e e s
// MAIN FUNCTION
{ = e o o 2 o 0
int main{void)
(
InitPorts(); //
InitADC12() ; //
InitUART1() ; /7
InitSPIL1(); //
while (1) //
{
if (RECORD) /7
{
Recoxd(): //
)
else if ( (SEND) & (!RECORD)) //
{
Send(); //

)

else 1f ((ERASE)& (!SEND)& (!RECORD))

Exase();
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/7 PUBLIC FUNCTION: InitPorts

/7

7/ FUNCTION CALL: InitPorts();

/7 ARGUMENTS: None

// RETURNS: Nothing

F 2 B

// DESCRIPTION: Initialises ports of the dsPIC30F6014A microprocessor

7/ on the Vibration Data Logging Prototype Board.

//

7/ TRISX 20envonens Sets direction of Port Pin (I/0)

// LATX .ovvvornanne Sets the value of the internal latch

// of the port pin.

/7 D Pin is unconnected

f /e e e e e e e e e e e e

/7 PORT A PIN DEFINITIORS TRISA = 0x0000 LATA = 0x0000

£ f=mm- - -

/7 PIN USE TRISA LATA

/e e e o e -

// RAO .. iieeinnns HOT I/0 oovvevnosnns 0 ....... . 0 cieviiinnns X

// RAl . B . NOT I/0 ..o.ivvrvane 0. veevewn 0 .ovvevnn . X

/7 RA2 [ BOT I/0 vovnnvnonns 4 FO ¢ X

// RA3 . crae e . NOT I/0 eesassnee O ciean, . P ¢ R see &
/7 RBE  ..ovincnnns NOT I/0 ...... N PP ¢ B 0 cvvvevoenns X

// RAS  ........ SN HOT I/0 .. ivvvnnnss [ 0 ciivenvanes K
77/ RR6  .ivvavonn QUTPUT ...ccvnornes L 0 cesseee s X

// RBT  cievioenoen OUTPUT ......c00. ve B it 0 sre e e X

/7 RA8  ....... . . NOT I/0 ......... R ) O covviersnns X
/7 RAS ceean ” QUTRUT ..... PN FO ¢ P ¢ I X

7/ RALQ cesessessee OQUTPUT ..ovvvvvnvae O vuunn. erree 0 cieriieinaen X
/7 RALL ... .vvennnn NOT I/0 .ovevnunnnn 0 ...... 0 .ooveens vee X
// RALI2 . .cveennans OUTPUT .....oc00ene 0 . Noyrveces 0 e . X

7/ RALI  ..... vesren QUTPUT ..vvoncevsse O civiiocoans 0 teerveevoens X
// RAL4  .....vievenn OUTPUT ....... veere B iiiiiianns O .ivrvenenns X

// RALS Ceesresenan QUTPUT .vovvnnvscns 0 ..... ceanen [ oo X

F e e 2

/7 PORT B: PIN DEFINITIONS TRISB = 0x0F03 LATB = 0x0000

[ o s o o e o

7/ PIN UseE TRISB LATSH

F e e e e e e e e e e e o e e e

/7 RBO  ....ivvvane INPUT ....ci000004s ) 0 tiieincrnon BGD
// RBL  .iveviivnss INPUT ....coccnes B 0 e BGC
// RB2 PP OUTPUT ......cc00. 0 civiirnanns 0 ciiiiiinnan X

/7 RB3  eiveerves . QUTRUT .......... P ¢ R X

// RB4 ... . QUTPUT ......00000 0 oirniinnnns ¢ P 4

/7 RBS e OUTPUT P .. 0. P ¢ cerese &
/7 RB6  c.ivennensn QUTPUT ...vovnveans [+ [ I X

// 3 OUTPUT ....vovenans 0 torvennnnnn 0 [N X

7/ RBB  ........ PP ANALOG INPUT ..... P 0 cievienneas TEMP_ADC
1/ RBY  ...ovnaninn . ANALOG INPUT ...... 1 ........... 0 ivennnnns ACCX_ADC
/7 RBIO  .......... ANALOG INPUT B 0 i ACCY_ADC
// RBLII  .....eanen ANALOG INPUT ...... S 0 tiviievenns MIC_ADC
// RB12 S, QUTPUT o . . X

// RB13 e OUTPUT N X

/7 RB14  .....oc0nn OUTRUT trescenaaa X

// RB15 R QUTPUT .... . veee K

J o o 0 e e 2

// PORT C: PIN DEFINITIONS

e e e s e 2

// PIN USE TRISC LATC

/i o e o e e 1 e e o

/7 RCO .. ivivenuns QUTEUT ...... . e 0 i 0 cereena . LED1
// RC1 P OUTRUT ..... R | H P e . LED2
// RC2Z  cevvenionss QUTPUT .evocnvennos [ 0 covenn .. LED3
// RC3 i iiveennes QUTPUT ....cvcoceuve [ 0 sevaonas LED4
7/ RCE  .iiovrrnens RHOT I/0 cvivvnnnas N ¢ X

// RCS i vveenens NOT I/0 vovuens bee O L . PR 1 X

7/ RCE  .iieeenvnnn NOT 1I/0 [P ¢ [P ¢ R . &

/7 RCT ciivvnans .o NOT I/0 vevtae 0 civvnnen N 0 coiveevnnne . X

// RCB  ..iivacnnnn NOT I/0 covvenvnnnn [+ 0 tevvenennnn %

/7 RCY e ROT I/0 ..... . 4 P ¢ L X

/7 RC10 Vs NOT I/0 .vovnnnne 0 cieevrienne L X

// RC11 Chebeeaaes NOT I/0 .......... 0 B, [ X

/7 RC12  ceivevcnren NOT I/0 ...cov..n. 0 vrivnvnnanns L+ X

// RCI3 . ...eennn . OUTPUT veseense B tiiiiienaee 0 ciovnnnne e &

7/ RC14 eaanes OUTPUT erseaae [ N [ cees X

/7 RC15 s eseans QUTPUT .....cc0ene [+ 0 e . X



/7 PORT D: PIN DEFINITIONS TRISD = 0x020E LATD = 0x0100
e e o e
// PIN USE TRISD LATD
[/ e e e e e e e e e e e e e e e
// RDO  civeennnsns . QUTPUT . .eevvenonces 0 .oonn veess 0 teiiaeia .o X
// RDI  L..iiiieeen INPUT ..v.vervnseee b ioiiiannnas 0 tiivnnnnnns SEND
// RDZ2  ciiirieesnn INPUT ..ovvenson . 1. setesean 0 tiennnnnenn RECORD
// RD3 ... INPUT ......cvvennn 1o, [ ERASE
7/ RDE .. .evuivunnns QUTPUT ..uvievnnne 0 ciiiennnnn 0 (vevininnne X
// RDS siieirennan QUTPUT . .iiovvnvess 0 .oiviinnnans L X
// RDE .. hvvnssen OUTPUT ...cvvvussns 0 coienvonnnn 0 iviivinnns X
// RD7 o i OUTPUT . .ciovensers 0 cvrnivinnes 0 .onunnn veos X
/7 RD8 . . OUTPUT ..... RSN 0 .o S Ccs
7 RD9  .......... . INPUT civvvninnnnnn ;S . O veiiniiinns R_B
// RPIO .......ene OUTPUT cree L [+ RESET
// RDI1I  .......ec. . OQUTPUT . .vuvevnonns o ..... [N 0. .o vo. WP
/7 RDI2 ..ievennne OUTPUT ....uers 0 covninnnens [+ X
// RDI3  ..vevvenen OUTPUT ... vvrvnonnss 0 chivinennsn 0 i X
// RD14  ...... .o QUTPUT . .vvvvruona 0 civvernnns PR ¢ X
// RD1S  .oiivennns OUTPUT ..... . 0 covvinennns 0 covvinnnnns X
[ o o - - - -
/7 PORT F: PIN DEPINITIONS TRISF = 0x0104 LATF = 0x0000
A - - e
// PIN USE TRISF LATF
/] e e ot e e e e e e e e
/7 RFO . iveonnenn OQUTPUT ....... . P ¢ N L X
// RF1 Craarraeeas INPUT ...evvnns P ¢ 0 civennnnnas X
7/ RF2  ceveviennnn INPUT ...... Cereees B 0 tevnrnnnnns RX_OUT
1/ 23 2 OUTBUT ...vvvvunnsn 0 ., 0 i TX_IN
// RFE o ieirecnns OUTPUT . .onavvnnass 0 cvvinneianns [+ J oo X
/7 RFS  .....0n PRSI OUTPUT ..veociosace 0o . N 3 FR ¢ X
7/ RF6  ..hvennenns OQUTPUT ..vevvennn PR | B PR ¢ SCK
/7 RF7 seer s OUTPUT ..vvevvansns .0 .. sere e F ¢ SI
// RFE  viiivnanns INBUT .... . o It 0 cinvininnns SO
// RFS i ivvrevnan HOT I/0 ..cnvirnnnn 0 .... NP ¢ BN . X
// RF10 ........ [N HOT I/0 ...c.vnu P | . 0 cviiivinens X
// RF11 cesevareense NOT I/0 vuvnvncnne PR ¢ 0 .oovnis . X
// RFI2Z . iiieennns NOT I/0 [ YN 0 cvivennorns 8 ciieriieans X
/7 RF13 . seaocan NOT I/0 .... P 1 0 ceren X
/7 RFI4  ........0.n NOT I/0 ..... vereee 0 tiieeiianes O .iveennnnns X
// RF1IS ... veinnnns HOT I/0 vvvvnnnn ves @ e, [ X
[ o o o o o e e e
// PORT G PIN DEFINITIONS TRISG = 0x0000 LATG = 0x0000
J o o om0 e 0 o o o
// PIN USE TRISG LATG
F /e e 1 2 2 o 0 o e
/7 RGO ..o OUTPUT ....... veres O crsanee O cvvvennans . X
/7 RGL  ...evinnens QUTPUT ...vvuws [ ¢ B O tievnninnnn X
/7 RG2  .iesiisnses QUTPUT . euvevivonons L N O .ovinninnen X
// RG3  ....... Y- OUTPUT ...vuvennnn L0 P X
/7 RGE s iivvrnnsen WOT I/0 (evvvonnons 0 covnnnn N 0 teereainones X
// RGS  siieievinnse HOT I/0 vvvesnnsas 1 B ciivivienes X
7/ RGE  evnenrenns OUTPUT Creeeeaen 0 civienennns 0t RECORD_LED
// RGT  ...iinnes OUTPUT ..cvvvvsvnne 0 i, 0 ..... Cirees SEND_LED
1/ RGE  .hvvienrnns QUTPUT ..ovvervnnen 0 cvvvnninnnn 0 it ERASE_LED
/7 RGOS oheviiaunns OUTPUT ..o oonnsns L 0 . ivennennns X
// RG10 haesse e HOT I/0 vvvvsvovsns 0 .vveinnonas 0 ..ovevionas X
// RGIL ...ieriennns HOT I/0 .ovnvvnnnns [0 O tvivnnnnans X
/7 RGL2 .. .ieivrsns QUTPUT ..vvevvsonnns O iiirevnenns L X
// RG13 v OUTPUT +.vevrvucens 1 [+ N X
// RG14  ....ivsoese QUTPUT ..o nnrsnons 0 "o . 0 thevnnnanes X
// RG15 .. .v..vnn. OUTPUT .evvvrnnanss [ [+ N X
J f om0 2 £ o o
void InitPorts (void)
{
TRISA = 0x0000; // Port A I/0 direction
TRISB = 0x0F03; // Port B I/0 direction
TRISC = 0x0000; // Port C I/0 direction
TRISD = 0x020E; // Port D 1/0 direction
TRISF = 0x0104; // Port F I/0 direction
TRISG = 0x0000; /7 Port G I/0 direction
LATA = 0x0000; /7 Port A latch settings set to 0
LATB = 0x0000; /7 Port B latch settings set to 0
LATC = 0x0000; // Port C latch settings set to 0
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LATD = 0x0F00; /7 Port D latch settings set to 0

// (except CS,WP,RESET & READY/RBUSY)
// R/B for the memory chip)
LATF - 0x0000; // Port F latch settings set to 0
LATG = 0x0000; // Port G latch settings set to 0
PUBLIC FUNCTION: InitaADCl2
FUNCTION CALL: InitADC12();
ARGUMENTS : None
RETURNS : ' Nothing
DESCRIPTION: Initialises the 12 bit Analogue to Digital Converter
All the registers are set as laid out below
SAMPLING RATE: 20 kHz
ADCON1 aA/D CONTROL REGISTER 1 ADCON1l = 0x03E0
[ e e et 1 e e
BIT NAME FUNCTION VALUE DESCRIPTION
15 ...... ADON ...... A/D OPERATING MODE ....... 0 ..cens ADC is OFF
14 1 iivvenerosannnnas UNIMPLEMENTED ......000... 0 .00... X
13 ... ADSIDL .... STOP IN IDLE MODE ........ 0 ...... Operates in IDLE mode
12 i e e UNIMPLEMENTED ........ PR | R 4
0 UNIMPLEMENTED ........c... 0 +o0vo. X
1 UNIMPLEMENTED .......0000. 0 .00 X
L FORM<1> .. DATaA OUTPUT FORMAT ....... 1 ...... Signed Fractional
- FORM<0> 1 (DOUT = sddd dddd dddd 0000)
T oeviaoran SSRC<2> .. CONVERSION TRIGGER SOURCE 1 ...... Internal counter ends
6 ..vvve.. SSRC<I> 1 sampling and starts
5 coieennn SSRC<O> 1 conversion {(Auto convert)
L UNIMPLEMENTED ..... R S ¢
2T oo UNIMPLEMENTED ......ccc0v0e 0 ...... X
2 ciieennn ASARM ..... A/D SAMPLE AUTO START ... 0 ...... Sampling begins when SAMP bit
is set
1 ...0.0.. SAMP ..... A/D SAMPLE ENABLE ....... [, SAMP bit is auto set by ASAM
setting
0 ..eevn.e DONE ..... A/D CONVERSION STATUS ... 0 ...... Automatically cleared and set
by MCU
/- - o e
ADCONZ ; A/D CONTRCL REGISTER 2 ADCONZ = 0x0020
//- —— - bl L itk
BIT NAME FUNCTION VALUE DESCRIPTION
15 ...... VCFG<2> VOLTAGE REF CONFIG ,. 0 ..., A/D VREFH = AVDD
14 .. .. VCFG<1> 0 B/D VREFL = AVSS
13 ..., VCFG<0> 0
12 L e RESERVED ...ccocunrroceoo O
) UNIMPLEMENTED ..........0 0 oot X
10 ....... CSCNA .... SCAN INPUTS .....covvvven [+ Do not scan inputs
- UNIMPLEMENTED ......... e 0 Lo X
- N UNIMPLEMENTED ........0.. 0 ..o X
S BUFS ..... BUFFER FILL STATUS ...... 0 ... Auto set (1 = A/D is filling
0x8-0xF find data
in 0x0-0x7; 0 = A/D is
£illing 0x0-0x7 find
data in 0x8-0xF)
- weseoss UNIMPLEMENTED ........0.. 0 oovveo X
S eiraerss SMPIC3> ., SAMP-CONV SEQ/INTERRUPT . 1 ...... Interrupts at the completion
[ .. SMPI<2> 0 of the conversion sequence
K IO SMPI<1> 0 for each 8th sample/convert
sequence
2 e SMPI<0> 0
1 ........ BUFM ..... BUFFER MODE SELECT ...... 0 ...... Buffer configured as one 16~
word buffer
0 cevnnnn BALTS ..... ALTERNATE INPUT SAMPLE .. 0 ...... Always use MUX A input

multiplexer settings
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// ADCON3 A/D CONTROL REGISTER 3 ADCON3 = 0x1539
[ o e o o £ £ 0
// BIT NAME FUNCTION VALUE DESCRIPTION
[ e o e 2
// 15 i UNIMPLEMENTED ........... [ R X
// O UNIMPLEMENTED ...... ceves 0 Ll X
/7 13 ..o e UNIMPLEMENTED ........... 0 ...... X
7/ 12 ..., SAMC<4> .. AUTO SAMPLE TIME ........ 1 ...... SAMC = 21Tad
// 11 ..., . JSAMC<3> 0
// 10 . SAMC<2> 1
/7 - I SAMC<1> 0
// - S SAMC<0> 1
// T oo .. ADRC ..... A/D CONVERSION CLK SOURCE 0 ...... Clock derived from system clk
// - J UNIMPLEMENTED ........... 0 oo X
/7 5 e ADCS<S5> .. A/D CONVERSION CLOCK .... 1 ...... TCY/2(ADCS<5:0> + 1) = 29TCY
ADCS<4> 1
ADCS<3> 1
ADCS<2> 0
ADCS<1> 0
ADCS<0> 1
A/D INPUT SELECT REGISTER ADCHS = 0x000B
NAME FUNCTION VALUE DESCRIPTION
........... UNIMPLEMENTED ........... 0 .....0 X
Ceeeaaaeaa UNIMPLEMENTED .....000.0. 0 R 4
........... veeve.. UNIMPLEMENTED ........... 0 ...... X
CHONB .... CHO- INPUT SELECT MUXB .. 0 ...... NOT USED
// 11 ..., CHONB<3> . CHO+ INPUT SELECT MUXB .. 0 ...... NOT USED
/7 10 ....... CHONB<2> 0
/7 - I CHONB<1> 0
// : CHONB<O> 0
// T it UNIMPLEMENTED ........ P X
// T e UNIMPLEMENTED ........... 0 ee. X
/7 B i ieierrenreecranaas UNIMPLEMENTED .......... AN .- X
// L N CHOMA .... CHO- INPUT SELECT MUXA .. 0 ...... NOT USED
/7 N CHONA<3> . CHO+ INPUT SELECT MUXA .. 1 ...... Channel 0 positive input is
// AN11
7/ 2 e CHONA<2> 0
/7 . CHONA<1> 1
7/ [+ R CHONA<O> 1
/= o 2
// ADPCFC: A/D PORT CONFIGURATION REGISTER ADPCFC = (OxFTFF
[ e
// BIT NAME FUNCTION VALUE DESCRIPTION
[ o e e
// 15 ... PCFC<15> . ANALOG INPUT PIN CONFIG . 1 ...... %
// 14 ....... PCFG<14> 1 ..., X
/7 13 ..., PCFG<13> S X
// 12 ....... PCFG<12> 1 ..ees X
// i PCFG<11> 0 ...... MIC_ADC
// 10 ....... PCFG<10> 1 coennn X
1/ 9 ....... PCFG<9> 1 ..0eee X
/7 [ R PCFG<8> ) R X
// 7 v ieere.. BCFGKT> 1 oveee. X
// 6 i PCFG<E> | X
// [ PCFG<5> 1 oennns X
// 4 ..., .. PCFG<4> i P 4
// 3 e PCFG<3> S X
// 2 iiienes PCFG<2> 1 ..., . X
// | PCFG<1> S PGC
// 0 vivninnn PCFG<O> 1 .0.0e . PGD
o o e e e
// ADCSSL a/p INPUT SCAN SELECT REGISTER ADCSSL = 0x0000
A e e e e e 0
/7 BIT NAME FUNCTION VALUE DESCRIPTION
f o o o o e o 0 T
/7 15 ..., CSSL<15> . A/D INPUT PIN SCAN SELECT 0 ...... X
/7 14 ....... CSSL<14> 0 vovinn X
// 13 ....... CSSL<13> 0 .oeuns X
// 12 ..., CSSL<K12> 0 ..ovue X
/7 11 ..., CSSL<1i> 0 ... MIC_ADC
// 10 ....... CSSL<10> [+ X
// 9 ... CSSL<9> 0 ... X
// - RN CSSL<8> 0 vevnnn X
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7/ T oviinnans CSSL<7> 0

// 6 ........ CSSL<6> 0 ..
7/ L TN CSSL<5> 0
/7 4 ....0.... CSSL<4> 0
7/ k- N CSSL<3> 0
// 2 .iiaea.. CSSL&2> 0
/7 ) CSSL<1> 0
/7 [ N CSSL<O> 0
e 1 £ 2 o
void InitADC12 (void)
(
ADCON1 = 0x03EQ;
ADCONZ = 0x0020;
ADCON3I = (x1539;
ADCHS = 0x000B;
ADPCFG = OxF7FF;
ADCSSL = 0x0000;
IFSObits.ADIF = 0; // Clear ADC interrupt has occurred flag
IECObits .ADIE = 0: 7/ Disable ADC interrupts
)
/7
/7 PUBLIC FUNCTION: InitUART1
/7
/7 FUNCTION CALL: InitUARTL1();
// ARGUMENTS : None
// RETURNS : Nothing
e e E L EE LT ——
// DESCRIPTION: Initialises the UART1 module on the dsPIC30F6014A.
/7 The value of all the registers are laid out below
/== - e e e e 2 Pa=—
/7 BAUD RATE: 57600 bps
/ DATA SIZE: 8 Bits
/7 PARITY: No parity
// STOP BIT: 1 stop bit
1 o e e e e e e 2 o
/7 U1MODE: UART1 MODE REGISTER UIMODE = 0x8000
[ [ e o o 0 o 0
// BIT NAME FUNCTION VALUE DESCRIPTION
F A e el L e o e
// 15 e UARTEN ... UART ENABLE BIT ......... 1 ...... UART is ENABLED
// 14 ..., tevesevevsees UNIMPLEMENTED ,.......... 0 ...... X
// 13 ....... USIDL .... STOP IN IDLE MODE ....... 0 ...... Operates in IDLE mode
// b - UNIMPLEMENTED ..... P B
// 5 P RESERVED ...cocvennnnocnns 0 ...... %
/7 10 ....... ALTIO .... ALTERNATE I/O SELECTION.. 0 ...... UART communicates using U1TX
// and UIRX I/0 pins
/7 L 2P RESERVED ......covn0vue o0l X
// : IR 72 T RESERVED .....ccvo00v0esn ' B 4
// T oviiennnn WAKE ..... WAKE-UP ON START BIT .... 0 ...... Wake-up disabled
/7 [ LPBACK ... LOOPBACK MODE SELECT .... 0 ...... Loopback mode disabled
// S iieenae ABAUD .... AUTO BAUD ENABLE ........ 0 ...... Input to capture module from
// ICx pin
// 4 L iieiveianenoereos. UNIMPLEMENTED ........... [+ N X
/7 3 Liiiieeiinronsses.. UNIMPLEMENTED ........ vee 0 il X
// 2 e .. PDSEL<1l> , PARITY AND DATA SELECTION 0 ...... 8-bit data
// 1 ....0... PDSEL<O> 0 No parity
// 0 viuvinnn STSEL .... STOP SELECTION .......... 0 ...... 1 Stop bit
J [ et el
// UlSTA: UART1 STATUS AND CONTROL REGISTER UlsTa = 0x0000
// ——— - - o e e e
/7 BIT NAME FUNCTION VALUE DESCRIPTION
[/ memme e e e e i e e 7 e
/7 15 ..., UTXISEL .. TRANSMISSION INTERRUPT .. 0 ...... Interrupt when a character is
/7 transferred to shift register
// 14 ... .veviveevinna., UNIMPLEMENTED ........... 0 counne X
/7 b S UNIMPLEMENTED ........... 0 covnn X
/7 12 (i iia e UNIMPLEMENTED ........... 0 c...ve b4
7/ 11 ....... UTXBRK ... TRANSMIT BREAK .......... 0 ..oene UlTX pin operates normally
/7 10 ....... UTXEN .... TRANSMIT ENABLE ......... 0 ...... UART transmitter NOT ENABLED
/f - TN UTXBF .... TRANSMIT BUFFER FULL .... 0 ...... (READ ONLY)
/7 B i TRMT ..... TRANSMIT SHIFT REG EMPTY 0 ..... . (READ ONLY)
// T oeeineane URXISEL<1> RECEIVE INTERRUPT MODE .. 0 ...... Interrupt flag set when
// character is received
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// 6 ieinnn . URKISEL<O> 0
/7 5 e ADDEN . ADDRESS CHARCTER DETECT . 0 ...... Address detect mode disabled
/7 4 i RIDLE RECEIVER IDLE ........000 0 ..., (READ ONLY)
// 3 ... PERR ..... PARITY ERROR STATUS ..... 0 ...... (READ ONLY)
/7 2 e FERR ..... FRAMING ERROR STAUS ..... 0 ...... (READ ORLY)
/7 1 . . OBRR ..... RX BUFFER OVERRUN ERROR . 0 ...... (READ ONLY)
// L1 URXDA . RX BUFFER DATA AVAILABLE. 0 ...... (READ ONLY)
o 0 0 0 2
void InitUARTI (void)
(
UIMODE = 0x8000;
UlsTA = 0x0000;
U1BRG = ((FCY/16)/BaUD)-1; // Sets the baud rate to 57600 baud
)
/7
// PUBLIC FUNCTION: InitSPIL
/7
// FUNCTION CALL: InitSPI1();
// ARGUMENTS : None
// RETURNS : Nothing
] e e e e e e e e e e e i
// DESCRIPTION: Initialises the SPI1 module on the dsPIC30F6014A
// The values of all the registers are laid out below
// FSCLK: FCY/(PRIMARY PRESCALE x SECONDARY PRESCALE)
// 1.67MHz
= e o e o 8 o e
// SPILICON: SPI1 CONTROL REGISTER SPIICON = 0x0020
[ ] e e e e e e e e e e e e e e e e - - ———
// BIT HAME FUNCTION VALUE DESCRIPTION
] e e e e e e e e et 2 e
// U UNIMPLEMENTED .....000v0s 0 ..ou. X
// 14 ...... . FRMEN . FRAMED SPI SUPPORT ...... 0 ...... Pramed SPI support DISABLED
// 13 ....... SPIFSD . FRAME SYNC PUL DIRECTION 0 ...... Frame sync pulse output
// (Master)
/7 12 o . UNIMPLEMENTED ...... 000 [+ R X
// 11 . DISSDO DISABLE SDOL PIN ........ 0 ...... SDO1 pin is controlled by the
7/ module
// 10 ....... MODE16 ... WORD/BYTE COMMS ......... 0 v Communication is 8 bits wide
// - SN SMP ...... SPI DATA INPUT SAMP PHASE 0 ...... Input data sampled at middle
// of data output time
// - N CKE ...... SPI CLOCK EDGE SELECT ... 0 ...... Serial output data changes on
// transition from IDLE CLK to
// ACTIVE CLK (SPIMODED)
// T i SSEN ..... SLAVE SELECT ENABLE ..... [ N S8 pin not used by module.
// € ... o0 CKP ..., SPI CLOCK POLARITY SELECT 0 ...... IDLE state for CLK is a HIGH
// 5 tiieanes MSTEN . MASTER MODE ENABLE ...... 1 ...... Master mode
// L SPRE<2> .. SECONDARY PRESCALE ...... [+ B Secondary Prescale 8§:1
7/ 3 e SPRE<1> 0
// 2 i SPRE<(0> 0
// S PPRE<1> PRIMARY PRESCALE ........ [+ I Primary Prescale 64:1
/7 [+ PPRE<0> 0
/£ 0 2 0 8
/7 SPIISTAT: SPI STATUS AND CONTROL REGISTER SPILISTAT = 0x8000
[/ e e e
// BIT NAME FUNCTION VALUE DESCRIPTION
[ e om0 e
// 15 ..., SPIEN . SPI ENABLE ......... vever b oianen SPIl is DISABLED
7/ 14 L. i i UNIMPLEMENTED ......cc.n. 0 covenn X
/7 13 ... SPISIDL STOP IN IDLE MODE ....... 0 .. Operates in IDLE mode
/7 12 e UNIMPLEMENTED ........ . 0 .vnunn X
77/ 0 P UNIMPLEMENTED ........ PR ¢ X
/7 10 tiiiiir e UNIMPLEMENTED .......... L0 Lol X
7/ ] beeeonennovssuns UNIMPLEMENTED .....c00:00 8 oenoen X
/7 B e ... UNIMPLEMENTED .......... R ¢ X
// T e isenaeeasennnns UNIMPLEMENTED ......000.. 0 ..... X
// 6 . SPIROV . RECEIVE OVERFLOW FLAG ... 0 ...... No overflow has occured (READ
/7 ONLY)
// N eneseenean UNIMPLEMENTED ......000.0 0 veee X
// L UNIMPLEMENTED .....000000 0 ..o X
// 1 UNIMPLEMENTED ....0v0nevos [ X
/7 2 tieiiesaaen veeneens UNIMPLEMENTED ......000.0 0 .. A 4
// oo SPITBF . SPI TRANSMIT BUFFER FULL 0 ...... Transmit started, SPI1ITXB is
7/ EMPTY (READ ONLY)
/7 0 vovvnnnn SPIRBF . 5PI RECEIVE BUFFER FULL.. 0 ...... Receive is not complete,
// SPILRXB is EMPTY (READ ONLY)
o e 7 o . £ e 5
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void

InitSPI1(void)

Can write to Dataflash chip

Enable device and leave status of other

SPIROV flag = 0; leaves all other bits

Clears SPI interrupt has occurred flag

cs - 1; // Disable AT45DB321B
RESET = 1 /7 Normal Operation
WP = 1; //
SPIICON = 0x0020;
SPI1STAT|= 0x8000; 7/
// bits
SPI1STAT&= OxFFBF; /7
// the same
IFSObits.SPI1IF = 0; /
IECObits.SPI1IE = 0; 7/ Disables SPI interrupts
)
7/
// PUBLIC FUNCTION: SendReceiveByte
1/
/7 FUNCTION CALL: SendReceiveByte(data);
// ARGUMENTS : unsigned char data
/7 RETURNS : unsigned char byte_received
F o o e 2 2
7/ DESCRIPTION: Sends a Bbit byte to the AT45DB321B 32Mbit Data
// flash chip via the SPI data interface and returns
// the received byte.
[ f o e 0 e 0

unsigned char

{

SPI1BUF = data;
SPI1STAT &= 0xA003;

while (SPI1STATbits.SPITBF)

( /* NULL STATEMENT */;
Lhile (!SPI1STATbits.SPIRBF)
( /* NULL STATEMENT */;
}

return SPI1BUF;

SendReceiveByte (unsigned char data)

/
7/
//

//

7/

/7
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Load 1 data byte into SPILBUF -> SPILTXB
->» SPI1SR
Leaves SPIEN, SPITBF and SPIRBF bits same

Wait until transfer is complete

Wait until receive is complete

Returns the received byte



PUBLIC FUNCTION: Erase

FUNCTION CALL: Erase();

ARGUMENTS : None
RETURNS: Nothing

= e o o o
DESCRIPTION:

all values 1

ERASE INSTRUCTION FORMAT:

Erases entire data flash, block by block by making

CCCC CCCC RRAR AAAA AAAY XXX XXX XXX
9bit address, 13 don’t care bits

8bit command, 2bits reserved,

MEMORY SIZE: 32 Mbits
BYTES/PAGE: 528
PAGES/BLOCK: 8

NO OF PAGES: 8192

NO OF BLOCKS: 1024

Erase (void)
ERASE_LED = 1;
static unsigned int block_counter = 0;

mem is_clear = 1;
mem_is_full = 0;

while (block counter < 1024)

{
8 = 0;

SendReceiveByte (CMD_ERASE BLOCK);

SendReceiveByte ( (char) (block_counter >> 3));

SendReceiveByte ( (char) (block_counter << 5));

SendReceiveByte (0x00);
cs = 1;
block_counter++;

while (!READY BUSY)

{
/* NULL STATEMENT */;

}

ERASE_LED = 0;
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//
/1

//
7/

7/
/7

17
//

//
/7

/"
1/

/"

Turn erase led ON
Number of blocks erased counter

Set main memory is empty flag
Clear main memory is full flag

Do until all the pages have been
erased

ENABLE AT45DB321B Dataflash chip

Send erase block command

// Puts address in correct
// erase instruction

// format

// Don't care bits

DISABLE AT45DB321B Dataflash chip

Increment block counter

Wait until the chip has completed
the erase

Turn erase led OFF



7/ PUBLIC FUNCTION: Record

//

174 FUNCTION CALL: Record();

// ARGUMENTS: None

/" RETURNS : Nothing

e o 0

// DESCRIPTION: Records data from one of the inputs to the ADC to

// the AT45DB321C Dataflash.

f e e e e e e e e e e e e

void Record (void)

(
RECORD_LED = 1; // Turn ON the Record led
int i = 0; // Initialise Counter
unsigned int  *ADCbufferPtr; // Pointer to ADC buffer
unsigned int  *ADCvaluePtr; // Pointer to ADC value

unsigned char ADCValue(8];

unsigned int RMS_value;
ADCON1bits ,ADON = 1; //
while (!memory_full) /
(
RMS_value = 0; /"
ADCbufferPtr = &ADCBUFO; /
//
ADCvaluePtr = gADCValue
IFS0bits .ADIF = (; /
ADCON1bits . ASAM = 1; /7
/!
while (1IFS0bits ADIF) //
{
/* NULL STATEMENT */;
)
ADCON1bits . ASAM = 0; /7

for (i=0; i<ADC_BUFFERSIZE; i++)
{

*ADCvaluePtr++ = *ADCbufferPtr++ - OFFSET; /7

}

Turn the ADC Module ON

Do while there is space in memory
Reset RMS value

Point to the first value in the ADC
buffer

Clear 8 samples have been converted flag

Sampling begins immediately after last
conversion ends

Wait for conversion to finish

Sampling begins when SAMP bit is set

Subtract offset
// from each sample

RMS_value = RMSCalcultaion(ADCvaluePtr, ADC_BUFFERSIZE);

WritetoDataflash (RMS_value);
}

RECORD_LED = 0; /
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Switch OFF the Record led




7/

//

PUBLIC FUNCTION: WritetoDataflash
FUNCTION CALL: WritetoDataflash(data);
ARGUMENTS : unsigned char data
RETURNS: Nothing

DESCRIPTION: Writes data to the AT45DB321B 32Mbit Data Flash Chip's
main memory via buffer 1

WRITE TO BUFFER 1 COMMAND FORMAT:
CCCC COCC ¥XAX XAXX XXXKX XXAA AAAA AAAA DDDD DDDD
8bit command, 14bits dont care, 10bit address, 8bits of data

WRITE BUFFER 1 TO MAIN MEMORY COMMAND FORMAT:
CCCC CCCC RAAA ARAARA AARA AAXX XXXX XXXX
8bit command, 1lbit reserved, 13bits address, 10bits don't care

Writetolataflash{unsigned char data)

static unsigned int buffer_counter; // Position in buffer 1 counter

static unsigned int page_counter; // Page position counter

if (mem is clear && !mem is_ full) /7 If the chip is clear, reset buffer and
7/’ page counters

{
buffer_ counter = 0;
page_counter = 0;

mem_is_clear = 0; /7 Chip is no longer clear
)

while ({READY_ BUSY) // Check to see if chip is busy

{
/* NWULL STATEMENT */;

}

WRITES DATA TO BUFFER 1

cs = 0; // ENABLE AT45DB321B Dataflash chip

SendReceiveByte (CMD_WRITE BUFFER1); /" Send write to Buffer 1 command

SendReceiveByte (0x00) ; /7 Don't care bits

SendReceiveByte ( (char) (buffer_counter >> 8));// Don't care bits and 1st 2 bits of
/7 address

SendReceiveByte ( (char) (buffer counter)); // Buffer address

SendReceiveByte (data); // Writes the data to buffer 1

cs = 1; // DISABLE AT45DB321B Dataflash chip

buffer_counter++; // Increments the buffer counter

WRITES DATA FROM BUFFER 1 TO MAIN MEMORY

if (buffer counter > 528) // If buffer is full
{
buffer_counter = 0; 7/ Reset buffer_ counter
if (page_counter < 8192) 7/ If main memory is not full then write to
// appropriate page in main memory
{
s = 0; 1/ ENABLE AT45DB321B Dataflash chip
SendReceiveByte {CMD_PROG_BUF1toMAINMEM_WOERASE) ; 7/ Send write to data
// from buffer 1 to
/7 main memory without
// erase command
SendReceiveByte ( {char) (page_counter >> 6)): // 1 Reserved bit and
// 7 Page Address
SendReceiveByte( (char) (page_counter << 2}); /7 6 Page Address bits
// and2 don't care
// bits
SendReceiveByte {0x00); // Don't care bits
cs = 1; 7/ DISABLE AT45DB321B Dataflash chip
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page_counter++; //
}

else if (page_counter == §192)
{

Increment the page counter

Main memory is full

mem_is_full = 1; /
)
}
}
/7
// PUBLIC FUNCTION: Send
/7
// FUNCTION CALL: Send();
// ARGUMENTS : None
/7 RETURNS : Nothing
o e e e e e e et e e
7/ DESCRIPTION: Reads data from the data flash and outputs via the
// UART1 Module to a PC.
7 f = e S 0 0 2 e
void Send (void)

SEND_LED = 1;

unsigned int page_counter = 0;
unsigned char active buffer = BUFFERL;
unsigned int buffer_ address = 0;
unsigned int buffer length = 528;

unsigned char buffer({528] = {0);
unsigned char *bufferPtr;

bufferpPtr = &buffer(0];

PagetoBuffer (active_ buffer, page_ counter);

while { IREADY_BUSY)
{
/* NULL STATEMENT */;
)
while (page_counter < 81%2)

{

page_counter++;

PagetoBuffer (active buffer, page_counter);

1

//
//
//
/

/"
//

//
/"

//
//

//
1/

/"
/

//

//
/

Turn send led ON

Page position counter
Active buffer
Buffer address
Length of the buffer

Buffer array
Pointer for buffer array

Point to first element in
buffer array

Transfer first page to
bufferl

Check to see if chip is
busy

While there are still
pages to be read

Increment the page counter

Transfer next page to
buffer

ReadfromBuffer (active_buffer,buffer address,*bufferPtr,MEM BUFFERSIZE):

SendtoUARTL (buffer);

if {active buffer == BUFFERL)

active_buffer++;

active _buffer--;
}

SEND_LED = 0;
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/
//

//
//
//

/"
//

/"

/"
//

//

//

Send that buffer via the
UART to the PC

Send Buffer to UARTL
module to be transmitted
to PC

If the active buffer is
bufferl

now activate buffer2

Else if the active buffer
is buffer2

activate bufferl

Turn send led OFF



PUBLIC FUNCTION: PagetoBuffer

FUNCTION CALL: PagetoBuffer(active_buffer, page_counter);

ARGUMENTS : unsigned char active buffer, unsigned int page_counter
RETURNS: Nothing

DESCRIPTION: Transfers 1 page of data from the main memory
to the active buffer of the AT45DB321B Dataflash

MAIN MEMORY PAGE TO BUFFER TRANSFER COMMAND FORMAT:
CCCC CCCC RAAR BRAA ABRAA AANY XXXX XXXX
8bit command, lbit reserved, 13bits address, 10bits don't care

PagetoBuffer (unsigned char active buffer, unsigned int page_counter)

while (| READY_ BUSY) /7 Check to see if chip is busy
(

/* NULL STATEMENT */;
)

cs = 0; // ENABLE AT45DB321B Dataflash chip
if {active_buffer == BUFFER1) // If the active buffer is bufferl
{
SendReceiveByte (CMD_TRANSFER _MAINMEMPAGEtoBUF1); // Transfer data from
// main memory to
/! bufferl
)
else /7 else if the active
// buffer is buffer?
{
SendReceiveByte (CMD_TRANSFER_MAINMEMPAGEtoBUF2); /7 Transfer data from
// main memory to
// buffer2
}
SendRecelveByte ( (char) (page_counter >> 6)); // 1 Reserved bit and
7/ 7 Page Address
// bits
SendReceiveByte{ {char) (page_counter << 2}); 7/ 6 Page Address bits
// and 2 don't care
/7 bits
SendReceiveByte (0x00) ; 7/ Don't care bits
cs = 1; // DISABLE AT45DB321B Dataflash chip
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Check to see if chip is busy

// PUBLIC FUNCTION: ReadfromBuffer
/7
7/ FUNCTION CALL: ReadfromBuffer (buffer, address, *data, offset, length);
// ARGUMENTS: unsigned char buffer
7/ unsigned int address
// unsigned char *data
/7 unsigned int length
// RETURNS: Nothing
[/ =m0
7/ DESCRIPTION: Transfers the contents of the active buffer
/7 of the AT45DB321B Dataflash via the UART module
// to a PC running Hyperterminal
//
// READ FROM ACTIVE BUFFER COMMAND FORMAT:
/7 CCCC CCCC XXXX XXXX XXX XXAR RAAAA ARMA XXX XXXX
/7 - 8bit command, 14bits dont care, 10bit address, Sbits don't care
/=mmmmmmm - e
void ReadfromBuffer (unsigned char buffer, unsigned int address,
unsigned char *returned_data, unsigned int length)

{

unsigned int i;

while ( {READY BUSY) /"

{

/* NULL STATEMENT */;

}

// READS DATA FROM BUFFER 1

cs = 0; //
if {(buffer = BUFFERI) //

SendReceiveByte (CMD_READ_BUFFER1);

SendReceiveByte (CMD_READ BUFFER2};

SendReceiveByte {0x00) ; //
SendReceiveByte (address>> 8); //
SendReceiveByte (address); //
SendReceiveByte (0x00); /7

for (i=0;i<length;i++)
{

ENABLE AT45DB321B Dataflash chip

If Buffer is 1

// Then send read from
7/ buffer 1 command
// Else send read from
// buffer 2 command

bon't care bits
Don't care bits and lst 2 bits of address
Buffer address
Don't care bits

*returned data++ = SendReceiveByte (0x00);

)

cs = 1; /7
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DISABLE AT45DB321B Dataflash chip



// PUBLIC FUNCTION: SendtoUART1

//

// FUNCTION CALL: SendtoUART1(datall);

/7 ARGUMENTS: unsigned char datal)

/7 RETURNS: Nothing

[/ o o

// DESCRIPTION: This routine transmits the data acquired from the

// AT45DB321C via UART1 to the PC running HyperTerminal
L et uttatatet

void SendtoUART1 (datal(])

int
int
int
int

for

{

i;
outdatal;
outdata;
outdata;

(i1=0; i < MEM_BUFFERSIZE;i+2)

outdatal = (int)datali];
outdata? = (int)data[i+l];

outdatal = outdata << 8;
outdata = outdatal + outdata2;

asciivVoltsConv(ocutdata);

OoutData[0] = units;
OutData[2] = tenths;
outbata{3] = hundredths;
OutDatal[4] = thousandths;

txCount = §;
IFSObits .ULTXIF = 0
IECObits . UITXIE = 1;
UlSTA = 0x0000;
Ul5Tabits .UTXEN = 1;
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//

/7
//

/7
//

/7
//

/7
//

/7

7/
//
//

//
7/

Initialise counter
First byte of integer
Second byte of integer
Data integer

Most significant char
Least significant char

Shift position in integer
Combined data character

Convert to a voltage value
in ascii

Set outdata values

Sets counter to 0
Clear TX flag
Enable interrupt

Clear all status bits
Start transmission



un
{

PUBLIC FUNCTION: RMSCalculation
FUNCTION CALL: RMSCalculation(*dataPtr,N);
ARGUMENTS : unsigned int *dataPtr,
int N
RETURNS: unsigned long Result_RMS_calulation
DESCRIPTION: This routine takes an array of length N and converts
it into a single RMS value using the equation below
by ¥ 1
RMSValue = I L [{ui)#] |
Il i=0 !
1 |
VL N 4
signed int RMSCalculation{unsigned int *dataPtr, int N)
int i = 0; /! Initialise counter
unsigned int squared value = §; // Stores the Squared value
unsigned int sum = 0; // Stores sum
unsigned int average = ; // Stores average
signed int RMS_valueQl5 = 0; /" Stores RMS value in Q1.15 format
unsigned int RMS value = 0; " Stores RMS value in unsigned
74 integer format
for (i=0;i<N;i++) // Convert all values in array
{
squared value = pow(*dataPtx++,2); // Square each value
sum += squared value; 7/ and sum them all together
}
average = sum/N; 7/ Divide the sum by the number of
// values
7/ to find the average
RMS_valueQl5 = (int)sqrt{average); /7 Square root the average to find
// the RMS value
RMS_value = Ql5toInteger (RMS_valueQlS); / Convert from Q1.15 to integer

return RMS_value;
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7/ PUBLIC FUNCTION: QlStoInteger

/7

7/ FUNCTION CALL: Ql5teclInteger(const signed int value);

/7 ARGUMENTS : Integer value

77 RETURNS: Unsigned int converted result

I e —————— e ————

7/ DESCRIPTION: This function converts a 16~bit number in Q1.15
7 data format to an unsigned integer

//

/7 Signed Fractional (Q1.15)

7/ (DOUT = sddd dddd dddd 0000)

/7

7/ Unsigned Integer

/7 (DOUT = 0000 dddd dddd dddd)

e e e e e e e e e e e e e e e e

unsigned int Ql5tolInteger {signed int value)

{
value = value>>4;

unsigned int value_byteslZ = 0;
unsigned int value byte3 = 0;
unsigned int integer value = 0;

value bytesl2 = value & 0x(Q0FF;

if (value >= 0x0800)

{
value_byte3 = value >> §;
value_byte3 -= (x0008;

value_byte3 = value_byte3 << 8;

integer value = value_bytesl2 + value_byte3;

}

else if {value < 0x0800)
{
value_byte3 = value >> 8;
value_byte3 += 0x0008;

value_byte3 = value_byte3 << §;

integer_value = value_byteslZ + value byte3;

}

return integer value;
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/
//
/7
s

//

/7

/7

Stores
Stores
Stores
Select

If the

If the

Return

bytes 1 and 2

byte 3

the converted integer value
bytes 1 and 2

sign bit is 1, CLEAR it

sign bit is 0, SET it

the converted value



Initialise local variables

convert to an ascii charx
is ready for more conversion

If there are 100mVs

convert to an ascii char
is ready for more conversion
I1£f there are 10mVs

convert to an ascii char
is ready for more conversion

convert to an ascii char
is ready for more conversion

// PUBLIC FUNCTION: asciiVoltsConv
//
/7 FUNCTION CALL: asciiVoltsConv(const unsigned int value);
/ ARGUMENTS: Integer value
// RETURNS : Nothing
[ fmmmm o o i e e e e - -
124 DESCRIPTION: This function converts a 12-bit binary woxd to a
// BCD ascii decimal value
//
// Resolution of this function is 1mV
[ /= o o
void asciivoltsConv(const unsigned int value)
(
int unitsint = 0; /7
int tenthsint = 0;
int hundredthsInt = 0;
int thousandthsInt = (;
int n = value;
if (n >= 0x04D9) /7 If there are 1Vs
(
unitsInt = n/0x04D9;
units = asciiConv(unitsint); //
n = n%$0x04D9Y; // the remainder
)
if (n >= 0x007C) /7
(
tenthsInt = n/0x007C;
tenths = asciiConv(tenthsInt); //
n = n%0x007C; // the remainder
}
if (n >= 0x000C) //
{
hundredthsInt = n/0x000C;
hundredths = asciiConv{hundredthsInt); //
n = n%0x000C; // the remainder
)
if (value >= 0x0001} // If there are 1lmVs
{
thousandthsInt = n/0x0001;
, thousandths = asciiConv(thousandsInt}; /"
n = n%0x0001; // the remaindex
}
)
//
/7 PUBLIC FUNCTION: asciiConv
/
/7 FUNCTION CALL: asciiConv(const unsigned int value);
// ARGUMENTS: Integer Value
/7 RETURNS Hothing
J o 2
// DESCRIPTION: This function converts a 16-bit value to an B8-bit
/7 ascii character
[l ——— - -
char asciiConv{const unsigned int value)

char no;
no = (char) {(value & 0x0F); //
if {no > 9) /7
{

no = no + 0x37; //

7/

}
else
{

no = no + 0x30; /7

return no;
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Only select bits 0-3

If number is > 9

Number will be (A = 0x4l, B = 0x42, C

= 0x43 etc )

Humber will be 0 - 9



// INTERRUPT SERVICE ROUTINE (ISR): _UlTXInterrupt
//
// DESCRIPTION: This ISR clears the interrupt has occurred flag and
// then transmits a word of data
[ o e
void _attribute__ ((__interrupt__)) _UlTXInterrupt (void)
{
IFSObits .UITXIF = 0; // Clear transmit interrupt has
// occurred flag
UITXREG = (int)OutData[txCount++]; 4 Write a single word to UART
if (txCount == TX BUFFERSIZE)
{
IECObits . UlTXIE = 0; /7 Disable transmit interrupts since
7/ all buffer values are transmitted
}
}
/7
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Appendix L

Software Testing Code

LED Testing — TestLEDs.c

/7
/7 LED TESTING
/7
// BY: ROBYN VERRINDER
7/ DATE: 01 MAY 2006
/7
// PROCESSOR: dsPIC30F6014a
// BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD
// IDE: MPLAB IDE v7.30
/7 COMPILER: C30 ¢ COMPILER
//
// DESCRIPTION: This program tests the LEDs on the Vibration Data
// Logging Prototype Board. These LEDs are used as
/7 indicator lights.
/7
/7 All LEDs are turned ON for the duration of the program
7/
/7 LEDS
/7
// PIN CONNECTIONS: (LEDS to dsPIC30F6014A)
7 LED1 = RC1 (PIN 2)
/7 LED2 = RC2 (PIN 3)
// LED3 = RC3 (PIN 4)
7/ LED4 = RC4 (PIN 5)
/7 RECORD_LED = RG6 (PIN 6)
7/ SEND_LED = RG7 (PIN 7)
// ERASE_LED = RG8 (PIN 8)
//
#include *p30£6014a.h" /7 (Sinha, P., 2005) [64].
#include "dsPIC30F6014APins . h"
[/ e - - -——
// dsPIC30F6014A CONFIGURATION SETTINGS
[/ mm—— e e
// CLOCK SWITCHING AND MONITOR ........ teioe.. Sw Disabled, Mon Disabled
// OSCILLATOR ....... D Cereeaean XT w/PLL 8x
// WATCHDOG TIMER .........000000. Ceeerireeaaas Disabled
// MASTER CLEAR ENABLE ..... Creresenanans e . Enabled
// POR TIMER VALUE ........ eresiaanees feeaenns 64ms
// GENERAL CODE SEGMENT CODE PROTECT ......... Disabled
=m0 i B
_FOSC (CSW_FSCM_OFF & XT_PLL8);
_FWDT (WDT_OFF) ;
_FBORPOR (MCLR_EN & PWRT_64);
_FGS (CODE_PROT_OFF) ;
7 o S
/7 FUNCTION DEFINITIONS
L A e b B LSS - e
void InitPorts (void); // Initialises the LED ports
/£ o e e e
/7 MAIN FUNCTION
[ ] o e
int main(void)
(
InitPorts(); 7/ Setup ports for LEDs
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while (1) // Turn all LEDs on indefinitely
{
LED1 = 1;
LED2 = 1;
LED3 = 1;
LED4 = 1:
RECORD_LED = 1;
SEND_LED = 1;
ERASE_LED = 1;
} // End of while loop
} 7/ End of main function
7/
/7 PUBLIC FUNCTION: InitPorts
7/
124 FUNCTION CALL: InitPorts(};
// ARGUMENTS: None
144 RETURNS : Nothing
f e e e e e
// DESCRIPTION: Initlalises the LED ports as OUTPUTs and sets Ports LOW
o o o
void InitPorts {void)
{
TRISC = 0x0000; /7 Port C I/0 direction
TRISG = 0x0000; 7/ Port G I/0 direction
PORTC = 0x0000; // Port C pins levels set to LOW
PORTG = 0x0000; // Port C pins levels set to LOW
}
//
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UARTI Testing — TestUART1.c

//

/7 UART1 MODULE TESTING

//

// BY: ROBYN VERRINDER

// DATE: 01 MAY 2006

//

// PROCESSOR: dsPIC30F6014A

// BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD

// IDE: MPLAB IDE v7.30

// COMPILER: C30 C COMPILER

i/

/7 DESCRIPTION: This program tests the Universal Asynchronous

// Receiver Transmitter (UART) module on the dsPIC30F6014a
/7 microcontroller chip.

/

// This module is the primary serial communication link,
// on the Vibration Data Logging Prototype Board, to

// the PC. HyperTerminal is used to view the data. Jumpers on
/7 JP8 must be connected.

//

7/ The output of the microcontroller is connected to

// an RS~-232 converter {Ul0) the pin descriptions are

7/ given below. [49].

//

// Register descriptions are as in dsPIC30F Family

// Reference Manual Section 19: UART([63].

//

$include "p30£601l4a.h” // (Sinha, P., 2005) [64].
$include "dsPIC30F6014APins . h"

#include "common . h"

[/ mmmmm e e e e e e e e e et e e e

// dsPIC30F6014A CONFIGURATION SETTINGS

F R iyt 2D ettt

// CLOCK SWITCHING AND MONITOR ...cvovervesos .. Sw Disabled, Mon Disabled
// OSCILIATOR ..civvecovannsnns AR O XT w/PLL 8x

/7 WATCHDOG TIMER ....... srerseacnsergeernennns Disabled

174 MASTER CLEAR ENABLE .....cco0sc0esossra +.... Enabled

// POR TIMER VALUE ..... csreerasns [ R, N 64ms

// GENERAL CODE SEGMENT CODE PROTECT ....... .. Disabled

[ = e o et e e e Y o e e

_FOSC (CSW_FSCM_OFF & XT_PLL8);
FWDT (WDT_OFF) ; v

TFBORPOR {MCLR_EN & PWRT 64);
_FGS (CODE_PROT_OFF) ;

[ = o e e
/7 PUNCTION DEPINITIONS
[ = e e e e e e e e e e e i e e
volid InitUART1 (void) ; /7 Initialises the UART1 Module
void __attribute__ ((__interrupt_ }) _UlTXInterrupt{void);// UART] transmit ISR
[ e e e - e e ———————
/7 GLOBAL VARIABLES
f e e e e e e e e e e e
unsigned char data; /7 Value to be transmitted
£ [ = e e e e
/7 MAIN FUNCTION
{5
int main (void)
{
data = A // Set the value to be transmitted
InitUARTL(); // Initialises the UART1 module
IFSObits . UITXIF = 0; // Clears TX flag
IECObits .ULTXIE = 1; // Enables UARTL interrupts
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while (1)

(

ULTXREG = data; 7/ Write a single word to UART
UlSTAbits.UTXEN = 1; // Start transmission
while (1ULlSTAbits.TRMT) // Wait until the TSR is empty
(
/* NULL STATEMENT */;
)
}
7/ End of main
PUBLIC FUNCTION: InitUART1
FUNCTION CALL: InitUART1(};
ARGUMENTS : None
RETURNS: Nothing
DESCRIPTION: Initialises the UART1 module on the dsPIC30F6014A.
The value of all the registers are laid out below
BAUD RATE: 9600 bps
DATA SIZE: 8 Bits
PARITY: No parity
STOP BIT: 1 stop bit
FLOW CONTROL: None
/= e e e o e e o o
UIMODE: UART1 MODE REGISTER UIMODE = 0x8000
BIT NAME FUNCTION VALUE DESCRIPTION
15 ... UARTEN . UART ENABLE BIT ......... 1 ...... UART is ENABLED
14 . ivenennonn [ UNIMPLEMENTED ..... [ X
13 ...ene USIDL STOP IN IDLE MODE ....... [\ Operates in IDLE mode
12 ciiiniena sseoss UNIMPLEMENTED .... P ¢ X
P RESERVED .....civevvnenvnn 0 ...... X :
10 . ALTIO . ALTERNATE I/0 SELECTION.. 0 ...... UART communicates using UITX
and UIRX I/0 pins
O i iiienran e . . RESERVED .....0civuuennn .0 ... %
- 2N RESERVED .....0c0v0uves P ¢ X
T oo WAKE ..... WAKE-UP ON START BIT 0 ...... Wake~up disabled
[ LPBACK . LOOPBACK MODE SELECT [ N Loopback mode disabled
5 e ABAUD .... AUTO BAUD ENABLE ........ 0 .ot Input to capture module from
ICx pin
[ S . seseen UNIMPLEMENTED ........ NP B 4
C sessses UNIMPLEMENTED ......cc0... 0 ...... ¥
2 il PDSEL<1> PARITY AND DATA SELECTION 0 .... 8-bit data
| PDSEL<0> 0 No parity
[ STSEL .... STOP SELECTION .......... 0 . .+» 1 Stop bit
UlSTA UART1 STATUS AND CONTROL REGISTER UlSTA = 0x8400
BIT NAME FUNCTION VALUE DESCRIPTION
15 o..00es UTXISEL TRANSMISSION INTERRUPT 1 ...... Interrupt when transmit
buffer is EMPTY
14 oovivinnnnnn [N UNIMPLEMENTED Priesaan 0 ...... X
0 UNIMPLEMENTED ........... [ .4
12 oo .o . UNIMPLEMENTED ....... 0 ...... X
11 ....... UTKBRK TRANSMIT BREARK .......... 0 ...... ULTX pin operates normally
10 ooevns UTXEN TRANSMIT ENABLE ......... 1., UART transmitter ENABLED
| UTXBF . TRANSMIT BUFFER FULL .... 0 ...... (READ ONLY)
[ J TRMT ..... TRANSMIT SHIFT REG EMPTY 0 ...... (READ ONLY)
T e .. URMISEL<1l> RECEIVE INTERRUPT MODE .. 0 ...... Interrupt flag set when
character is received
6 e URXISEL<0> 0
5 Loeeaaen ADDEN . ADDRESS CHARCTER DETECT 0 ... Address detect mode disabled
4 L RIDLE . RECEIVER IDLE ......0c00e [+ N (READ ONLY)
3 il PERR ..... PARITY ERROR STATUS 0 ...... (READ ONLY)
2 e FERR ..... FRAMING ERROR STAUS ..... 0 ...... (READ ONLY)
1 oo OCERR ..... R¥ BUFFER OVERRUN ERROR . 0 ...... {READ ONLY)
0 .oevennn URXDA . RX BUFFER DATA AVAILABLE. 0 ...... {READ ONLY)
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vold InitUART1 (void)

UIMODE = 0xB8000;
UlsTA = 0x8400;
UIBRG = ((FCY/16)/BAUD)~1; /7 Sets the baud rate to 9600 baud
INTCON1bits.NSTDIS = 1; // Disable nested interxupts
)
//
/7 INTERRUPT SERVICE ROUTINE (ISR): _UlTXInterrupt
/7
/7 DESCRIPTION: Clears the transmit interrupt has occurred flag
/=== e ——— e e -
void _attribute ((__interrupt__)) _UlTXInterxupt (void)
{
IFS0bits .ULTRIF = 0; /7 Clear transmit interrupt has occurred flag
}
/1l s
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ADC Testing — TestADCPotentiometer.c

7/
/7
7/
/7
/7
7/
//
//
//
/7
//

#i
#i
#i

7/
//
7/
/7
/7
//
/7
/

12 BIT ADC TESTING - DC Voltage Input
BY: ROBYN VERRINDER
Parts of this program were adapted from the
Example Code for UART module on the dsPICDEM Low
Cost Starter Board, ADC12_UART.c (D'Souza, S., 2003) [68].
DATE: 06 MAY 2006
PROCESSOR: dsPIC30F6014A
BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD
IDE: MPLAB IDE v7.30
COMPILER: C30 C COMPILER
DESCRIPTION: This program tests the functioning of the 12-bit Analogue
to Digital Converter (ADC) Module of the dsPIC30F6014A.
on the Vibration Data Logging Prototype Board.
A DC voltage (0-3.3V) is produced by a potentiometer
connected across the AVDD supply.
The data is outputted via the UART1 module to a PC.
HyperTerminal is used to view the data.
This code was mainly adapted from the example code for the UART module
on the dsPICDEM Low Cost Starter Board [68].
The InitUART, DelayWmSec and ISR for the UART module
were written by Microchip. The InitADC12 and
SendtoUART routines were adapted from their code, while the
asciivoltsConv and asciiConv routines were written by Robyn Verrinder.
Register descriptions are as in dsPIC30F Family Reference Manual
Section 18: 12 bit A/D Convertor and Section 13%: UART [63]
XTAL FREQ (Fxtal): 10MHz
MIPS: 20MIPS (XT PLLx8 Mode)
TCY: 50ns
Teonv: 22.4us  (14Tad)
Tad: 1.6us (calculated value using ADCS<5:0> bits)
ADC Resolution (bits): 12-bits
ADC Resolution (mV): 0.806 mV (for a 3.3V supply)
nclude "p30£6014a.h" 7/ (8inha, P., 2005) [64].
nclude "dsPIC30F6014APins.h"
nclude "ecommon.h"
dsPIC30F6014A CONFIGURATION SETTINGS
CLOCK SWITCHING AND MONITOR ........vnevnes Sw Disabled, Mon Disabled
OSCILLATOR ... vcuvrerennsosvnncvavanannnos XT w/PLL Bx
WATCHDOG TIMER .....:cccecvsoannsosoansossas Disabled
MASTER CLEAR ENABLE ........ tsessanssenraas Enabled
POR TIMER VALUE .......co000000000 [ ... BGdms
GENERAL CODE SEGMENT CODE PROTECT ......... Disabled

_FOSC (CSW_FSCM_OFF & XT_PLLS);
_FWDT (WDT_OFF);

_FBORPOR (MCLR_EN & PWRT_64);
_FGS (CODE_PROT_OFF) ;

void InitADCL2 (void);
vold InitUARTI1 (void);

void SendtoUART () ;
void DelayNmSec (unsigned int N);

void asciiDecConv{const unsigned int value);
char asciiConv(unsigned int value);
void __attribute__ ((__interrupt_ }) _UlTXInterrupt(void);
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Character Return

// ASCII BUFFERS FOR SERIAL DATA

] o o 2
// BYTE NAME VALUE

flomm e e m e e m s - -

// T oweenns DATA<O> ........ 0%30 ........ Units

// 6 tereennn L . .. O%2E . . Decimal Point
// S ...0.... DATAC2> ........ 0x31 .... . Tenths

// - S DATA<3> .... 0x32 ..... ... Hundredths

// 3 e DATA<E> ....o... 0x33 ........ Thousands

// 2 N . O%56 L....... vV (Volts)

// 1 ciiennen LF . . 0x0A veeo.. New Line

// 0 ..., DCR L . 0x0D ...0unnn

J o e

unsigned char

OutData[TX_BUFFERSIZE] = {0x30,0x2E,0x31,0x32,0x56,0x0a, 0x0D};

Start sampling

Wait for conversion to finish

Load 16-bit ADCValue with the
result of the conversion

Send the data via UART1 to PC
running HyperTerminal

[68].

o o o o 0 0
/7 GLOBAL VARIABLES
[ o o o = ———— ——
unsigned char txCount;
int ADCValue;
unsigned char units;
unsigned char tenths;
unsigned char hundredths;
£ e o e e
// MAIN FUNCTION
7 et e 8
int main (void)
{
InitUARTL();
InitADC12{);
while (1) 7/ Do forever
{
ADCONlbits .SAMP = 1; //
DelayNmSec (20); // for 20ms
ADCONlbits.SAMP = 0; // Stop sampling
while (! IFS0bits.ADIF) //
{
/* NULL STATEMENT */;
}
ADCValue = ADCBUFQ; //
//
SendtoUART () ; //
/7
}
}
/7
/7 PUBLIC FUNCTION: InitUART1 {D'Souza, $., 2003)
/7
/! FUNCTION CALL: InitUART1();
/7 ARGUMENTS : None
/7 RETURNS : Nothing
e e 2 o e e 2 o e e
/7 DESCRIPTION: Initialises the UART1 module on the dsPIC30F6014A.
/7 The value of all the registers are laid out below
[ e e o 2 e e e ——————
// BAUD RATE: 57600 bps
/! DATA SIZE: 8 Bits
/7 PARITY: No parity
// STOP BIT: 1 stop bit
/7 FLOW CONTROL: None
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// UlMODE URRT1 MODE REGISTER UIMODE = 0x8000
{2 e £ 2 1 e
7/ BIT NAME FUNCTION VALUE DESCRIPTION
£/ om0 o o
// 15 oo een UARTEN ... UART ENABLE BIT ..... 1 ..... . UART is ENABLED
// L UNIMPLEMENTED ........... C ...... X
// 13 ....... USIDL STOP IN IDLE MODE ....... [+ I Operates in IDLE mode
7/ 12 i e UNIMPLEMENTED ........000 0 (... X
// 0 eaeens RESERVED .....c000navnonn 0 ... X
// 10 ....... ALTIO . ALTERNATE I/0 SELECTION.. O ... UART communicates using UITX
// and UlRX I/0 pins
// L RESERVED ...... Cetiesnens 0 coe X
// U .. RESERVED .......c..0vveenn 0 ...... X
/7 T ovieveees WAKE . . WAKE-UP ON START BIT 0 ...vs Wake-up disabled
// 6 ...uenn LPBACK LOOPBACK MODE SELECT .... 0 ...... Loopback mode disabled
/7 5 e ABAUD . AUTO BAUD ENABLE ........ [ Input to capture module from
// ICx pin
// L UNIMPLEMENTED ..... eeuene 0 ... . X
7/ 3 i e .. UNIMPLEMENTED ........... 0 ...... X
/7 2 i PDSEL<1> PARITY AND DATA SELECTION O .... 8-bit data
// 1 oeiennns PDSEL<0> 0 No parity
// 0 oo STSEL .... STOP SELECTION .......000 0 ...... 1 Stop bit
o e 2 e
// UlSTA UART1 STATUS AND CONTROL REGISTER UlsTA = 0x0000
e —— e e i 2 e
// BIT NAME FUNCTION VALUE DESCRIPTION
{4 08 4 0851 0 2 0
// 15 cooennn UTXISEL TRANSMISSION INTERRUPT 0 ..... . Interrupt when a character is
/7 transferred to shift register
// X UNIMPLEMENTED .......00.. 8 ov.0o. X
7/ S UNIMPLEMENTED . vees 0 ol X
// 12 i UNIMPLEMENTED ...... cesss O oo X
// 11 ....... UTXBRK . TRANSMIT BREAK ....... . 0 ...... ULlTX pin operates normally
// 10 ..oven UTXEN . TRANSMIT ENABLE ..... g .+ UART transmitter NOT ENABLED
7/ 9 e UTXBF .... TRANSMIT BUFFER FULL .... 0 ...... (READ ONLY)
// 8 coieiens TRMT ..... TRANSMIT SHIFT REG EMPTY 0 ... . (READ ONLY)
// T e URXISEL<1> RECEIVE INTERRUPT MODE [+ Interrupt flag set when
/7 character is received
// 6 ..o URXISEL<O0> ]
// 5 (vl ADDEN . ADDRESS CHARCTER DETECT . 0 .. . Address detect mode disabled
// [ RIDLE . RECEIVER IDLE .......0..0 0 .+.. (READ ONLY)
// K PERR ..... PARITY ERROR STATUS ... 0 .. . (READ ONLY)
/7 2 ieieaa FERR ..... FRAMING ERROR STAUS R 1 (READ ONLY)
/7 1 .00 CERR ..... RX BUFFER OVERRUN ERROR . 0 ...... (READ ONLY)
/7 0 ..oveaes URXDA RX BUFFER DATA AVAILABLE. 0 ...... (READ ONLY)
F At R N
void InitUART1 (void)
{
UIMODE = 0x8000;
UlsTh = 0x0000;
U1BRG = ((FCY/16)/BAUD)-1: // Sets the baud rate
INTCONlbits.NSTDIS = 1; 7/ Disable nested interrupts
}
//
// PUBLIC FUNCTION: InitADC12
//
[/ FUNCTION CALL: InitADC12();
7/ ARGUMENTS : None
// RETURNS: Nothing
[ e
7/ DESCRIPTION: Initialises the 12 bit Analogue to Digital Converter
// All the registers are set as laid out below
/- e -
// ADCON1: a/D CONTROL REGISTER 1 ADCON1 = Qx0000
£ ] =m0 0 0 0
// BIT NAME FUNCTION VALUE DESCRIPTION
[ om0 e
// 15 ...... ADON ...... A/D OPERATING MODE vee 0 vl ADC is OFF
/7 14 i UNIMPLEMENTED ......c..0 0 0 ... X
/7 13 ..., ADSIDL . STOP IN IDLE MODE ..... e e 0 Operates in IDLE mode
// N UNIMPLEMENTED ............ 0 ...... X
77/ 0 UNIMPLEMENTED .......0000n 0 ... X



10 it UNIMPLEMENTED ........ vese 0 il X

L FORM<1> .. DATA OUTPUT FORMAT ....... 0 coiene Unsigned Integex

B ...t FORM< 0> 0 (DOUT = 0000 dddd dddd dddd)

T «iioees. 8SRC<2> .. CONVERSION TRIGGER SOURCE 0 ...... Clearing SAMP bit ends

6 ..iinnn SSRC<1> 0 sampling and starts

S chvns +es SSRC<O> [ conversion

4 i ierscner e ieeas UNIMPLEMENTED ....... e 8 ...... %

3 i Cereeee e . UNIMPLEMENTED ...... vevees 0 tuiaen X

2 ciieen .. ASAM ..... A/D SAMPLE AUTO START e 0 ...... Sampling begins when SAMP bit
is set

O SAMP ..... A/D SAMPLE ENABLE ..... [ ¢ N SAMP bit is auto set by ASAM
setting

g ..... .. DONE ..... A/D CONVERSION STATUS ... 0 ...... Butomatically cleared and set
by MCU

ADCON2 A/D CONTROL REGISTER 2 ADCONZ = (x0000

BIT NAME FUNCTION VALUE DESCRIPTION

15 ...... VCFG<2> ... VOLTAGE REF CONFIG ...... 0 ...... A/D VREFH = AVDD

14 ...... VCFG<1> 0 A/D VREFL =

13 ... VCFPG<O> 0

12 ..... cseseectessaan RESERVED ......... ssseess O

0 . UNIMPLEMENTED ...... [P ¢ E N X

10 ....... CSCNA .... SCAN INPUTS ........ veses 0 ..., DO not scan inputs

9 ..., Cevhee s enean ., UNIMPLEMENTED ..... vevens 0t ¥

8 ..., vhaserteesan s . UNIMPLEMENTED ........ evs B ol X

T e BUFS ..... BUFFER FILL STATUS ...... [ RN Auto set (1 = A/D is filling
0x8=-0xF find data
in 0x0-0x7; 0 = A/D is
£filling 0x0-~0x7 find
data in 0xB-0xF)

B Liieineraenan veeess UNIMPLEMENTED ......c.. [ ¥

5 ........ SMPI<3> .. SAMP-CONV SEQ/INTERRUPT . 0 ...... Interrupts at the completion

4 ...l SMPI<2> 0 of the conversion sequence

K N SMPI<1> 0 for each sample/convert
sequence

2 e SMPI<0> 0

1 .oiunies BUFM ..... BUFFER MODE SELECT ...... 0 ..... . Buffer configured as one 16~
word buffer

0 ..ovnu .. ALTS ..... ALTERNATE INPUT SAMPLE .. 0 ...... Always use MUX A input
multiplexer settings

ADCON3: A/D CONTROL REGISTER 3 ADCON3 = 0x0002

BIT NAME FUNCTION VALUE DESCRIPTION

15 e csrasaens UNIMPLEMENTED ....... eees O .o X

14 oot vee. UNIMPLEMENTED ,....... oo O e K

0 eneofft & UNIMPLEMENTED ........c.. 0 .... X

12 . . SAMC<4> AUTO SAMPLE TIME ..... vae 0 e SAMC = 0Tad

O . SAMC<3> 0

10 ...... .« SAMC<2> 0

9 e SAMC<1> 0

[ SAMC<0> 0

b RDRC ..... R/D CONVERSION CLK SOURCE 0 ...... Clock derived from gsystem clk

[ eesveaees UNIMPLEMENTED ........ cee B L. X

- T ADCS<5> .. A/D CONVERSION CLOCK .... 0 ves. TCY/2(ADCS<5:0> + 1) = 1,5TCY

4 .. ADCS<4> 0

kB ADCS<3> 0

2 cieevaan ADCS<2> 0

1 .00, ADCS<1> 1

0 covennnn ADCS<0> 0

ADCHS R/D INPUT SELECT REGISTER ADCHS = (x000B

BIT NAME FUNCTION VALUE DESCRIPTION

- coces UNIMPLEMENTED .....c0v0e.. 0 ...... X

T UNIMPLEMENTED .....c00v0.. 0 .vune X

13 Lt e UNIMPLEMENTED ........ e 0 L.l X

i2 ....... CHONB .... CHO- INPUT SELECT MUXB | NOT USED

11 ... ... CHONB<3>» ., CHO+ INPUT SELECT MUXB .. 0 ....,.. NOT USED

10 oovvee CHONB<2> 0

| CHONB<1> 0

B ... CHONB<O> 0

O cvessee UNIMPLEMENTED ......c.0.. 0 ... X



/7 B ittt UNIMPLEMENTED ........... 0 ...... X
// S veeeas UNIMPLEMENTED .....0v0000 0 v0innn. X
// 4 ..., CHONA .... CHO- INPUT SELECT MUXA .. 0 .. . NOT USED
// k. CHONA<3> . CHO+ INPUT SELECT MUXA .. 1 ...... Channel 0 positive input is
// BN11
7/ 2 e CHONA<2> 0
// b CHONA<1> 1
7/ 0 vevnunnn CHONA<O> 1
£ oo e e e e e
/:/’ BDPCFC: aA/D PORT CONFIGURATION REGISTER ADPCFC = OxF7FF
[ e s s e e e 2 1 e 2 e e om0
;}' BIT NAME FUNCTION VALUE DESCRIPTION
// 15 ... PCFC<15> . ANALOG INPUT PIN CONFIG . 1 ...... X
// 14 ....... PCFG<14> 1 ...... X
// 13 ,...... PCFG<L3> 1 ...... %
// 12 ..... .. PCFG<l2> 1 ...... X
// 11 ..... .. PCFG<ll> ¢ ...... MIC_ADC
// 10 ....... PCFG<10> 1., x
// 9 ..., PCFG<$> 1 ...... X
// - S PCFG<8> 1 .. X
// T ovienians PCFG<T> 1 ..., X
// 6 ..., «+. PCFGE> 1 ...... X
/7 5 e PCFG<5> 1 ...... X
// 4 . PCFG<4> 1 ...... X
// kc I . PCFG<3> 1 ..., X
/7 2 e, PCFG<2> 1 ..., X
7/ b PCFG<1> 1 ..., PGC
// 0 covnvnn. PCFG<0> 1 ..., PGD
f £ om0
/7 ADCSSL: a/D INPUT SCAN SELECT REGISTER ADCSSL = 0x0000
= S
7/ BIT NAME FUNCTION VALUE DESCRIPTION
2 22 2 o 20 o
7/ 15 ..ooee. CSSL<15> . A/D INPUT PIN SCAN SELECT 0 ...... X
// 14 ....... CSSL<14> 0 ...... %
/7 13 . . £8SL<13> 0 ...... X
// 12 ....... CSSL<12> 0 ...... X
// 11 ce.. CSSL<11> 0 ...... MIC_ADC
// 10 ...oen. CSSL<10> 0 ...... X
// 9 e CSSL<9> 0 ...... X
// - I CSSL<E> 0 ...... X
// A, CSSL<T7> 0 ...... X
// [T . CSSL<6> 0 ...... X
// 5 teenn .. C8S8L<5> 0 ...... X
/7 4 ..., CSSL<4> 0 .. X
// 3 e CSSL<3> 0 ..., X
/7 2 e CS8L<2> 0 ..., b4
// 1 ooeens. CSSL<1> 0 .... PGC
// 0 ceernnns CSSL<O> [ PGD
e e e e e e e e e e
void InitADC12 (void)
{
ADCON1 = 0x0000;
ADCONZ = 0x0000;
ADCON3 = 0x0002;
ADCHS = 0x000B;
ADPCFG = OxFTFF;
ADCSSL = 0x0000;
ADCONlbits ,ADON = 1; /7 Turn ADC ON
}
//
7/ PUBLIC FUNCTION: SendtoUART (Adapted from D'Souza, S., 2003) [68].
//
// FUNCTION CALL: SendtoUART (adc_value);
/7 ARGUMENTS : None
/7 RETURNS: Nothing
J e e e e e e e e
/ DESCRIPTION: This routine transmits the data acquired from the ADC
/7 via UART1 to the PC running HyperTerminal
T D e
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void SendtoUART ()

while (JU1STAbits.TRMT) 124 Wait until the TSR is empty
(

/* NULL STATEMENT */;
)

UlSTAbits .UTXEN = Q; /7 Disable transmission
ADCValue = ADCValue/0x000C; /7 Multiply by 100
asciibDecConv (ADCValue);

OutData{0] = units;

CutData{2] = tenths;
OQutData[3] = hundredths;

txCount = 0; // Sets counter to 0
IFS0bits . ULTXIF = 0; // Clear TX flag
IECObits ,ULTXIE = 1; /7 Enable interrupt
U1STA = 0x0000; /7 Clear all status bits
UlSTAbits .UTKXEN = 1; // Start transmission
)
//
// PUBLIC FUNCTION: asciivoltsConv
//
/7 FUNCTION CALL: asciiVoltsConv(const unsigned int value);
// ARGUMENTS : Integer value
// RETURNS : Nothing
o o e e e e e
7/ DESCRIPTION: This function converts a 12-bit binary word to a
// BCD ascii decimal value
/it
// Resolution of this function is lmv
/e e e e et e e
void asciiVoltsConv(const unsigned int value)
{
int unitsiInt = 0; /7 Initialise local variables
int tenthsInt = 0;
int hundredthsint = (;
int thousandthslInt = 0;
int n = value;
if (n >= 0x04D9) // If there are 1Vs
{
unitsInt = n/0x04D9;
units = agciiConv(unitsiInt); // convert to an ascii char
n = n%0x04D9; // the remainder is ready for more conversion
)
if (n >= 0x007C) 7/ If there are 100mvs
{
tenthsInt = n/0x007C;
tenths = asciiConv(tenthslInt); 7/ convert to an ascii char
n = ng0x007C; // the remainder is ready for more conversion
)
if (n >= 0x000C) /7 If there are 10mVs
{
hundredthsInt = n/0x000C;
hundredths = asciiConv({hundredthsInt); /7 convert to an ascii charx
n = n$0x000C; // the remainder is ready for more conversion
)
if (value >= 0x0001) // If there are 1lmvVs
{
thousandthsInt = n/0x0001;
thousandths = asciiConv(thousandsint); // convert to an ascii char
n = n%0x0001; // the remainder is ready for more conversion
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/7 PUBLIC FUNCTION: asciiConv
//
/7 FUNCTION CALL: asciiConv(const unsigned int value);
174 ARGUMENTS : Integer Value
// RETURNS : Nothing
ot e e
/7 DESCRIPTION: This function converts a 16-bit value to an 8-bit
// ascii character
e e e e e e e e e e e e e
char asciiConv{const unsigned int value)
(
char no;
no = {char) (value & 0x0F); 7/ Only select bits 0-3
if (no > 9) // If number is > 9
(
no = no + 0x37; /7 Number will be (A = 0x41l, B = 0x42, C
// = 0x43 etc )
)
else
(
no = no + 0x30; /7 Number will be 0 - 8
)
return no;
)
/7
// PUBLIC FUNCTION: DelayNmSec (D'Souza, S., 2003) [68].
/7
// FUNCTION CALL: DelayNmSec (unsigned int N);
/7 ARGUMENTS: Number of millisecond N
// RETURNS : Mothing
] e e e e e e e e
// DESCRIPTION: This function creates a lms to 65.5ms delay. For
/7 a Ims delay N=1 for a 30ms delay N=30 etc
[ = o o e e e e 2 e
void DelayNmSec (unsigned int N)
(
unsigned int §; // Counter j
while (N==) // Do while until N = 0
(
for(j=0;9 < MILLISEC;j++) // This creates a 1 mS delay
{
/* NULL STATEMENT */;
)
)
)
/7
// INTERRUPT SERVICE ROUTINE (ISR): _UlTXInterrupt (D'Souza, S., 2003) [687.
/7
// DESCRIPTION: This ISR clears the interrupt has occured flag and
/7 then transmits a word of data
£ = e e e e e e e e o e e
void _attribute__ ((__interrupt__)) _UlTXInterrupt{void)
{
IFS0bits . UITXIF = 0; /7 Clear transmit interrupt has
/7 occured flag
UITXREG = (int)OQutData[txCount++]; // Write a single word to UART
if (txCount == TX BUFFERSIZE)
{
IECObits .UITXIE = 0; /7 Disable transmit interrupts since
// all buffer values are transmitted
}
}
/7
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ADC Testing — TestACC.c

//

// ACCELEROMETER TESTING

//

// BY: ROBYN VERRINDER

7/ parts of this program were adapted from the

// Example Code for the dsPICDEM Low Cost Starter Board
// ADC12_UBRT.c (D'Souza, S., 2003) [68] and

/7 the example code CE001_ADC_DSP_lib_FILTER ADC.c

// (Vasuki, H., 2005) [69].

// DATE: 06 MAY 2006

//

// PROCESSOR: dsPIC30F6014A

// BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD

// IDE: MPLAB IDE v7.30

/7 COMPILER: €30 C COMPILER

/7

// DESCRIPTION: This program tests the functioning of both the

// 12-bit Analog to Digital Convertor (ADC) Module of

// the dsPIC30F6014A and the ADXL202E Accelerometer.

//

// The data is outputed via the UART1 module to a PC.

// Hyperterminal is used to view the data.

//

// Register descriptions are as in dsPIC30F Family Reference Manual
// Section 12: Timers, Section 18: 12 bit A/D Convertor and Section 19:
// UART [63].

//

// XTAL FREQ (¥Fxtal): 10MHz

// MIPS: 20MIPS (XT PLLx8 Mode)

// TCY: 50ns

7/ Tconv: 20us (this value is greater than the 10us minimum)
// Tad: 1.45us (calculated value using ADCS<5:0> bits)
//

// s = 32kHz

// SAMC<4:0> = 10101 (8)

/; ADCS<5:0> = 111001 (57)

/ __________________________________________________________________

#include *p30£6014a.h” /7 {Sinha, P., 2005) {[64].
#include <math.h> // Standard C Math header file
#include "dsPIC30F6014APins . R

#include "common , h"

/] e e —————————

// dsPICI0F6014A CONFIGURATION SETTINGS

4 B

7/ CLOCK SWITCHING AND MONITOR ..ivevernnocens Sw Disabled, Mon Disabled
/7 OSCILLATOR «vuvvnvenocosnrnonnsnn eiavaaeses XT w/PLL 8%

// WATCHDOG TIMER ....c.vovvavasen Cesieaneeas Disabled

/7 MASTER CLEAR ENABLE .........000:00 tecsse... Enabled

// POR TIMER VALUE ......ccvvviarnansons veees. 64ms

,/l; GENERAL CODE SEGMENT CODE PROTECT ...vevees Disabled

_FOSC(CSW_FSCM_OFF & XT_PLL8);
_FWDT (WDT_OFF) ;

_FBORPOR (MCLR_EN & PWRT_64);
_FGS (CODE_PROT_OFF) ;

void InicADCL2 (void);
void InitUARTL (vold);

unsigned long RMSCalculation(unsigned int *dataPtr, int N);
void SendDatatoUARTI (unsigned long data);

void asciiDecConv(const unsigned int value):;
char asciiConv(unsigned int value);

void _attribute _((__interrupt_}) _UlTXInterrupt(void);
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;/ ASCII BUFFERS FOR SERIAL DATA

T 1 O 0 2 S 2 S i o S o 7 S o 2 S 2 0 s o o
7/ BYTE NAME VALUE

J ] o 4 e
// 8 ........ DATA<3> ..,...., O30 ........ Units

// T oaeiinnnn e i O%2E ..ouuunn Decimal Point

/7 [ I DATA<K2> t..vavna 0x31 ........ Tenths

// 5 tieennnn DATA<SI> ........ 0%32 ........ Hundredths

// 4 L. DATA<O> ........ 0x33 ..... ... Thousands

/7 K N SPACE .......... 0x20

// 2 i A Ceeeenees, 0x43

// 1 .vieenn P 73 N . Ox0An

/7 0 .oovvvnn CR ...... eraeran 0x0D
8 2 e 0 e e

unsigned char OutData[TX BUFFERSIZE] = {0x30,0x2E,0x31, 0x32,0x33, 0x20, 0x56, 0x0A, 0x0D};

unsigned int *AbCbufferPtr;
unsigned int *ADCvaluePtr;

unsigned int *ADCvalueXPtr;
unsigned int *ADCvalueYPtr;

unsigned char txCount;

int RMS_valueX;
int RMS_valueY;
unsigned char ADC_bcd = 0

unsigned char wunits;
unsigned char tenths;
unsigned char hundredths;
unsigned char thousandths;

unsigned char ADCValue[l6];
unsigned char ADCXValue[8];
unsigned char ADCYValue[8];

Pointer to ADCbuff

Pointer to ADC Value Buffer

Pointer to ADC XValue Buffer
Pointer to ADC YValue Buffer

[ [ o e et e e e e e
/7 MAIN FUNCTION

[ =m0 e o o e e
int main{void)

InitUART1();
InitADC12¢);

int 1 = 0;
ADCONlbits .ADON = 1;
while (1)
{
RMSValueX = 0;
RMSValueY = 0;

ADCbufferPtr = SADCBUFO;
ADCvaluePtr = &ADCValue[0];
ADCvalueXPtr = &ADCValueX[0}];
ADCvalueXPtr = §ADCValueY{0];

IFSObits.ADIF = 0;
ADCONlbits.ASAM = 1;

while (!IFSObits .ADIF)

{
/* NULL STATEMENT */;

}

ADCONlbits .ASAM = 0;

//
//
/7
//
/"
//
/
/"
/
/"

7/
//

/"

//
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Initalise Counter

Turn the ADC Module ON

Do forever

Reset
Reset
Point
Point
Point
Point

Clear

RMS X value
RMS Y value

to
to
to
to

16

Sampling
conversion ends

1st value of ADC buffer

ist value of ADC value buffer
1st value in the ADC X buffer
ist value in the ADC Y buffer

samples have been converted flag

begins immediately after last

Wait for conversion to finish

Sampling begins when SAMP bit is set



for (i=0; i<ADC_BUFFERSIZE; i++)

{

)

{

*ADCvaluePtr++ = *ADChufferPtr++ - OFFSET; // Subtract the offset
// from each sample
for (i=0; i<ADC_BUFFERSIZE; 144}
1f ((i%2) == 0)
{
apcvalueX{i] = ADCValue([i]: /7 Samples from ACCX
)
else
{
ADCValueY({i] = ADCValuel(i]; // Samples from ACCY

RMSValueX = RMSCalcultaion(ADCvaLueXPtr, ADC_BUFFERSIZE);
RMSValueY = RMSCalcultaion (ADCvalusYPtx, ADC_BUFFERSIZE):;

SendDatatoUART1 (RMSVa lueX) ;
SendDatatoUART1 (RMS8ValueY);

Send the data via UARTL
Send the data via UARTI1

/
i

PUBLIC FUNCTION: InitADC12
FUNCTION CALL: InitADC12();
ARGUMENTS : None
RETURNS: Nothing
DESCRIPTION: Initialises the 12 bit Analogue to Digital Converter
All the registers are set as laid out below
SAMPLING RATE: 32 kHz
ADCONL: A/D CONTROL REGISTER 1 ADCON1 = 0Ox03E0
BIT WAME FUNCTION VALUE DESCRIPTION
15 . .. BDON ...... A/D OPERATING MODE ....... 8 ...... ADC is OFF
14 . ceressasnssnss UNIMPLEMENTED .......00v00. [ X
13 . .. ADSIDL .. STOP IN IDLE MODE ........ 0. .. Operates in IDLE mode
12 .o eo. UNIMPLEMENTED ......000000 0 .vevee X
T UNIMPLEMENTED ......000004 0 o0ovees X
10 Loverieonnncnns oo, UNIMPLEMENTED ............ 0 ... . X
9 e FORM<1> .. DATA OUTPUT FORMAT ....... 1 ...... Signed Fractional
B v FORM<O> 1 (DOUT = sddd dddd dddd 0000}
T oeeunn . SSRC<2> .. CONVERSION TRIGGER SOURCE 1 ..... . Internal counter ends
| P SSRC<1> 1 sampling and starts
5 tivneenn SSRC<O> 1 conversion (Auto convert)
4 ..... shs s et oo nan UNIMPLEMENTED ........0.. 0 ...... X
2 .o UNIMPLEMENTED ...... veeaes B L . X
2 ciiiiaes ASAM . . A/D SAMPLE AUTO START ... 0 ...... Sampling begins when SAMP bit
is set
1.. .o, SAMP ..... A/D SAMPLE ENABLE ....... 8. .. SAMP bit is auto set by ASAM
. setting
0 ..iennn . DONE ..... A/D CONVERSION STATUS 0 ...... Automatically cleared and set
by MCU
ADCONZ2; a/D CONTROL REGISTER 2 ADCONZ = 0x003D
BIT NAME FUNCTION VALUE DESCRIPTION
15 ...... VCPG<2> ... VOLTAGE REF CONFIG ..... . 0 e . B/D VREFH = AVDD
14 ...... VCFG<1> 0 A/D VREFL = AVSS
13 eve. VCFG<O> 0
12 o i RESERVED ...cocvvvvnnonss 0
I ve.. UNIMPLEMENTED .......00.. 0 .00 X
10 ..., CSCHNA .... SCAN INPUTS .....oocvuvss g ..... . Do not scan inputs
| . voo. UNIMPLEMENTED ....... 0 ... . X
- vo o UNIMPLEMENTED ......vo000 0 covnen X
T oveerenan BUFS ..... BUFFER FILL STATUS ...... 0 v... Auto set (1 = A/D is £illing

0x8-0xF find data
in 0x0-0x7; 0 = A/D is
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filling 0x0-0x7 find

// data in Ox8-0xF)

/7 6 Cheeeseesseeenn UNIMPLEMENTED ........... 0 ... X

// 5 teninn. SMPI<3> SAMP-CONV SEQ/INTERRUPT . 1 ...... Interrupts at the completion
/7 4 .ieeaan SMPI<2> 1 of the conversion sequence
// c NN SMPI<1> 1 for each 16th sample/convert
// sequence

// 2 e SMPI<0> 1

7/ ) BUFM ..... BUFFER MODE SELECT ...... 0 ...... Buffer configured as one 16-
// word buffer

// 0 .vovvins RALTS ..... ALTERNATE INPUT SAMPLE .. 1 .. . MUX A = Sample 1

// MUX B = Sample2
=m0 e 2 e 0 50

// ADCON3 a/D CONTROL REGISTER 3 ADCON3 = Ox0R3S

J o o e e e

// BIT NAME FUNCTION VALUE DESCRIPTION

o o e e e e e e e e e o

7/ 15 . sseeran creesen UNIMPLEMENTED ...... . 0 .. . X

// 14 i i a e UNIMPLEMENTED ..... crsens 0 .o X

7/ 13 it vee. UNIMPLEMENTED ........... [+ X

// 12 . . SAMC<4> .. AUTO SAMPLE TIME ........ 1 ...... SABMC = B8Tad

// ) SAMC<3> 0

/7 10 coovnne SAMC<2> 1

7/ [ SAMC<1> 0

// B iiiiinen SAMC<0> 1

// T oeeinnnnn ADRC ..... A/D CONVERSION CLK SOURCE 0 ...... Clock derived from system clk
/7 6 v teesesassanns UNIMPLEMENTED ........ see 0 L .. X

// |- TN . ADCS«<5> .. A/D CONVERSION CLOCK .... 1 .. . TCY/2(ADCS<5:0> + 1) = 29TCY
7/ 4 (..., ADCS<4> 1

// kI ADCS<3> 1

7/ 2 e ADCS<2> 0

/7 S ADCS<1> 0

// 0 cvevnnnn ADCS<0> 1

[ e e e e e e e e e R T

1/ ADCHS a/D INPUT SELECT REGISTER ADCHS = 0x0A09

J e e e e

/7 BIT NAME FUNCTION VALUE DESCRIPTION

[ ] e e e e e e e e e e e e o e e

// 10 i e i UNIMPLEMENTED ...ve:000e0s 0 ..o X

// 14 ..o teae e UNIMPLEMENTED ........... 0 ...... X

// 13 (it e i UNIMPLEMENTED ....cc0uees 0 .. . X

// 12 ovienn CHONB .... CHO~ INPUT SELECT MU¥XB .. 0 ...... NOT USED

// 11 ... CHONB<3> ., CHO+ INPUT SELECT MUXB .. 1 ...... Channel 0 positive input is
// 10 oo veea CHONB<2> [ A10

// 9 .., . CHONB<1> 1

// - . CHONB<O> 0

/7 T i ien i ia s UNIMPLEMENTED .....cc00.0 0 .. . X

7/ B vt e UNIMPLEMENTED ........... 0 ....0e X

/7 5 vreaaen P v+o UNIMPLEMENTED ....¢.0040. 0 .. P 4

// 4 i CHONR . . CHO- INPUT SELECT MUXA .. 0 .. . NOT USED

/7 K J CHONA<3> ., CHO+ INPUT SELECT MUXA .. 1 ...... Channel 0 positive input is
// 2 i CHONA<2> 0 ANS

// 1 . . CHONA<1> 1

// 0 ..vvvnnn CHONA<O> 1

o e o e e e e e e e e

7/ ADPCFC: a/p PORT CONFIGURATION REGISTER ADPCFC = (0xFIFF
i o o e

// BIT NAME FUNCTION VALUE DESCRIPTION

I e 0 0 ot 4 e

// 15 ....... PCPC<153> . ANALOG INPUT PIN CONFIG . 1 ...... X

// 14 ....... PCFG<14> I ...... %

/7 13 cenvenn PCFG<13> 1 . X

// 12 ... PCFG<12> 1 e X

/7 5 S PCFG<11> 1., X

// 10 oo PCFG<10> 0 ... ACC_ Y

// 9 L...... PCFG<9> 0 .uiunn ACC_X

// : I PCFG<E> ... X

// T oeeiianns PCFG<T> b RN X

/7 6 veiinans PCFG<6> 1 euns X

// 5 i PCFG<5> 1 ..., X

// - PCFG<4> ..., X

/7 3 e PCFG<3> 1 .0een X

// 2 Lol PCFG<2> b S X

7/ 1 .00 . PCFG<1> 1 .o PGC

// 0 ovvinnn PCFG<0> Toeeeenn PGD
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ADCSSL = 0x0000

/7 ADCSSL A/D INPUT SCAN SELECT REGISTER
’/’;/' BIT NAME FUNCTION VALUE DESCRIPTION
;; 15 .. .. C85L<15> . A/D INPUT PIN SCAN SELECT 0 ...oaen X
/17 14 . ... C85L<14> 0 ...... X
7/ 13 ....... CSSL<13> 0 .. . X
// 12 . ... C8S8L<l2> 0 ...... X
// 11 ....... CSSL<11> g ...... X
/7 10 ....... C88L<10> [+ RN ACC Y
/7 9 Lo CSSL<9> [ ACC X
// 8 . cv.. C8SL<E> 0 ...... X
7/ i A . C8SL<T> 0 ... X
174 6 toveenen CSSL<6> 0 ..vee0 X
7/ 5 covenene C88L<E> 0 ...... X
// 4 ... CSSL<4> 0 ...... X
7/ K TN . C3SL<3> 0 .. . X
/7 2 teiieenn CSSL<2> 0 covnne X
// I ceieen.. CEBL<I> 0 ...... BPGC
// 0 coevinnn C8SL<O> 4] .. PGD
[ e 2 2 T e
void InitADC12 (void)
€
ADCON1 = 0x03EQ;
ADCONZ2 = 0x003D;
ADCON3 = 0Ox0A39;
ADCHS = Ox0AQ9;
ADPCFG = (xF9FF;
ADCSSL = 0x0000;
IFS0bits .ADIF = 0; /7 Clear ADC interrupt has occurred flag
IECObits .ADIE = 0; /7 pisable ADC interrupts
}
/7
/7 PUBLIC FUNCTION: InitUART1
//
/7 FUNCTION CALL: InitUART1();
// ARGUMENTS : None
/7 RETURNS: Nothing
[ e e o e
// DESCRIPTION: Initialises the UART1 module on the dsPIC30F6014A.
/7 The value of all the registers are laid out below
[l e e e - o o 2 o
/7 BAUD RATE: 57600 bps
/7 DATA SIZE: 8 Bits
// PARITY: No parity
/7 STOP BIT: 1 stop bit
ffm——— o 0 0 e - o e
/7 U1MODE: UART1 MODE REGISTER UIMODE = 0xB8000
[ o e e ot 0 0
/7 BIT NAME FUNCTION VALUE DESCRIPTION
/o o e 2 0
7/ 15 ..o UARTEN . UART ENABLE BIT ......... 1 ... UART is ENABLED
// 14 ...... cesensasane UNIMPLEMENTED ........... [+ I X
/7 13 ...... - USIDL STOP IN IDLE MODE ....... 0 . ... Operates in IDLE mode
/7 12 ..o Cesaenses UNIMPLEMENTED ....000c00. [$ X
/7 11 ..o ceveones RESERVED ....... R ¢ X
// 10 ...t ALTIO . ALTERNATE I/O SELECTION.. 0 ...... UART communicates using U1TX
/7 and U1RX I/0 pins
7/ L vsessss RESERVED .......0.0.. vese B L ol X
/7 - evevsaess RESERVED ,......... vesene J X
/7 T oiieireen WAKE ..... WAKE-UP ON START BI cee O s Wake-up disabled
/! 6 .iiinn. LPBACK . LOOPBACK MODE SELECT .... 0 ...... Loopback mode disabled
/7 - ABAUD . AUTO BAUD ENABLE ...... [+ N Input to capture module from
7/ ICx pin
/7 4 i et UNIMPLEMENTED .......000 0 ...... X
// 3 i enei it UNIMPLEMENTED ........... 0 ...... X
/7 2 e PDSEL«<1> . PARITY AND DATA SELECTION O ...... 8-bit data
7/ ) PDSEL<0> 0 No parity
/7 0 coinonnn STSEL .... STOP SELECTION ....... ver 0 Lo 1 Stop bit
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7/ ULSTA: UART1 STATUS AND CONTROL REGISTER U1STA = 0x0000
J i e e e £ .0 0 0 2 € O e
// BIT NAME FUNCTION VALUE DESCRIPTION
J e e e e e e e e e m e esm e e ———————
// 15 ....... UTXISEL .. TRANSMISSION INTERRUPT .. 0 ...... Interrupt when a character is
/7 transferred to shift register
/7 34 i, UNIMPLEMENTED ........... 0 ...... X%
/4 I3 e UNIMPLEMENTED ........... 0 ...... X
/7 12 e e UNIMPLEMENTED ...cvcoovse [+ X
// 11 ....... UTXBRK ,.. TRANSMIT BREAK .......... [ I UlTX pin operates normally
/7 10 ... .. UTXEN .... TRANSMIT ENABLE ......... 8 ...... UART transmitter NOT ENABLED
// 9 e UTXBF .... TRANSMIT BUFFER FULL .... 0 ...... (READ ONLY)
// 8 ........ TRMT ..... TRANSMIT SHIFT REG EMPTY 0 ...... (READ ONLY)
/7 T oeiiaann . URXISEL<1> RECEIVE INTERRUPT MODE .. 0 ...... Interrupt flag set when
// character is received
/7 6 ...aunnn URXISEL<O> 0
// 5 tiiiaane ADDEN .... ADDRESS CHARCTER DETECT . 0 ...... Address detect mode disabled
/7 4 ..... ... RIDLE .... RECEIVER IDLE .....v0c00. 0 ...... (READ ONLY)
// 3 ...¢4... PERR ..,.., PARITY ERROR STATUS ..... 0 ...... (READ ONLY)
/7 2 ciiiions FERR ..... FRAMING ERROR STAUS ..... 0 ...... (READ ONLY)
/7 ) S OERR ..... R¥X BUFFER OVERRUN ERROR . 0 ...... (READ ONLY)
/7 0 ..c.unes URXDA .... RX BUFFER DATA AVAILABLE. 0 ..... . (READ ONLY)
f/mmmm e ——— e 2
void InitUARTI (void)
(
UIMODE = 0x8000;
UlSTA = 0x0000;
U1BRG = ((FCY/16)/BAUD)-1; // Sets the baud rate to 57600 baud
)
/7
/7 PUBLIC FUNCTION: RMSCalculation
/7
// FUNCTION CALL: RMSCalculation(*dataPtr,N);
/7 ARGUMENTS: unsigned int *dataPtr,
// int N
/7 RETURNS: ungigned long Result_RMS_calulation
£ o e e o £
/7 DESCRIPTION: This routine takes an array of length N and converts
// it into a single RMS value using the equation below
//
/7 Ip N 1
// RMSValue = L [ei)*] |
// il i=0 |
// H |
7/ yt N 4
F ] e o 4 o

unsigned int RMSCalculation{unsigned int *dataPtr, int N)

(

int i = 0; // Initialise counter
unsigned int squared value = 0; // Stores the Squared value
unsigned int sum = 0; // Stores sum
unsigned int average = (; 7/ Stores average
signed int RMS_valueQl5 = 0; /7 Stores RMS value in Q1.15 format
unsigned int RMS_value = 0; /" Stores RMS value in unsigned
/7 integer format

for (i=0;i<N;i++) // Convert all values in array
{

squared_value = pow(*dataPtr++,2); // Square each value

sum += squared value; // and sum them all together
}
average = sum/N; /7 Divide the sum by the number of values

// to find the average

RMS_valueQl5 = (int)sqrt(average); // Square root the average to find RMS value
RMS_value = Ql5toInteger (RMS_valueQls); /7 Convert from Ql.15 to integer

return RMS_value;
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// PUBLIC FUNCTION: Ql5toInteger

/7 X

1/ FUNCTION CALL: Ql5toInteger (const signed int value);
/7 ARGUMENTS : Integer value

// RETURNS:

// DESCRIPTION:

Unsigned int converted_result

This function converts a 1l6-bit number in Q1.15
data format to an unsigned integer

Signed Fractional (Q1l.15)
(DOUT = sddd dddd dddd 0000)

Unsigned Integer
(DOUT = 0000 dddd dddd dddd)

unsigned int Ql5tolnteger (signed int value)

{

value = value>>4;

unsigned int value_bytesl2 = 0; // Stores bytes 1 and 2

unsigned int value_byte3 = 0; // Stores byte 3

unsigned int integer value = 0; // Stores the converted integer value
value bytesl? = value & Ox(OFF; // Select bytes 1 and 2

if (value >= 0x0800) // If the sign bit is 1, CLEAR it

{

value byte3 = value >> 8;
value_byte3 -= 0x0008;
value_byte3 = value_byte3 << §;

integer value = value _bytesl2 + value_byte3;

)

else if (value < 0x0800) // If the sign bit is 0, SET it

{

value_byte3 = value >> 8;
value_byte3 += (x0008;
value byte3 = value_byte3d << §;

integer value = value_bytesl2 + value_byte3;

}

return integer_ value; /7 Return the converted value

216



// PUBLIC FUNCTION: asciiVoltsConv
//
// FUNCTION CALL: asciiVoltsConv{const unsigned int value);
/7 ARGUMENTS : Integer value
/ RETURNS : Nothing
[ [ o e e
/7 DESCRIPTION: This function converts a 12-bit binary word to a
// BCD ascii decimal value
7/
/7 Resolution of this function is 1mv
/== ot 1 o e
void asciiVoltsConv(const unsigned int value)
{
int unitsint = 0; 7/ Initialise local variables
int tenthsInt = 0;
int hundredthsInt = 0;
int thousandthsInt = 0;
int n = yalue;
if (n >= (x04D%) // 1f there are 1Vs
{
unitsint = n/0x04D9;
units = agciiConvi{unitsint); 7/ convert to an ascii char
n = n§0x04D9; // the remainder is ready for more conversion
}
if {n >= 0x007C) /7 If there are 100mVs
{
tenthsint = n/0x007C;
tenths = asciiConv{tenthsint); // convert to an ascii char
n = n%0x007C; // the remainder is ready for more conversion
}
if (n >= 0x000C) // If there are 10mVs
{
hundredthsInt = n/0x000C;
hundredths = asciiConv{hundredthsiInt); /7 convert to an ascii char
n = n%0x000C; // the remainder is ready for more conversion
}
if (value >= 0x0001) /7 If there are 1lmVs
{
thousandthsInt = n/0x0001;
thousandths = agciiConv(thousandsiInt); // convert to an ascii char
n = n%0x0001; // the remainder is ready for more conversion
}
}
//
/7 PUBLIC FUNCTION: asciiConv
//
// FUNCTION CALL: asciiConv(const unsigned int value);
// ARGUMENTS : Integer Value
// RETURNS: Nothing
] om0 e
// DESCRIPTION: This function converts a 16-bit value to an 8-bit
// ascii character
[ 2 0 2 2 o
char asciiConv(const unsigned int value)
{
char no;
no = (char) (value & 0x0F); // Only select bits 0-3
if (no > 9) / If number is > 9
{
no = no + 0x37; // HNumber will be {A = 0x41, B = 0x42, C
// = 0x43 etc )
}
else
{
no = no + 0x30; // Number will be 0 - 9

return no;
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//

/7 INTERRUPT SERVICE ROUTINE (ISR): _UiTXInterrupt
//
// DESCRIPTION: This ISR clears the interrupt has occurred flag and
/7 then transmits a word of data
7§ = o e 2t 2 o
void attribute  ((__interrupt )) _UlTXInterrupt (void)
{
IFS0bits . U1TXIF = 0; 7/ Clear transmit interrupt has
// occurred flag
U1TXREG = {(int)OutData[txCount++]; 174 Write a single word to UART
if (txCount == TX_BUFFERSIZE)
{
IECObits .ULTXIE = 0; /7 Disable transmit interrupts since
all buffer values
// are transmitted
)
}
//
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ADC Testing — TestMIC.c

//
// ELECTRET CONDENSOR MICROPHONE TESTING
//
// BY: ROBYN VERRINDER
// Parts of this program were adapted from the
/7 Example Code for the dsPICDEM Low Cost Starter Board
// ADC12_UART.c (D'Souza, 5., 2003) [68] and
// the example code CE00l ADC_DSP_lib_FILTER ADC.c
// (Vasuki, H., 2005) [69].
// DATE: 06 MAY 2006
//
// PROCESSOR: dsPIC30F6014A
// BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD
// IDE: MPLAB IDE v7.30
/7 COMPILER: C30 C COMPILER
/7
7/ DESCRIPTION: This program tests the functioning of both the
/7 12-bit Analog to Digital Convertor (ADC) Module of
77 the dsPIC30F6014A and the Electret Condensor Microphone
/7 which can be connected to the socket J2 on the Vibration
// Data Logying Prototype Board.
//
// The data is outputed via the UART1 module to a PBC.
7/ Hyperterminal is used to view the data.
//
7/ The pin connections of the Electret Condesor Microphone (MK1)
/7 to the microcontroller are shown below.
/7
// Register descriptions are as in dsPIC30F Family Reference Manual
7/ Section 12: Timers, Section 18: 12 bit A/D Convertor and Section 19:
// UART [63].
7/
// XTAL FREQ (Fxtal): 10MHz
/7 MIPS: 20MIPS (XT PLLx8 Mode)
// TCY: 50ns
/7 Tconv: 20us {this value is greater than the 10us minimum)}
7/ Tad: 1.45us (calculated value using ADCS<5:0> bits)
//
SAMPLING FREQUENCIES FOR DEVICES:
£/ o om0 o 8 8 5 9 i 0
// ELECTRET MICROPHONE:
// fsound = 20Hz ~ 20kHz
// fmic = 50Hz - 13kHz
/7 let fmax = 10kHz
// fs D= 20kHz
7/ Fs = 20kHz
// SAMC<4:0> = 10101 (21)
// ADCS<5:0> = 111001 (57)
//
124 MK1: Electret Condensor Microphone
/7
// PIN OUTS:
// 1 = GND .....vvevevennnsans GROUND
// 2 = SIGNAL . .evevvnenrnonn QUTPUT SIGNAL
// 3 = BIAS ...ccievieonrannn BIAS VOLTAGE 3.3V - 12V
//
// PIN CONNECTIONS: (MKl to dsPIC30F6014A)
// GND = AGND
// SIGNAL (MIC_IN) -> U6 (PIN2) -> (PIN7) MIC_FILT -> JP6 -> MIC_ADC = AN1l (PIN 30)
7/ BIAS (VIA R22) = AVDD
//
7/ GAIN from MIC to dsPIC30F6014A ....... 2.2
// OFFSET VALUE FROM OPAMP .....c0civevee 1.67v ->» 0x0819
[
#include "p30f60l4a.h” // (Sinha, P., 2005) [64].
#include <math.h> 7/ Standard C Math header file
#include "dgPIC30F6014APins . h"
#include "common . h™
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/7 dsPIC30F6014A CONFIGURATION SETTINGS

[/mmmmmm—— -— - - B

144 CLOCK SWITCHING AND MONITOR ............... Sw Disabled, Mom Disabled
124 OSCILLATOR ...... cesenoes cesen e s e wereo XT w/PLL 8x

/7 WATCHDOG TIMER ........cc00n veesneeraseeoss Disabled

/7 MASTER CLEAR ENABLE ...... vereesne voersens . Enabled

/"’ POR TIMER VALUE .......... ssassanen cvesu e e 64ms

/7 GENERAL CODE SEGMENT CODE PROTECT ........» Disabled

/) mmmm— o o o e o

_FOSC (CSW_FSCM_OFF & XT_PLL8);
_FWDT (WDT_OFF) ;

_FBORPOR (MCLR_EN & PWRT_64);
_FGS (CODE_PROT_OFF) ;

P—— - e e
// FUNCTION DEFINITIONS
f = e e

void InitADC12 (void);
void InitUART] (void) ;

unsigned long RMSCalculation(unsigned int *dataPtr, int N);
void SendDatatoUART] (unsigned long data);

void asciiDecConv(const unsigned int value);

char asciiConv(unsigned int value);

void _.attribute__ ({__interzupt_)) _UlTXInterrupt(void);

[/ mmmm e e e et .
// ASCII BUFFERS FOR SERIAL DATA

f e e e e e
// BYTE NAME VALUE

7 o o e e e e
// 8 ... DATA<3> ........ 0%30 ........ Units

/7 T oeiieees L e O0%2F ...... .. Decimal Point

// 6 c.ivinnn DATA<2> ......0s 031 ........ Tenths

// 5 tenvienn DATA<1> ........ 0x32 ........ Hundredths

/7 4 .. DATACO> ........ 0x33 ........ Thousands

/7 K SPACE .......... Ox20

// 2 ieiaaens VY et 0x43

/7 1 e LE eieernens ... 0x0A

// 0 ..... . CR ....oonn ce.. 00D

/7 01 o o 0 8 e e

L A Sl - -

// GLOBAL VARIABLES

f e e e e e e e e e e e 2

unsigned int  *ADCbufferPtr; 7/ Pointer to ADChuff

unsigned int *ADCvaluePtr;
unsigned char txCount;

int RMS_value;
unsigned char ADC_becd = 0;

unsigned chaxr units;
unsigned char tenths;
unsigned char hundredths;
unsigned char thousandths;

unsigned char ADCValue[ADC BUFFERSIZE];

o o o e e e e e
/7 MAIN FUNCTION

7 o o e e e e e et B
int main (void)

InitUART1();
InitADCl2();

int i = 0; // Initalise Counter
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ADCONlbits.ADON = 1; // Turn the ADC Module ON

while (1) // Do forever
{
RMS_value = 0; // Reset RMS value
ADCbufferPtr = &ADCBUF(; // Point to the first value in the ADC
// buffer
ADCvaluePtr = &ADCValue
IFS0bits.ADIF = 0; /7 Clear 8 samples have been converted flag
ADCONlbits .ASARM = 1; // Sampling begins immediately after last
// conversion ends
while (!IFSObits.ADIF) // Wait for conversion to finish

{
/* NULL STATEMENT */;

}
ADCON1lbits .ASAM = (; /7 Sampling begins when SBMP bit is set

for (i=0; i<ADC_BUFFERSIZE; i++)
{
*ADCvaluePtr++ = *ADCbufferPtr++ — OFFSET; 7/ Subtract offset
/7 from each sample
}

RMS_value = RMSCalcultaion(ADCvaluePtr, ADC_BUFFERSIZE);

SendDatatoUARTL (RMS_value); // Send the data via UARTL to
/7 PC running HyperTerminal

}

PUBLIC FUNCTION: InitADCL2

FUNCTION CALL: InitADC12();

ARGUMENTS 3 Hone

RETURNS: Nothing

DESCRIPTION: Initialises the 12 bit Analogue to Digital Converter

All the registers are set as laid out below

SAMPLING RATE: 20 kHz

ADCON1 A/D CONTROL REGISTER 1 ADCON1 = (x03EQ

BIT NAME FUNCTION VALUE DESCRIPTION

15 ... ADONW ...... A/D OPERATING MODE ....... 0 ...... ADC is OFF

14 ........ fer e re e UNIMPLEMENTED .......... [ X

13 ...... ADSIDL .... STOP IN IDLE MODE ........ 0 ... Operates in IDLE mode

12 ittt UNIMPLEMENTED ....coveuaue 0 ... X

) N UNIMPLEMENTED ...cccvvuoas L1 X

10 t e i UNIMPLEMENTED .......00040 g ...... ¥

|- FORM<1> .. DATA OUTPUT FORMAT ....... 1 ...... Signed Fractional

| R FORM<O> 1 (DOUT = sddd dddd dddd 0000)

T e, SSRC«<2> .. CONVERSION TRIGGER SOURCE 1 ...... Internal counter ends

6 veiinonn SSRC<1> 1 sampling and starts

| S 3SRC<O> 1 conversion (Auto convert)

L N vo. UNIMPLEMENTED .......0000 g ...... X

3 it it e e UNIMPLEMENTED ....v0cc0004 0 conienn X

2 i ASAM ..... A/D SAMPLE AUTO START ... 0 ...... Sampling begins when SAMP bit
is set

) SAMP ..... A/D SAMPLE ENABLE ....... 0 ...... SAMP bit is auto set by ASAM
setting

0 i DONE ..... A/D CONVERSION STATUS ... 0 ...... Automatically cleared and set
by MCU

ADCONZ: A/D CONTROL REGISTER 2 ADCONZ = 0x0020

BIT NAME FUNCTION VALUE DESCRIPTION

15 ... VCFG<2> ... VOLTAGE REF CONFIG ...... 0 ...... A/D VREFH = AVDD

14 ..., VCFG<1> 0 A/D VREFL = AVSS

13 ... VCFG< 0> 0
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/7 12 i . . RESERVED ...c.h0. [ 0
/" T R UNIMPLEMENTED .....c00000 0 c00vno X
/7 10 ....... CSCHNA .. SCAN INPUTS ......cc..... 0 ...... Do not scan inputs
/7 9 . o veveeeess. UNIMPLEMENTED ....o.00:00 0 +coenn X
/ A veees. UNIMPLEMENTED ........... 0 ...... X
// T e BUFS ..... BUFFER FILL STATUS ...... 0 .... Buto set (1 = A/D is £filling
// 0x8-0xF find data
4 in 0x0-0x7; 0 = A/D is
// £illing Ox0-0x7 £ind
/7 data in O0x8-0xF)
/7 B creeinsrrseens evess UNIMPLEMENTED .........c.. 0 ...... X
7 | N SMPI<3> .. SAMP-CONV SEQ/INTERRUPT . 1 ...... Interrupts at the completion
/7 4 ..., ... SMPIK2> 0 of the conversion sequence
/7 3 e SMPI<1> 0 for each 8th sample/convert
// sequence
/7 2 00 .. SMPI<O> 0
// 1 oo BUFM ..... BUFFER MODE SELECT ...... 0 ...... Buffer configured as one 16-
/7 word buffer
// 0 ..ot ALTS ..... ALTERNATE INPUT SAMPLE .. 0 .. . Always use MUX A input
7/ multiplexer settings
£ e e e e e e e e e
// ADCONZ: A/D CONTROL REGISTER 3 ADCON3 = 0x1539
[ e e e e e e e e e
// BIT NAME FUNCTION VALUE DESCRIPTION
[ f o o e
// 8 J UNIMPLEMENTED .......00.. 0 .00 ... X
7/ 14 Lottt UNIMPLEMENTED ......cv.0 0 ...... X
/7 13 it raaaa UNIMPLEMENTED ....c0:0004 0 ...... X
/7 12 coeeeen SAMC<4> AUTO SAMPLE TIME ........ I ooeeas SAMC = 21Tad
// B SAMC<3> 0
/7 10 .. SAMC<2Z> 1
// 9 . R SAMC<1> 0
/! B ieiiaienn SAMC<0> 1
/! i . ADRC .. A/D CONVERSION CLK SOURCE 0 ...... Clock derived from system clk
/7 6 soceccrnoraniaona .. UNIMPLEMENTED .......c0c.0 0 ceoers X
7/ 5 ...0.... ADCS<5> .. A/D CONVERSION CLOCK .... 1 ...... TCY/2(ADCS<5:0> + 1) = 29TCY
/7 4 tiivann . ADCS<4> 1
7/ 3 ........ ADCS<3> 1
// 2 i ADCS<2> 0
// ... ADCS<1> 0
77 [+ ADCS<0> 1
[ e e et 8 2
// ADCHS A/D INPUT SELECT REGISTER ADCHS = 0x(Q00B
[/ o e e - 0t
// BIT NAME FUNCTION VALUE DESCRIPTION
/] e e e
// B, UNIMPLEMENTED .....0000:4 0 «.o.e X
/7 14 . iiviinn, Sav e UNIMPLEMENTED .....000000 [+ X
/7 13 Lo sesursons UNIMPLEMENTED .....c0000. 0 ..o X
7/ 12 ..o CHONB .. CHO~- INPUT SELECT MUXB .. 0 ...... NOT USED
/7 11 c.oeeeen CHONB<3> ., CHO+ INPUT SELECT MUXB .. 0 ...... NOT USED
// 10 ... CHONB<2> 0
/7 9 «v... CHONB<1> 0
// - CRONB<O> 0
// T oere e v sflociarans ., UNIMPLEMENTED ........... 0 ...... X
/7 6 .oon.n e recanansan UNIMPLEMENTED ....c.00000 0 i0cen X
/7 5 ieenns . seeraosas UNIMPLEMENTED .....c000.. 0 ...... X
/7 4 . . CHONA . CHO- INPUT SELECT MUXA .. 0 ...... NOT USED
// 3 ..., CHONA<3> . CHO+ INPUT SELECT MUXA .. 1 ...... Channel 0 positive input is
// AN11
// 2 (il CHONA<Z> 0
// N CHONA<1> 1
/7 0 cvnvvnen CHONA<O> 1
T o o e o 0 o ——
// ADPCFC: A/D PORT CONFIGURATION REGISTER ADPCFC = OXF7FF
J /=m0 o 0 2 i
j/ BIT NAME FUNCTION VALUE DESCRIPTION
2 —— e e e e o £ 0 £ e e e e 0
/7 15 .. PCFC<15> . ANALOG INPUT PIN CONFIG 1 ceveee X
7/ 14 ....... PCFG<14> 1 ..., X
/7 13 ..., PCFG<13> S X
// 12 ... PCFG<12> 1 .0eeen X
/7 11 ..., PCEG<11> 0 .... MIC_ADC
// 10 . PCFG<10> ) S X
// | PCEG<9> 1 ceines X
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// 8 cee... PCFG<8> D, %
// T oeeiennnn PCFG<T> 1 ee. X
7/ € erinnnn PCFG<6> 1...... X
// 5 virrnans PCFG<5> 1 ..., X
// 4 e PCFG<4> 1 ...... %
// kc SN PCFG<3> 1 eeees X
// 2 e PCPG<2> 1 ...... X
// 1 oieeeenes PCFG<1> 1 ..... . PGC
// 0 ..ovvnns PCFG<0> 1 ..., . PGD
[ f = om0 o e
// ADCSSL A/D INPUT SCAN SELECT REGISTER ADCSSL = 0x0000
7 7 ot e . o o o o
// BIT NAME FUNCTION VALUE DESCRIPTION
[ 2 2
// 15 ..., . CSSL<15> ., A/D INPUT PIN SCAN SELECT 0 ...... b4
// 14 ..... .. C85L<14> [/ X
// 13 ..., CSSL<13> 0 ..... R 4
// 12 cenenn CS5L<12> [ I X
// 11 ... CSSL<ll> 0 ... MIC_ADC
// 10 e £88L<10> 0 R 4
/7 9 veses. CSSL<Y> 0 ...... X
// 8 voe. £S55L<8> 0 covvns X
// i A CSSL<7> 0 .. . X
// € . oo CBSSL<E> 0 .ouv B 4
// 5 Liiiiane CSSL<S> 0 ...... X
// L CSSL<d> 0 cuvees X
// 3 e CS81<3> 0 eeenn X
// 2 e C88L<2> 0 .. 4
// b N Cs5L<1> 0 ...vn PGC
// [+ I CSSL<0> 0 civnns PGD
[ o 1 o e
void InitADC12 {void)
{
ADCON1 = Ox03E0;
ADCON2 = 0x0020;
ADCON3 = (x1539;
ADCHS = 0x0008B;
ADPCFG = OxFTFF;
ADCSSL = 0x0000;
IFS0bits .ADIF = 0; 124 Clear ADC interrupt has occurred flag
IECObits.ADIE = 0; / Disable ADC interrupts
}
//
// PUBLIC FUNCTION: InitUART1
//
// FUNCTION CALL: InitUART1();
/7 ARGUMENTS : None
/7 RETURNS: Nothing
{0 0 .
/ DESCRIPTION: Initialises the UART1 wmodule on the dsPIC30F6014a,
// The value of all the registers are laid out below
{9 e e
/7 BAUD RATE: 57600 bps
// DATR SIZE: 8 Bits
/ PARITY: No parity
// STOP BIT: 1 stop bit
[ o o
// U1MODE: UART1 MODE REGISTER UI1MODE = 0x8000
//’ ____________________________ i o e o P D P o e S D g7 S G S R AP R @ B o s R
// BIT NAME FUNCTION VALUE DESCRIPTION
J = e o o 2 2 e
// 15 ....... UARTEN . UART ENABLE BIT ......... 1 ..., UART is ENABLED
// 14 Liiinieinnaaans .. UNIMPLEMENTED ........... 0 ...vun b4
// 13 . USIDL . STOP IN IDLE MODE ....... 0 ...... Operates in IDLE mode
// 12 it iiiir it UNIMPLEMENTED ....... e 0 N 4
// e RESERVED ......ccovvunene 0 ... b4
// 10 ..., ALTIO . ALTERNATE I/0 SELECTION.. 0 ...... UART communicates using U1TX
// and UlRX I/0 pins
// L e RESERVED ......... [P [/ X
// e RESERVED ..¢..cvinvennnaae 0 .. . X
// T oereireas WAKE ..... WAKE-UP ON START BIT .. 0 ...... Wake-up disabled
// 6 iennnnn LPBACK . LOOPBACK MODE SELECT .... 0 ...... Loopback mode disabled
// 5 i ABAUD AUTO BAUD ENABLE ........ 0 ... Input to capture module from
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ICx pin

//
// 4 iiieanens tenaeo e UNIMPLEMENTED ..... veeees 0 Livaee X
/7 I T T . UNIMPLEMENTED ....c000000 0 c0ovoes X
/I 2 eiiaeen PDSEL<1> . PARITY AND DATA SELECTION 0 ...... 8-bit data
/7 1 ........ PDSEL<O> 0 No parity
/ 1 SPSEL .... STOP SELECTION .......... 0 ...... 1 Stop bit
[ e o e e - -— —-—
// UlsTa UART1 STATUS AND CONTROL REGISTER U1STA = 0x0000
[ = o o o -— -
// BIT NAME FUNCTIOR VALUE DESCRIPTION
[ o -———
// 15 .oouens UTXISEL .. TRANSMISSION INTERRUPT .. 0 ...... Interrupt when a character is
// transferred to shift register
1/ 14 .. snnnnnnnn UNIMPLEMENTED .....00000. 0 co.a0e X
/7 0 UNIMPLEMENTED ..... vrenss O s . X
// 12 ciiiiiernorancsnans . UNIMPLEMENTED .....c0000. 0 o0v.oe X
/7 11 ..., UTXBRK ... TRANSMIT BREAK .......... 0 ...... UlTX pin operates normally
/7 10 ....... UTXEN .... TRANSMIT ENABLE .......0. 0 ...... UART transmitter NOT ENABLED
/7 |- UTYXBF .... TRANSMIT BUFFER FULL .... 0 ...... (READ ONLY)
// 8 ........ TRMT ..... TRANSMIT SHIFT REG EMPTY 0 ...... (READ ONLY)
// 7 veeee... URKISEL<1> RECEIVE INTERRUPT MODE .. 0 ...... Intexrupt flag set when
/7 character is received
// 6 conenn URXISEL<O> 0
/7 |- S . ADDEN .... ADDRESS CHARCTER DETECT . 0 ...... Address detect mode disabled
/! 4 ,.ss400. RIDLE ..., RECEIVER IDLE ....:00400: 0 20vaon (READ ONLY)
/7 3 ........ PERR ,...,. PARITY ERROR STATUS ..... 0 ...... (READ ONLY)
/7 2 ........ FERR ,.... FRAMING ERROR STAUS ..... 0 ...... (READ ONLY)
// P OERR ..... RX BUFFER OVERRUN ERROR . 0 ...... (READ ONLY)
// 0 .oivnnes URXDA .... RX BUFFER DATA AVAILABLE. 0 ...... (READ ONLY)
l )= — - e
void InitUART1 (void)
{
UIMODE = 0x8000;
ylsTa = 0x0000;
UIBRG = ((FCY/16)/BauUD)-1; 1/ Sets the baud rate to 57600 baud
}
//
// PUBLIC FUNCTION: RMSCalculation
7/
// FUNCTION CALL: RMSCalculation{*dataPtx,N);
/7 BRGUMENTS: unsigned int *dataPtr,
/7 int ¥
/7 RETURNS ¢ unsigned long Result_RMS_calulation
// - -——
// DESCRIPTION: This routine takes an arrxay of length N and converts
// it into a single RMS value using the equation below
//
/ lr N 1
/7 RMSValue = T [ai)?] |
// b i=0 |
/7 i |
/ vt N 4
o ——— » - - - - -
unsigned int RMSCalculation(unsigned int *dataPtr, int N)
{
int L = 0; // Initialise counter
unsigned int squared value = 0; /7 Stores the Squared value
unsigned int sum = (; // Stores sum
unsigned int average = 0; // Stores average
signed int RMS_valueQl5 = 0; // Stores RMS value in Q1.15 format
unsigned int RMS_value = 0; // Stores RMS value in unsigned
// integer format
for (i=0;i<N;i++) // Convert all values in array
{
squared_value = pow(*dataPtr++,2); // Square each value
sum += squared_value; 7/ and sum them all together
}
average = sum/N; // Divide the sum by the number of
// values
// to find the average
RMS_valueQl5 = (int)sqrt(average); /7 Square root the average to find
// the RMS value
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RMS_value = Ql5toInteger (RMS_valueQl5); // Convert from Q1.15 to integer
return RMS value;

)

//

// PUBLIC FUNCTION: Ql5toInteger

//

// FUNCTION CALL: Ql5tolInteger{const signed int value):;

// ARGUMENTS : Integer value

// RETURNS : Unsigned int converted result

I o e e e e e e e e e

// DESCRIPTION: This function converts a 16-bit number in Q1.15

/7 data format to an unsigned integer

//

// Signed Fractional (Q1.15)

// (DOUT = sddd dddd dddd 0000)

//

// Unsigned Integer

// {DOUT = 0000 dddd dddd dddd)

[/ o o e o o o

unsigned int Ql5tolInteger(signed int value)

{

value = value>>4;

unsigned int value_bytesl2 = 0;
unsigned int value_byte3 = 0;
unsigned int integer value = 0;

value bytesl2 = value & Ox00FF;

if (value >= 0x0800)

{
value_byte3 = value >> 8;
value_byte3 -= (x0008;

value_byte3 = value_byte3 << 8;

integer_value = value_bytesl2 + value_byte3;

)

else if (value < 0x0800)
{
value_byte3 = value >> 8;
value_byte3 += 0x0008;

value_byte3 = value_byte3d << 8;

integer_value = value_bytesl2 + value byte3;

)

return integer_value;
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Initialise local variables

If there are 1lVs

convert to an ascii char

is ready for more conversion

If there are 100mVs

convert to an ascii char

is ready for more conversion

If there are 10mVs

convert to an ascii char

is ready for more conversion

If there are imVs

convert to an ascii char

is ready for more conversion

// PUBLIC FUNCTION: asciivVoltsConv
//
/7 FUNCTION CALL: asciiVoltsConv{const unsigned int value}:
// ARGUMENTS : Integer value
/7 RETURNS: Nothing
/om0 0 0 L ) 2
// DESCRIPTION: This function converts a 12-bit binary word to a
/7 BCD ascii decimal value
//
/7 Resolution of this function is lmV
J e
void asciiVoltsConv({const unsigned int value)
(
int unitsint = 0; //
int tenthsInt = 03
int hundredthsInt = (;
int thousandthsInt = 0;
int n = value;
1f (n >= (x04DY} //
¢
unitsint = n/0x04D9;
units = ascliConv(unitsInt); //
n = n$0x04D9; // the remainder
}
if (n >= 0x007C) /7
{
tenthsInt = n/0x007C;
tenths = asciiConv(tenthslInt); //
n = n%0x007C; // the remainder
}
if (n >= 0x000C) /7
{
hundredthsInt = n/0x000C;
hundredths = asciiConv{hundredthsInt); //
n = n¥0x000C; // the remainder
}
if (value >= 0x0001) //
{
thousandthsInt = n/0x0001;
thousandths = asciiConv(thousandsInt); /7
n = n%0x0001; // the remainder
}
}
/7
// PUBLIC FUNCTION: asciiConv
/7
// FUNCTION CALL: asciiConv(const unsigned int value);
// RRGUMENTS : Integer Value
// RETURNS: Nothing
/7= - ———— =
7/ DESCRIPTION: This function converts a 16-bit value to an 8-bit
// ascii character
/== - ———
char asciicConv(const unsigned int value)

char no;

no = (char) (value & O0xOF); 7/
if {no > 9) 7/
{
no = no + 0x37; //
/7
}
else
{
no = no + 0x30; //

return no;
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/7 INTERRUPT SERVICE ROUTINE (ISR): _UlTXInterrupt
//
// DESCRIPTION: This ISR clears the interrupt has occurred flag and
/7 then transmits a word of data
f e e e e e e e e e e e
void _attribute__((__interrupt__)) _UlTXInterrupt(void)
{
IFS0bits .ULTXIF = 0; // Clear transmit interrupt has
/7 occurred flag
ULTXREG = (int)OutData[txCount++]; // Write a single word to UART
if(txCount == TX BUFFERSIZE)
{
IECObits .ULTXIE = 0; 7/ Disable transmit interrupts since
all buffer values
// are transmitted
}
}
/7
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ADC Testing — TestMAX6608.c

/7

/7 MAX6608 LOW-VOLTAGE ANALOG TEMPERATURE SENSOR TESTING

/7

/7 BY: ROBYN VERRINDER

// Parts of this program were adapted from the

144 Example Code for UART Module on the dsPICDEM

/7 Low Cost Starter Board

/7 ADC12_UART.c (D’Souza, S., 2003} [é8].

/7 DATE: 07 MAY 2006

7/

/7 PROCESSOR: dsPIC30F6014A

// BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD

7/ IDE: MPLAB IDE v7.30

// COMPILER: €30 C COMPILER

//

/7 DESCRIPTION: This program tests the functioning of both the

// 12-bit Analog to Digital Convertor (ADC} Module of

/7 the dsPIC30F6014A and the Low voltage analog temperature

// sensor (MAX6608) onboard the Vibration Data Logging

// Prototype Board. Jumper JP7 must be connected.

//

7/ The temperature format is °C

//

/7 The data is outputed via the UARTL module to a PC.

/7 Hyperterminal is used to view the data. Jumpers on JP8 must be
// connected.

/7

/7 The pin connections of the MAX6608 (U7) to the microntroller
// are shown below. [46].

/7

// This code was mainly adapted from the example code for the UART module
// on the dsPICDEM Low Cost Starter Board (D'Souza, S., 2003) {68].
// The InitUART, DelayNmSec and ISR for the UART module

/7 were written by Microchip. The InitADC12 and

// SendtoUART routines were adapted from their code, while the
/7 asciiVoltsConv and asciiConv routines were written by Robyn Verrinder.
//

// Register descriptions are as in dsPIC30F Family Reference Manual
// Section 18: 12 bit A/D Convertor and Section 18: UART

/7 Microchip Technology Incorporated Reference Manual, 2003a) [63].
//

// XTAL FREQ (Fxtal): 10MHz

/7 MIPS: 20MIPS (XT PLLx8 Mode)

// TCY: 50ns

/7 ADC Resolution (bits): 12-bits

/7 ADC Resolution (mV): 0.806 uv (for a 3.3V supply)

/7

// u7: MAX6608 = Low-Voltage Analog Temperature Sensor

//

/7 PIN OUTS:

// 1 = HC ...evens veseeness NOT CONNECTED

/7 2 = GND ..evevsonronnonns GROUND

// 3 = - N vosee. MUST BE CONNECTED TO GND
7/ 4 = VOC tiisinnnnnnnsne ..o SUPPLY INPUT

/7 5 = QUT ..viveosoncnsna ... TEMPERATURE SENSOR OUTPUT
//

7/ PIN CONNECTIONS: (MAX6608 to dsPIC30F60144)

// vee = AVDD

// GND = AGND

/7 A = AGND

// QUT (TEMP) => JP7 -> TEMP_ADC = AN8 (PIN 27)

7/ T(°C) = (VOUT = 500mV)} / 10mv/°C

J o e e - - -

#include *p30£6014a.h" 7/ {8inha, P., 2005) [64].
#include "dsPIC30F6014AaPins . h"

#include "common. h®

[ o e e

7/ dsPIC30F6014A CONFIGURATION SETTINGS

f o e e e e e e

// CLOCK SWITCHING AND MONITOR ....cco00004 .s.. Sw Disabled, Mon Disabled

// OSCILLATOR ..... sesereacsnssen weeesserenseess KT w/PLL 8%

// WATCHDOG TIMER .....00:0. vaerosroses e . Disabled

// MASTER CLEAR ENABLE .....c0c00000000 vesesass Enabled



/7 POR TIMER VALUE ........ciinivrinoinncenonnas 64ms
// GENERAL CODE SEGMENT CODE PROTECT Ceeea Disabled
T

_FOSC{CSW_FSCM_OFF & XT_PLL8);
_FWDT (WDT_OFF) ;
_FBORPOR(MCLR_EN & PWRT 64}
_FGS (CODE_PROT_OFF) ;

= e 0 25 9 58 2 o
// FUNCTION DEFINITIONS

[ 1 om0 e e o
void InitADC12 {void);

void InitUART1 (void) ;

vold SendtoUART (void);

void DelayNmSec (unsigned int N);

void asciiDecConv({const unsigned int value);

char asciiConv{unsigned int value};

void _attribute__ ((__interrupt__)) _UlTXInterrupt (void);

[/ e
/7 ASCII BUFFERS FOR SERIAL DATA

J /o 1 2 e
/7 BYTE NAME VALUE

[/ e e e e e e e
/7 T i DATA<3> ........ 030 ........ Thousands

// 6 v .. DATA<2> ........ 0x31 ........ Hundreds

/7 [ DATA<I> ........ 0832 ........ Tens

// 4 .o, DATA<O> ...... .. 0x30 vevss Units

7/ 3 .., L 0x20 ........ Space

// 2 e, L oL 0x43 ,....... C (degrees Celcius)
7/ | 5 0x0R ........ New Line

// 0 ..... . (o] - S 0x0D ........ Character Return
o e e e e et

unsigned char

OutData [TX_BUFFERSIZE] = (0x30,0x31, 0x32,0x33, 0x20, 0x43, 0x0A, 0x0D};

L e i it

7/ GLOBAL VARIABLES

[/ e e e
unsigned char txCount;

int ADCValue = 0;
unsigned char units;
unsigned char tens;
unsigned char hundreds;
unsigned char thousands;
/7 MAIN FUNCTION
int main{void)
{

InitUARTL();

InitADC12();

while(l)

{
ADCONlbits . SAMP
DelayNmSec (20} ;
ADCONlbits.SAMP

= 1;
= 0;

while (!IFSObits.ADIF)
{

/* NULL STATEMENT */;

}
ADCValue = ADCBUFO0;

SendtoUART () ;
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/7
//
/7

//

Do forever

Start sampling
for 20ms
Stop sanpling

Wait for conversion to finish

Load 16~-bit ADCValue with the
result of the conversion
Send the data via UART1 to PC
running HyperTerminal



//

7/ PUBLIC FUNCTION: InitUARTL (D'Souza, S., 2003) [68].

//

/7 FUNCTION CALL: InitUART1();

// ARGUMENTS: None

/7 RETURNS : Nothing

[ o e e o

/7 DESCRIPTION: Initialises the UART1 module on the dsPIC30F6014A.

/7 The value of all the registers are laid ocut below

[/ o e o e o e -

/7 BAUD RATE: 57600 bps

// DATA SIZE: 8 Bits

/7 PARITY: No parity

// STOP BIT: 1 stop bit

/7 FLOW CONTROL: None

1 e e e i

/7 U1MODE: UART1 MODE REGISTER U1MODE = 0x8000

J ] o e e = e

/7 BIT HNAME FUNCTION VALUE DESCRIPTION

7 e - -— -

/7 15 ... UARTEN ... UART ENABLE BIT .......0. L s0iovnns UART is ENABLED

7/ 14 veveereeeesose. UNIMPLEMENTED ........... 0 .oov. X L
/7 13 ... USIDL .... STOP IN IDLE MODE ....... 0 ...... Operates in IDLE mode

/7 S . UNIMPLEMENTED ...... PR ¢ N X

/7 I RESERVED ...ccovvssvnanes 0 ... X

// 10 ... ALTIO .... ALTERNATE I/0 SELECTION.. 0 ...... URRT communicates using U1TX
77 and U1lRX I/0 pins

/7 9 (iiiirenseaas ceeves RESERVED ,....vvvenreoess 0 o0vuues X

7/ | N sreossscraceoe RESERVED ......00000000.0 0 o0uoe. X

/7 T oeriennes WAKE ..... WAKE~UP ON START BIT .... 0 ...... Wake-up disabled

// 6 covene .. LPBACK ... LOOPBACK MODE SELECT .... 0 ...... Loopback mode disabled

/7 5 ........ ABAUD .... AUTO BAUD ENABLE ........ 0 ...... Input to capture module from
// ICx pin

/7 4 .. sreeserseanses UNIMPLEMENTED ....cc0000. 0 ...... b4

// 2 UNIMPLEMENTED ........ eee 0 e X

7/ 2 eiav... PDSEL<1> . PARITY AND DATA SELECTION O ...... 8=-bit data

// oo, PDSEL<O> 0 No parity

/7 0 ...... o STSEL .... STOP SELECTION .....00040 0 ...... 1 Stop bit
b - e s 2

// UlsTA UART1 STATUS AND CONTROL REGISTER U1sTa = 0x0000

[ e e e - - -—— ——— -

/7 BIT NAME FUNCTION VALUE DESCRIPTION

A e L — 0 o

/7 15 ..., .+ UTXISEL .. TRANSMISSION IRTERRUPT .. 0 ...... Interrupt when a character is
// transferred to shift register
/7 14 ittt UNIMPLEMENTED ......0000 | X

// 13 ..o, veoss UNIMPLEMENTED .....:0use0 0 ...... X

// 12 o it i UNIMPLEMENTED ......c.004 0 ...... X

/7 ) UTXBRK ... TRANSMIT BREAK ......... .0 ...... ULTX pin operates normally
7/ 10 ...... . UTKXEN .... TRANSMIT ENABLE ..... oo O i . UART transmitter NOT ENABLED
/7 9 i UTXBF .... TRANSMIT BUFFER FULL .... 0 ...... (READ ONLY)

// - JP, TRMT ..... TRANSMIT SHIFT REG EMPTY 0 ...... (READ ONLY)

/7 T i URXISEL<1> RECEIVE INTERRUPT MODE .. 0 ...... Interrupt flag set when

// character is received

/7 6 erennns URXISEL<0> 0

// 5 .. ... ADDEN .... ADDRESS CHARCTER DETECT . 0 ...... Address detect mode disabled
/7 4 e RIDLE .... RECEIVER IDLE ......0.00 8 ..o (READ ONLY)

// 3 ... PERR ..... PARITY ERROR STATUS ..... 0 ..cu0s {READ ONLY)

/f 2 i FERR ..... FRAMING ERROR STAUS ..... 0 ...... {READ ONLY)

/7 J QCERR ,.... RX BUFFER OVERRUN ERROR . 0 ...... (READ ONLY)

// 0 iovvvenn URXDA .... RX BUFFER DATA AVAILABLE. 0 ...... {READ ONLY)

J = o o e - -———

void InitUART1 (void)

UIMODE = 0x8000;

UlsTA = 0x0000;

UIBRG = ((FCY/16)/BAUD)-1; /7 Sets the baud rate to 9600 baud
INTCONlbits.NSTDIS = 1; // Disable nested interrupts
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// PUBLIC FUNCTION: InitAbCl2

//

// FUNCTION CALL: InitADC12();

// ARGUMENTS : None

// RETURNS: Nothing

/o o 0

// DESCRIPTION: Intialises the 12 bit Analogue to Digital Converter

/7 All the registers are set as laid out below

J [ o

// ADCON1 a/D CONTROL REGISTER 1 ADCON1 = 0x0000

J e e e e e e e e o et

// BIT NAME FUNCTION VALUE DESCRIPTION

//==== e - - -

// 15 oonnne ADON ...... A/D OPERATING MODE ....... 0 ...... ADC is OFF

7/ 14 . e e . UNIMPLEMENTED ............ 0 ...... X

// 13 ..., ADSIDL STOP IN IDLE MODE ........ 0 ...... Operates in IDLE mode

// 12 i .. UNIMPLEMENTED .........0.. 0 .. . X

/7 B UNIMPLEMENTED ....... AP X

/7 ¢ esenen UNIMPLEMENTED ............ 0 Lo X

// - SN FORM<1> ., DATA OUTPUT FORMAT ...... P Unsigned Integer

/7 8 tiinvins FORM<0> ] {DOUT = 0000 dddd dddd dddd)
// T o .. S8RC<2> CONVERSION TRIGGER SOURCE 0 ...... Clearing SAMP bit ends

// - SSRC<1> ¢ sampling and starts

/7 |- T SSRC<0> 0 conversion

// N UNIMPLEMENTED ........... 0 vovene X

// 3 ... e i UNIMPLEMENTED ..... e 0 ...... X

// 2 i ASAM ..... A/D SAMPLE AUTO START ... 0 ..... Sampling begins when SAMP bit
/7 is set

// N SAMP ... A/D SAMPLE ENABLE ....... 0 ..... SAMP bit is auto set by ASAM
// setting

// [+ R DONE ..... A/D CONVERSION STATUS ... 0 ..... Automatically cleared and set
// by MCU

flmmmmm e e e e o i

// ADCON2: A/D CONTROL REGISTER 2 ADCON2 = 0x0000

/= mm m m  cc

/7 BIT NAME FUNCTION VALUE DESCRIPTION

{ /o e e e e 2 2 e e

// 15 ..., VCFG<2> ... VOLTAGE REF CONFIG ...... 0 «... A/D VREFH = AVDD

/7 14 ...... VCFG<1> 0 A/D VREFL = AVSS

/l 13 ..., VCFG<0> 0

// 12 it RESERVED ......... Cheanen 0

/7 1 «.. UNIMPLEMENTED ...... . 0 .v.u. X

// 10 ....... CSCNA . SCAN INPUTS ......... . [+ Do not scan inputs

// 2N UNIMPLEMENTED ..... veeees 0 L., X

/7 8 i e UNIMPLEMENTED ....... eeee 0 cia, b4

// T o BUFS ..... BUFFER FILL STATUS ...... 0 ...... Ruto set (1 = A/D is filling
/7 0x8-0xF find data

// in 0x0-0x7; 0 = A/D is

/7 filling 0x0~0x7 find

// data in 0x9-0xF)

/! B it e UNIMPLEMENTED ....... R X

/7 5 iheerenn SMPI<3> .. SAMP-CONV SEQ/INTERRUP 0 ...... Interrupts at the completion
7/ 4 iinnnns SMPI<2> 0 of the conversion sequence
77 3 ... .. SMPIK1> 1} for each sample/convert

// sequence

7/ 2 i SMPI<O> 0

// Loveerinen BUFM ..... BUFFER MODE SELECT ...... 0 vounnn Buffer configured as one 16-
// word buffer

/7 [ ALTS ... ALTERNATE INPUT SAMPLE .. 0 ...... Always use MUX A input

/7 multiplexer settings

e o e e e e

7/ ADCON3: A/D CONTROL REGISTER 3 ADCON3 = 0x0002

£ e o e e

// BIT NAME FUNCTION VALUE DESCRIPTION

{ o e e e 4 e 2 e

// 15 e e .. UNIMPLEMENTED ........... 0 ...... X

// T4t UNIMPLEMENTED .......... . 0. R

// b T UNIMPLEMENTED ........... [ X

// 12 ... SAMC<4> ., AUTO SAMPLE TIME ........ 0 ....., SAMC = 0Tad

// i S SAMC<3> 0

// 1 SAMC<2> 0

// - 2 SAMC<1> 0

/7 - SAMC<0> 0

// T ovrinenen ADRC ..... A/D CONVERSION CLK SOURCE 0 ...... Clock derived from system clk
// B ihiviirar e UNIMPLEMENTED ........... 0 ...t X

// - T ADCS<5> .. A/D CONVERSION CLOCK .... 0 .. . TCY/2(ADCS<5:0> + 1) = 1.5TCY

231



// 4 Linoinn. ADCS<4> 0

7/ 3 ... .. ADCS«<3> 0

/7 2 iieaean ADCS<2> 0

7/ 1. ve.. ADCS<1> 1

// [ ADCS<0> 0

/=== e et e e

/7 ADCHS: A/D INPUT SELECT REGISTER ADCHS = 0x0008
o e e o o o

/7 BIT NAME FUNCTION VALUE DESCRIPTION
] = e e e e e e e e e e e e

// 15 i iiiineaaaeans UNIMPLEMENTED ........... 0 ..... . X

/7 14 .. ... . vees UNIMPLEMENTED ....c0c000. 0. .o X

/7 TN UNIMPLEMENTED ......00000 0 «ovvee X

// 12 ....... CHONB .... CHO- INPUT SELECT MUXB .. 0 ...... NOT USED
77 11 .o CHONB<3> . CHO+ INPUT SELECT MUXB .. 0 ...... NOT USED
// 10 ....... CHONB<2> 0

// [ CHONB<1> 0

/7 8 ........ CHONB<O> 0

// P eeeo. UNIMPLEMENTED ........... [ I b4

/7 6 e e UNIMPLEMENTED ........... 0 ...... X

// - TN eeavees UNIMPLEMENTED ......00.. R ¢ R X

// 4 ... CHONA . CHO- INPUT SELECT MUXA .. 0 ...... NOT USED
7/ K CHONA<3> ., CHO+ INPUT SELECT MUXA .. 1 ...... Channel 0 positive input is
// BANE

7/ 2 i CHONA<2> 0

// 1 ciienens CHONA<1> 1

// O voivnnnn CHONA<O> 1

e e e e

/7 ADPCFC: A/D PORT CONFIGURATION REGISTER ADPCFC = (xFEFF
7 o o e 00

/7 BIT NAME FUNCTION VALUE DESCRIPTION
£ /= e o o - -

/7 15 ....... PCFC<15> . ANALOG INPUT PIN CONFIG . 1 ...... X

// 14 ....... PCFG<14> 1 ...... %

7/ 13 ..., PCFG<13> TN X

// 12 o PCFG<«12> 1 ...... %

// 11 ..., PCFG<ll> 1 ...... X

/7 10 ... PCFG<10> ..., X

// g ceer.. POCFG<YS> I 4

/7 8 ..., PCFG<8> 0 .. . TEMP_ADC
// T ovinnnnns PCFG<T> ... %

// [ PCFG<6> 1 ...... %

// - PCFG<5> 1 ...... X

// 4 ... PCFG<4> 1......%

// 3 ..., PCFG<3> 1., . X

/7 2 cieenn .. PCFG<2> 1...... %

// 1 0000000, PCFG<1> 1 ..., PGC

/7 0 .ovennnn PCFG<0> 1 ...... PGD

F A T - - -

x ADCSSL A/D INPUT SCAN SELECT REGISTER ADCSSL = 0x0000
// BIT NAME FUNCTION VALUE DESCRIPTION
[ e e e e ——————— -

// 15 oo, . €C8SL<15> ., A/D INPUT PIN SCAN SELECT 0 e X

// 14 ....... CSS8L<14> 0 ..ovn X

// 13 eee.. C8SL<13> [ X

// 12 ....... C88L«12> 0 ...... X

// 11 cee.. C8SL<1l> 0 ...... X

// 10 ..... .. C8SL<10> 0 .ovuuen b4

// 9 L. CSSL<9> 0 .. . X

/" S CSSL<B> | S TEMP_ADC
/7 T oeernvenns CS8LLT> [+ X

// [P CSSL<6> 0 .. . X

// 5 tenaenae CSSL<H> [\ X

// 4 ........ CSSIL<4> 0 ...... X

// 3 .. . C8SL<3> 0 . uvns X

7/ 2 sesee C8SL<2> [ X

// I ..v000.. CBSL<I> 0 ...000 PGC

// 0 ........ CSSL<O> 0 ... . PGD
A - —— o e e e

void InitADC12 (void)

ADCON1 = 0x0000;
ADCONZ = 0x0000;
ADCON3 0x0002;

232



ADCHS = 0x0008;
ADPCFG = OxFEFF;
ADCSSL = 0x0000;
ADCONlbits.ADON = 1; // Turn ADC ON
}
//
// PUBLIC FUNCTION: SendtoUART (Adapted from D'Souza, S., 2003} [68].
4
/7 FUNCTION CALL: $endtoUART () ;
// ARGUMENTS : None
/7 RETURNS : Nothing
o e e e e e e e e o
// DESCRIPTION: This routine transmits the data acquired from the ADC
// via UART1 to the PC running Hyperterminal
o e o e e e e e e 2 e
vold SendtoUART (void)
{
while (!{U1STAbits.TRMT) 7/ Wait until the TSR is empty
{
/* NULL STATEMENT */;
}
U1STAbLits UTKEN = 0; 7/ Disable transmission
ADCValue = (ADCValue - 0x026C)/0x000C; // T = (Vo - 500mV) /10mv
asciiDecConv (ADCValue);
OutData{0] = thousands;
OutData[l] = hundreds;
OutData[2] = tens;
Outhatal[3] = units;
txCount = 0; // Sets counter to 0
IFS0bits ULTXIF = 0; /7 Clear TX flag
IECObits . UITXIE = 1; /7 Enable interrupt
U18TA = 0x0000; // Clear all status bits
UlSTAbiLts . UTXEN = 1; // Start transmission
)
7/
/7 PUBLIC FUNCTION: asciiDecConv
//
/7 FUNCTION CALL: asciiDecConv{const unsigned int value);
/7 ARGUMENTS : Integer value
// RETURNS : Nothing
[ f o o 0t B
// DESCRIPTION: This function converts a 12-bit binary word to a
// BCD ascii decimal value
[ o e o £
void asciibDecConv{(const unsigned int value)
{
int unitsint = 0; /7 Initialise local variables
int tensInt = 0;
int hundredsInt = 0;
int thousandsInt = 0;
int n = yvalue;
if (n >= 1000) /7 If there are 1000s
{
thousandsInt = n/1000;
thousands = asciiConv{thousandsInt); // convert to an ascii char
n = n%1000; // the remainder is ready for more conversion
)
if (n >= 100) /7 If there are 100s
{
hundredsInt = n/100;
hundreds = asciiConv{hundredsInt); // convert to an ascii char
n = n%100; // the remainder is ready for more conversion
}
if (n >= 10) // I1f there are 10s
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tensInt = n/10; .
tens = asciiConv{tensiInt); // convert to an ascii char
n = n%10; /7 the remainder is ready for more conversion
}
if (value >= 1) /7
If there are 1s
{
unitsInt = n/l;
units = asciiConv(unitsint); // convert to an ascii char
n = n%li; /7 the remainder is ready for more conversion
}
}
//
// PUBLIC FUNCTION: asciiConv
/7
// FUNCTION CALL: asciiConv{const unsigned int value);
/7 ARGUMENTS : Integer Value
// RETURNS: Nothing
{2 e e 3 2 . 2 0 e e e
// DESCRIPTION: This function converts a 1l6-bit value to an 8-bit
// ascil character
/= e e e e e e e
char asciiConv{const unsigned int value)
{
char no;
no = {char) (value & O0x0F); /7 Only select bits 0-3
if (no > 9) // If number is > 9
{
no = no + 0x37; // Number will be (A = 0x4l, B = 0x42, C
/7 = 0x43 etc )
}
else
{
no = no + 0x30; 7/ Number will be 0 - 9
}
return no;
}
/1
/7 PUBLIC FUNCTION: DelayNmSec {D'Souza, S., 2003) ([68].
/7
// FUNCTION CALL: DelayNmSec (unsigned int N);
// ARGUMENTS: Number of millisecond N
// RETURNS : Nothing
f e e e e e e e e 0 0
/! DESCRIPTION: This function creates a lms to 65.5ms delay. For
// a ims delay N=1 for a 30ms delay N=30 etc
o o 4 0 2 o

vold DelayNmSec {unsigned int N)

{
unsigned int j

while (N-~)
{

H // Counter j

// Do while until N = 0

for (§=0;4 < MILLISEC;j++) // This creates a 1 mS delay

{
}

/* NULL STATEMENT */;
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// INTERRUPT SERVICE ROUTINE (ISR): _UlTXInterrupt (D'Souza, S., 2003) [REF**¥*%*¥*},
//
174 DESCRIPTION: This ISR clears the interrupt has occured flag and
// then transmits a word of data
]
void __attribute ((__interrzupt_ )) _UlTXInterrupt(void)
(
IFS0bits .ULTXIF = 0; // Clear transmit interrupt has occured flag
UITXREG = (int)OutData[txCount++]; // Write a single word to UART
if(txCount == TX BUFFERSIZE)
{
IECObits .ULTXIE = 0; /7 Disable transmit interrupts since
7/ all buffer values are transmitted
)
}
/7
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Memory Testing — TestMEMORYSTATUS.c

//

/7 AT45DB321B 32-MBIT DATAFLASH STATUS REGISTER TESTING

//

77 BY: ROBYN VERRINDER

// parts of this program were adapted from the source code

// to test the validity of the dataflash chip

// {Stowe, G., 2006) [65].

// DATE: 10 MAY 2006

/7

// PROCESSOR: dsPIC30FP6014A

/7 BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD

// IDE: MPLAB IDE v7.30

/7 COMPILER: C30 C COMPILER

//

// DESCRIPTION: This program tests the Atmel 32-Mbit Dataflash,

/7 AT45DB321B (U9) onboard the Vibratiom Data Logging

// Prototype Board. The dataflash chip is connected

/7 to the dsPIC30F6014A via one of the Serial Peripheral

// Interface (SPIl) modules on board the MCU.

//

/7 The AT45DB321B has an onboard status register. The

// contents of this register are sent to the dsPIC30F60142

/7 and are compared to the expecteéd value([65]

// If the Dataflash chip is intact LED2 is switch ON if it is

/7 not intact LED4 is switched ON.

//

7/ Parts of this code were adapted from code written for

// SPI2 module on board the dsPIC30Fxxxx chip which was attached
// to a Atmel 64-Mbit Dataflash chip AT45DB642 [65].

// The DataflashWorking routine was written by Stowe, G. while
/7 the SendReceiveByte, InitSPI1l and StatusofDataflash were adapted
/7 from his code. Main and InitPorts routines were written by Robyn
/7 Verrinder.

//

/7 Register descriptions are as in dsPIC30F Pamily Reference Manual
/7 Section 19: UART and Section 20: Serial Peripheral Interface (SPI)
// [63].

//

// U9: AT45DB321B = 32-Mbit Serial Data Flash

//

7/ CHIP: AT45DB321B 32-megabit DataFlash Chip

// INTERFACE: SPI (Serial Peripheral Interface)

//

// MEMORY SIZE: 32 Mbits

// BYTES/PAGE: 528 bytes/page

// PAGES/BLOCK: 8 blocks/page

// NO OF PAGES: 8192 pages

/7 NO OF BLOCKS: 1024 blocks

//

174 PIN QUTS:

// 1 GND ...... ., GROUND ......00viunns . SGND

// 2 - NC ........ NOT CONNECTED....00cus. X

// 3 = NC ... .. NOT CONNECTED ........ X

// 4 = [oF.: I CHIP SELECT ...veveons LOW = Selected, HIGH = Deselected
/7 S = SCK ....... SERIAL CLOCK ......... Can be clocked up to 20Mhz
// 6 = -5 S SERIAL INPUT ......... Input only, used to shift data into
// device

/7 7 = 1o 2N SERIAL OUTPUT ........ Output only, used to shift data out
// of device

7/ 8 = NC ..o nenn NOT CONNECTED ........ X

// 9 = NC ........ HOT CONNECTED ........ ¥

// i0 - NC ....0enn NOT CONNECTED ........ b4

/7 11 = NC .. .c0cnn NOT CONNECTED ........ X

/f 12 = NC ........ NOT CONNECTED ........ X

// i3 = NC ..hcines NOT CONNECTED ........ X

// 14 = NC ........ NOT CONNECTED ........ b4

// 15 = NC ....o0nn NOT CONNECTED ..... een &

// 16 = NC .....00 NOT CONNECTED ........ X

// 17 = NC ...... .. NOT CONNECTED ...... R 4

// 18 = NC ........ NOT CONNECTED ........ X

// 19 = NC ...ovves NOT CONNECTED ....... . X

/7 20 = NC ........ NOT CONNECTED ........ X



// 21 = HC ........ NOT CONNECTED ........ b 4

/7 22 = RC ...t HOT CONNECTED ........ X

// 23 = RDY/BUSY ,. READY/BUSY ........ ... Output pin - LOW = Device is BUSY
7/ 24 = RESET ..... CHIP RESET ........... LOW = reset chip, HIGH = normal
// cperation

// 25 = |1} . HARDWARE PAGE WRITE PROTECT LOW = cannot reprogramme lst
7/ 256 pages of main mem, HIGH =
// can programme

7/ 26 = NC ..., . NOT CONNECTED ........, X

// 27 = NC . . NOT CONNECTED ........ X

// 28 = Ve ...... POWER SUPPLY ...... . VDD

7/

124 PIN CONNECTIONS: (AT45DB321B to dsPIC30F6014A)

// vCe = VDD

// GND = SBGND

// SCK = SCK1 (PIN 45)

// 81 = B5DO1 (PIN 43)

// 50 = 5D11 (PIN 44)

// Ccs = RD8 (PIN 54)

// RDY/BUSY = RD9 (PIN 55)

1/ RESET = RD10 (PIN 56)

/7 WP = RD11 (PIN 57)

£ = o e e e e e e e et 2 e e e e

/4 AT45DB321B STATUS REGISTER - 8 BIT = 0xB4

f = e e e e e e e e e e e e e e e

/7 BIT7 = RDY/BUSY . vuvvernnvenoans LOW = busy, HIGH = not busy

// BIT6 = COMP .. ..virivreennennns LOW = data in main memory matches buffer, HIGH
/7 = at least 1 bit of data in main memory
/7 does not match data in buffer

// BITS = O Creenaeas Bits 5-2 = device density

// BIT4 = 1

// BIT3 = 0

/7 BIT2 = 1

/7 BIT1 = X

// BITO = X

F R ittt

#include "p30£6014a.h" // (Sinha, P., 2005) [64].

#include "dsPIC30F6014APins.h"

#include "AT45DB321B.h"

#include *common. h"

/[ == e e 1 e

// dsPIC30F6014A CONFIGURATION SETTINGS

/e e e e e e e e e e e e e

// CLOCK SWITCHING AND MONITOR . .c..vvevvrsoen Sw Disabled, Mon Disabled

// OSCILLATOR ..c.cvvunws T VIS, XT w/PLL 8x

// WATCHDOG TIMER ......... F Disabled

// MASTER CLEAR ENABLE ......cvvevvee vesveenae Enabled

// POR TIMER VALUE ........ Y o7 T Ceeraen 64ms

// GENERAL CODE SEGMENT CODE PROTECT ......... Disabled

J e e e e e e e e e e e e e e

_FOSC (CSW_FSCM_OFF & XT_PLL8);

_FWDT (WDT_OFF) ;

_FBORPOR (MCLR_EN & PWRT_64);

PGS (CODE_PROT_OFF) ;

[/ e e e e e e e e e e - ———

// FUNCTION DEFINITIONS

= e e o e e e e e e e

void InitSPIl(void);

void InitPoxrts {void);

unsigned char SendReceiveByte (unsigned char data);

unsigned char StatusofDataflash(void);

unsigned int DataflashWorking (void);

F e ot £ 0 2

// GLOBAL VARIABLES

f e e e

ungigned char dataflash_is_working; // Dataflash is working flag
o o e 2 2 2

// MAIN FUNCTION

7 e e o 0 0t .
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int

main{veold)

Tests to see i1f the status

register value is correct

Do forever

Normal Operation

If the dataflash chip is working

Turn LED2 ON

If the dataflash chip is NOT

working

Turn LED4 ON

InitPorts(); /7 Initialises Ports
InitSPIL(); // Initialises the SPI1 module
dataflash is_working = DataflashWorking(): 7/
//
while (1) //
{
RESET = 1: //
if (dataflash is_working==1) 7/
{
LED2 = 1; 7/
)
alse if (dataflash_is_working==0) //
7/
{
LED4 = 1; //
}

PUBLIC FUNCTION:

InitPorts

FUNCTION CALL: InitPoxts();

ARGUMENTS : None

RETURNS: Nothing

DESCRIPTION: Initialises the LED ports as OUTPUTs The values of all the registers

are laid out below

PORT D PIN DEFINITIONS TRISD = 0x020BE LATD = 0x0100
PIN USE TRISD LATD
RDO ... ..., OUTEUT ......... [T ¢ [ N X
RDI ... ieinnnne INPUT .....ch R O (ieniancans SEND
RD2 Ceeaesan . INPUT ....... eveees 1ol . P RECORD
RD3 Cersereeens INPUT ...... O T ¢ N ERASE
RD4 teseasans . OUTPUT cssseesas o 0 ..co0veen o X
RDS cereeuenas OUTPUT teseenen IEEEEE O teveooranns X
RD6 feescaenae . QUTPUT ....ccvvenee O o0 cesens 0 ... casaes X
RD7 vees . OUTPUT vee e e veraan B cinnninaas X
RD8  .........en QUTPUT B | O TP I ceee. C8
RDY ceee N z INPUT oovvennnnnnnn Ceare e 0 ciinerienn R_B
RD10 eseeans CUTPUT ... ve0vnncns e 0 covunn .o RESET
RD11 Pesevnens OUTPUT cecavsaes ereraaeeas 0 ..o EEERE WP
RD12 seseans OUTFUT vveasneses 0 coierainoiaon 0 covnennann X
RD13 Ceerasaaan QUTPUT Cersaeaes creanee 0 AP 4
RD14 setesceans OUTPUT e v L1 X
RDIS  ...... ‘e QUTPUT ........... T ¢ 0 .. teesae X

PORT F PIN DEFINITIONS TRISF = 0x0084 LATF = 0x0000
PIN USE TRISF LATF
RFO . P OUTPUT ...cevvvnons ceriesersen 0 cerness X
RF1  .....i0ss . OUTPUT ...vvevvuvse veerrenaes 0 ....... cees X
RF2 ceeasesaann INPUT ....iovnnnnnn eeaee ¢ . RX_0UT
RF3 cieiiinnnns OUTPUT ... vevnnses B oonse P ¢ TX_IN
RF4 Preseannaos OUTPUT .....0v0v00s cesan O cionnnnennn b4
RFS  ..ievnenen . CUTPUT ... .00 veneea 0 .0ne 0 civernenonns X
RF6 ceansaens OQUTPUT ....covevune O uene S SCK
RF7 rreareann INPUT .....v0vnn O 0 heevvennss 80
RFB  ..... . OUTPUT ....vevennss feesaaeas [ T s8I
RF9 .. ... .. NOT I/0 ........ T .. 0 covevvennns X
RFIO ........ . NOT I/0 vovvnvnnennn seraeenas 1 X
RFLL  .......... NOT I/70 vvevvnnnnns 0 oveen IR 0 cieenevnn. X
RFIZ  ....ov.enn NOT I/0 .vovvvnnnne 0 tuuenanns P pid
RF13 .......... NOT I/0 ....... F ¢ 1 . X
RF14  .......... NOT I/0 ........ P P X
RFLS  ........ . NOT I/0 .....vnunnn heereeraes L2 X




void InitPorts(void)
(
TRISD = 0x020E; // Port D I/0 direction
TRISF = 0x0084; /7 Port F I/0 direction
TRISC = 0x0000; // Port € 1/0 direction
TRISG = 0x0000; 7/ Port G I/0 direction
PORTC 0x0000; // Port C pins levels set to LOW
PORTG = 0x0000; // Port G pins levels set to LOW
PORTD = 0x0F00; // Port D latch settings set to 0
// {except CS, WP, RESET and
// READY/BUSY)
PORTF = 0x0000; /7 Port F latch settings set to 0
}
//
// PUBLIC FUNCTION: InitSPIl
//
1/ FUNCTION CALL: InitSPIL(};
/7 ARGUMENTS : None
7/ RETURNS : Nothing
[ e o e e e e e e e e e e
// DESCRIPTION: Initialises the SPIl1 module on the dsPIC30F6014A
// The values of all the registers are laid out below
/7 FSCLK: FCY/ (PRIMARY PRESCALE x SECONDARY PRESCALE)
// 1.67MHz
/o ot 2 0 o e
1/ SPILCON: SPI1 CONTROL REGISTER SPIICON = 0x0020
[ ] e o o e e e e e T e e e
// BIT NAME FUNCTION VALUE DESCRIPTION
[ o
/7 15 (it UNIMPLEMENTED ....¢c.00000 0 .o X
/7 14 ....... FRMEN . FRRMED SPI SUPPORT ...... 0 ..o Framed SPI support DISABLED
// 13 ....... SPIFSD FRAME SYNC PUL DIRECTION O ...... Frame sync pulse output
/7 (Master)
// 12 i e UNIMPLEMENTED ....0000vnn 0 e, N X
// 11 ..., DISSDO DISABLE SDO1 PIN ........ | SpOl pin is controlled by the
// module
/7 10 ...t MODE16 . WORD/BYTE COMMS ....... P A Communication is 8 bits wide
// - SMP ...... SPI DATA INPUT SAMP PHASE 0 ...... Input data sampled at middle
7/ of data output time
/7 8 ........ CKE ...... SPI CLOCK EDGE SELECT ... 0 ...... Serial output data changes on
// transition from IDLE CIK to
/7 ACTIVE CLK (SPIMODED)
// T o SSEN ..... SLAVE SELECT ENABLE ..... 0 ...... 8S pin not used by module.
/7 6 .iin.n CKP ...... SPI CLOCK POLARITY SELECT 0 ...... IDLE state for CLK is a HIGH
// 5 teinnnns MSTEN . MASTER MODE ENABLE ...... 1 ...... Master mode
7/ 4 ... SPRE<2> .. SECONDARY PRESCALE ...... 0 ...... Secondary Prescale 8:1
// 3 ... SPRE<1> 0
// RN SPRE<0> 0
// ) SN PPRE<1>... PRIMARY PRESCALE ..... 0 ...... Primary Prescale 64:1
// N PPRE<0> 0
e o e e
// SPI1STAT: SPI STATUS AND CONTROL REGISTER SPI1STAT = 0xB8000
] e e e o e
/7 BIT NAME FUNCTION VALUE DESCRIPTION
/£ 42 . 9 2 0 o
// 15 ....... SPIEN SPI ENABLE ,....0v00nuo000 1 ..000s SPI1 is DISABLED
7/ ) eeses UNIMPLEMENTED .......c00. 0 ...... X
// 13 ..., SPISIDL .. STOP IN IDLE MODE .... [ Operates in IDLE mode
// 12 i eeos UNIMPLEMENTED .....c.0005 0 ... X
// I oiieirnniionnnss UNIMPLEMENTED ....... . 0 connen X
/7 10 .. i esieranens . UNIMPLEMENTED ......c.00+ 0 I 4
/7 2 UNIMPLEMENTED ......c.. PR IO X
/7 - PN UNIMPLEMENTED ........00. 0 ..0vn X
// T it veres UNIMPLEMENTED .....c0000. 0 .o X
7/ 6 i SPIROV . RECEIVE OVERFLOW FLAG ... 0 ...... No overflow has occured(REARD
// ONLY)
// 1 N UNIMPLEMENTED ......00004 0 .o X
/7 L UNIMPLEMENTED ......0000. 0 ..evn X
// [ . . UNIMPLEMENTED ......000.. 0 ..vunn X
7/ 2 thieeisetae s UNIMPLEMENTED .....ccnecvs 0 ..0uee X .
/7 1 ..... . SPITBF ... SPI TRANSMIT BUFFER FULL 0 ...... Transmit started, SPILITXB is
// EMPTY (READ ONLY)
/7 [ SPIRBF ... SPI RECEIVE BUFFER FULL.. 0 ...... Receive is not complete,
/7 SPIIRXB is EMPTY (READ ONLY)
J o o o e e e e e e e



void InitSPIl(void)

Cs = 1; /7 Disable AT45DB321B
RESET = 1; // Normal Operation
WP = 1; /7 Can write to Dataflash chip
SPIICON = 0x0020;
SPI1STAT|= 0x8000; // Enable device and leave status of other
7/ bits
SPLISTATSE= OxFFBF; /7 SPIROV flag = 0; leaves all other bits
// the same
IFSObits.SPILIF = 0; // Clears SPI interrupt has occurred flag
IECObits .SPI1IE = 0; /7 Disables SPI interrupts
}
//
// PUBLIC FUNCTION: SendReceiveByte
/7
// FUNCTION CALL: SendReceiveByte(data):;
/7 ARGUMENTS : unsigned char data
// RETURNS : unsigned char byte_received
F e o e e e e e e -
/7 DESCRIPTION: Sends a 8bit byte to the AT45DB321B 32Mbit Data
7/ flash chip via the SPI data interface and returns
/7 the received byte,
e e o e e e —— -

ungigned char SendReceiveByte(unsigned char data)

{
SPI1BUF = data;
SPI1STAT &= 0xA003;

while (SPI1STATbits.SPITBF)

( /* NWULL STATEMENT */;
&hile (!SPI1STATbits.SPIRBF)
‘ /* NULL STATEMENT */;
}

return SPI1BUF;

//
/7
/"

//

7/

//
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Load 1 data byte into SPI1BUF -> SPILITXB
-> SPILSR
Leaves SPIEN, SPITBF and SPIRBF bits same

Wait until transfer is complete

Wait until receive is complete

Returns the received byte



PUBLIC FUNCTION:

StatusofDataflash

ARGUMENTS: None

RETURNS: unsigned char status_register
[ o e e

DESCRIPTION:

FUNCTION CALL:

unsigned char

{

StatusofDataflash();

This function returns the value of status register

on the Atmel 32-Mbit Dataflash AT45DB321B.

StatusofDataflash (void)

unsigned char status_registex;

cs = 0;

SendReceiveByte (CMD_READ_STATUSREG) ;
status_register = SendReceiveByte (0x00);

return status_register;

/7
/!
/"
/7
//
//

//
//

Value of the status regsister
ENABLE AT45DB321B Dataflash chip
Send read status register command
Dummy write to recieve status
register value

DISABLE AT45DB321B Dataflash chip

Returns the value of the status
register

PUBLIC FUNCTION:

DataflashWorking

FUNCTION CALL: DataflashWorking();

unsigned char dataflash_working (either TRUE or FALSE)

ARGUMENTS ; None
RETURNS :

£ o e
DESCRIPTION: This function determines whether the value of the

dataflash status register is the expected value or not

unsigned int DataflashWorking(void)

{

unsigned char status;

unsigned int device good;

status = StatusofDataflash();

if

}
return

(status == (xBd4)

device _good = 1;

device_good = (;

device_good;

’
/
//
//
//

/7
//

Initialise local varible to store
status register contents
Initialise device is good flag

Store value of status register
Selects the device density bits
32-Mbit = 1101

If device is working the status
register is 10110100
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Memory Testing — TestMEMORY.c

//

/7 AT45DB321B 32-MBIT DATAFLASH MEMORY TESTING

//

// BY: ROBYN VERRINDER

/7 Parts of this program were adapted from the source code
// to test the validity of the dataflash chip

// (Stowe, G., 2006) [65].

//

// DATE: 10 MAY 2006

//

// PROCESSOR: dsPIC30F6014A

// BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD

// IDE: MPLAB IDE v7.30

/7 COMPILER: C30 ¢ COMPILER

//

/7 DESCRIPTION: This program tests the Atmel 32-Mbit Dataflash,

// AT45DB321B (U9) onboard the Vibration Data Logging

// Prototype Board. The dataflash chip is connected

// to the dsPIC30F6014A via one of the Serial Peripheral
// Interface (SPIl) modules on board the MCU.

7/

/7 A buffer containing 20 ‘A’charactexs is written

// to the dataflash. The data is sent back to the

// dsPIC30F6014A processor where it is compared to the

// sent value, If they are equal the write/read operation
// tock place correctly and LED2 is turned ON. If they

// are not equal the write/read operation failed.

//

// Parts of this code were adapted from code written for
/7 SPI2 module on board the dsPIC30Fxxxx chip which was attached
// to a Atmel 64-Mbit Dataflash chip AT45DB642 [65].

7/ The InitSPI1l, SendReceiveByte,WritetoBuffer ReadfromDataflash routines
// were adapted from code written by Stowe, G [65]. Main and InitPorts
// routines were written by Robyn Verrinder.

/7

/7 Register descriptions are as in dsPIC30F Family Reference Manual
/7 Section 19: UART and Section 20: Serial Peripheral Interface (SPI)
// {63].

//

// U9: AT45DB321B = 32-Mbit Serial Data Flash

//

// CHIP: AT45DB321B 32-megabit DataFlash Chip

/7 INTERFACE: SPI (Serial Peripheral Interface)

//

/7 MEMORY SIZE: 32 Mbits

// BYTES/PAGE: 528 bytes/page

// PAGES/BLOCK : 8 blocks/page

// NO OF PAGES: 8192 pages

7/ NO OF BLOCKS: 1024 blocks

//

#include "p30£6014a.h" // (Sinha, P., 2005) ([64}.
#include "dsPIC30F6014APins . h"

#include "AT45DB321B.h"

#include "common.h"

£ = e e

// dsPIC30F6014A CONFIGURATION SETTINGS

e e e e e et e

/7 CLOCK SWITCHING AND MONITOR ...voveionsonan Sw Disabled, Mon Disabled
// OSCILLATOR ...ovvcee seevsecsnnen vessvevssses XT w/PLL Bx

/7 WATCHDOG TIMER .....00000s0000cs00c00 veos». Disabled

// MASTER CLEAR ENABLE ... 0ocvvtvnosvavcncsvnns Enabled

// POR TIMER VALUE .....0c0ccaveoasn eeenacsas. B4ms

// GENERAL CODE SEGMENT CODE PROTECT ...ccuses Disabled

J e et 2 e

_FOSC(CSW_FSCM_OFF & XT_PLL8);
"FWDT (WDT_OFF) ;

_FBORPOR (MCLR_EN & PWRT_64);
"FGS (CODE_PROT_OFF) ;
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void InitUBRTI (void);
void InitSPIL(void);
void InitPorts{veid);

unsigned char SendReceiveByte(unsigned char data);

void EraseDataflash(void);

void WritetoBuffer (unsigned char buffer, unsigned short address,
unsigned char data{], unsigned short length);

void ReadfromBuffer (unsigned char buffer, unsigned short address,
unsigned char *returned_data, unsigned short length);

/] m o om0 e

// BUFFER CONSTANTS

[ [ o om0t

$#define BUFFER1 0x01

#define BUFFER2 0x02

{4 e e

// GLOBAL FLAGS

[ =m0

unsigned int mem _is clear = 0; // Main memory is empty flag

unsigned int mem_is_ full = 0; /7 Main memory is full flag

/e om0

// GLOBAL VARIABLES

I [ e ot

unsigned short length = 20; // Length of data array

unsigned short address= 0x0000; /7 Address in buffer

unsigned char df20]; 7/ Value to be transmitted

unsigned char read dataf20}; // Read value

unsigned char *rdptr; /! Pointer to Read Values

/[ om0

// MAIN FUNCTION

/e e e e e e

int main(void)

{
InitPorts (); // Initialises Ports
InitSPI1(); 7/ Initialises the SPI1 module
EraseDataflash(); /7 Erase the Dataflash Chip
int i; 7/ Initialise counter i

for (i=0;i<length;i++)
{

dafi} = 'A’;
}

rdptr = &read data0});
unsigned char =x = 4{10];

WritetoBuffer (BUFFERL, address,d, length);
ReadfromBuffer (BUFFER], address, *rdptr, length) ;

unsigned char y = read data{l0];

while (!READY_BUSY) // Check to see if chip is busy
{

/* BULL STATEMENT */;
)

while (1)
{
if (y == x)
{
LED2 = 1;
}
else
{
LED4 = 1;
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/7 PUBLIC PUNCTION: InitPorts
/!
/7 FUNCTION CALL: InitPorts();
11 ARGUMENTS : None
// RETURNS: Nothing
//- o e o e e e - -
7/ DESCRIPTION: Initialises the LED ports as OUTPUTs The values of all the registers
// are laid out below
// - - 2 0 e
// PORT D PIN DEFINITIONS TRISD = 0x020E LATD = 0x0100
o ——— -
/7 PIN USE TRISD LATD
/e m——— o o o
7/ RDO . . QUTPUT ....cvivivens 0 crvennnn vee 0 e . X
7/ RDI ... INPUT ....evironnos 1 ..... ceas [ .. SEND
/7 RD2 sesaes INPUT ....cccvnnens 1 cevennne L RECORD
/7 RD3  ...viiieen. INPUT ..evivvnvnnes b oevieniannn. 0 ciivevnnnns ERASE
/7 RD4  ....... . OQUTPUT .....ccvnese 1 N RN b4
// RDS L. ieieions QUTPUT ....... P ¢ ¢ T X
// RDE  .iivvvnenns QUTPUT ...covervons 4 1 X
/7 RD7 eseeneusses QUIPUT .. v ivvonnan 0. . o 0. setenens p 4
// RDB csean B QUTPUT ... vvnvanea 0 oiininennns N cs
// BDS  oeieiiinans INPUT o.vvvnvennnn. U 0 tiiiiennn R_B
// RD1O .......... QUTPUT ....c.vews PR ¢ R ¢ RESET
// RD11  ........n. OUTPUT .....veeevnn 0 cievennenne 0 ciiiennnnss WP
// RDIZ .. ovevins QUTPUT ..vvvvvvncos 0 coviivennne L X
7/ 307 1 N QUTPUT ...ovorvvans . 0. P R 0 tevvinsnans X
/7 RDI4 .. ........ OUTPUT ............ O . 0. .. o X
// RDIS ... ..ua . QUTPUT . P | H P ¢ v X
] et s e . . e
/7 PORT F: PIN DEFINITIONS TRISF = (x0084 LATF = 0x0000
o ot e e
/7 PIN USE TRISF LATF
[/ e e o e
7/ RFO . iiereenns QUTPUT . .vvvvvrrnne 0 vovvvnunrne 0 ..o ceee X
/7 RF1 sess e QUTPUT . ...c0vne0vee 0 cierinnnnns 4 X
/7 RF2Z  ...ivvion . INPUT oovveensnsnns b iinnnenansns 0 cevvvnnin .. RX_OUT
/t RF3 e QUTPUT +vvvvnnnonnss (R B ciininrnns TH_IN
/7 R4 csesnes . QUTPUT . ovavnaoen [P ¢ T 0 coennennns 4
/7 RFS . i OUTPUT ... cvvvvvees O P ¢ RPN X
/! RFE . .ivenenans QUITPUT ....vvvvenne 0 hoinneeasnes O, sesees SCK
/! RET  ciivernenss INPUT ...evvvonnose 1 tinenennns . 0. ssen . 80
/7 RFE .. ..ivrnns. QUTPUT . ..vevvonvor @ tovanernonse @ 2uos . SI
/7 RF9 . ..ivrnnnes NOT I/0 cuvevvnnoae 0 cuvvnnnnn g-.. ceenes X
/! RFIO  ....... . NOT I/0 vvvwvnnnens @ tivnnnes 0 ..vvinere.. X
7/ RF11I .. ivivenes NOT I/0 ¢ B it b4
// CRF12 L NOT I/0 v.vvinnnnns [ f 0 e X
/7 RFI3  ...... ... NOT I/0 vvvavunons 1 L b4
/! RF14 > HOT I/0 vivveneinns 1 0 .ivevvornns X
/7 RF15  ....... . NOT I/O0 vvvennonans 0 ceinvninnnns [ N X
[ [ o e o e et e e
void InitPorts (void)
{
TRISD = 0x020E; 7/ Port D I/O direction
TRISF = 0x0084; // Port F I/0 direction
TRISC = 0x0000; // Port C I/0 direction
TRISG = 0x0000; // Port G I/0 direction
PORTC = 0x0000; /7 Port C pins levels set to LOW
PORTG = 0x0000; // Port G pins levels set to LOW
PORTD = 0x0F00; // Port D latch settings set to 0
// (except CS, WP, RESET and
// READY/BUSY)
PORTF = 0x0000; // Port F latch settings set to 0
)
7/
// PUBLIC FUNCTION: InitSPI1
//
/7 FUNCTION CALL: Init8PI1{):
// ARGUMENTS : None
// RETURNS : Nothing
// o o e - e o e e i
// DESCRIPTION: Initialises the SPI1 module on the dsPIC30F6014A
// The values of all the registers are laid out below
/! FSCLK: FCY/ (PRIMARY PRESCALE x SECONDARY PRESCALE)
// 1.67MHz
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SPIICON: SPI1 CONTROL REGISTER SPIICON = 0x0020
BIT NAME FUNCTION VALUE DESCRIPTION
15 oo... ' [ UNIMPLEMENTED .......... 0L X
14 ....... FRMEN FRAMED SPI SUPPORT ..... N ¢ R Framed SPI support DISABLED
13 . SPIFSD FRAME SYNC PUL DIRECTION O ...... Frame sync pulse output
(Master)
12 i et UNIMPLEMENTED ..........0. 0 . ees X
11 ....... DISSDO DISABLE SDO1 PIN ........ 0 ... SDO1l pin is controlled by the
module
10 ..., MODE16 . WORD/BYTE COMMS ......... 0 ...... Communication is 8 bits wide
N BMP ...... SPI DATA INPUT SAMP PHASE 0 ...... Input data sampled at middle
of data output time
B ceviieons CKE ...... SPI CLOCK EDGE SELECT ... 0 ...... Serial output data changes on
transition from IDLE CLK to
ACTIVE CLK (SPIMODEOQ)
T s SSEN ..... SLAVE SELECT ENABLE ..... 0 ..0... 85 pin not used by module.
6 ceriaens CKP ...... SPI CLOCK POLARITY SELECT 0 ...... IDLE state for CLK is a HIGH
5 . . MSTEN . MASTER MODE ENABLE ...... [ Master mode
4 ... SPRE<2> SECONDARY PRESCALE ...... 0 oo Secondary Prescale 8:1
K N SPRE<1> 0
2 e SPRE<0> 0
T vernvnnn PPRE<L> PRIMARY PRESCALE ........ 0 ...... Primary Prescale 64:1
0 .oiinenn PPRE<(> [
SPI1STAT: SPI STATUS AND CONTROL REGISTER SPILSTAT = (0x8000
BIT NAME FUNCTION VALUE DESCRIPTION
15 ... SPIEN SPYI ENABLE ......ccvnunne | SPI1 is DISABLED
1 UNIMPLEMENTED ......... .. [+ N X
13 ...0nn SPISIDL STOP IN IDLE MODE ....... 0 ..., Operates in IDLE mode
O UNIMPLEMENTED .....c0v004 0 . o X
11 srreersaraser e UNIMPLEMENTED ...... PN 0 ...... X
10 Lo UNIMPLEMENTED ...... 000 0 .. o0h X
L «o UNIMPLEMENTED ........... 0 ...ou X
B veivnann . sesensan UNIMPLEMENTED .....000004 0 ..... . X
T it aescanreosaannon UNIMPLEMENTED ....cevrane 0 .o X
[ SPIROV . RECEIVE OVERFLOW FLAG ... 0 ...... No overflow has occured (READ
ONLY)
1 UNIMPLEMENTED ........... 0 .vuee X
d it ei e i e UNIMPLEMENTED .....c000000 0 ...ou.e X
3 it UNIMPLEMENTED .....c0000. 0 .. . X
- UNIMPLEMENTED ........... 0 ...... X
1 ieevane SPITBF SPI TRANSMIT BUFFER FULL 0 ...... Transmit started, SPI1ITXB is
EMPTY (READ ONLY)
[+ H SPIRBF SPI RECEIVE BUFFER FULL.. 0 ...... Receive is not complete,
SPIIRXB is EMPTY (READ ONLY)
InitSPI1 (void)
[of] = 1; // Disable AT45DB321B
RESET = 1; 7/ Normal Operation
wp = 1; // Can write to Dataflash chip
SPIICON = 0x0020;
SPI1STAT|= 0x8000; // Enable device and leave status of other
7/ bits
SPI1STAT&= OxFFBF; // SPIROV flag = 0; leaves all other bits
// the same
IFS0bits . SPILIF = 0O 7/ Clears SPI interrupt has occurred flag
IECObits.SPI1IE = 0; // Disables SPI interrupts



//
/
/"
/
7/
/
/"
//
//
/"

un

(

PUBLIC FUNCTION: SendReceiveByte
FUNCTION CALL: SendReceiveByte (data);
ARGUMENTS : unsigned char data

RETURNS : unsigned char byte_received

DESCRIPTION: Sends & 8bit byte to the AT45DB321B 32Mbit Data
flash chip via the SPI data interface and returns
the received byte.

signed char SendReceiveByte(unsigned char data)

SPI1BUF = data; /f Load 1 data byte into SPI1BUF -> SPILTXB
// => SPI1SR

SPILSTAT &= OxA003; // Leaves SPIEN, SPITBF and SPIRBF bits same

while (SPI1STATbits.SPITBF) // Wait until transfer is complete

{
/* NULL STATEMENT */;
}
while (!SPI1STATbits.SPIRBF) /7 Wait until receive is complete
{
/* NULL STATEMENT */;
}

return SPI1BUF; // Returns the received byte
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PUBLIC FUNCTION: Erase

FUNCTION CALL: Erase();
ARGUMENTS :
RETURNS :

DESCRIPTION:

None
Nothing

Erases entire data flash, block by block by making
all values 1

ERASE INSTRUCTION FORMAT:

CCCC CCCC RRAA AAAR ARRY XXX XXX HAXX
8bit command, 2bits reserved, 9bit address, 13 don’t care bits

MEMORY SIZE: 32 Mbits
BYTES/PAGE: 528
PAGES/BLOCK: 8
NO OF PAGES: 8192
NO OF BLOCKS: 1024
o o e e 8
Erase(void)
ERASE_LED = 1; // Turn erase led ON
static unsigned int block_counter = 0; // Number of blocks erased counter
mem is_clear = 1; /7 Set main memory is empty flag
mem_is_full = 0; /" Clear main memory is full flag
while (block_counter < 1024) // Do until all the pages have been
/7 erased
{
cs = 0; /7 ENABLE AT45DB321B Dataflash chip
SendReceiveByte (CMD_ERASE_BLOCK); /7 Send erase block command
SendReceiveByte ( (char) (block_counter >> 3)); // Puts address in correct
// erase instruction
// format
SendReceiveByte ((char) {block_counter << 5)};
SendReceiveByte (0x00); // Don't care bits
cs = 1; // DISABLE AT45DB321B Dataflash chip
block_counter++; // Increment block counter
while (!READY BUSY)
{
/* NULL STATEMENT *+/; // Wait until the chip has completed
// the erase
)
}
ERASE_LED = 0; // Turn erase led OFF
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PUBLIC FUNCTION: WritetoBuffer

7/

FUNCTION CRALL: WritetoBuffer({buffer, address, “data, offset, length};
ARGUMENTS: unsigned char buffer

unsigned short address

unsigned char *data

unsigned short offset

unsigned short length
RETURNS: Nothing

DESCRIPTION: Writes a data from an offset in a data array of a
specified length to the AT45DB321B 32Mbit Data Flash
Chip's buffer at an address

WRITE TO BUFFER COMMAND FORMAT:
CCCC CCCC XXXX XXXX XXXX ¥XAA AAAA AAAA DDDD DDDD
8bit command, l4bits dont care, 10bit address, 8bits of data

WritetoBuffer (unsigned char buffer, unsigned short address,
unsigned char datal], unsigned short length)

RECORD_LED = 1; // Turn ON the Record led

unsigned int i;
while ({READY_BUSY) // Check to see if chip is busy
{
/* NULL STATEMENT */;
}

WRITES DATA TO BUFFER 1

Cs = 0; /7 ENABLE AT45DB321B Dataflash chip
if (buffer = BUFFER1) // If Buffer is 1
{
SendReceiveByte (CMD_WRITE_BUFFERL); // Then send write to buffer 1
7/ command
}
else
{
SendReceiveByte (CMD_WRITE BUFFER2}; // Else send write to buffer 2
// command
}
SendReceiveByte (0x00) ; /7 Don't care bits
SendReceiveByte (address>> 8); 24 Don't care bits and lst 2 bits of
/7 address
SendReceiveByte (address); /7 Buffer address

for (i=0;i<length;i++)
{

SendReceiveByte (datalil);
}

Cs = 1; // DISABLE AT45DB321B Dataflash chip

RECORD_LED = 0; // Turn OFF the Record led
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// PUBLIC FUNCTION: ReadfromBuffer

//

// FUNCTION CALL: ReadfromBuffer (buffer, address, *data, offset, length);
/7 BRGUMENTS : unsigned char buffer

// unsigned int address

// unsigned char *data

// unsigned int length

// RETURNS : Nothing

e e e e e e 2 e e

7 DESCRIPTION: Transfers the contents of the active buffer

// of the AT45DB321B Dataflash via the UARRT module

// to a PC running Hyperterminal

//

/7 READ FROM ACTIVE BUFFER COMMBND FORMAT:

// CCCC CCCC XXYHX XXXY XXX XHAM ABAA AAAA XXXX XAXXK

// 8bit command, 14bits dont care, 10bit address, 8bits don't care
J /e e e e e e e e e e e e e e ————

void ReadfromBuffer (unsigned char buffer, unsigned int address,
unsigned char *returned data, unsigned int length)

SEND_LED = 1; 7/ Turn ON the Send led
unsigned int i;
while {!READY_BUSY) /7 Check to see if chip is busy

{
/* NULL STATEMENT */;

)

/7 READS DATA FROM BUFFER 1
cs = 0; // ENABLE AT45DB321B Dataflash chip
if (buffer = BUFFER1) // If Buffer is 1
{
SendReceiveByte {CMD_READ_BUFFER1) ; / Then send read from
// buffer 1 command
)
else
{
SendReceiveByte (CMD_READ_ BUFFER2); / Else send read from
// buffer 2 command
}
SendReceiveByte (0x00); /7 Don't care bits
SendReceiveByte (address>> 8}; // Don't care bits and 1st 2 bits of address
SendReceiveByte (address); // Buffer address
SendReceiveByte {0x00) ; /7 Don't care bits
for (i=0:i<length;i++}
{
*returned_data++ = SendReceiveByte {0x00};
}
cs = 1; // DISABLE AT45DB321B Dataflash chip
SEND_LED = ¢; /7 Turn OFF the Send led
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