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2. Background Research

Robotics technology has made significant advances over the years and as a result robots have
considerable effects on several facets of life in the present age. The majority of robots can be
found in the industrial realm, where they effortlessly and quickly perform tasks ranging from
assembly of vehicles, pick and place operations to quality inspection of products with precision
and efficiency far superior to that of human workers [2]. Their usefulness and effectiveness in
_ addition to continual technological progresses in robotics has gained the attention of profes-
sionals in areas outside the industrial environment. Today robots are involved in fields such as
space and deep sea exploration,healthcare and military combat, to name a few.

The implementation of MRPs is poles apart from that of robots in factory settings. Unlike
factory robots, where the environment is highly structured and constantly monitored, explorer
robots have to deal with dynamic, unstructured and highly complex environments. This differ-
ence can be seen in the way these units are constructed and it is the reason for the relentless
research and development in these fields. The following sections will explore the RoboCup
Rescue environment and will be followed by an overview of the previous development of Ra-
tel. Thereafter the desired features of the rescue robot that will make it deployable will be
presented.

2.1. RoboCup Rescue Competition

Rescue robotics is an emerging technology and hence this field still has the need for significant
impravements in numerous areas. Consequently competitions, such as RoboCup Rescue,
have been created to promote research and development in mobility and artificial intelligence,
amongst other areas. This competition annually brings together teams of students and re-
searchers from around the globe. During the event participants demonstrate their proficiency
in areas ranging from mobility and sensory perception to practical operator interfaces and
assistive autonomous behaviour. Competitors test their systems in standardised test arenas
that present some of the challenges of disaster-stricken urban areas. [10]

Six distinct arenas are provided for RoboCup Rescue , namely the yellow, orange, red, blue,
yellow-black and black arena [10]. All arenas are constructed in accordance with the regulations
created by the National Institute of Standards and Technology (NIST) in accordance with
the American Society for Testing and Materials (ASTM). As each arena is designed to test
specific capabilities, no two arenas are the same, however, they do share structural and terrain
specific characteristics. Seeing that the primary objective of the platform was to achieve
sufficient mobility, only the mobility related elements of the arenas were considered. The
simulated victims that are placed in the arenas were also taken into account. The information
contained within these sections is derived from “Robocup Rescue Robot League Rules
2011.2" [10}.










































2.5. MOTION CONTROL

the response. The increase in gain causes the stability of the system to decrease, seeing that a
small error could cause a large response, until the system becomes unstable [24]. On the other
hand, a small gain would cause the system to approach the set point slowly, seeing that a large
error would result in a small response [25]. If the gain were increased by a substantial amount,
the system would become unstable and end up oscillating around the set point. Essentially
when using a proportional controller, one needs to determine compromise between overshoot
and stability, since stability and overshoot are inversely proportional.

2.5.2. Pl Controller

In order to remove the offset of a proportional controller, integral action can be applied in
addition to the proportional action [25]. A controller that does this is known as a Proportional-
Integral (P1) controller. It works by sending a proportion of the error in addition to the integral
of the error to the motor. It has an integral gain (Ki) and a proportional gain (Kp) and
increases both the overshoot and settling time, while it decreases the rise time and improves
the steady-state error [24]. The rate at which the overshoot is reduced is proportional to the
size of the error [25]. If this rate is too fast, then overshoot occurs; if this rate is too slow,
then the system will respond too slowly. Such controllers can reduce the system's stability and
can lead to oscillations about the set point.

2.5_.3. PD Controller

A Proportional-Derivative (PD) controller works by sending a proportion of the error in addi-
tion to the derivative of the error to the plant. It has a derivative gain (Kd) and a proportional
gain (Kp). It decreases the overshoot and improves the settling time of a system [24]. It only
mildly affects the rise time and steady state error. The derivative action increases the rate at
which the offset is reduced and thus improves the performance of systems that require long
periods of time to reach the set point [25]. The stability of a system increases with increasing
derivative action, however too much derivative action can lead to instability.

2.5.4. PID Controller

~ A Proportional-Integral-Derivative (PID) controller has a proportional gain (Kp), an integral
gain (Ki) and a derivative gain (Kd). The implementation of a PID controller leads to a
fast rise time with no overshoot and yields no steady state error [24]. It sends a proportion
of the error in addition to the derivative of the error as well as the integral of the error to
the motor. The proportional part of a PID controller deals with the present behaviour of
the plant, the integral part deals with the past behaviour of a plant and the derivative part
predicts the behaviour of the plant [25]. Its relative simplicity and good accuracy makes the
PID controller a popular choice.
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2.6. POWER MANAGEMENT SYSTEM

2.6. Power Management System

The accurate assessment of the remaining battery capacity of a mobile robot is vital during a
mission as it allows for the estimation of the remaining time a robot can stay active. A power
management system additionally allows the other systems on board the robot to be monitored.

AriAnA_AVA, a team made up of members from Thailand and Malaysia, designed a power
management system in 2010. This device was the only component of their UGV that the
operator could manually switch on and off [19]. Upon being turned on the system would switch
on the devices that were to be wirelessly connected to the operator station and it would test
the connection. A light emitting diode (LED) would blink if something went wrong during
this testing procedure. After a successful wireless connection was established the operator
could send instructions to the power management system to turn off specific devices on the
platform.

2.7. Concluding Remarks

In the previous development, the mechanical structure of the platform was developed and
accommodation for various electronic and electromechanical components was made available.
However, the platform is not sufficiently developed to traverse any of the the RoboCup
Rescue arenas in an adequate manner. The following aspects were considered absent or
inadequate and required further development : :

1. Insufficient traction.
. No position control.

. No current sensing.

. No control over lights.

2
3
4. The power system needs more control.
5
6. Estimation of battery charge is needed.
7

. No way of determining the charge left in the batteries.
8. Inadequate Graphical User Interface (GUI) .

The systems listed above are considered the most essential for the platform to be able to
sufficiently compete at RoboCup Rescue and to traverse real disaster zones, but other areas
can also be improved.

Desired features can now be defined using the information attained in this chapter about the
environment of the RoboCup Rescue competition, the capabilities of the Ratel platform
and current technological trends. The following chapter focuses on the performance traits of
the platform's systems and presents the validations behind each decision.
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3. Performance Specifications

Table 3.1.: List of Primary Specifications of the Platform.

Location |  Performance Specification | Value
Physical Specifications
3111 Height added by track feet. < 10mm
3112 Weight of the tracks . < 3kg
Functional Specifications
3121 Straight line speed. 1.4m/s
3.1.2.2 Maximum rotational flipper >9 rpm
speed
31.23 Shock absorption Yes
3.1.24 High level of Traction Yes
3.1.25 Multiple rows of feet on drive >2 Rows
tracks
3126 Ascending and descending of >30°
inclined planes
3.1.2.7 Ascending and Descending of Yes
stairs
31.28 Supply Voltages 5V, 12V, 18V, 36V
3129 Switching on and off of Yes
voltage lines
3.1.2.10 SOC estimation of the Yes
batteries.
3.1.211 Primary Communications 12C
Protocol.
3.1.212 Wireless Communications 802.11A
Protocol
Control & User Interface
3131 Speed control of the main Yes
tracks and flippers.
313.2 Position Control of the Yes, accuracy <1°
flippers.
3133 User Interface Intuitive, joystick controller
3134 Media Streaming Real time video and sensor data
streaming
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3.1. JUSTIFICATION AND DESCRIPTION OF SPECIFICATIONS

Location Performance Specification ' Value
3.135 3D platform model 3D representation of the platform
and the
3136 Software used for running LabVIEW
system

Chapter 2 demonstrated the pertinent aspects of the RoboCup Rescue arenas as well as some
of the required systems that were absent in the previous development of the platform. The
chapter further displayed some of the existing solutions of these systems used by teams and by
commercial UGVs. Drawing from the information that was delivered, it is possible to define
the primary specifications, contained in Table 3.1, that will guide the further development
of Ratel’'s platform. The system specific specifications will be displayed as each system is
discussed in detail in upcoming chapters.

3.1. Justification and Description of Specifications

3.1.1. Physical Specifications
3.1.1.1. Height added by Track Feet

The platform was designed to be able to drive through a 24" equilateral triangle [11]. The feet
of the tracks should therefore not be too high and jeopardise the platform’s ability to drive
through this triangle.

3.1.1.2. Weight of the tracks

The robot should be man portable [11], making it crucial to minimise the amount of extra
weight that is added to the tracks through the addition of the feet.

3.1.2. Functional Specifications

3.1.2.1. Maximum Straight Line Speed

The straight line speed of the platform on a level, flat surface was specified by MSc student
Eugene Dreyer to be 1.4m/s. The reasoning behind this decision was that since the robot is

meant to replace a human disaster responder, it does not need to be able to move faster than
a human's walking pace, which is approximately 1.4m/s [11].

24



3.1. JUSTIFICATION AND DESCRIPTION OF SPECIFICATIONS

3.1.2.2. Maximum Rotational Flipper Speed

During the initial development of the project, before the implementation of a control system,
the flippers would be manually controlled by a user. For this reason, a maximum rotational
flipper speed was chosen, since a value larger than this would be too fast for the user to
manually control adequately. This could lead an operator to move the flipper past the intended
value by mistake. The ability of the user to manually control the flippers can be considered
to be an added feature and could be useful during debugging.

3.1.2.3. Shock Absorption

The platform is meant to be able to function in rough terrain, yet it has no suspension system
to speak of and thus lacks shock absorption capabilities. While driving over complex terrain
the camera feed will be very shaky and the lack of suspension may lead to high impact between
the platform components and its environment. The ability to make the ride smoother should
decrease the shakiness of the video feed as well as improve the operational life of the overall
system.

3.1.2.4. High Level of Traction

After several tests it was concluded that the traction provided by the tracks of the previous
development on the platform was insufficient. The traction of the tracks needs to increase,
especially when one considers the slippery terrain that one could encounter in a real rescue
situation, such as a wet floor.

3.1.2.5. Multiple Rows of Feet on Drive Tracks

It is a common to find debris scattered outside and inside a collapsed structure. Naturally it
is an advantage when the debris hinders the mobility of a rescue robot as little as possible.
While traversing debris-filled terrains items of such a site can get stuck underneath the robot’s
underbelly and hinder its movement. Feet with the specific function of preventing this from
occurring should be present.

Just as important as preventing debris from getting jammed underneath the UGV is cir-
cumventing the robot from getting stuck on large obstacles, structural components or debris.
Even though the platform’s four flippers should prevent this, rare scenarios where the platform
could be positioned in such a way that the flippers have no or insufficient contact with the
terrain, or were the terrain is very loose or filled with loose debris that prevents the flippers
from adequately removing the platform from a beached position were considered. The addition
of an inner row of feet is a second layer of beaching prevention and this should add to the
platform'’s ability to remove itself from a beached scenario.

The platform is susceptible to both of these problems, especially because it employs such wide
tracks. The addition of more than one row on the drive tracks therefore has two purposes.
The outermost rows will be the rows that the platform would drive on during regular driving
operations and will be more suitable to turning than having a row of feet along the entire width
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3.1. JUSTIFICATION AND DESCRIPTION OF SPECIFICATIONS

of the tracks. The innermost row should have shorter teeth that do not make contact with
the terrain, especially during turning, and would reduce the platform’s possibility of getting
beached and would additionally prevent debris from getting stuck underneath it.

3.1.2.6. Ascending and Descending of Inclined Planes

The complex environments of urban collapse sites include a variety of challenges for rescue
robot, one of which are inclined planes of varying degrees. UGVs working in such areas
should have an adequate maneuverability that allows them to climb slopes, preferably of up to
45° and additionally to turn and change direction on them. Having this capability on slopes
with larger incline angles would be an added bonus. Descending those slopes in a controlled
manner without slipping is just as important.

Aside from the robot’s motors, gearing and mechanical configuration, the tracks play a great
role in its ability to meet the level of slope maneuverability that is desired. The right choice
in material and shape for the teeth as well as their layout on the tracks will determine the
robot’s slope climbing abilities.

3.1.2.7. Ascending and Descending of Stairs

Seeing that urban environments, even those of collapsed buildings, contain stairs and step like
obstacles, the ability to climb stairs of steps with different dimensions and turning on them
increases the general maneuverability of the robot in urban disaster environments and greatly
increases its overall ability to aid rescue workers. Descending stairs in a controlled manner
with minimal slip is of equal importance.

As with the case of climbing inclined planes, this too is very dependent on both the material
choice that is made for the feet as well as their shape and the configuration in which they are
attached to the tracks.

3.1.2.8. Supply Voltages
Numerous electrical devices are housed within the robot and they require four distinct voltages

to work. The batteries can produce only a part of the voltage requirements. Making all needed
lines available and making sure that the current requirements are met is essential.

3.1.2.9. Switching on and off of Supply Voltages

The operator should be able to switch the four voltage lines on and off. This allows the
resetting of devices remotely and is a useful tool when debugging.

3.1.2.10. State of Charge Estimation

The State of Charge (SOC) estimation will be a good indicator of the amount of time that
the rescue robot still has available before the batteries go flat. This allows the operator to
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3.1. JUSTIFICATION AND DESCRIPTION OF SPECIFICATIONS

return the robot to the operator station so that depleted batteries can be charged or replaced.
This property is of great importance, seeing that retrieving a robot from the field is virtually
impossible when its batteries have depleted, because the environment is too dangerous.

3.1.2.11. Primary Communications Protocol

The primary communications protocol was selected by MSc student Peter Henson, who devel-
oped the arm of Ratel, to be Inter-Integrated Circuit (12C). It is the task of the MSc student
Bradley Springer, who was responsible for the control aspect of the arm, to develop and test
this communications protocol.

3.1.2.12. Wireless Communications Protocol

The RoboCup Rescue competition states that all teams have to use the 802.11a wireless
standard. Unlike the commonly used 802.11g protocol, this wireless standard uses a 5GHz
band, instead of a 2.4GHz one. This makes it less convenient with regard to signal penetration,
but the 5GHz band is not used as readily as the 2.4GHz one, which minimises the chances of
interference [26].

3.1.3. Control System and User Interface
3.1.3.1. Speed Control

Fluctuations in the load of the track and flipper motors can easily cause them to change their
speeds. This is undesirable, especially when moving the driving tracks. Such disturbances can
make the motors move at different speeds, which could for example result in the base making
a turn even though the operator is directing it to go straight. Controlling a robot through
complex areas is a difficult task even without such complications. Speed control is essential
and needs to be implemented. The operator should additionally have the ability to change the
track and flipper speed in real time.

3.1.3.2. Position Control

Position control is not particularly important when it comes to the driving tracks, but it is
crucial for the flippers. The flippers are to be position controlled so they can be rotated
to angles that are suitable to particular tasks, such as climbing stairs or descending slopes.
Position control will also allow the flippers to retain a particular angular position even when
the load in them is dynamically changing. 1° accuracy is acceptable, especially when dealing
with the environment of RoboCup Rescue or that of an actual disaster site.

3.1.3.3. User Interface

The user interface should be intuitive and the learning and training before using it should take
a minimal amount of time. UGVs, like the PackBot, are controlled with a gamepad [9] and
thus an Xbox Controller should be used.
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3.1. JUSTIFICATION AND DESCRIPTION OF SPECIFICATIONS

3.1.3.4. Media Streaming

During a rescue mission attaining data about the environment in real time is one of the most
important properties of the robot. The real-time streaming of video footage and other sensors
will allow the operator to react to events appropriately and in time [2].

3.1.3.5. 3D Robot Base Model

A 3D model of the robot base will allow the user to understand the base’s orientation in space
and will help in the assessment of whether the robot is on the verge of tipping over. This
model will also make the illustration of the flippers positions visual and thus more intuitive.
Being able to see the base will take less time for the operator to process the information and
increase his/her ability to react faster.

3.1.3.6. Software

The Laboratory Virtual Instrumentation Engineering Workbench (LabVIEW) developed by
National Instruments (NI) was specified by RARL as the primary software package to be
used for interfaces, embedded programming and communications throughout the Ratel rescue
robot.
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5.1. POWER SUPPLY AND DISTRIBUTION SPECIFIC SPECIFICATIONS

5.1. Power Supply and Distribution Specific
Specifications

The following specifications contained within Table 5.1 are derived from the primary specific-

ations of Chapter 3. Here both essential and non-essential, but desired system requirements

are presented. The table is followed by a set of validations behind each of the decisions made
for this subsystem.

Table 5.1.: Power Supply and Distribution Specifications.

| Location Requirements Desired Value |

511 Dimensions — Should fit within a box of
226mmx176mmx100mm

5.1.2 Line voltages 48V, 36V, 18V, 12V, 5V

5.1.3 Current supply up to 12A

514 Remote control voltage lines Yes

5.1.5 Current monitoring Current sensing of at least 10 A per

line

5.1.6 Lighting LED drivers for lights and PWM to
control brightness levels

5.1.7 Interchangeable DC to DC converters Yes

5.1.1. Dimensions

The power board requires several components to function adequately and some of them will
take up a considerable amount of space, resulting in a large power board. It is thus essential to
position the components in such a manner that reduces the overall space requirement, seeing
that the sidepods already house a number of other systems and components. With all other
devices installed, the amount of workable space that remains is a 100mmx226mmx176mm
box. The side and top views of the left sidepod depicted in the next figure shows the amount
of space that the power distribution board can occupy.
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5.1. POWER SUPPLY AND DISTRIBUTION SPECIFIC SPECIFICATIONS

o 1760 F

R
.(
«
.t
.1
«
L]
<
«
<
«
<
L}
]
.
q
4
[

.® .® Y ) :‘ : . p ‘.;
- e— Jip==yll:
- K AL :
. 4 v‘ e ' «
(a) Yop viaw shows a 226mm x 176mm (b) Side viaw shows that 100mm is unoc-
mkmaw. cupled.
Figure 5.2.: The side and top view of the left sidepod depicting the amount of free space left
for the power distribution board.

5.1.2. Line Voltages

The systems of the piatform and the rest of the rescue robot require 36V, 18V, 12V and 5V to
function. The 48V is needed for the RouterStation Pro, the wireless radics chosen by Eugene
Dreyer.

5.1.3. Current Supply

During operation the rescue robot consumes a ganerous amoumt of current. & wes estimated
that at abeolute maximum power consumption the reguired amount of current would be in
excess of 30A. However, this could not be supplied because not encugh batteries could be
stationed within the robotic platform, as a result of its space restrictions.

5.1.4. Remote Control of the Line Voltages

Having the ability of switching the line voltages on and off adds to the versatility of the robot
and is advantageous during debugging. All lines except the 48V line should have this feature,
secing that the 48V line, which is intended for the RouterStation Pro, should always stay on
for uninterrupted communications.




5.2. PREVIOUS DEVELOPMENT OF THE POWER DISTRIBUTION SYSTEM

5.1.5. Current monitoring

Current monitoring of the batteries enables the operator to verify the correct operation of the
power supply system and is useful during debugging. An added benefit of having this capability
is using it to estimate the SOC of the batteries, which allows one to gauge the remaining
operating time of the rescue robot.

5.1.6. Lighting

The lighting system is an essential part of Ratel's platform, especially when operating it under
sub-optimal lighting conditions. Furthermore, a method of switching the LEDs on and off,
as well as controlling their brightness was left unsettled in the previous development of the
system.

5.1.7. Interchangeable DC to DC Converters

The converters, used to create the 12V and 5V, are essential and thus it would be advantageous
to be able to replace them quickly, should one of them fail.

5.2. Previous Development of the Power Distribution
System

In the previous development of the UGV, it was determined that the necessary voltage lines to
power the fully assembled rescue robot were 36V, 18V, 12V and 5V. Ratel had two methods
of delivering power to its devices, namely tethered and battery power. In tethered operation a
power supply would be used to deliver the required power to the platform. During untethered
teleoperation six Makita 18V BL1830 Li-lon LXT 3.0Ah batteries were meant to produce the
required power.

A prerequisite was to have a sufficient energy capacity and thus the two batteries were used
to supply power to the 18V components were wired in parallel to increase the energy capacity
from 3.0Ah to 6.0Ah. The remaining four batteries were used for the 36V line and for the
same reason of doubling the energy capacity; they too were wired in series. The end result for
the 36V line was two sets of batteries wired in series and in parallel, which produced a 36V
line capable and had a maximum energy capacity of 6.0Ah. This battery configuration of the
18V line and that of the 36V line are portrayed in Figure 5.3.
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5.3. THE NEW POWER REGULATION AND DISTRIBUTION SYSTEM

The switching on and off of the 36V and 18V line was achieved through the implementation
of a Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET) and bipolar junction
transistor (BJT) circuit. A transistor-transistor logic (TTL) control signal was sent to the
transistor, which in turn toggled the state of a set of three MOSFETs that controlled the
flow of current through a voltage line.

The fuses that were used in the previous power board to protect the batteries from overcurrent
were large and took over a minute to trigger, which was considered too long. In the board's
second iteration, polymeric positive temperature coefficient resettable fuses (PPTC) were
implemented, because of their small size and the added feature of them automatically resetting
themselves once the fault condition was removed.The PTCs were rated for 6A and one PTC
was connected in series to a pair of batteries that were also connected in series. Thus the
overall current was limited to a maximum of 12A for both the 36V line and the 18V line.
The batteries had internal fuses that were rated at 7.5A and therefore the PTC rating of 6A
was chosen, so that the current would be limited before the internal fuses could blow and
render a battery useless. An additional method of protection came in the form of diodes that
were connected to terminals of each battery to prevent reverse current flow and to protect the
batteries in case they were connected the wrong way around. Two LUXdrive 3021 BuckPuck
LED power modules powered the two sets LEDs at the front and the rear of the platform.
The 18V line powered the LED drivers and a microcontroller sent a pulse width modulation
(PWM) signal to control the brightness of the LEDs.

As a result of space restrictions of the sidepods, the power board had to be made up of
two separate boards. The larger board, depicted in Figure 5.13, takes in the supply voltages
and produces multiple output pins for them. It also creates the 48V line that was initially
needed for the Ubiquiti RouterStation Pro wireless radios. All battery protection and relays
are soldered on to this board. Figure 5.11 depicts the board's EAGLE CAD model. The second
and smaller of the two boards, depicted in Figure 5.10, contains the NID60 converters and
the BuckPuck LED drivers. In order to control the voltage lines and the light, a LM358962
embedded microcontroller board was designed. Figure 5.12 illustrates features and shows what
is plugged into its connector, while its EAGLE CAD model is depicted in Figure 5.14. The
features and development of the board that was used is found in the following section. The
configuration of the system, including the microcontroller and the current sensor can be viewed
in Figure 5.8. Figure 5.9 illustrates how the power boards fit in the sidepod.
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5.6. SUMMARY

5.6. Summary

Two power distribution PCB were designed to address the missing functionality of its prede-
cessor, while adding new features to the system. The overall physical dimensions of the boards
enabled them to be housed within the left sidepod. The evaluation and testing of the system
can be found in Chapter 9. Once the power system was finalised, work on the platform’s
actuation system could begin. The development of this system is presented in the subsequent
chapter.
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6.2. PREVIOUS DEVELOPMENT OF THE ACTUATION SYSTEM

6.1.7. Communications of the Control System

During the first stages of development, MSc student Peter Henson made the decision to use
12C as the main wire communications system throughout the UGV.

6.1.8. Flipper Position Feedback

The motors came with a Maxon Encoder HEDS 5540 attached. This optical encoder has 500
counts per turn and has 3 channels, namely channel A, channel B and an index pulse.

6.1.9. Desired Flipper Positional Accuracy

A positional accuracy of at least 1° was chosen.This value is easily accurate enough for the
flipper positions and a difference of 1° between the desired value and the actual value would
not be visible to the operator.

6.1.10. Limit Sensors for Flipper Motors

The Maxon Encoder HEDS 5540 is a relative optical encoder and it needs to be calibrated
when the system is powered up.

6.1.11. Current Sensor

The current sensing integrated in the Maxon speed controllers was not suitable and thus an
external current sensor that provides high resolution readings was required. The current values
can be used to detect when the flippers are pushing against something and allow the operator
to verify the correct operation of the pulley system.

6.1.12. Motor Controller

The Maxon 4-Q-EC Amplifier DECV was selected in the initial development of the system
and thus the mechanical structure of the platform was design to accomodate this controller.

6.2. Previous Development of the Actuation System

All movement was actuated through a total of five 120W Maxon Brushless DC Motors. A
Maxon planetary gearhead was used in conjunction with every motor. The gearing ratio for
the driving and front flipper motors was 43:1 while that of the rear flipper motors was 113:1.
The Maxon Encoder HEDS 5540, an optical, three channel rotary encoder, was attached to
the back of every motor. The drive pulley assembly also included gearing and the rear flipper
assembly included gearing and provide a further ratio of 1:2 for both tracks and the flippers.
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6.4. ELECTRO-MECHANICAL ALTERATIONS TO THE ACTUATION SYSTEM

6.4. Electro-Mechanical Alterations to the Actuation
System

During the initial assembly of the platform the first aspect to be tested was its driving profi-
ciency. This section details the aspects of the drive pulleys that required further development
in order facilitate adequate operation of the actuation subsystem.

6.4.1. Motor Power

Certain complications immediately became evident. Even though the motors were powerful
enough to drive the platform in straight lines, they did not manage to allow the robot to turn
on the spot or around a radius. This discovery lead to the application of motors with a higher
gearing ratio. The new drive motors that were chosen had the gearing ratio of 126:1, while the
new flipper motor gearheads had a ratio of 156:1. The addition of the new motors improved
the driving performance, yet the locomotion problems persisted.

6.4.2. Journal Bearings

After a rigorous inspection and some more testing it was discovered that the motor assembly
within the drive pulley was chafing against the centre pulley section. The amount the motor
assembly would chafe against the pulley was dependant on the position the platform was in.
Chafing occurred as a result of the motor assembly not being balanced with bearings correctly.
The whole assembly was supported by a single bearing on one end while the other side was
unsupported. A computer aided design (CAD) model of this configuration is illustrated in
Figure 6.7. Mitigating this problem required an additional bearing on the opposite side of the
inner pulley assembly. It turned out that no bearing of the right size could be sourced and
thus a brass journal bearing was designed instead. Figure 6.8 illustrates the pulley assembly
with the journal bearing.
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6.6. SUMMARY

6.6. Summary

Apart from the assembly complications induced by the small channel, the overall assembly and
the features of the system met all the desired requirements. The next chapter will focus on
the caterpillar track system and explain the modifications that were made in order to develop
the system to a stage where it would allow the rescue robot to be competitive while traversing
the complex arenas of RoboCup Rescue.
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7.1. MATERIAL SELECTION

7.1. Material Selection

Tracks and their treads can be made from various materials ranging from steel, Polyvinyl
chloride (PVC), rubber and a variety of other materials. When choosing the tread material
the following performance traits were considered:

= Load Capacity

= Tear/ Cutting Resistance

= Abrasion and Wear Resistance

= Traction: The material’s ability to grip the surface that it is operating on.

= Cushioning: Shock absorption while driving.

» Chemical Resistance: The ability to resist chemical changes

= Flexibility
The information from this section has derived from “ Polyurethane and Rubber Tires: A
Comparative Overview” [28]. The ease with which a tread (made from a particular material)
could be attached to the tracks had to be taken into account as well. The two material's
that stood out for their many desirable attributes in addition to being easily accessible were
rubber and Thermoplastic Polyurethane (TPU). Both have their strengths and weaknesses,

as well as some unique properties. This section will illustrate their properties and will present
the reasons that lead to the final material choice.

Rubber enjoys a widespread use in many areas of the industry. Its flexibility and damping
proficiency, in addition to being able to provide excellent traction on both dry and wet surfaces
makes it a popular choice for tire manufacturers.

Belt manufacturers often choose TPU for their belts as it offers very high wear resistance and
high tear resistance, among other things. Prevalent use of it has been seen in footwear, cable
& wire, hose and tube, film and sheet and in other industrial sectors. Its proven performance
traits made this material a very good candidate for the track feet.

~ Ultimately TPU was chosen because of the number of reasons listed below. Additional justi-
fications for selecting TPU over rubber are contained within Table 7.1.:

1. The tearing resistance of TPU is superior to that of rubber and thus it withstands rough
terrains and debris better. A rule of thumb about wear and abrasion resistance when
it comes to tires is that PU tires will last four times longer than rubber tires under
the same conditions. Additionally PU does very well under sliding abrasion, which is
essential, seeing that tracked vehicles depend on sliding when they turn.

2. Sharp objects are found in debris sites and thus a suitable cutting as well as tearing
resistance is needed for the feet. Comparatively PU can withstand such rough conditions
better than rubber, as a result of its toughness. When it comes to tires, unlike rubber
tires where a cut or tear will propagate, items that cause cuts or tears will get embedded
in PU tires without causing any cuts or tears.

3. Polyurethane’s rolling resistance is lower than that of rubber, which essentially means
improved efficiency.
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7.2. SHORE HARDNESS

4. Even though rubber has superior shock absorption capabilities, TPU with an adequately
low durometer value will provide adequate cushioning.

5. From a traction point of view rubber is superior. Making the right shore hardness choice
in this area will, however, provide adequate traction for TPU.

6. Wet terrain conditions are likely in disaster sites and retaining sufficient traction is of
utmost importance. Here rubber tires outperform PU tires, yt the PU tires still offer
good performance.

7. The chemical resistance of the feet material cannot be overlooked. Since chemical
spills fall under the category of USAR and because households and office buildings
contain several chemicals, such as strong cleaning products, this characteristic can play
an important role. It has been shown that solvents can diminish the tear strength of
rubber tires, whereas PU tires are completely unaffected. PU is soluble in very harsh
solvents.

Table 7.1.: Comparison between PU and Rubber tires [28].

| Attributes of PU and Rubber | | |

Rubber PU

Load capacity Good | Excellent

Tear Resistance Fair Excellent

Abrasion Resistance Fair Excellent
Traction Excellent | Good
Cushioning Excellent Fair

Rolling Resistance Good | Excellent

Floor Marking Fair Excellent
High Speed Operation Excellent | Good
Outside Operation Excellent Fair

Inside Operation Good | Excellent
Wet Floors Excellent | Good

7.2. Shore Hardness

A pertinent consideration to make is that the terrain of a collapsed site will undoubtedly have
numerous debris scattered all over. Traversing such an environment could cause the rescue
robot to experience a significant amount of shock and the platform has no shock absorption
capabilities. It would be desirable if the platform's tracks could provide some sort of cushioning,
which is directly related to the durometer of the tread material. Higher durometer values will
mean that the material is hard and offers less cushioning [28]. Therefore the shore hardness of
the polymer of the tread should be hard enough to resist tearing and have an adequate load
bearing capacity, yet to be soft enough to provide some shock absorption.

Moreover, the durometer value should be low enough to offer sufficient traction, even on
smooth surfaces. An area that requires similar performance under somewhat related conditions
is the car industry. Cars are capable of traversing various terrains without immediately ruining
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7.3. FEET PROFILE

their tires [28]. Automotive tires designed to allow cars to traverse various termains, to be
robust and have a long life. They have a shore hardness of approsimately T70A [29] and for this
reason it was desirable to have a shore hardness close to this value. Samples of polyurethane
with that shore hardness in addition to shore hardnesses of 30A and 60A were obtained from
various companies and the traction they provided, when tested on flat surfaces of pavement,
carbon steel and various smooth and rough woods was tested and compared. it was established
that the shore hardness that provided the most appropriate traction, yet still offered some form

of cushioning was 60A.

7.3. Feet Profile

The size and shape of the timing belts, a5 well as the fully assembled robot’s ability to fit
through the 24" equilatersl entry triangle, grestly influenced the overall size that the tread
could have. The beits mainly bent between the testh and the toothed sections stayed rather
rigid. Therefore it was decided to attach fest only on the other side of the toothed sections.
This particular configuration imited the maximum width a tread foot could have to the width
of a tooth of the belt. The dimensions of the bek are Hlustrated in Figure 7.5.

f \Bending occurs here

Figure 7.5.: Dimensions of a timing belt and joint area that facilitates the bending of the bek.

The profile of the track fest was initially envisioned to be round or curved, as depicted in
Figure 7.6, as this would aliow for smoother motion of the rescus robot than square feet could
provide. Several companies were asked if they could produce such pisces of PU or at least
cut 2 rectanguisr piece into a round or curved shapes and they sither did not have the means
to do 30 or it turned out that it would cost a substantiel sum of money.
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7.6. ATTACHING FEET

components was acetone. It had no discernible effect on the material and did not lead to any
form of bonding.

7.6.2. Esters

The organic compound ethyl acetate was the only ester that was tested for solvent bonding.
Bonding was attempted by applying ethyl acetate on clean surfaces of two pieces of TPU.
The surfaces with the ester were then pressed together and held tight with a G-clamp for 2
days. After this period of time had expired the G-clamp was removed and the bond was tested
by prying it apart. Initially the components appeared to have been successfully bonded, but
they came apart with more forceful prying. If a bond was actually formed, then the surface
would have shown tearing, but there was no discernible change in the surface. It appears that
ethyl acetate only managed to swell the TPU.

7.6.2.1. Polar Organic Solvents

TPU is soluble in highly polar organic compounds, such as tetrahydrofuran (THF, C4HgO),
dimethylformamide (DMF, C3H;NO) and N-methylpyrrolidone (NMD, CsHgNO). This
process can be explained through the chemical rule of thumb “like dissolves like” [30], which
in essence states that solutes dissolve very well in solvents that have similar chemical structures
to themselves.

The only solvent that could be attained for testing at the time for various reasons was the
aprotic solvent DMF. The solvent was applied on clean surfaces of two TPU components.
These components were then pressed together with a G-clamp and placed on a table in an
open area. The clamp was left on for a predetermined period of time to allow the DMF to
fully evaporate. '

The compound was tested with various clamp pressures with several evaporation periods on a
number of polyurethane timing belts. The temperature was also varied during later tests, to
see if heat would make a difference in the solvent’s evaporation time.

The timing belts that act as the tracks for the rescue robot, as well as the belts for bonding
tests were attained from the from the same supplier that provided the T10 belts for the tracks.

This method proved to be successful and the bonds could not be broken, instead the parent
material was torn when attempting to separate them while holding them with G-clamps and
pliers. The effects of such attempts are depicted in the next figure.
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7.7. SUMMARY

7.7. Summary

Through the use of the cutting jig track feet could be consistently produced to specific dimen-
sions. This method proved to be fast and reliable and it added safety to the cutting operation,
because the TPU sheets were not held by hand. Its configurations allowed the manufacture
of the three different sized feet, without the need of additional components. The clamping jig
enabled the gluing of track feet onto the timing belts in a consistent manner. ‘

The subsequent section will examine the communications and control system that made the
motion possible.
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8.1. SOFTWARE SYSTEM OVERVIEW

Table 8.1.: 35 Byte Packet sent from the Control Station to the Platform.

Byte Nr 14 (%] s11 12-14 15-18
Lot Track | LeftTrack | RightTrack | RightTrack | Left
Speed Booleens Speed Sooleans Speed
Byte Nr 18-21 2-28 26-28 X 32-38
Boolesns Speed Soolesns Speed Soclesns

During operation data collected by the front microcontroliers of the front pulieys is sent to the
rear LM3S8962 controller, again via RS232. The rear controlier makes 3 new data package
out of the packet received from the front drives and out of the information sbout the resr
flippers that it gets. The new data pachet is then sent to the control station vis Ethernet
and is interpreted there. Table 8.2 portrays the §1 byte deta packet that the operstor station
received from the LM358962 of the rear flippers.

Table 8.2.: The 91 Byte Packet received from the Platform.

Bytetr | 140 448 (4350 5184 [588 [e o6

' Al Loep Front | LeRt P Lol Track | Lol Track
Current | Rerstions | Flipper Flipper Flipper Direction | Pesition
Resdings LEDs Direction | Pesition '

Bytahr | 67-70 ¥i-%e 7578 L) ) T 8-
Right Right Right Right Rear Reer Reer
Flipper Fiipper Flipper Pipper Flipper Fipper Flipper
Direction | Direction | Direction | Direction | HellSignel | Direction | Position

Data to and from the microcontrolier that control the power distribution only involves Ethernet.
Table 8.3 shows the data packet that it receives from the PC. The PC receives a 36 byte string
that makes up the current readings of the four voltage lines of the power board.

Table 8.3.: The 6 Byte Data Package thet the Powsr Boerd's Microcontrolier receives.
Byte Nr 1 2 3 4 s 3
Toggle 36V | Toggie 18V | Toggie 12V | Toggie SV | Frontlights | Reer Lights
Line Line Line Line PVM PWM

8.1.3. The Centrol Layer

The system wes designed to be flexible and thus versatility wes provided in several weys. The
speed, stop and enable of each flipper could be controlied separstely or together. The front
flippers could also move in unison at the push of 2 button. The spesd, stop enable and direction
of the drive tracks could also be individually controlled if desired. The maximum spesd values
of flippers and drive pulleys could be set, while still retaining the maximum physical rangs of
the joystick's motion. Even though every aspect of the motion system couid be tuned to the
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8.1. SOFTWARE SYSTEM OVERVIEW

user's personal liking, the default settings were set in such a way that the user would have
adequate control over every aspect. The front lights and the rear lights could be individually
set and their power ranged from 0-255, with 0 indicating 0% brightness and 255 indicating
100% brightness. Data recording was also included at the press of a button and the roll, pitch
and yaw as well as all current readings could be recqrded in a spreadsheet along with the time.

All control occurs on the laptop and the LM358962 microcontrollers only transfer data and
set values on their 10s. Programming a microcontroller took a few minutes and not having
them take care of the control allowed one to alter the control code on the laptop on the fly.
An additional advantage of this is that the controllers had do less work to do. For safety, the
embedded controllers had been programmed to stop all motors should the wireless connection
disappear.

The tracks only require speed control, while the flippers require both position and speed
control. As previously discussed, the Maxon DECV 50/5 controllers take care of the speed
control. They are not capable of providing position control and thus this aspect of the control
system had to be done with LabVIEW. Position control was achieved by altering the speed,
direction and stop signals of the microcontrollers. LabVIEW contains sophisticated control
algorithms, such as PID and fuzzy logic, which were used to attain position control. After
rigorous testing it was established that a simple proportional position control system suffices.
For additional information about the performance of this system refer to chapter 9.

8.1.4. Software Structure

The software structure of the code running on the embedded controller is straight forward;
it receives the data and then used it to control the motors. The speed controllers were not
designed for position control. This was adequate for the drive motors, seeing that only their
speeds needed to be controlled. The flipper on the other hand required to achieve and maintain
certain rotational positions. This was accomplished by calculating how large the difference
between the desired set position and the actual position was. The motor was then activated
to move towards the desired position. If the difference was large, then the motor speed was
large. The motor speed would decrease as the actual position was nearing the desired position.
Once the actual position was within a pre-set range, the motor would stop rotating. If the
motor was moved from that position, the control software would note the direction in which
it was moved and quickly move in the opposite direction, until the difference between the set
and the actual position was once again within the pre-selected range.

As previously discussed, the control station is responsible for the all the control that takes place.
As a result of the large number of tasks that the control station is given, the code tends to be
complex. For this reason LabVIEW'’s state machine design pattern was implemented. The
“Moore machine” model is used and this allows LabVIEW to implement decision making
algorithms.

In this implementation of the state machine architecture each state runs, until the user changes
something. Each state can lead to one or many states, depending on the exact input. Thus
different user actions have specific actions, which improves the user interface. The basic
standard machine element is depicted in Figure 8.10. An overview of the control station’s
state machine architecture is portrayed in Figure 8.12 and Figure 8.11 illustrates a section of
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8.1. SOFTWARE SYSTEM OVERVIEW

8.1.5. Summary

Wireless communication was enabled through the implementation of Ubiquiti Bullet M5 radios.
Wired communication between the embedded controllers was realised through the use of the
RS232 serial link. Control of the system was left in the hands of the control station's laptop.
The underlying structure of the software that runs on it is the state machine design pattern. A
simple proportional control method for the flipper position was determined to be sufficient for
tasks at hand. The following chapter will present the testing of the rescue robot's subsystems.
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9.1. OVERALL SYSTEM TESTS

Component [| Quantity || Unit Weight (g) || Total Weight (g)
Rear Motor Clamp 1 90 90
Sidepod Side Cover 2 355 710
Rear Flipper Idler Gear 2 60 60
Rear Flipper Gear 1 70 70
Rear Flipper Drive Shaft 1 40 40
Rear Flipper Drive Idler 2 15 30
Shaft
Rear Flipper Shaft 2 60 120
Rear Flipper Coupling 2 100 200
SKF608 6 10 60
Sidepods 12749
Sidepod Bottom 2 1090 2180
Sidepod Top 2 940 1880
Sidepod Upright 3 467 1401
Rear Motor Mount 1 430 430
Track Tension Bar 6 120 720
Track tension Bar Holders 6 3 18
Outside Hub Support 4 200 800
Slider Clamp 12 5 60
Battery Ejector Plate 4 20 80
Batteries 6 610 3660
Battery Guide Plate and 2 360 720
Contact Holder
Drive Pulleys 2 3740 7480
Pulley 2 610 1220
Front Pulley Inside Cover 2 140 280
Front Pulley Outside Cover 2 100 200
Outside Center 2 20 40
Motor Mount 1 2 210 420
Motor Mount 2 2 60 120
Motor Mount 3 2 90 180
Motor Mount Connect 2 140 280
Rear Pulleys 2 910 1820
Rear Pulley Inside Cover 2 110 220
Rear Pulley Outside Cover 2 140 280
Pulley 2 610 1220
Small Pulley Hub 4 10 40
Small Pulley Nut 10 4 40
Small Pulley Shaft 4 5 20
Flippers 4 1030 4120
Flipper Inside Plate 4 190 760
Flipper Arm Plate 4 120 480
Flipper Pulley 4 90 360
Flipper Small Pulley 4 90 360
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9.1. OVERALL SYSTEM TESTS

Component Quantity | Unit Weight (g) || Total Weight (g)
Rear Motor Clamp 1 90 90
Sidepod Side Cover 2 355 710

Flipper Track Support 8 40 320
Flipper Arm Hub 4 70 280
Small Pulley Hub 4 10 40
Small Pulley Nut 10 4 40
Small Pulley Shaft 4 5 20
Flipper Tensioner 8 75 60

Flipper Rear Brace 4 15 60

Flipper Track 4 210 840

Flipper Pulley Bearing 4 80 320

Flipper Shaft Bearing 4 60 240

Other 7400
Drive Tracks 2 1400 2800
Maxon Motors 5 860 4300
Maxon Motor Controllers 1 180 180
~ (With Cover)
Maxon Motor Controllers 4 30 120
(Without Cover)
Sum/Total 188 37640
Fully assembled rescue robot platform 42160

9.1.2. Idle Power Consumption of the Overall System

During wireless teleoperation the rescue robot is powered from six 18V 3.0Ah batteries and
determining the platform's power efficiency is essential. The following tests involved measuring
the current draw of each system at the voltages that they ran at when the platform was
operational.

9.1.2.1. Test Procedure

During the tests the platform was not being driven, but the current consumption of each
electronic system was measured individually using a handheld multimeter. This was done by
only having the systems to be tested switched on. The power consumption of the motors,
while motion occurred, was not included, seeing that the values there would vary significantly,
depending on factors such as speed of motion, terrain and task being performed.

9.1.2.2. Test Resuits

The test results for the overall power consumption when there was no motion is depicted in
Figure 9.3 below. The maximum overall power consumption was 54.66W and it can be seen
that the lights use up the most power at 40% while they are set at maximum brightness. Other
than that the second component that requires a lot of power was the Bosch VIPX2, which
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-9.8. POWER SOURCE SWITCHING

be very long in both cases, since very small values were subtracted from the initially recorded
maximum charge value. This is most likely because when the established the charge value, the
platform was driven around and thus a large amount of current was drawn. However, while
doing the test, the platform was not driven around so it could be monitored more closely and
thus less current as flowing. When low current flows, ambient noise inherent in the system
can have a greater effect on the readings of the current sensors. After the program indicated
that the batteries were depleted, they were removed from the body of the robot and charged.
The chargers indicated in both cases that the batteries had more than 80% of their charge
left.

9.8. Power Source Switching

Normally when the robot was not being used for a mission it would run off tethered power in
order to preserve the charge of the batteries. The batteries were mounted in the sidepods of
* the platform and used only when needed. Thus the tether would only be removed just before
the commencement of a mission. For this reason it was desirable to have a system that could
use tether power when the tether was attached and automatically switch to battery power
once the tether had been removed, without causing any disturbances to the active electronics
devices.

9.8.1. Test Procedure

This test was performed to establish how smooth switching between tether and battery power
was. The test was done by having only one module on and then switching from tether to
battery power. Thereafter one module was added and the test was repeated.

9.8.2. Results

The platform's power source switching capability functioned adequately and ultimately the fully
assembled platform including the arm assembly and the sensor payload retain power during a
switching operation.

9.9. Summary

The tests presented in this chapter were performed in order to verify various specifications and
to evaluate the functionality and proficiency of the robot's subsystems. As a whole the majority
of specifications were met and the platform was deployable without reacquiring any further
modifications. Some of the main issues includes the backlash of the flippers, the inability
to attain reasonable SOC estimations, the lack of suspension and the brown out mode that
the embedded controllers go into when excessive currents are drawn by the motors when the
platform drags or carries very heavy objects.

Chapter 10 will present the conclusions that were drawn after performing tests and the recom-
mendations that were made to improve future development on the system.
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9.10. WIRELESS COMMUNICATION

9.10. Wireless Communication

Wireless communication make up an integral part of Rescue Robots . it is therefore import-
ant to test the capabilities of the wireless link that was used during teleoperation.-

9.10.1. Start up time

The amount of time the Bullet M5 radios require to set up a link determines how long it takes
before the platform can be deployed.

9.10.1.1. Test Procedure

The radio on the base was switched off, while the operator station’s Bullet M5 remained
powered. The radio of the platform would then be powered and the time taken to create a
link was measured. This was repeated twenty times. Thereafter the roles were reversed and
the platform’s radio remained powered, while the other one would be switched to check how
long it took to create a link. This too was performed twenty times. Lastly both radios were
switched off and then powered on to see how long it would take them to connect. This too
was repeated twenty times.

9.10.1.2. Results

The Bullet M5 radios took an average of 73.76s seconds to connect throughout all configur-
ations of the test. The longest and shortest times were 110.58s and 36.07s respectively.

9.10.2. Penetration Test

In order to control a rescue robot during rescue missions, wireless signals have to be able to
penetrate deep into buildings and through scattered debris. This test was done in order to
evaluate the penetration capabilities of the platform’s wireless communication system.

9.10.2.1. Test Procedure

The platform was driven around in the Duncan McMillan laboratory. This area was chosen
because of the several pieces of equipment as well as desks and cupboards, among other
things, that present obstacles to wireless communication. Figure 9.50 depicts a section of the
laboratory.
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-10. Conclusions and Recommendations

Throughout the design, further development and testing of the robotic platform, valuable
lessons were learnt that made it possible to draw the conclusions presented in this chapter,
and make corresponding recommendations for possible future developments on the system.

10.1. Continuous Tracks and Pulleys

10.1.1. Conclusions

In the previous development of this project, the tracks had no adequate means of providing
traction to the platform. Trapezoidally shaped TPU feet were produced using a band saw and
attached to the surface of the tracks which would normally makes contact with the terrain
that the robot traverses. This increased the traction capabilities of the tracks and enabled the
platform to sufficiently ascend slopes and stairs. Initially when polymer glue from Bondstick
was used to attach the feet to the tracks, some feet would detach when the platform was
climbing stairs. Once super glue was implemented, the feet did not come off, however, they
were not truly bonded to the timing belts and thus they can potentially still come off when
enough force is applied.

The platform was designed without any form of suspension and this led to the platform notice-
ably experiencing significant shock when traversing uneven and rough terrains. Even though
the polymer feet added traction to the tracks, the one aspect that was not accomplished, was
the introduction of cushioning. Ensuring a smoother ride could not be accomplished with the
feet, because being able to drive through a 24" entry triangle, as was specified in the previous
development of the system, was essential and this left hardly any space to introduce larger
feet capable of decent cushioning. Besides the size of the feet, their shore hardness affected
their cushioning abilities. A lower shore hardness would result in a smoother ride and would
accomplish higher levels of traction. However, polymers with lower shore hardness values were
not as sturdy as ones with higher values. Therefore a rather high shore hardness for the task
was chosen, so as to ensure longer lifespans for the feet.

During testing, it was discovered that the tracks had the tendency to laterally move off the
pulleys, while the platform was performing a turning motion. This impediment was removed
entirely through the addition of shoulders mounted on the pulley assemblies. They guided
the tracks and prevented them from walking off the pulleys. The advantage of this solution
was that the shoulders rotated at the same rate as the tracks, which meant that the relative
velocity between the tracks and the shoulders was zero and thus there was no friction between
the components. Overall the modifications to the pulley system significantly increased the
mobility of the platform.
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10.3. WIRING AND ASSEMBLY OF THE FRONT DRIVES

10.3. Wiring and Assembly of the Front Drives

10.3.1. Conclusions

The assembly of the front pulleys was very complicated as a result of the small channel through
which the wires had to be guided. During assembly the wires had to be pulled and positioned
properly, so that the cable cover could be placed on top of them. To simplify the assembly,
thin pico clasp wires replaced the thicker wires that were initially used. Even though this
ensured that the wires could fit through in this channel, the male pico clasp plugs had the
tendency of coming out of their female plugs during assembly, as a result of having to pull
them.

Initially the motor assemblies of the front drives were each being supported on only one side
and this caused them to chafe against the inner sides of the pulleys, consequently causing
the motors to stall. The introduction of a journal bearing to support the unsupported side
eliminated chafing, enabled the motor assembly to function. The maximum current drawn'
from the motors while was just under 10A at full speed when the platform was driving in
straight lines and ascending stairs. This value was high, especially when considering that the
maximum available current was 12A and that other devices also require power. The current
draw did drop to under 3A when driving slower and which mean that other devices would have
enough power to function properly.

10.3.2. Recommendations

The channel cannot be increased in depth any further without creating a hole in the centre
spine. Thinner wires that collectively have the same current carrying capabilities as a single
one of the wires that were used to supply the drive assemblies with 36V could be introduced.
These wires would make the assembly of the drives simpler.

10.4. Sidepods

10.4.1. Coﬁciusions

The sidepods were able to house several electronic components, including the batteries that
power the Ratel. They were designed in such a way, that the inside of the sidepods was only
accessible from a single side. The large number of threaded holes that were available in the
sidepod units added a great amount of versatility to the mounting of additional components
to the platform. The more components were added to the sidepods, the more cumbersome it
became to mount devices in the sidepods and to work with them. The reduced space made
even the simplest tasks, such as screwing a fastener inside a sidepod challenging. Furthermore
wiring was difficult to arrange, due to only having access to it from the side.
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10.4.2. Recommendations

Having access to the components from above would make wiring and assembly significantly
simpler. Seeing that the tensioning system that is built into the top section of the sidepods was
not used, one could make that a part of the top platform section removable. Introducing such
a feature would be useful, yet could turn out to be difficult to implement. A second and easier
option would be to mount all components to a perspex plate that could be easily inserted and
taken out of the sidepod units. This would allow one to amount devices onto the plate, while
having access to them from all sides. Once the components were mounted, the plate could be
inserted and fastened to a sidepod. For this to work, wires that run inside the platform would
have to be sufficiently long and loose, enabling the plate to be easily extractable.

10.5. Platform Weight

10.5.1. Conclusions

The overall weight of the platform was specified to be under 20kg, but after assembly the
overall weight of the platform was measured to be 42.16kg, which is more than twice the
specified limit. The largest contributors to the weight of the UGV are sidepods. The sidepods
are as heavy as they are, mainly because they house the majority of the electric components.
Thus, even though the mass of the structural components of the sidepod cannot be reduced
too much, several components can be reduced in weight.

10.5.2. Recommendations

The centre spine is the main support structure of the system and it was designed to be very
sturdy, however, this has also led to it weighing 4.96kg. The middle section of the spine can
be removed in order to reduce its mass, without weakening its ability to support the rest of
the structural components. Furthermore holes could be drilled into some of its sections to
further reduce weight. Similarly material can be removed from the sidepod sections as well as
the utility plate that sits atop the spine.

10.6. Power Supply and Distribution System

10.6.1. Conclusions

The power supply and distribution system performed satisfactorily. The power board met
all its specifications and made the wireless operation of Ratel possible. However, It did not
deliver the required means to estimate the SOC of the batteries. It was also observed that the
embedded LM358962 microcontroller boards would brown out when the motors attempted to
draw very large amounts of current. ’
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10.6.2. Recommendations

The power board makes use of electromechanical relays, which worked sufficiently, but could
be replaced with faster solid state relays. The brownout of the LMS8962 boards or any board
used in the future of the project could be prevented by altering the configuration of the power
board. Instead of having all regulation occur at the board itself, 18V and 36V could be
delivered to the board to be distributed to various locations, and the regulation could occur
at the controllers. This way, even if the voltage of the lines were to fluctuate, a DC/DC
converter on the boards would handle this and thus brownout could be prevented. Some
power regulation would still be on the power board, so that components like the D-Link switch
and the cameras could attain their required power.

10.7. Wireless Communication

10.7.1. Conclusions

While members of RARL attended RoboCup Rescue 2012 the Ubiquiti RouterStation Pro
radios were used to create a wireless link between the operator station and the rescue ro-
bot. Several complications arose and a reliable link could not be created nor maintained.
The introduction of the Ubiquity M5 wireless radios solved all the issues associated with the
RouterStation Pro wireless radios. The setup of the new radios was simple and quick and they
had the added benefit of having a small footprint, which meant that finding a place to mount
them was not difficult.

10.7.2. Recommendations

The radios proved to produce a reliable wireless link and testing showed that they have sufficient
penetration capabilities. The remaining aspect of the radios that should be inspected is their
line of sight range, as well as the maximum amount of traffic they can tolerate.Additionally
the latency and data throughput of the wireless link versus distance or signal strength should
be investigated further.

10.8. Cameras

10.8.1. Conclusions

The front and rear cameras that provided visual information to the operator during teleoper-
~ ation only managed to present adequate picture. The video feed enabled sufficient navigation
through areas, however, it did fall short when a more detailed picture was required.
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10.8.2. Recommendations

Usually the sensor payload provides the clear pictures, however having more cameras that are
capable of producing high resolution images is beneficial. During testing, the Bullet M5 radios
showed that they could transmit considerable data without any noticeable delay and therefore
real time data streaming of the added high resolution cameras should be acceptable.

10.9. Summary

The platform performed adequately during driving tests. Most of the systems on the platform
performed as was expected. Hard track feet and the lack of a suspension system made the
ride quality poor, and ways of introducing cushioning to the system, such as using larger and
softer polymer components for the tread. Position control was very inaccurate because of
the backlash of the flippers. The backlash could be removed by ensuring tighter fits of the
components that make up the flipper assembly and through the introduction of anti-backlash
gears. The wireless communication system performed well, but it requires thorough testing so
that its abilities can be accurately gauged.
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A. Drawings

A.l. Introduction

This appendix contains a selection of drawings that were made in the process of completing
this project.

Table A.1.: Drawing Register.
| Drawing Register

Drawing Drawing Number | Page
Final Rescue Robot Platform RR Ai
Modified Front Pulley RR-FP Aii
Exploded Modified Front Pulley RR-EFP Aiii
Modified Rear Pulley RR-RP Aiv
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