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CHAPTER TWO 16

CHAPTER TWO: TARGET ANATL.YSTS

AND MEASUREMENT

2.1 INTRODUCTION

Photobrammetric targets are marks placed in selected
positions on the object in order to make it possible to deter-
mine the position of these object points in space.Target
detection is the process in which such targets are automatically
detected and their position on the image is determined. Targets
are typically either concentric circles or intersections of
gridlines. The target detection process is based on the
identification of distinguishing properties of the target images
such as gray level differences between target and backgfound,
target size or target shape. Target detection falls into the
domain of machine or computer vision and image processing.
Research on automated target detection started as early as 1960
in parallel with the development of statistical classification
methods [35][8][20]. Digital image processing techniques such as
edge and line detection and curve tracking made it possible to
extracf linear and circular features and to thus identify images
of targets and determine their position on the image. On the
digital image the target is represented by a small array of
pixels in with gray values difference to those of the background.
To obtain the accuracies typically required for photogrammetric
processing it is generally not sufficient to determine the target
centre within this array with pixel accuracy, instead subpixel

location of the target centre must be aimed at. Under good
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environmental conditions, i.e. if targets can be designed to
differ significantly from the background, targets can be easily
detected. The determination of the target centre with subpixel
accuracy is more complex and numerous methods for this process

have been developed and investigated [4][5][6]1[9][12][15][18].

2.2 TDEAL, TARGET

The shape of target of digital image in 3-D coordinate are

displayed in Fig. 2.2-1.
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(a) Ideal target gray scale distribution in 3-Dimension
‘(b) Real target gray scale distribution in 3-Dimension
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Fig. 2.2-1 3-D target gray value diagram

Figure 2.2-1 (a) shows an ideal target in form of an elliptical
cylinder with a vertical gradient in gray value at the target
edge. The flat plane represents the background and the top of the

elliptic cylinder the uniform target surface. In the digital
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A, semi-major axis of the ellipse

B, = semi-minor axis of the ellipse
Because of the pixel nature of the digital image ,it is
only possible to generate an image of an ideal ellipse from
equations (2.2-1) and (2.2-2) if the ellipse axes are oriented
parallel to the image axes. In all other cases asymmetric pixel
configurations will arise. However, Rubinstein and Riither have
successfully produced synthetic target images by convolution of
a point spread function with the ellipse equation. The convolut-
ion results in a target image with a continuous fall-off from
the target edge to the background. For testing purposes ideal
circular and elliptical targets were generated using PIP graphic
commands. The ideal targets were used to test software (R.G. XUE

and H.RUTHER - appendices A) for the automated detection of the

target centres by a variety of algorithms described later.
2.3 REPRESENTATION OF REAL TARGETS ON DIGITAI IMAGES

Target location is widely used in disciplines such as
military science, industry, medical science,photogrammetry and
surveying engineering. In practical applications the target’s
qualiiy is a very important factor for the accuracy of the centre
location. The quality of the hardware may impair image of the
target’s gquality which include target’s shape, distortion,
resolution and generate noise etc in the digital image. The
difference between a typical real target and the ideal target

equivalent is shown in Figures 2.2-1.a and 2.2-1.b. The real

target edge typically shows a gradual fall-off or shoulder with
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gray values changing from high on the target plateau to low
values on the background. Section through the target result in
a gray value curve from the background gray level to the target
level and back to the background in each column or row of the

pixel array as shown in Fig. 2.3-1.
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Fig. 2.3-31(a) Ideal target and Fig. 2.3-1 (b) real target and
target section target section
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Consider a good gquality image without noise and a narrow
shoulder. This means the edge of the target is clearly defined
and can be easily detected, as most edge detection algorithms
relay on changes of gray levels as indicators of edges. It is
obvious that increasing shoulder width results in decreasing
definition of the edge and subsequently in a less reliable
information from the edge detection algorithm. Another very
important aspect is the shape of the object. Because an image is
a perspective view, a circular target will appear elliptical in
shape on the image plane. The orientation of the ellipse axis
depends on the relative position of the target image formation

systen and image plane and the object. To test the software for
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the quality of the detection of target centres, a high quality
target board was constructed. This will be described later and

test results will be reported in the following section.

2.4 TARGET BOARD DESIGN, MEASUREMENT AND TEST

To generate an optimum image of a number of targets a target

board was designed. The board design had to satisfy two criteria

- high precision of target position

- optimal conditions for image processing.

In practice this meant that

- targets had to be suitable for precise measurements,
both, by mechanical means for the board calibration and
by image processing techniques for the image processing
stage. '

- targets had to be of distinctly higher reflectance than
the background of low reflectance to facilitate autom-
atic detection and clear edge definition.

A total of 20 circular targets was attached to the board in a 4x5
array. The background was covered with a black paint of low
refléctance to minimise noise and enhance target/background
contrast. The 8 mm diameter targets were painted white using
Tipex. Originally white paint was used on the target but the
painted surface proved to be of too high a reflectance resulting
in reflectance peaks in parts of the target surface or in
overflow of the target onto neighbouring pixels. The application
of Tipex proved superior to the white paint as it provided a

rougher surface cover with more homogeneous reflectance



CHAPTER TWO 22

properties over the entire target surface. Once the target were
mounted on the target board the board was calibrated by measuring
each target centre position with a precession of * 0.1 mm. For
this calibration the plotting table of the Aus-Jena Topocard
Analog Plotter in the Department of Surveying and Geodetic
Engineeriné was employed. The table has a horizontal and vertical

micrometer scale as shown in Fig. 2.4-1.

LOCATION PIN

Fig. 2.4~1 The plotting table for the measurement of the
target position
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Two hand wheels control the movement of a location pin, which is
placed over the target centre using a microscope. The target
centre position can then be read from the graduated cylinder,
which has a smallest subdivision of 10 micrometers. To compensate
for instrumental errors in the plotting table each target was
measu;ed three times with a 90 degrees rotation of the board
after completion of each full set of target measurements. Using
a Similarity Transformation the three observation series were
reduced to the same datum. Finally all point centres were

determined by forming the arithmetic mean of the three x, vy

coordinate values available for each target. The coordinates of
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the board centre were determined as part of the calibration
process. The calibration results served as a basis for one of the
two methods employed for the evaluation of target centering
algorithms. The observations of the targets with the board in its
second position, i.e.after rotation through 90 degree, was
transformea into the first observation series. This procedure
served to increase both, precision and reliability of the point
position coordinates. For the final calibration result the mean

of the original and the transformed coordinates was evaluated.
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(a) The horization lines are original target position

(b) The vertical lines are transform position after
rotation 90 degree with original target position

Fig.2.4-2 Using mechanic method measurement the target board.

The transformation used was a similarity transformation based on

the well known function
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processing, computer vision, and scene understanding. The
recognition of an ellipse in an image is based on the fact that

all points on an ellipse should satisfy an equation,
f(x,v,9,a,b)-1=0 (5.8-1)

Thus two criteria need to be satisfied in order to classify an
ellipse. Firstly the points must lie on a threshold, close to
zero, to say it lies on an ellipse. Secondly sufficiently many
points need to be found that lie on the ellipse in order to call
it an ellipse. De Jager and Olivier have used HT to detect the
ideal target. The algorithm was coded in a PASCAL programme, The
results clearly presented that (x,y, ,a,b,) of ellipse was
correctly found. The algorithm work well for single well defined
ellipse. The two thresholds are very critical in the design of
the algorithm and they must be made a function of the
circumference of the ellipse. When more than one object is
present in an image, the time taken to scan through all the five
degrees of freedom becomes extremely large. The algorithm becomes
too sensitive to the thresholds when more than one object is

present in an image.

-

]

5.8 Results

Using Helmerts Transformation to analysis the target posit=-
ions and rotation angle accuracy. The transformation used was a
similarity transformation based on the well known function :

where
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X=bx-ay+ Ax

(5.8-1)
Y=ax+by+ Ay
a=ssin 6
b =s5scos 6

where the s is the scale factor and @ is the rotation angle. x
y are the object space coordinate system (x, y) before transform
and X Y are transform space coordinate system. This transform is
for proving the each algorithm accuracy. The mathematical pattern
of Helmerts transform is used coordinate transform functions with
Least-Square method to obtain the error value from the two group
data which are get from one object in two times observation,
measurement or computétion with rotation angle and displacement.
If the error value o more small than the two group observation
values more accuracy. In this thesis, we have use a twenty
targets array board which has described in the chapter two, then
using the PHOENICS system have snap two image frames for the
targgt board in approach 90 degree rotation in object space. One
of two images can be set a original image and another one is
called rotational image. The two group real observation values
is get from the mechanic method in 90 degree phase difference.
Let one of two group observation values to fit another group
observation values through the Helmerts transform. The error
value o0 1is equal to 2.887. The .distance ‘between the two
neighbouring target is equal 127 mm.

The follow tables are presented all of transform results of
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error. The error o results in table 1 are Moment method , Ellipse
Bestfitting and Circle Bestfitting method’s position value of the
each target centre in the target image transform to Mechanic

method’s observation value of these target centre positions.

Table 6.1 ¢
M1 M2 Fl F2 F3 F4 Fc
MechM ]3.913 |4.105 3.79 3.8 |3.806 |3.815 3.79
MechM90|5.673 }|5.657 }5.625 |5.676 |5.626 |5.627 5.667

where
Ml: is Moment method for target centre detection in target image
with threshold value equal to 0.
M2: threshold value is equal to 100. Background pixels gray value
are equal to 100. Moment method.
Fl: is the Ellipse Bestfitting method for centre of target
detection in digital image without the threshold value
F2: 1is the Ellipse Bestfitting method for centre of target
detection in digital image under the threshold value is
equal to 100. Background pixels gray value are equal to O
F3: 1is the Ellipse Bestfitting method for centre of target
. detection in digital image under the threshold value is
‘equal to 100. Background pixels gray value are equal to 100
F4: 1is the Ellipse Bestfitting method under the threshold value
is equal to mean value of all pixels in the target windoy
and Background pixels gray value are equal to mean value.
Fc: is Circle Bestfitting method without threshold.
MechM: are mean value of rotation observation value to fit

original value of the target centre from the Mechanic
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method
MechM90: are mean value of original observation value to fit
rotation observation value of the target centre from the
Mechanic method
Table 2 are present error value of the original target image and
rotation farget image in Moment method and Ellipse Bestfitting
without the threshold value after through some of image process-
ing methods to process to fit the real target board. These image
processing method involved Sharpping (Shl) method with 4 neigh-
bouring mask, Sharpping (Sh2) method with 8 neighbour mask, Sobel

operator (Sob), Average Method (Ave) and Median Filter (Med).

Table 2
Moment
Shi Sh2 Sobel lAverage Mediam
mechM 3.861 3.893 3.99 3.864 3.9
mechM90 5.685 5.698 5.717 5.683 5.688
Fitting
Shil Sh2 Sobel Average| Median
mechM 3.825 3.826 4,06 3.795 3.787
mechM90 5.74 5.735 5.768 5.663 5.693

Table 3 are present original image after through Shl, Sh2, Sob,
Ave and Med image processing to compare each other result with

Moment method and Bestfitting method.
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Table 3
Moment
shl sh2 sob Ave [ Med |
Shi 0] 0.056 0.246f 0.032 [0.094
Sh2 0 0.219) 0.045 |0.08
Sob 0 0.231 [0.156
Ave 0 0.026
Med 0
Ellipse Bestfitting
shl sh2 sob Ave Med
Shl 0 0.082 0.993| 0.157 |0.078
Sh2 0 0.989] 0.054 |0.054
Sob 0 1.018 [(0.094
Ave 0 0.122
Med 0]

Table 4 are present the both methods (Moment and Ellipse Bestfit-

ting) under various image processing methods to compare each

other results

Table 4
Shlm Sh2m Sobm Avem Medm
Shlf Shaf Sobf Avef Medf
0.159 0.178 0.956 0.177 0.252
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& CONCILL.LUSIONS

The objective of the thesis was the investigation of the effect
of image processing algorithms on the position of targets on
digital images, as required for photogrammetric modeling in
machine ané computer vision. For this purpose images of typical
target fields were generated and a number of image processing
algorithms were implemented on these images. Three algorithms for
the accurate determination of the centres of elliptical targets
on these images were applied to original images as well as
images modified by image processing operations and the results
were compared and evaluated. The three target centring methods
are Moment Method, Bestfitting Ellipse method, Radius of Gyration

(GR) method.

Comparison of the results of the target centring algorithms on

the original images allows the following conclusions:

1. The Bestfitting Ellipse method proved marginally
more accurate than the Moment method. This technique
relies on the detection of target edges followed by a
’ bestfit of an allipse to the detected edge. The
superior accuracy of this method over the centre of
gravity model can be explained by the lower
sensitivity of this technique to assymetric gray

scale distributions in the target area.

2. If the gray scale distribution of the target image
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shows substantial assymetrical deviations from the
ideal elliptical shape then the GR method is more

accurate than the other two methods.

After processing the images using Average, Median, Sharpening and
Sobel operators to improve the quality of the images, and thus
the targets, target centre calculations were repeated employing

the same methods as before.

The result of this investigation showed that:
1. None of the implemented image processing methods

resulted in systematic point shifts

2 Averaging results in an ”improved centre defection
accuracy. This can be attributed to two functions of the
averaging algorithm, these are the capability to remove
image noise and to improve image gray intensity to be more
symmetric. Subsequently averaging tends to flatten the
target edge gradient and make the target image more
?symmetrical.

3 None of the applied image processing algorithms showed
an improvement for the Bestfitting Ellipse method, as this
technique relies on a high contrast edge for the edge
detection component of the method, and none of the applied

methods had a positive effect on the edge definition.



71

REFERENCES

[1] A. Beghdadi & A.Le Negrate "Contrast Enhancement
Technique Based on Local Detection of Edge"
Computer Vision, Graphics, and Image Processing 46,

162-174 (1989)

[2] A. Dachs & G. De Jager "Filtering in Hough Space to
Enhance or Detect Linear Features" , Comsig 90,

Johannesburg, 1990

[3] A. Huertas & G. Medioni "Detection of Intensity Changes with
Sub-Pixel Accuracy Using Laplacian-Gaussian Masks."
IEEE Trans. Pattern Analysis and Machine Intelligence,

vol. PAMI-8, No. 5, Sept, 651-664 1986.

[4] A.J. Tabatabai & O.R. Mitchell " Edge Location to
Subpixel Accuracy in Digital Imagery". IEEE Trans.

Pattern Analysis and Machine Intelligence. 1981.

[5]'x A.J. Tabatabai & R.Mitchell "Edge Location to Subpixel
Values in Digital Imagery." IEEE Trans. Pattern
Analysis and Machine Intelligence, Vol. PAMI-6, No.2,

March 1984,



72
[6] A.J. Tabatabai "Edge Location and Data Compression for
Digital Imagery" Ph.D. dissertation, School of

Elect. Engrg, Purdue University, Dec. 1981

[71] A.P. Reeves " The General Theory of Moments for Shape
Analysis and the Parallel Implementation of Moment
Operations. 1981. TR-EE 81-37, Purdue University,

W.Lafayette, IN

[8] C. Kimme, D. Ballard & J. Sklansky "Finding Circles by an
Array of Accumulators" Sheet Communications

Graphics and Image Processing, 1975

[9] D.H. Ballard "Generalizing the Hough Transform to Detect
Arbitrary Shapes", Pattern Recognition, Vol 13, No 2,

pp 111-122, 1981

[10] D.B. Salzman "A Method of General Moments for Orienting 2D
Projections of Unknown 3D Objects" Computer Vision,

Graphics, and Image Processing 50, 129-156 1990

[11] E.M. Mikhail " Observations and Least Squares". IEP, New
York, Distributed by University Press of America, 4720

Boston Way, Lanham, MD 20706, U.S.A 1976.

[12] E.M. Mikhail, M.L. Akey, & O.R. .Mitchell "Detection and Sub-
Pixel Location of Photogrammetric Targets in Digital

Images". Photogrammrtric, 39, 63-83, 1984.



73
[13] G. De Jager & B.J. Olivier" Ellipse Detection Using the
Hough  Transform" Department of Electrical and

Electronic Engineering, University of Cape Town. 1990

[14] H.C. Andrews & B.R. Hunt "Digital Image Restoration"
Prentice~Hall. INC, Engiewood Cliffs, New Jersey 07632
P.Stucki "Advance in Digital Image Processing"1979

Plenum Press, New York

[15] H.K. Muammar & M. Nixon,"A 3-Stage Procedure for Ellipse

Extraction"

[16] H. Rither "Near Real Time Photogrammetry on a Personal
Computer PHOENICS" Conference of Southern African

Surveyors 1989

[17] H.Rither & N. Parkyn "Near Real Time Photogrammetry on a
Personal Computer® Photogrammetric Record,

13(75):415-422, April,1990

[18]?I. Tchoukanov, R. Safaee-Rad, B. Benhabib and K.C. Smith,
’ "Sub-Pixel Edge Detection for Accurate Estimation of
Elliptical Shape Parameters." CSME Mechanical
Engineering Forum 1990, Toronto, Ontario, Vol. III, pp.

313-318

[19] J.B. Martens,'"Deblurring Digital Images by Means of

Polynomial Transforms" Computer Vision, Graphics, and










































































