
ARL-STRUC-TM-549 AR-006-659

AD-A250 313 ___ DTIC
W NAY 2 2 T199AN

DEPARTMENT OF DEFENCE C

DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION

AERONAUTICAL RESEARCH LABORATORY

MELBOURNE, VICTORIA

Aircraft Structures Technical Memorandum 549

COMPUTER RECOGNITION AND ANALYSIS OF

PHOTOGRAMMETRIC TARGETS

by

B.A. WOODYATr
T.G. RYALL

Approved for public release _

©' COMMONWEALTH OF AUSTRALIA 1992

MARCH 1992

't! -, ' T-' .



This work is copyright. Apart from any fair dealing for the purpose of
study, research, criticism or review, as permitted under the Copyright
Act, no part may be reproduced by any process without written
permission. Copyright is the responsibility of the Director Publishing
and Marketing, AGPS. Enquiries should be directed to the Manager,
AGPS Press, Australian Government Publishing Service, GPO Box 84,
CANBERRA ACT 2601.



AR-006-659

DEPARTMENT OF DEFENCE
DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION

AERONAUTICAL RESEARCH LABORATORY

Aircraft Structures Technical Memorandum 549

COMPUTER RECOGNITION AND ANALYSIS OF
PHOTOGRAMMETRIC TARGETS

by

B.A. WOODYATT
T.G. RYALL

SUMMARY

This Technical Memorandum is a continuation of earlier work into the application of

phowogrammetric techniques for the modal analysis of vibrating structures. Methods are
developed for the computer processing of photogrammetric negatives. The negatives capture
the positions of retro-reflective targets located on the vibrating structure. With the relative
distances between targets known, the distorted structure can be reconstructed. All targets
are given a Global coordinate, thus reducing the accumulation of errors over the negative.
The techniques used to establish the Global Coordinate System are discussed as are the
methods used to determine accurately the location of the retro-reflective targets.
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1 - INTRODUCTION

This Technical Memorandum is a continuation of earlier work into the application
of photogrammetric techniques for the modal analysis of vibrating structures.
Basically, photogrammetry is a method for the measurement of points on a body in a
three dimensional coordinate system { 1 .

In this instance, the structure is a steel plate (Refer - Figure 1). The plate has the
dimensions 1022 x 902 x 3 mm and is clamped along one edge.

The experiment involved the placement of retro-reflective targets over the
structure. Subjected to an excitation, the motion of the structure is frozen using a
stroboscope and camera apparatus which is synchronized to the oscillation of the
body {I. Photographs of the vibrating system were taken at five stations around the
plate {I}. At each station the phase between the stroboscope and exciter was
increased from 0' to 360 ° in increments of 45' { 1). These increments ensure the
photographs capture the plate in various stages of distortion.

The plate was excited at a frequency of 27.2 Hz, corresponding to the structure's
fourth normal mode { 1).

Applying photogranimetric techniques, a three dimensional reconstruction of the
plate distortion from the photographic negatives is possible; however the accurate
determination of the target centres is essential. Whilst the peripheral dimensions of
the :argets may vary, the target centres are made to exacting standards.

It should be mentioned, the spacing between the retro-reflective targets must be
sufficient to ensure the mode of vibration is discernible.

Previously, target centre coordinates were determined by manual measurement of
the negatives therefore making the analysis extremely time consuming. This
Technical Memorandum focuses on the processing of photogrammetric results in a
more time efficient manner.

2 - COMPUTER ANALYSIS

If the processing of photographic data is to become more efficient computer
interaction is essential. Whilst time consuming, an advantage with the manual
processing of the negatives is the ability to magnify each target. The improved
resolution ensures the target centres may be determined with considerable accuracy.
Computer enhancement of the negative could yield similar results, the resolution only
being restricted by the systems magnification capabilities. However, magnification
and accuracy are proportional to data file size and computer processing time. A
suitable compromise between accuracy and processing time must be maintained.

... .. t .... .. 1



2.1 - IMAGES & PROCESSING

Computer processing of the results requires the images of the photographic
negatives to be converted to light intensity data. For this application, a Charged
Couple Device (CCD) camera is linked to a computer which operates a software
package capable of isolating and capturing a single frame. An image of the
photograph is captured and stored for processing.

The image quality is primarily a function of the CCD camera. The resolution is
proportional to the number of sensors in the CCD. During this work two CCD
camera systems were tested. The relative merits of each are briefly discussed.

2.2 - THE VISUAL PRESENTER SYSTEM

Compact, light weight and portable, the Visual Presenter system gives an image
resolution of 768 x 512 pixels. No external light source is required, since two
adjustable lights provide adequate illumination for the camera.

The Visual Presenter is primarily a multi-purpose conference, or seminar,
projection system. Whilst the lens attachments supplied with the device are adequate
for magnification of presentation slides and alike, the associated lens distortions are
unacceptable for photogrammetry work. Similarly, the ability to move the camera
over the target area is an essential feature of any system however, the construction of
the Visual Presenter restricts the device in this capacity.

These deficiencies in the Visual Presenter could not be rectified and an alternative
system was sought.

2.3 - THE VIDEK SYSTEM

The Videk camera system is not easily transported. The camera is mounted on an
adjustable mast assembly which allows translation of the camera vertically (Z) and
horizontally (Y). The system is restricted from movement in the X direction (Refer -
Figure 2).

Unlike the Visual Presenter, this camera uses conventional lens attachments,
permitting almost unrestricted magnification of the photographic negatives. With a
resolution of 1340 x 1036 pixels, the Videk system clearly proved the most versatile
of the two CCD systems.

All images were captured using the Videk camera.
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3 - THE GLOBAL COORDINATE SYSTEM

The determination of the plate distortion from the photographic negative requires
the position of each target on the plate to be accurately known. Whilst the
magnification of individual target is essential, the relationship between targets is
equally important. The targets must be related by a common Giobal Coordinate
System.

A reference grid superimposed over the photographic negative provides this
common coordinate system. The relative distances between target centres can be
easily determined and the accumulation of errors over the target area is substantially
reduced.

The reference grid must cover the entire target area.

3.1 - REFERENCE GRID

The reference grid used is computer generated and accurate to 1/1000 inch. In
this first stage of the process only an image of the grid is required.

The grid, with overall dimensions 400 mm x 400 mm and 25 mm x 25 mm grid
squares, is secured firmly to prevent any movement during the procedure. An image
is taken for later analysis.

To ensure the grid lines are prominent, the captured images are primarily black
and white where the background is black and the grid lines white.

The pixel intensity scale comprises 256 shades (Refer - Figure 3) between black
and white. The computer must be able to distinguish between these contrasting light
intensities. For this purpose an Intensity Threshold Parameter is nominated.
Typically an intensity , I(x,y) = 150, is used where intensities below the threshold are
deemed white and those above the threshold considered black.

With the Intensity Threshold Parameter known, the search for grid intersections
can now commence. Firstly, the origin of the grid must be accurately located.

3.2 - COORDINATE AXES

The origin of the grid is arbitrarily nominated as the grid intersection point in the
extreme upper left comer of the image and is given the Global Coordinate (1,1)
(Refer - Figure 4A & 4B). Using the Intensity Threshold Parameter, line scans of this
region identify the row and column in which the origin grid lines were detected.
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These coordinates, (Row,Columnn), are refined using the principle of first moments
where the pixel intensities are considered to be concentrated point masses. In

computing the centre of gravity, intensities within a 50 pixel radius of the origin are
considered. When the centre of gravity is determined, the origin is given these
coordinates and the procedure repeated until the coordinates converge.

Similarly, line scans locate the grid point nearest the origin in the X direction.
This point is given the Global Coordinate (2,1). First moment principles are again
employed to determine accurately the coordinates of this intersection. Computing the
gradient and displacement between (1,1) and (2,1), permits confident approximations
for the coordinates of the remaining grid intersections to be made. Using first

n oments these approximations are refined and then recorded.

With all of the grid intersection coordinates identified, the Global Coordinate

System can now be established.

3.3 - GLOBAL COORDINATE SYSTEM LABELLING

The labelling sequence for the Global Coordinate System follows a standard

(X.Y) format and the system is generated by rows, or Y coordinate,

With the origin as a reference, all points sharing a common gradient with the
origin (1,1) and grid intersection (2,1) are segregated. These points are ordered,
with the X coordinate increasing, and given Global Coordinates. This row of

coordinates defines the X axis of the grid.

Incrementing to the next row of the grid, the intersection nearest the origin in the
Y axis direction is identified and labelled (1,2). Using this point as a reference and

knowing the slope of the grid, all points sharing a common gradient are identified.
Similarly, these coordinates are ordered, with the X coordinate increasing, and
labelled.

This procedure is repeated until all grid intersections are given Global

Coordinates

With the Global Coordinate System established, the target negative can now be
affixed firmly to the grid. Any movement of the grid or relative movement between

the grid and photographic negative must not occur.

The photographic film on which the target images are captured is tinted.
Superimposing the target negative onto the grid increases the intensity scatter. For

target recognition, the reduced contrast implies a more sophisticated technique for
the determination of the Intensity Threshold Parameter is required.
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3.4 - INTENSITY THRESHOLD PARAMETER

For target identification, the Intensity Threshold Parameter must be calculated
from line scans of the intensity data.

For an image known to contain at least one target, the distribution of intensities is
expected to be bimodal, that is, we expect two distinct intensity peaks which
correspond to the background and the targets. The Intensity Threshold Parameter
should correspond to a minimum somewhere between these two intensity maxima.

The simplest polynomial which adequately describes this system is a 4th order
polynomial. The roots of the polynomial's first derivative will give the turning points
of the curve. A single real root in the solution of the polynomial implies the grid
square contains no targets.

For target recognition, the Intensity Threshold Parameter is determined using this
technique (Refer - Appendix 1).

4 - MAGNIFIED GRID IMAGES

In this phase of the procedure, image quality and the ability of the CCD camera to
.,an the photographic negative become essential features of a good system. Whilst
the Videk camera has excellent image resolution, the restriction to translation in the Y
- Z directions is a burden. For the purposes of this memorandum, the results are
restricted to a corridor of grid squares located by the fixed X coordinate of the
apparatus.

vioving from the gluoai view, the camera is adjusted in the Z direction to isolate a
single grid square. Ideally, each grid square over the target area should be
systematically isolated and an image stored for processing.

Each image is processed separately and variations in lighting conditions make it
necessary to compute an Intensity Threshold Parameter for each image.

Prior to the search for targets within the grid square, the boundaries of the square
must be identified. Any targets located within the grid square are related to the
Global Coordinate System via the Reference Grid Intersection. The Reference Grid
Intersection is nominated as the intersection in the upper left quadrant of the image.
The user is prompted by the program to supply the Global Coordinates of this
reference point. Lines scans in both the vertical and horizontal directions locate this
intersection and, using first moments, the coordinates are refined (Refer - Figure 5B).

Similarly, the procedure is repeated, locating the grid intersection in the upper
right quadrant of the image. The displacement between these two points is computed.



Companng this displacement, with the displacement for the non-magnified image
,,ill give the Magnification Ratio. The calculation of the Magnification Ratio permits
all coordinates on the magnified images to be scaled to a common, non-magnified
'oo.rdinate set and the boundaries of the grid square to be identified- Subsequent line
s,:ans for targets are constrained by these rid boundaries.

The search for targets within the grid square can now commence.

4.1 - TARGET DETECTION & CONFIRMATION

The determination of the targei oordinates is a two phase process. Initially.
targets are tentatively identified by a simple pattern recognition technique. The
second, more rigorous test, is a comparison of the target's peripheral shape to that of
an ideal ellipse. Both of these criteria are briefly discussed.

4.1.1 - TIlE PATTERN RECOGNITION CRITERION

[sing the Intensity Threshold Parameter. line scans of the image search for the
intensity sequence -

BLACK WHITE - BLACK - WHITE - BLACK
(Background) Tarvet fBackr, mnd

The coordinates for all occurrences of this sequence are recorded for later
processing.

The white pixels which form the target centre are not considered in this intensity
sequence. Line scans which detect the target centre pixels are disgarded. These
pixels are considered rogue white pixels.

The magnification of the target negative implies a single target will be identified
many imcs. T.ifore the redundanr target identifications must be eliminated. In
cases where multiple recognitions occur, only those sequences with a maximum
number of black pixels bounded by white pixels are stored.

BLACK WHITE
( B a c k g r o u n d ) B L A C~BLACK

S - (Background)

Line Scan BLACK

The second criterion must be satisfied prior to the targets confirmation.



4.1.2 - THE NON DIMENSIONAL RATIO CRITERION

The local area about the suspected target is considered in isolation and a binary

image of this region is constructed. In the binary image, pixels are deemed to be
cither white 0) or black (1) (Refer - Figure 5A)

The peripheral dimensions of the target are primarily elliptical. The moments of
intensity and area are combined to gi'e a non dimensional ratio for the binary image
(Refer - Appendix 2). The ratio is compared with that representative of an ideal
ellipse, for ,Ahich the ratio is 1.

abR-
4 vDT, .4 A)

I here Det .l, - Deu'rmnirant f1te Intensity .larri
2a & 2h - Mfajor & .ipin,r aces ,I an Ellipse

(Refer - Appendix 2)

Only targets which have a ratio of approximately R= I are accepted. As an initial

estinmate of the target centre coordinates, the centroid coordinates for the hinar image
are recorded.

4.2 - I)ETERMINATION OF TARGET CENTRE COORDINATES

The target centres, whilst actually circular, appear elliptical in shape. This
phenomenon is as a result of the camera position when the photographs of the plate
,ere taken. [he camera stations were 2 m above the plate in a parallel plane and
approximately equidistant from the plate's centre { I I.

Seetal techniques were employed in an endeavour to accurately locate the
cirdinates of the target centres. A description of each method is given.

4.2.1 - THE NON LINEAR LEAST SQUARES SOLUTION

The elliptical properties of the target's peripheral dimensions implies the target

centres are similarly best approximated by an ellipse.

Using the preliminary estimate for the target centre, a local area encompassing the
centre is isolated. For this region. calculation of the centre of gravity improves the
initial estimate of the centre's coordinates. An ellipse fitting routine is employed to

further refine the coordinates.



A thorough explanation of this method is contained in the appendices (Refer -
Appendix 3!

In brief, for each ellipse there exists a matrix A(i,j) where pixels are classified as
either inside the boundaries of the ellipse, in \Ahich case Adij) = 1, or outside the
ellinse where A i.j) = 0. This implies a step change of intensity betsmeen the
background pixels and those pixels forming the ellipse. The problem can be
expressed in terms of an Obje'tive Fu 'nLt1. Minimising the Objective Function w ill

ield the target centre coordinates. The target centre coordinates are referred to the
Retlree Grid Intersection and therefore the Global Coordinate Sv eCn

)pc,,, i,, Fu,,, i,,,, J .\ -0 1 1.) 1 - P - Q (. i- ,}"

N - Ntulo,,r of Iteli-it.'- I x. y
I Observed iti.tsitv r. 1)
P Background l it,,i eit v
Q Fur.t routd lit-rsiry

(Refer - Appe:.Jix 3)

The primary deficiency in this method is the inherent assumption that the
boundaries of the target centre behave as a step function: that is at the boundarn
betsmeen the background and the target centre there exists a step change in intensit%.
Examination of the intensity scatter around i typical target centre shov.s this not to be
the case (Refer - Figure 6A & 6B). Whilst the Objective Function converges to a
minimum, this should not be construed as the convergence of the function to the
global minimum, or target centre, but instead implies the function has merely
converged to a local minimum. This characteristic can be easily demonstrated by
altenng the initial estimates for the Objective Function.

An alternative technique is the determination of the target centre coordinates
using First Moments. It should be noted this method is intended only to give a first
estimate of the target coordinates and a function which better describes the properties
of the system is essential in attaining more accurate results.

4.2.2 - THE FIRST MOMENTS SOLUTION

This method uses centre of gravity coordinates, X and Y, as an estimate for the
target centre. Using initial estimates for X & Y, a circle of radius R radiates from the
centre of gravity in pixel increments. The radius R has a fixed upper limit. For each
increment in radius, the computed centre of gravity coordinates for the pixels
bounded by the circle are differenced. in both X & Y, with those coordinates
corresponding to best estimate for the target centre. The parameter DXY, defined as
the summation of the X and Y differences squared, is a minimum at the centroid. The
coordinates X & Y giving a lower DXY than the best estimate are stored whilst the:



radius is incremented. Those coordinates corresponding to a minimum DXY are
deemed the target centre coordinates.

As with the Non Linear Least Squares method, the target centre coordinates are
referred to the Reference Grid Intersection and therefore the Global Coordinate
System.

The result obtained using both methods are compared.
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5 - RESULTS

The anomaly in the Non Linear Least Squares solution namely the convergence of
the Objective Function to the nearest local minimum and not the global minimum as
intended, can be compensated. To induce convergence of the Objective Function to a
global minimum, different initial estimates for the Objective Function were
nominated. These results are presented (Refer - Table 1).

Method Normalised Standard Deviation Objective Function
(Minimum) (Maximum) Target I Target 2 Target 3

1 0.002377 0.00127 i 6665 207146 205805
2 0.002288 0.001223 4268 5321 4523

Table I

Where I - Non Linear Least Squares Solution
2 - Non Linear Least Squares Solution

(Using alternative initial estimates)

Notes -

For the standard deviation, the data presented are averaged over three
scans of the same target area, where each standard deviation shown is
normalised to either the minimum or maximum distance between
targets captured in each scan.

The Objective Function data shown corresponds to a single scan of the
target area.

Expectations of an improvement in the standard deviation using alternative initial
estimates for the function are confirmed, the Objective Function having clearly
converged to a different, lower minimum.

Fable 2 shows the results obtained using the First Moments method.

Method Normalised Standard Deviation
(Minimum) (Maximum)

First Moments 0.002292 0.001226

Table 2

10



The effectiveness of the First Moments solution as an initial estimate is evident
when comparing the Non Linear Least Squares solution, using nominated parameter

starting values, with the First Moments result. Clearly, the implementation of an
Objective Function has not significantly altered the First Moments estimate and the
additional computational time required for the Objective Function solution is
unwarranted.

I1



6 - CONCLUSIONS

The primary intention at the commencement of this work was the development of
more time-efficient processing techniques for the analysis of photogrammetric data
whilst retaining a desirable degree of accuracy in the final result. To this end, this
Technical Memorandum demonstrates that with continuing development and
refinement the techniques presented will achieve these aims.

For the further development of the methods presented, the following
recommendations are made:

Placement of the reference grid over the target area may, in some
instances, cause targets to be inadvertently obscured by grid lines. An
alternative reference system is a grid composed purely of intersection points.
The elimination of grid lines reduces the likelihood of obscuring targets
whilst, retaining the advantages of a Global Coordinate System.

The ability to freely move the camera in the X,Y & Z directions should be
a feature of any system used for the scanning of photogrammetric negatives.
Whilst the Videk apparatus permits Y and Z translations, the restriction in X
direction is unacceptable. If this system is to prove useful in the analysis of
photographic negatives, it must have three dimensional freedom.

In the calculation of the Magnification Ratio the displacements for both
the magnified and non magnified images are derived from a single grid square
(Refer - Figure 5B). A better estimate of the magnification between the two
views could be achieved by considering several grid squares or, different sides
of the same grid square.

The present Non Linear Least Squares method of solution is based on the
assumption that there exists a step change in intensity between the background
and target centre intensity levels. This assumption is invalid therefore
prompting the need to find a function which better describes the system.
Reference to Figures 6A & 6B suggest a biquadratic function, or a quadratic in
both X and Y, would more adequately describe the unique properties of this
system.

This Technical Memorandum has demonstrated the reliability of First
Moments as an initial estimate for the target centre coordinates. With a view
to time-efficient analysis, this simple method should be incorporated in future
photogrammetric work as a preliminary coordinate estimation technique.
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VIDEK IMAGING SYSTEM
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PIXEL INTENSITY SOALE
Figure- 3

0 39 78 117 156 195 234
1 40 79 118 157 196 235
2 41 80 119 158 197 236
3 42 81 120 159 198 237
4 43 82 121 160 199 238
5 44 83 122 161 200 239
6 45 84 123 162 201 240
7 46 85 124 163 202 241
8 47 86 125 164 203 242
9 48 87 126 165 204 243

10 49 88 127 166 205 244
11 50 89 128 167 206 245
12 51 90 17 129 168 20 246
13 52 91 - 130 169 208 247
14 53 92 131 170 209 248
15 54 93 132 171 210 249
16 55 94 133 172 211 250
17 56 95 134 173 212 251
18 57 96 135 174 213 252
19 58 97 136 175 214 253
20 59 98 137 176 215 254
21 60 99 138 177 216 255
22 61 100 139 178 217
23 62 101 140 179 218
24 63 102 141 180 219
25 64 103 142 181 220
26 65 104 143 182 221
27 66 105 144 183 222
28 67 106 145 184 22
29 68 107 146 185 224
30 69 108 147 186 225
31 70 109 148 187 226
32 71 110 149 188 227
33 72 111 150 189 228
34 73 L 112 151 190 229
35 74 113 152 191 230
36 75 114 153 192 23
37 76 115 154 193 232
38 77 116 155 194 233



GLOBAL COORDINATE SYSTEM

Figure - 4 A

R efer - Figure 4B3
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MAGNIFIED GRID SQUARE

Refer - Figure 5B _ !03
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Figure - 5A Figure - 5B
* Targets are confirmed using * Using an initial estimate for
a binary image. Area and the grid intersection
moments of intensity are coordinates, pixels within a
determined for the shape and radius 'R' are considered in
combined to give a non- the calculation of X(bar) &
dimensional ratio. This ratio Y(bar). Taking the
is compared with the value coordinates X(bar) & Y(bar)
for an ellipse, as a new estimate for the grid

intersection, the procedure is
repeated until the coordinates
converge.
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Appendix I
A Technique for the Calculation of the Intensity Threshold Parameter
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Appendix 3
The Determination of Target Centres using Non-Linear Least Squares
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This Technical Memorandum is a continuation of earlier work into the application of photogrammetric
techniques for the modal analysis of vibrating structures- Methods are developed for the computer
processing of photogrammetric negatives. The negatives capture the positions of retro-reflective targets
located on the vibrating structure. With the relative distances between targets known, the distorted
structure can be reconstructed, All targets are given a Global coordinate, thus reducing the accumulation of
errors over the negative. The techniques used to establish the Global Coordinate System are discussed as
are the methods used to determine accurately the location of the retro-reflective targets.
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