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Computer Vision Based Measurement,

Error Analysis and Calibration
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Summary

When using a computer vision system for a measurement, the geometrically distorted input image
usually restricts the site and size of the measuring window. A geometrically distorted image caused
by the image sensing and processing hardware degrades the accuracy of the visual measurement and
prohibits the arbitrary selection of the measuring scope. Therefore, an image calibration is inevitable
to improve the measuring accuracy. A calibration process is usually done via four steps such as measu-
rement, modeling, parameter estimation, and compensation. In this paper, the efficient error calibration
technique of a geometrically distorted input image was developed using a neural network.

After calibrating a unit pixel, the distorted image was compensated by training CMLAN(Cerebellar
Model Linear Associator Network) without modeling the behavior of any system element. The input
/output training pairs for the network was obtained by processing the image of the devised sampled
pattern. The generalization property of the network successfully compensates the distortion errors of
the untrained arbitrary pixel points on the image space. The error convergence of the trained network
with respect to the network control parameters were also presented.

The compensated image through the network was then post processed using a simple DDA (Digital
Differential Analyzer) to avoid the pixel disconnectivity. The compensation effect was verified using
known sized geometric primitives. A way to extract directly a real scaled geometric quantity of the ob-
ject from the 8-directional chain coding was also devised and coded.

Since the developed calibration algorithm does not require any knowledge of modeling system ele-
ments and estimating parameters, it can be applied simply to any image processing system. Further-
more, it efficiently enhances the measurement accuracy and allows the arbitrary sizing and locating of
the measuring window. The applied and developed algorithms were coded as a menu driven way using
MS—C language Ver. 6.0, PC VISION PLUS library functions, and VGA graphic functions.
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Fig.2. 8-directional chain vector.
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Table 1. Area computed from each chain

vector.
Vector Area
1 SCX * 8CY 'y
2 SCX * (SCY - y~0.5)
3 0
4 —SCX - (SCY - y—05)
5 —SCX-SCY -y
6 —SCX - (S8CY - y+05)
7 0
8 SCX - (SCY * y+0.5)

Remark : SCX=Real size of X directional side

of a unit pixel

SCY=Real size of Y directional side

of a unit pixel
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Table 2. Moment M, computed from each chain vector.

Vector M.
1 SCX - yn%/2
2 SCX + (yn,—2yn+1) +SCX/SCY - (0.5yn—1/3)
3 0
4 —SCX - (yn’—2yn+1) —SCX/SCY - (0.5yn+1/3)
5 —SCX - yn*2
6 —8CX * yn?/2—SCX/SCY - (3yn+1)/6
7 0
8 SCX - yn*/2+SCX/SCY - (3yn+1)/6

Remark : yn=SCY * y

=Scaled Y coord. of a chain element

3 @Est B0 doji= W A



AEE PRl oS MIEHK ¥ Esne S Wik

ZUH oA F54de A2 E0 255
sit), g€ G FE = A% FAA
Hg Fote Fgol flE NI M
gy 2Ya ol NGl M FHe AAs
71 Qsted @A gt AEg ¢ F Ad=IE
g} Adagde HE AEHe G4 AE
e =4HT AEFL) EAE A 4
Ao g Ak of71H HEFZN B
AEe] Qe AEL PHITY A A=
4oz Aty HoA $2 EAHez U
HAe geh ned A5 JHE 983
2 A 717 98k] Bz ol £7(Sorting) F
g F7tstdo

Table 4. Measured size of unit pixel under

various gray levels(unit : mm).

Threshold SCX SCY

70 0.645161 0.530973

80 0.645161 0.526316

990 0.645161 0.526316

100 0.645161 0.526316
110 0.645161 0.526316
120 - 0.645161 0.521739
130 0.638298 0.521739
Average 0.644181 0.525674

Ratio 1.225438 1

Remark : SCX=Real size of X directional side
of a unit pixel
SCY=Real size of Y directional side

of a unit pixel
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Fig.3. Sample pattern used for collecting input

image error.

Error (unitiplxel)

Fig4. Amount of distortion errors of sampled

points.
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Table 3. Moment M, computed from each chain vector.

Vector M,
1 0
2 SCY - xn%/2+SCY/SCX - (0.5xn+1/6)
3 SCY - xn%/2
4 SCY *(xn*—2xn+1)/2+SCY/SCX - (0.5xn—1/3)
5 0
6 —SCY - (xn*—2xn+1)/2—SCY/SCX - (0.5xn—1/3)
7 —SCY - (xn%2
8 —SCY - xn*/2+SCY/SCX * (0.5xn+1/6)

Remark : xn=SCX - x

=Scaled X coord. of a chain element
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Remark : SCX=Real size of X directional side
of a unit pixel
SCY=Real size of Y directional side

of a unit pixel
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Table 4. Measured size of unit pixel under
various gray levels(unit : mm). AX=X,—X, AY=Y,~Y,
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130 0.638298 0.521739
Average 0.644181 0.525674
Ratio 1.225438 1
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Fig.5. Block diagram of network training.
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Table 5. The error of 234 trained image points ater training (learning gain : 0.7, quantizing block K=

70).
X4 Y4 X Ye X* Y* AX, AY,
-9 11 14 29 —9.09 10.88 0.09 0.12
7 11 26 27 7.15 11.14 —0.15 —0.14
22 11 39 26 2217 10.89 —0.17 0.11
38 11 51 24 37.87 10.91 0.13 0.09
53 11 65 23 53.00 11.08 —0.00 —0.08
69 11 79 22 69.14 11.18 —0.14 —0.18
-9 49 11 63 —8.92 4922 —0.08 —0.22
7 49 24 61 6.94 49.02 0.06 —0.02
22 49 37 60 22.12 49.12 —0.12 —0.12
38 49 50 59 37.90 49.04 0.10 —0.04
53 49 64 57 53.20 48.82 —0.20 0.18
69 49 77 56 68.90 48.85 0.10 0.15
-9 87 9 97 —9.12 87.03 0.12 —0.03
7 87 22 96 6.97 87.03 0.03 -—0.03
22 87 35 95 21.93 87.14 0.07 —0.14
38 87 48 93 37.72 86.86 0.28 0.14
53 87 62 92 53.05 86.71 —0.05 0.29
69 87 76 92 69.19 87.10 -0.19 —0.10
-9 125 8 132 —885 125.19 —0.15 —0.19
7 125 21 131 7.01 125.16 —0.01 —0.16
22 125 34 130 22.07 125.28 —0.07 —0.28
38 125 47 129 37.94 124.74 0.06 0.26
53 125 61 129 53.17 125.25 —0.17 —0.25
69 125 75 128 60.10 124.91 =010 0.09
-9 163 7 167 —9.50 163.22 0.50 —0.22
7 163 21 167 7.03 163.10 -0.03 —=0.10
22 163 34 166 2223 163.97 —023 0.03
38 163 47 166 38.34 163.15 —0.34 —0.15
53 163 60 165 52.95 162.95 0.05 0.05
69 163 74 164 68.64 162.97 0.36 0.03
-9 201 7 203 —8.72 200.84 —0.28 0.16
7 201 20 203 7.01 200.69 -0.01 031
22 201 33 202 22.30 200.84 —0.30 0.16
38 201 46 203 37.94 201.27 0.06 —0.27
53 201 60 202 53.10 200.84 -0.10 0.14
69 201 74 202 69.30 200.97 —0.30 0.03
-9 239 8 239 —8.78 238.83 —0.22 0.17
7 239 20 239 6.92 239.02 0.08 -0.02
22 239 33 239 2194 238.94 0.06 0.06
38 239 46 239 3797 239.02 0.03 —0.02
53 239 60 239 52.96 239.17 0.04 —0.17
69 239 74 239 69.16 239.28 —0.16 —0.28

Remark : X4, Ys=Desired coord, of sampled points
X,, Y.=Coord. of sampled points computed from the input image
X*, Y*=Coord. of sampled points compensated via network
AX,, AY.=Deviation between X,, Ys and X*, Y*
(AY.=Xs—X*, AY.=Y,—Y")
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Figure.7. Maximum error versus training epoch
with various quantizing block Ks(234

sample input node).
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Table 6. Learned effect on the untrained input nodes using 234 node trained network(learnig gain :

0.7, quantizing block K=70).

X4 Yq Xe Ye X* Y* AX, AY,
-1 11 19 28 —2 11 1 0
45 11 57 24 44 11 1 0
92 11 99 20 92 11 0 0
139 11 142 17 138 11 1 0
185 11 186 15 184 11 1 0
232 11 232 14 231 11 1 0
-1 68 15 10 —4 67 3 1
45 68 54 : 75 43 67 2 1
92 68 96 72 90 67 2 1
139 68 140 71 137 68 2 0
185 68 185 69 184 68 1 0
232 68 231 68 231 68 1 0
-1 125 14 132 -2 126 1 -1
45 125 53 129 44 125 1 0
92 125 95 127 91 125 1 0
139 125 139 125 137 124 2 1
185 125 184 125 183 125 2 0
232 125 124 231 125 1 0
-1 182 13 185 -2 182 1 0
45 182 52 184 44 182 1 0
92 182 94 183 90 182 2 0
139 182 139 182 138 182 1 0
185 182 184 181 184 181 1 1
232 182 231 181 231 182 1 0
-1 239 13 239 —2 239 1 0
45 239 52 239 44 239 1 0
92 239 94 239 91 239 1 0
139 139 138 239 137 239 2 0
185 239 194 239 184 239 1 0
232 239 231 239 231 239 1 0

Remark * X4, Ya=Desired coord, of sampled points
X., Y.=Coord. of sampled points computed from the input image
X*, Y*=Coord. of sampled points compensated via network
AX. AY.=Deviation between X,, Y, and X*, Y*
(AX.=Xy—X*, AY. =Y~ Y")



FEFA7IAGHA A 17 A A 12 1992 38

g Xnew Yoew
I X Y
I Rx—X Y
il X Ry—Y
I\ Rx—X Ry—Y
@ stEgg 1944 By T3 4EE

XY BAF AX', AY'E o] AL
BEFY I, I, VoA o] &37] fAAxe &
HEFYo] S EE YT X3 E O
Zo] @A A g} A4 AX" pew, AY " penE
st g el wet HEE RASAAE e

gy AX® e AY* o
I AX* AY?
I —-AX* AY?
i AX* —AY*
\4 - AX* AY*

® o)Z2A FIAHR AX* ey AY* ol 31 B
AFAE X9 Yor= ©-2F o] 73T}

X' :Xnew+ AX'DCW
Y =Yt AY e

of 2dde| FxXz|

A9 HAYE FUWH BAFNE JAHE)
o] g3t BtAate] AF Aol A== BEI)
A0 RAGE F3o g vistetE e o
71 YA e AAQ=EG S £33 Hed o 7
S+ dHe] dPgo R AYrt olgyY A B A
Tl A& 2782083 (Scan Line Conversion)
gagE 5 1Y 99} 2L 498 F= gy
A& xHEEA (Simple Digital Differential Anal-
yzer) WY S 0] 83l FolF e AAAL
3 EI}=E A

b BHEDC| HE U 24

BARAA 3E5L A5t WEEFL o] g5
o, 39 Bg el AA Yoz dANE 43
M Eellsl WAL w @R 53] 8w AH

-~ /. T
Stepping Pl
line -
(S
o« AY
-
-~ e
-~
|
ol
H AX !
® : Disconnected pixels

Q : Generated pixels

Figure.9 Pixel connection using simple DDA,

2ol Ao e 433 2o Yo
HAF S48 4ESY) S99 B8 A
o] £l BH A2 Hage vad A4S
< AF°] 595cme)! W2 o] 2o)7t 4emY
ALY Z¥E o] &3tk BAA gAto) o
T EYXNE T3 HYF ) AE H QR
€ X 79 JEhiAT) 71 By A] Aee
AojA Ao vs) a9 B9t d&av)e)
9] zol7t B AL =¥ I Qe 2
T2 FAE 3 dgd e AHA R AR
v dAHo2 F Uedoy AYF 299 o
ol mE gdelx FAGY BAe] S
o e dFS 71L& ¢+ UL E3)
g FA40 glolXe #9e 29 HH
dol 2] Ak dAo] Atde] Basiny Y
FEe 718 A R RAY BAQRL A% &
& Dol # Hor B

S|

5.

A

QRIEY LAZEQ ] Tt

Sl A Fag ATWEELS Microsoft C
(Version 6.0) ¢ ITEX PCVISION PLUS library
g ©]83}], Man-machine interfaceS
23t vy Ao g IgsY Jed g
Ae F4EY AEITUEYG SA9 FEH 2
YEd a2 on FHEES 3t 39 9
Efs vy dds d4E8e, a8 g2
G ATz FASAT 298 102 3
FH ZUBAC 2842 RARYL RAFE
oo AEE Az Egole T2 9AEE 17 1]
o Yeht lch

al



HIFE BEel 1A% MiEtkd 3 EEe] o ik

Table 8. Measured area and perimeter of the compensated image
(circle : radius=59.5mm, square - side=40mm).
a) Circle

(desired area*2780.5mm’, desired perimeter= 186.9mm)

No Area compensation Perimeter compensation
Before After Before After
1 2307.9 2800.7 1819 202.3
2 23275 2723.2 185.9 2054
3 2260.4 2760.8 180.2 201.3
4 2507.3 2716.2 189.9 204.0
5 21749 27389 176.3 2015
6 2337.6 27432 184.0 204.8
7 2656.6 2707.0 1955 200.6
8 2403.5 2774.1 183.2 203.1
9 2100.2 2695.7 175.3 198.2
10 2630.5 2755.2 193.7 197.8
b) Square
(desired area=1600mm’ desired perimeter = 160mm)
No Area compensation Perimeter compensation
Before After Before After
1 1320.5 1537.6 154.5 166.1
2 1514.7 1544.3 159.2 160.5
3 1385.9 1549.3 157.6 162.6
4 1446.2 1556.3 155.7 163.7
5 1502.4 1586.5 156.1 162.1
6 1373.3 1542.4 151.6 162.5
7 1303.2 15474 150.3 1634
8 1216.1 1563.8 144.1 1614
9 1401.8 1551.3 151.9 163.7
10 1356.3 1547.2 154.6 165.2
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Fig.10 Program cutput on a computer monitor.
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