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Parameter Calibration of Laser Scan Camera for Measuring the Impact Point of Arrow

Gyeongdong Baek', Seong-Pyo Cheon'’, Inseong Lee’, Sungshin Kim*

Abstract

This paper presents the measurement system of arrow's point of impact using laser scan camera and describes the image
calibration method. The calibration process of distorted image is primarily divided into explicit and implicit method. Explicit
method focuses on direct optical property using physical camera and its parameter adjustment functionality, while implicit
method relies on a calibration plate which assumed relations between image pixels and target positions. To find the relations
of image and target position in implicit method, we proposed the performance criteria based polynomial theorem model
that overcome some limitations of conventional image calibration model such as over-fitting problem. The proposed method
can be verified with 2D position of arrow that were taken by SICK Ranger-D50 laser scan camera.
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Table 1 Membership functions of TSK neuro-fuzzy model

W, of fuzzy rules a b c

Al 1.29 2.08 -0.92

A? 1.22 1.91 1.22

Ay 1.80 2.11 -0.91

A} 1.67 1.58 1.26

W, of fuzzy rules a b c

B! 0.99 2.14 -1.10

B? 0.76 2.13 1.22

B, 1.09 2.96 -0.46

B 1.14 233 1.16

Table 2 Estimated error of TSK neuro-fuzzy model

fuzzy rules (r:l?&ggls) mRMSE | mMAE PC
4 0.167 0.227 0.185 0.206
0.052 0.350 0.234 0.292

16 1.186e-4 0.767 0.555 0.661
25 4.566e-5 2.572 1.726 2.149
36 3.170e-5 5.839 2.624 4232
49 2.402e-5 6.677 3.465 5.071
64 2.577e-5 16.875 9.334 13.105
81 2.687¢e-5 35.171 22.007 28.589
100 2.778e-5 41.236 29.254 35.245

Table 3 Absolute ermor of TSK neuro-fuzzy model (4 rules

condition, Fig. 7 (b))

. ",
mean var. mean var.
0.206 0.019 0.170 0.016
R*:If C,is B N C,is B, 1)
theny® =—3.80+24.66C, + 26.49C,
RY:If C,is Bf N Cying ”
then y' =—7.85+27.61C, +33.39C, 22)
i r—cC b
Ajz’(x;a, be)=1/(1+ ) (23)
) r—c 2b
Biza,b,c)=1/(1+ ) 24)

J
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Table 4 Parameters of PC based hierarchical polynomial theorem Table 6 Estimated error of PC based hierarchical polynomial

model theorem model (bisquare method)
Fitting method Fobust training MRMSE MMAE PC
w, nonlinear robust (bisquare) | (mRMSE)
(trust-region) (bisquare) 1 1.203 1.204 0.908 1.056
Do 28.74 28.74 2 0.269 0.281 0213 0.247
wig -5.07 -5.09 3 0.203 0.225 0.179 0.202
Wy 28.39 28.38 4 0.198 0.224 0.180 0.202
o 0.04 0.05 5 0.187 0.254 0.199 0227
@1 -0.95 -0.93 6 0.131 0.296 0212 0.254
s 173 1.72 7 0.075 0.690 0383 0.537
50 010 009 8 0.075 0.690 0.384 0.537
w,y -0.05 -0.06
52 023 022 Table 7 Absolute error of PC based hierarchical polynomial
“s3 0.04 0.05 theorem model (trust-region method, Fig. 10 (b))
Wy -0.45 -0.47
Fitting method W w
W, nonlinear robust mean var. mean var.
(trust-region) (bisquare) 0.197 0.020 0.163 0.015
Doo 28.73 28.72
Wiy -5.05 -5.07
Wy 28.44 28.42
Wy 0.03 0.05
wy, -1.20 -1.20
Wy 1.73 1.73 5
Wy -0.04 -0.05 g
wyy -0.01 -0.02 E )
Wy -0.26 -0.25 10 £ training error fi= =
sy 0.019 0.04 - mRMSE
rl —<— mMAE
w3 -0.16 -0.17 H o pc
10? !
0 2
Table 5 Estimated error of PC based hierarchical polynomial num. of layer
theorem model (trust-region method)
Fig. 8 Performance with increasing polynomial layer of nonlinear
nonlinear trainin; least squared fittin
(trust-region) (mRMSgE) mRMSE mMAE pe ! i
1 1.198 1.199 0.913 1.056
2 0.260 0.270 0.207 0.238
3 0.203 0.225 0.179 0.202
4 0.197 0.224 0.180 0.202
5 0.187 0.253 0.199 0.226 g
6 0.130 0.295 0.211 0.253 §
7 0.075 0.694 0.385 0.540 g
8 0.075 0.694 0.385 0.540

W, =py+ wC, twyy Cy + ‘Uzoar,2 twy G, Cy + w220,3+
Ws Cr3 tuwy, CE Q, tws G, Cuz"‘ Wss C;? +wC,C ’

Ty
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