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Calibration Method for Linear Array Camera of Intersection
Measurement System
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Abstract: In order to improve the measurement accuracy of the large target intersection measurement
system, the miss distance formula of target was derived by analyzing the principle of intersection
measurement. According to the parameters of the formula, a mapping model between the pixel coordinate
and the offset angle was established by using the geometric relationship. A calibration method for linear
camera was designed by using grating scale according to the model. This method takes the whole optical
system as a whole and does not need to consider the parameters of the camera, which directly calibrates
the mapping relationship between the coordinates and their corresponding offset angles. The experimental
results show that the average measurement error of the calibrated intersection measurement system at
1.4 mis 0.4 mm, and the maximum measurement error is better than 0. 6 mm. The proposed method is
simple but effective, and can improve the speed of the calibration and satisfy the accuracy requirement of
the system.
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Fig.1 The schematic diagram of intersection measurement
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Fig. 2 The schematic diagram of camera imaging
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Fig. 5 The position error analysis chart of the sampling points

, 0.02 cm/
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0.2 mm.
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Table 1 The standard deviation analysis table

2
Table 2 The analysis of camera angle deviation

0.0260

No. 1 2 3
Standard deviation 0.0305 0.0358 0.0373
5 1 .

3.3.2
63°,
2336 97. 089",
, 2.
97//

No. Minimum error/(") Maximum error Average error
1 81.159 105.676 96. 954
2 80. 629 105. 209 96. 406
3 81.275 105. 056 96. 361
4 80.578 104. 418 95. 881
’ b
’
s 6.
b
b
’
6
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Fig. 6 The experimental environment of camera

measurement accuracy analysis



3.29 m,
13 s

3

[}

3

5.27m.

3.4.

2

Table 3 The measurement error analysis at position 2

Actual position/cm Calculated position Error
0 0 0

10. 047 10. 0656 0.0186
20.102 20. 157 0.055
30.0039 30. 0757 0.0718

40. 0001 40. 1578 0. 1577

50. 0287 50. 1676 0. 1389

60. 1223 60. 2906 0.1683

70. 0385 70. 2452 0. 2067

80. 0235 80. 2632 0.2397

90. 07046 90. 3103 0.23984
100. 0054 100. 2648 0.2594
110. 1761 110. 3762 0.2001
120. 026 120. 246 0.22

130 130. 2086 0.2086
Cumulative error 0.2086

4

3

Table 4 The measurement error analysis at position 3

7(21)9
7(b),
100 mm ,

7

Fig. 7 The environment of intersection measuring

system accuracy analysis

Actual position/cm Calculated position Error
0 0. 0000 0. 0000
10. 1847 10. 2023 0.0176
20.0171 20.0724 0.0553
30. 0877 30. 1614 0.0737
40. 1405 40. 2699 0.1294
50. 1585 50. 3451 0. 1866
60. 0067 60. 3164 0. 3097
70.1232 70. 3990 0.2758
80.0313 80. 3443 0. 3130
90. 0092 90. 3712 0. 3620
100. 1118 100. 4916 0.3798
110. 1207 110. 5254 0. 4047
120. 1053 120. 5190 0.4137
130. 009 130. 4385 0.4295
Cumulative error 0.4295
3.26 m
0. 2086 cm, (0. 2086/130) X
100 = 0. 1605 cm, 5.27 m
1.16 cm, (0.4295/130.009) X100=
0. 3303 cm.

3.3.3

x Ny
0.
5
Table 5 The measurement error analysis table of the system
No, Deviation in Deviation in  Distance
Z-axis/mm y-axis/mm deviation
1 0.33 0.14 0.13
2 0.37 0.46 0.46
3 0. 49 0.08 0. 49
4 0.21 0. 04 0.21
5 0.06 0.57 0. 45
6 0.12 0.03 0.11
7 0.48 0.32 0.56
8 0. 57 0.31 0.62
Average value 0.33 0.24 0.38
, x .y
0.4 mm,
0. 6 mm.
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