W46 % 4 2/ M Fx % W Vol. 46 No. 4
2025 4F 4 H Chinese Journal of Scientific Instrument Apr. 2025

DOLI: 10. 19650/j. cnki. ¢jsi. J2513666

ETEZHARIEHERIENETTE

*%E ¥ KR, Hm A
(1. P E R R RN S 25 Ao 3100005 2. 1 E T K2 40 g0t 4 R T i 2 B B A s =
BN 3100085 3. HH E - RAAE B LRESERE AN 310000)

B oL =4 R B KRR e il T SR I R B R W E B, TV W T A N AT RS, LR K Y
S ARG T, T X R B R = 2 S 9 L AS B ) A SO 9% T 0, 4 1 T — B 3% T £ H P00 IR i 1) = 40 2
B TR F Z ML G e Sk T A R S B O B AR | SRR R I 0 2 R 5 LA ST BT o RS T B2 e v
SR B, ST S AR SRR AR ST AASE bR 5 S IO A% RS =2 18] 1) 45 W R AIE 332 ST AR — O AR IR 22 8] (1 2 8] LA
AAXH 2 7R 5 SR FH T UART I 8 1) 57 S VG Bt Sk AR BRSO AL BB W 10 2, FR &5 & 2 MABLI 37 23 18] 52 AU M = B00s i DR, I
BSTI SHE  SRAS . N T WE T R RE  7E 1.8 mx2.5 mx 1.5 m G NI T I E B S 4EIN R RS, LR E
B, 2210y B R ST AR ER 1) B2 5E 7 AHAE FE M 0. 054 3 mm, iEFE B AT EEE N 0. 047 8°; X HIEfEHE L H A% 0.5.1
12 m A2 A [ I S L4300 0..93 (1. 18 T 1. 46 m s 8 fif I [R] A5 BE AR ML LA 35 21 [W] 550K 2 1 45 4T, 4350 Eb B H 0 i Bl
0.57.0.7 F10. 82 m; LA HMEFEFIK 0.35.0. 46 F1 0. 49 m, I T2 HAUSE 0 STARTE bR (7 228 )7 ik ARG 0 &9 )
BB TR

KR ZHPLIGE S4B, AR, Lot

hES%S: TB92 TH744 XERFRIREE . A EREERSERAD: 410.55

A stereoscopic target position measurement method based on multi-camera vision
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Abstract: Laser 3D measurement is an important means of modern high-precision measurement technology for large and complex
surfaces, which is widely used in vehicles, ships, aircraft, and other fields, especially in the digital imaging of large scenes. To address
the problem that the accuracy and range of visual tracking 3D measurement cannot be optimized at the same time, this article proposes a
3D measurement method based on multi-camera visual tracking. The method adopts the multi-camera joint calibration algorithm to
formulate the global co-baseline position conversion model to realize the position tracking of the laser sensor, establishing the optimal
field-of-view decision model with the highest accuracy of stereo target positioning as the optimization goal. The spatial geometric relative
position relationship between the target and the laser sensor is established according to the structural characteristics between the stereo
target and the line laser sensor. The position-matching algorithm of geometric distance is adopted to obtain the position of the line laser
sensor and combines the multi-camera field of view to complete the laser point cloud data splicing. Finally, the three-dimensional point
cloud imaging is realized. In order to evaluate the effectiveness of the method, a four-eye laser 3D measurement system is built within the
range of 1.8 mX2.5 mX 1.5 m. The experimental results show that the measurement method achieves a translational positioning
uncertainty of 0. 054 3 mm and a rotational positioning uncertainty of 0. 047 8° for the stereoscopic target; the lateral measurement range
of this method is 0. 93, 1. 18 and 1. 46 m at the distance of 0.5, 1 and 2 m from the binocular system, respectively. Under the condition

of using a camera of the same focal length in order to achieve the same accuracy, it is respectively larger than the monocular
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measurement range of 0. 57, 0.7 and 0. 82 m; 0.35, 0.46 and 0. 49 m larger than the binocular measurement range. It shows that the

stereo target position measurement method based on binocular vision has good engineering advantages in terms of accuracy and

measurement range.

Keywords : multi-camera vision; 3D reconstruction; attitude tracking; line lasers
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Table 1 Internal parameters for camera 1 to 4
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Table 2 Rotational translation parameters of cameras 2~4 with respect to the camera 1 coordinate system

TR £ TR
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X h Y4 VA i X h Y 4l Z %
L1 0 0 0 0 0 0
HHBL 2 -0.018 6 0.137 9 -0.021 8 -425.566 6 2.456 9 -35.208 2
AHHL 3 0. 008 9 0.009 6 -0.056 6 -760.777 5 4.364 0 -56. 605 1
L 4 0. 000 2 0.067 1 -0.026 3 -1198.570 7 7.110 5 -87.809 4
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cameras at a given moment in time

PR ZE AT AL A T SRR 18 2 DL IS HLDE 4%
HIEH IR 2 5RO 9 A, FF & AL M5 07 ik ) 20K
(A& GAE>5 1) .

R FH 17 24 i DC I A 28 A 335 3%  THAR S el AL
A TR ) B B e B S bR R B A B ) S A

[R,T],RI.
-0.771 2574 -0.441 873 67 —0.458 158 02
R=|0.0537981 09 0.671 95559 -0.738 634 59
0.634 24522 —0.594 325 66 —0.494 479 36

T=1[911.227 42 943.917 66 813.977 291"
e e T DABRAS: B ARmirh 9 A bn s s 5% e 2] 4 Ry A AR

TR —F5) = 4eetr a9 Fron , B S0 s B %
FIFR Mt ) ) b5 75 s AL R

500 F

x
450 o e
% °
o |y
F 400 ¢ A | . ‘
o e o
o -
350 | o o®
o o
300 | I
= — 0 Y0g o
- °
0 0
-100 7100
yay 200 ~200 i

&IOS BN UG I B AR

Fig. 9 Map of marker points for target frame identification

H4 B AR b 2 e 4 3 4 Ry AR bR R Y AR A 5 R
PRI PR v = 2 i AR bR AT X L 3 R X I 1) S A3 15
2, (14) iR,

E = (Xa_Xh)2+(Ya_Yh)2+(Za_ZI;)Z

(14)
KX, Y, Z, 5353 B Asmi 300 2 145 35 s 200
KRR R A bR R ) AR AR X, LY, L Z, 9]
Fon 5 H AR ) 00 bR 2 S0 0 SRR EE A = 4k A
Fro XTHLZER AR 3 PR,

R3I BRERFRGRLREERELIRZ BRNEMIRE
Table 3 Positioning error between the transformed
coordinates of the marking point and the coordinates

of the target library

e A, Y, Z, X Y, Z,  PR%/mm
1 -114.88 10.21 363.46 -114.79 10.05 363.18 0.1121
2 -120.19 1570 38515 -120.53 1568 385.04 0.1281
3 -15471 125 42876 -154.97 1.36 428.52 0.1372

4 -98.42 -13.97 386.29 -98.85 -13.77 386.28 0.2250
5 -41.72 -22.17 344.72 -41.40 -22.06 344.890 0.1434
6 -10462 -13.75 406.39 -104.87 -13.99 406.55 0.1457
7 -85.20 -20.62 415.36 -85.53 -20.87 415.18 0.1525
8 -62.35 -17.51 471.04 -62.87 -17.79 471.07 0.3497
9 -47.07 -36.59 476.93 -46.91 -36.73 476.89 0.04638
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Table 4 Table of repeatable positioning errors for

stereo targets
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Table 5 Verification table for measurement range of

monocular, binocular, and multiocular systems

(m)
SRR BHERSE MHERZ%  ZHRS
LR AR N0-F 9 Rl DT
0.5 0.36 0.58 0.93
1.0 0.48 0.72 1.18
2.0 0.64 0.97 1.46
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(a) REHE
(a) Point cloud data
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Fig. 13 Scanning reconstruction experiment results
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(b) Rendering effect
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