468 10

ol B
CHINESE JOURNAL OF LASERS

Vol. 46, No. 10

2019 4E 10 A October, 2019

SETHOR DB R SHOR S THEE 3 R GohisE BRI

ERE' " AR, AL, KR KE', Ga
T TR B B0 BRI R R KA 1300224
2 U HLAL BB . L3 100094

WE ARRAGHOCAMBREREEZ DT E A DEEB A L MR R nE I &% HEARE %
AN IO 5 2 22 K K B T) 4 e 58 A % 40 2 B30 B 46 IRD AT, 4 10 JR R 58 T A O I BE Y OB I RO R 4
PREF AR . WFIE T IR I HOG I BE AL S ) WO 4500 RGBT L Iz TR T 1E U0 A6 53 5k 0 B 43 B HoAw
FERGRE o A 00 BE 1R 25 X6 2R G0 ARG A A R W) 1 TR AL B R R R BRSO A s I LT
X 3 AEAE BAR iRy EARE  BEAREE TR T E 10 7 mm,

FKEWR W BOGIEE; BOCHMBE RS e R, KRR BT S B B

FESES  TN249 XERARIRED A doi: 10.3788/CJL201946.1004002

Research on Calibration Technology of Laser Scanning Projection System
Based on Laser Ranging

Hou Maosheng'*, Liu Jigiang', Liu Dali*, Chen Yuqing', Zhang Xu', Fan Chengbo'
'Key Laboratory of Optoelectronic Measurement and Optical Information Transmission Technology of
Ministry of Education, College of Optoelectronic Engineering, Changchun University of Science and Technology ,
Changchun, Jilin 130022, China;

*Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China

Abstract In order to solve the problem that the existing laser scanning projection system needs at least 4
cooperation target points to realize the coordinate transformation relationship calibration, and it often takes multiple
times and much time to complete the coordinate transformation parameter solution for the non-convergent iterative
algorithm, we proposes and studies the laser scanning projection system calibration technique that combines laser
ranging. The mathematical models of laser scanning projection system with and without laser ranging module are
studied. The particle swarm optimization algorithm is used to simulate the calibration accuracy. Aiming at the
problem that the ranging error has a great influence on the calibration accuracy of the system, a particle swarm
derivative calibration algorithm is proposed to improve the calibration algorithm. Finally, a rapid calibration of only
three cooperative target points is realized and the accuracy is increased to 10~7 mm.

Key words measurement; laser ranging; laser scanning projection system; calibration model; particle swarm
optimization algorithm; particle swarm derivative calibration algorithm

OCIS codes 120.4640; 140.7300; 280.3400

3 o I 2B 3R Bl — A U LA FOE 8 B A d 2t
PR TS 2B T R 14 VR 1 S 48 JE Ao
R = A 2 ) 8 5 2 T el DR A T 4

CI]
WO B (0 38 R4S O O DE f A

T8 == 4 2 i) 15 552 2 T 1 9 Al 37 O 9 b 41 4
B i CAD BB LRI AMERE R . %
(A B I AME RS BRI E 3 A CAD XUB L

POCL R oK . 5T X B RE A B B R AR N 51 58
TF 2R T TP o R (L ) 4R 2 A AR B E T 32 I A
U 2 L R A A5 U, AR AR R T L A A B R

Wfm HE: 2019-03-22; 1EE HHA: 2019-05-21; RABHI. 2019-06-10
HEEWMB: HE AR AEL (61805022) 5 MA R & R & SR Bemi H (20160204052GX)

* E-mail: houmsh@ cust.edu.cn

1004002-1



i ot

I ANEE RPN Ee I ag VA

TE OG5 A 1Y 58 bR b, S 4R 15
FF AL L IR R (O-XY'Z) 595 B tr
He R FR (O -XYZ) [8] B B % 400G & L A 52 B4R B 2
HE P 471 15 95 5% T 0 200 1 A7 A B I B b o B AR i B
ARG B R G4 CAD FUSEs 4k 38 oy #%
ERIEN DA . Kaufman 251 [ Rueb” | Wigg
S0 2 B N AR PR R R BT A R V- S 80k
AL BOC MY R Gk bR E AL, I g X 6 A
AR S EHE M E#EYY O-XYZ 50-X'Y'Z'
[ A4 5C & . BT R - S 80E DA AE =
bRIES  7E 22 Uk AROR i 1 i B2 b i B s B S 3X
Vg B 0 O S S BB AN TS, AT A8 408 s B
A o BRI BRI

Ry St R L R TR R, AR SCHE ST TR T IO EE Y
BOCHM T RGN R W B R, DL S 3
AGE X 3 A A A B A 5 34 E 67 B AT fig 55 i
O-XYZ 5O -X"Y'Z [ RS e AL bR e 4 G 3R, IF
R TR R $5 A R DA [ 7L

2 WOLHRMERE R G BUEE

OB AR T BEN LRGN
P F) U 41 5 91 2 e 22 AR A1 CAD 308 i K5 52
i 5 3 SO e S ) SO R PR i B DT 8
TESCE W3 1 CAD BB AL . OL i 53
ARG BOEAA RN 1 PR,

\

galvanometer

IR SREkEis F X ki's 2Ll

Fig. 1 Laser scanning projection system projection model
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Fig. 2 Calibration diagram of laser scanning projection system
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Fig. 3 Calibration model with laser ranging
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Table 1 Cooperation target point space location information
Target points P, P, P, P, P; P
H /() 14 16 4 —13 —12 —2
vV /() 10 —10 —12 —15 9 14
m /mm —1080.1748 —1197.9003 —517.17885 444.,404719 371.154856 —184.2575777
n /mm —379.83915 678.122737 786.81148 952.989372 —326.01153  —598.8422135
¢ /mm 0 0 0 0 0 0
h /mm 784.455668 902.181225 221.459737 —740.12384 —666.87397 —111.4615399
j /mm 528.980942 —528.98094 —637.66969 —803.84758 475.153321 747.9840085
k /mm 3000 3000 3000 3000 3000 3000
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Table 2 Three-dimensional coordinates of the cooperative target point in the projected coordinate

system and its positioning error

Target points h /mm j /mm k /mm dh /mm dj /mm dk /mm Al /mm
P, 784.4556679 528.9809417 3000 5.13X10°° —3.93X1077 9.99 X107 1.08X10°°

P, 902.1812254  —528.980943 3000 2.38 X107 —5.39X10 7 1.72X10°° 1.82X10 °

P, 221.4597368  —637.669685 3000 —4.68X10? —2.73X10° 7 5.77X10 7 6.39X10 7

P, —740.123836 —803.847577 3000 3.04 X108 2.03X10°7 —1.03X10 ¢ 1.05X10°°

P; —666.873974 475.1533211 3000 4.30X10°7 7.39X10°% —1.52X10°° 1.58X10°°

P —111.461539 747.9840085 3000 5.37X1077 —4,31X10°% —6.80X10" 7 8.68X 1077
Average 1.17X107°
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Table 3 Cooperation target point space location information
Target points P, P, P, P, P P
D /mm 3242.59888 3273.07314 3174.75533 3290.155 3207.48666 3193.786456
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Table 4

Three-dimensional coordinates of the cooperative target point in the projected

coordinate system and its positioning error after adding laser ranging module

Target points h /mm j /mm kb /mm dh /mm dj /mm dk /mm Al /mm
P, 784.4556674 528.9809421 3000 —4.50X10°7 3.98X10°° 2.77X1077 4.51X10°7

P, 902.1812254  —528.980942 3000 1.52X10° 7" —5.99x10 ¢ 2.88 X107 1.64 <1077

P, 221.4597368  —637.669685 3000 —4.75X10 % —6.12X10 * 5.93X10 ° 7.77X10 ®

P, —740.123836 —803.847577 3000 5.29X10°® 3.70X10°® 1.02x10°* 6.53X10°%

P —666.873974 475.1533209 3000 —4.96X10"% —6.29X10"* 9.16 X107 8.06 X108

P —111.46154 747.9840085 3000 —5.01Xx10¢® 3.81xX10 # 6.57X10 ° 6.33X10
Average 1.50 X107
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Table 5 Positioning error at ranging errors of £1 mm

Target points dx /mm dy /mm dz /mm Al /mm
P, 0.302532329 0.038719773 0.955555972 1.00
P, 0.082859281 0.014298441 0.946261332 9.50Xx 10!
P, 0.062968435 0.155955736 —0.975369379 9.90 X 107"
P, 0.032251015 0.356061090 —3.693866585 3.71
P; 0.296987721 0.340726794 —3.085006079 3.12
P 0.351374220 0.225133035 —1.458688731 1.52
Average 1.88
F6 MBHIRZENE0.1 mm B E MR E
Table 6 Positioning error at ranging errors of =0.1 mm
Target points dr /mm dy /mm dz /mm Al /mm
P, —0.00669991 —0.00317092 —0.095557476 9.58X10*
P, 0.001115951 —0.00228424 0.094663798 9.47X10 *
P, 0.001951032 —0.00734551 —0.097572449 9.79X 10 *
P, 0.003224518 —0.01449479 —0.367280938 3.68X 107!
P —0.00623375 —0.01396377 —0.531349478 5.32X107!
P —0.00827656 —0.00983606 —0.401346895 4,02X107"
Average 2.65X107!
F 7 OMPEIRZ N E0.01 mm B E IR E
Table 7 Positioning error at ranging errors of =0.01 mm
Target points dr /mm dy /mm dz /mm Al /mm
P, —0.00067234 —0.00031625 —0.009555564 9.58X107°
P, 0.000115166 —0.00022861 0.009466565 9.47X10°
P, 0.000196132 —0.00073525 —0.009757588 9.79X107°
P, 0.000320292 —0.00145083 —0.036729185 3.68X10°*
P —0.00063122 —0.00139655 —0.053135878 5.32X10°*
P —0.00083442 —0.00098309 —0.040135172 4.02X10*
Average 2.65X10 *
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Table 8 Positioning error with ==1 mm ranging errors in particle swarm derivative calibration algorithm

Target points dh /mm dj /mm dk /mm Al /mm
P, —8.89Xx 10 ® 2.93X10°7 2.60X107 4.02X10°7

P, 4.59X 1077 1.88 <1077 —1.63Xx10°® 4.96 X107

P, 2.54 X107 2.21 X107 —1.06 X107 3.53 X107

P, 3.46 X107 3.68 X107 —2.37X10°7 5.58 X107

P, 3.08 X107 2.65X10 7 1.16 X107 4,23X10°7

Py 3.22X10°7 3.37X10°7 2.39X10°7 5.24 X107
Average 4.59 1077

9 KFHSETEEEEME R £0.1 mm B 1Y 5E 1% 2

Table 9 Positioning error with =0.1 mm ranging errors in particle swarm derivative calibration algorithm

Target points dh /mm dj /mm dk /mm Al /mm
P, —1.01X10°7 3.29X10°7 3.64 X107 5.01X10°7

P, 4.81X10°7 2.27X10°7 3.80X10°7 6.54 X107

P, 2.79X10°7 2.38X10°7 1.91 X107 4,14 X107

P, 3.77X1077 3.54 X107 —7.61X10°° 5.22X10°7

P 2.98 X107 2.53X1077 —3.62X10°*° 3.92X10°7

Py 3.02X10°7 3.43X10°7 1.21 X107 4,73X10°7
Average 4.93X10°7

R0 KT RS BObR B R B R 220 £ 1 mm WA 5E 37 3R 2%

Table 10  Positioning error with #=0.01 mm ranging errors in particle swarm derivative calibration algorithm

Target points dh /mm dj /mm dk /mm Al /mm
P, —1.11X107 3.55X10°7 1.75X10°7 4,11X10°7

P, 4.98X10°7 2.56 X107 2.79X10°7 6.26 X107

P, 2.99X10°7 2.51X10°7 1.96 X107 4.36 X107

P, 4.00X10°7 3.43X10°7 7.97X10°8 5.33X10°7

P 2.90X1077 2.44X1077 —1.63X10°* 3.79X1077

P 2.88X10°7 3.48X10°7 3.62X10°° 4.53X10°7
Average 4.73X10°7
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Table 11 Cooperation target point space location information
Target points m /mm n /mm q /mm h /mm j /mm k /mm
P, 1008.79384 317.767798 0 —1304.513 —168.626003 3000
Py 603.821058 1255.47986 0 —899.54018 —1106.33807 3000
Py —255.13374 1675.98398 0 —40.585376 —1526.84218 3000
Py —1348.3362 1447.99194 0 1052.61713  —1298.85014 3000
Py —1649.3914 300.591543 0 1353.67225 —151.449748 3000
P, —1374.2905 —796.40082 0 1078.57141 945.5426163 3000
P —979.06597 —1234.1214 0 683.346848 1383.263169 3000
Py, —525.82694 —1220.4179 0 230.107819 1369.559659 3000
Py —102.64258 —1198.9637 0 —193.07653 1348.105445 3000
P s 485.144189  —1064.4965 0 —780.86331 1213.638277 3000
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Fig. 8 Positioning error after calibration with and

without laser ranging
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