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Abstract: On the basis of the development of a novel vision-based airborne equipment mounted an
attitude boresight system, a calibration method of the target plate for measurement of the object
position and attitude was proposed. Firstly, the coordinates of target points on the target plate were
acquired from multiple directions by using a camera, and target point locations were determined in a
condition of one scale factor difference. Then, the absolute scale factor was recovered by using the
multiple accurate movement of a single IR-LED and an image overlay method, and target point
locations were obtained. Finally, the “target/base” relative position and attitude were solved by
precisely controlling the target plate movement and by using each coordinate relationship before and
after the movements. Furthermore, aimed at the target plate for the object attitude measurement, a
simplified “target/base” calibration method based on movement along two vertical directions was
proposed separately to reduce the equipment requirements in the calibration. Experimental results
indicate that at the distance of 3—12 m, the standard deviations of attitude angle measurement are
0.004—0.017°, and the attitude measurement accuracy is the same as that from the laser tracker.
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Fig. 1 Schematic of monocular-based airborne equipment

mounted position boresight system

JO7 FH B AL D B HE AL B A 1) 42 B S
Je— PR A HE DT VA . AE Archer-M R GEHEATH
T 0 A 2 T R BT e P A R AR AT R L 1%
TEAE 55 T2 B AU HE A5 LB O AR E A AR AR B
5B B A B 2R 2 O R bR (R JBE T R E)
PR IT o

ZL4 LED fE28 B AR 8, B E 8l Ak 58
JEE R LA K AT 55 3 5506 20 B A 0 T A R S [
VLA R A . HJE L0450 LED BW) B b,
RIViZ B 5 T A 18 K G BT AE T F A 2 TR o B R
Ry DRI RV 2 22 2 AE [] — OF- 1l (9 20 b LED,
PN BB & B T TE VA RAIE AL T R — . A Y
LAY B I i T B 9 4 B THL 1 B R
A s 00 A0 5 AT TG 7k I A 22 A I ARG A X 7
PRME AR SCHR H 1 — s s B 22 )67 8 5 AR )
k.

AT H AL 5E S E 0 bR 7 20, RS
AE ELFE AT P 48 ) 000 48 A AR 2R Y 23 [ A7
S8 o EE I H AR s AT s A S R
B B a AR AR R AL LG AR . THEAR S LA



2314 e KE TR

522 %

# A0 o A () A TC B o 4 R R B A R
BT LT ph B RIS AR R AL B B A A AR AR,
TR AR bR AR L BE G o L AR T I AT T AR
JAE A B 2 1R B T AR A R v T T £ L LA AR R
TCIEBARHE ZR G IR I 75 25 5 B AR AR AR
SR LT I L Nl 11 N U Y DO S L S
“HE/JERRE o

3 BmELEXZIRT

AR SR A 5 ) R DO SR ] &0 AR
(4 BLAS SR AR ML N A J7 7 X B0 ARG AT TG OR 56
I FH 22 A4~ 400 1l v T S i) 19 D T 249 556 3R L oR
fiff A 25— A LB R BT 45 80 S = Sk bs . M T
R A 52 46 %o L A9 IR AR SCOR R — 1l B A
R i 4 A0 S B B 2 A B L A SRR HLTE R
— 5 LR T R RS S TR 0 ER L SR R R £ R
PR A3 B A 3 8 22 60 5 0 3 a5 DT 5
o %F JURE T B A S A AR AR I AR . AR IR

(Dl —AN 2050 LED #8545 Sy %l B 80 5,
I 2 8 ARG B 4 1 8% 3h (442 30 b ) = A
o 0 5 LB AR WL 7 FL AT A 2 ) B R AT
B E S A SR [ 5 A% AT R A5 [ e S AR
EA n S,

)M BARMAES AT it CILIE 2) . B8 3
B 5 o B E AR R ASTLT 7 B, 24 B
I — AN TAE A B [ R X 0 AR R Al B O AT
GRS KRR LT TR kKBS &
s A — ik EUR A S R P I nt kA
AR,

HRBNFE R

B 2 Z 0 b S X 7 R B R
Fig. 2 Schematic of relative position calibration of

target points from multiple view
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Fig. 3 Schematic of “target/base” relationship
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Fig. 4 Relations among target, scale and base coordinate

systems before and after target movements
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Fig. 5 Schematic of “target/base” simplified calibration
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Fig. 6 Scene of calibration for relative position of target points
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Tab.1 Reconstructed coordinates of target points
. LR A 4R & F /mm A AR T /mm
o x y x N z
1 179. 287 573.362 262. 341 —111. 063 144.715 —0. 101
2 294. 652 575.974 262. 171 4.331 144. 737 0.337
3 409. 599 579. 167 261. 253 119. 325 145. 063 —0.131
4 412. 646 442,427 212. 919 119. 372 0. 00 0. 204
5 415.616 305. 809 163. 854 119. 35 —145. 191 —0.191
6 265. 506 302.551 164. 774 —30.798 —144. 852 —0.149
7 186. 252 300. 297 165. 674 —110. 087 —145. 037 0.443
8 182. 891 437,712 213.701 —110. 431 0. 565 —0.412
A A 0.023 —0.028 0. 024 —302. 543 —479. 61 —57.331
HBhE A B —0.027 618. 031 435,026 —290. 145 248. 403 145. 320
B S C 555. 021 617.973 434,988 264,738 236. 869 152. 372
ML D 555.019 0.031 0.027 252.291 —491.012 —50. 262
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Fig. 7 Scene of “target/base” calibration
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Fig. 9 Experiment platform and scene

X ARG A H R E N R,
TR AR 0 27 25 F R 43 3 i B TR 8 Archer-M &
GE AL R B 2 3,8,12 m Ab, 22 2 3k )RR [
TEANSN S R PR AR G R A T e T 4 L AR 1Y)
AHRS 22285 10 U, M 25 R bR 22 A0 3R 2 B .
2% 2 AT, 20 22 2 B e R R 4R L 8 m I, R
GERTIN 3 A TJ5 AL B bR v 22 R R OME ()L AR AR
0. 013 AN, Fifi 25 IR 25 0 35 0, 9 3% 58 19 A 4 22
FRA 3G, BE B AR AL 12 m B, Archer-M R4
R BRIEZE N 0. 0177, W & T WOLBRER 1. (15 1E
I 7 B B AR L3 m A, Archer-M R 4 1)
Bt 25 I T HOL B ER AL, B Archer-M R 48X 3
AN D7 LA Y R O A R B AR E

F 2 ArcherM Z2Z5HARENESNENIREE
Tab. 2 STDs of repetitive measurement for Archer-M

and laser tracker

Archer-M £%4 /(%) BB/ ()
BB /m
Roll Pitch Yaw Roll Pitch Yaw
3 0.004 0.006 0.005 0.010 0.009 0.011
8 0.011 0.013 0.012 0.013 0.012 0.012

12 0.015 0.017 0.016 0.014 0.014 0.015
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Tab.3 Measurement statistics of Archer-M and laser tracker
Archer-M ZGLBIME/ () WOGIRERACIE /() MRS w2/ (O
PR /m

Roll Pitch Yaw Roll Pitch Yaw Roll Pitch Yaw
15. 601 3.238 1.928 15. 590 3.224 1. 941 0.011 0.014 —0.013
3 9.174 —7.114 0. 873 9.182 —7.097 0. 863 —0.008 —0.017 0.010
9.172 —0.072 0.620 9.158 —0.083 0.629 0.014 0.011 —0. 009
13.323 —0.084 8. 905 13.310 —0.064 8. 889 0.013 —0.020 0.016
8 12.279  —0.062 5. 946 12.293 —0.080 5.957 —0.014 0.018 —0.011
15.574 —7.197 0.243 15.555 —7.215 0.258 0.019 0.018 —0.015
4.367 —0.058 10. 957 4,351 —0.039 0. 94 0.016 —0.019 0.017
12 5.633 —5.079 —0.549 5.651 —5.092 —0.566 —0.018 0.013 0.017
15.768  —9.018 —1.779 15.751  —9.037 —1.759 0.017 0.019 —0.020
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