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Abstract

During the process of aircraft digital measurement, due to the large size of the aircraft, complex
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structure, and dispersed horizontal measurement points, it is difficult to complete all measurement
tasks using a single measurement station. Usually, multiple measurement stations are used to jointly
complete the measurement tasks. The accessibility of the measuring light path under each measur-
ing station determines the completeness of the measurement task implementation, which is mainly
constrained by the effective measurement range of the measuring instrument and the occlusion of
the measuring light path. Therefore, it is necessary to reasonably plan the measurement stations
to maximize the effective measurement range while satisfying the constraints. Firstly, based on
the GJK collision detection algorithm, the Minkowski difference between the measuring light path
and obstacles is calculated for the occlusion judgment of the measuring light path, and the acces-
sibility of the measuring light path is comprehensively analyzed in combination with the effective
measurement range of the laser tracker. Then, with the accessibility of the measuring light path as
the main goal, the next best view is used to search for better measurement stations to replace invalid
ones; finally, the improved hybrid grey wolf algorithm is introduced to efficiently search for the op-
timal measurement station, completing the measurement station of the laser tracker.
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WEENKHA A MERA, @ 7 = B AR, e Ih 3R T K I BEAR S A ) 58 SRR RS
BT FMRK AT Ao 55 N FE T HUBRE 58 )3 nT AT A7 AR T HUBRE s, SRER 5 SRR, %7 ikmT g
R R BRI A 3l (R Y R [8] o < 22 B TR 2 S b 4 NIl I O BB A = ) GPS #Ur bl & R i it |
D, e 2 AT RONL I A S B AN o R R ZE AR, B T LB A 0 2 D) 86 Pl 7 AT B 7
R[9]e REKFMAEFENKH A FE S REIESE T HOGIRERACE NS A 76, M T K25 ]
2 = A AL BRI X [10] o 7 A2 3 5 1 2 T Wi 1 A 00 B N AMEERE T, T O TR B B XK
DNV 1Bl 0y B B NS TR RO e B IR U A7 [11] . MM B M ekt K-means J7 ¥R AE kAT T
BRIy, RATF X715 TSRS CEE T M, 8T Bl A 15 [12] i TR G 5F R
ST /MO B BT IR T O R AR T BRI A AT SR, KR R SR B R 50% L E[13].
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Table 1. Effective measurement range of vertical angle, horizontal angle and distance of commonly used laser trackers

F* 1 BRESHLRIRUNERR. KTAHMEBSHNERNECHE

M)

WOLERER Y 5 KFAL EEHM/ FRES/m
Leica AT402 360 +145~-145 80
API Radian 320 +79~-60 50
Faro Vantage 360 +77.9~52.1 60

wnlsl 1R, MRYE Leica AT402 RSO ERER () X ELMA A RGN EEH, WA EBOGIREMC R 5 &
DRHEZ R EE X, B, EARMEAIN, Nz e R s a2 5 & s T 7RI E, fRiE
B2 I B S REAE AR AT RN BV B Y, (A 0 Bty 5 T LU 81 5 22 F 00 A

RO
-  JuE

MEFKX

Figure 1. Effective measurement range of Leica AT402 laser tracker
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Figure 2. Measurement optical path occlusion determination model
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Figure 3. Convex decomposition process
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Figure 4. Convex body support points
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Figure 5. Station planning process chart based on the next best view
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Figure 6. Three-dimensional network discretization
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Table 2. Original measurement station coordinates (mm)

% 2. RIGIE S AHR(mm)

D3 7 X y z
Ps1 20867.4561 3360.4783 829.3622
P, 20824.8262 4558.5637 835.7374
Pss 25208.7067 4560.6939 832.6147
P4 25338.4563 520.1239 833.9531
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Table 3. Measurement optical path occlusion determination results
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Figure 7. Determination of the occlusion of the measurement optical path of the mea-
surement points P, Pc1o and P¢y; by the measurement station Pg;

7. MBIEAL Py IFME R Pegs Peyo M Poyy BIMIE SERRIEFSFIE

Figure 8. Determination of the occlusion of the measurement optical path of the mea-
surement points P, Pc1o and P¢y; by the measurement station Pg,
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Figure 9. Determination of the occlusion of the measurement optical path of the measurement
points Pg, Pc1g and P¢y; by the measurement station Pg3
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Figure 10. Determination of the occlusion of the measurement optical path of the measure-
ment points Pg, P10 and Py, by the measurement station P,
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Table 4. Measuring station coordinates after planning (mm)
= 4. FRIENE S5 42 5R(mm)

I Fert A X y z
Pst 21381.2925 131.7722 841.7584
P, 21371.2141 4854.3471 842.0273
Pss 24455.7189 4398.2716 832.2554
Py 24028.6473 537.2248 832.6011

A BRERASCA B A s » R0 P R i s (S o AL S LB AR 1) 22 A KT BEAT 0 075
FSRYG o JRAGI R AL B I S I SR 4 RN 5 R, WA A BRAG I E AL N Py Pegos P
ME LA TMEE X, Joik MRS AR5 T 2RI s A A bR

Table 5. Measurement results of each horizontal measurement point under the original measurement station (mm)
= 5. [RIGMEUEALT FIKFNE LB ELER (mm)

W& S X y z
P 32.2521 21.0126 0.0226
Pe 2078.4561 579.59798 -511.8917
Pes 5554.0576 593.9981 —798.8919
Pea 77775624 591.2983 —1029.4103
Pes 11128.4625 —193.0169 —2668.5035
Pes 12269.5594 409.9962 —3041.1161
P 14843.7559 410.0259 —6879.3116
Pes 15738.7524 409.9883 —6650.6768
Peo - - -
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PclO
Pcll
Pch
PclS
Pc14
Pc15
PclS
Pcl7

PclS
Pc19

Pc20

Pch
P2

18916.0598

18190.2625

14873.8552

15959.3536

15738.7524

14843.7459

12269.5211

11128.4459

T777.5467

5554.0473
2078.4584

64.0864

—404.6961

—469.3028

409.987

410.0202

409.9963

410.0325

—193.0234

591.2985

593.9896
579.6048

—0.0252

1676.9134

1742.3957

5954.5033

6650.6975

6879.3292

3041.1316

2668.4951

1029.4198

798.9258
511.9104

FUR Je st 67 T B AT I A R, Wk 6 PR

Table 6. Measurement results of each horizontal measurement point under the measurement station after planning (mm)
6. MXEMEHA T EKTNE AN LR (mm)

& X y z

Pu 32.2483 20.9782 -0.0115

Pe 2078.4551 579.6038 —511.9047
Pes 5554.0458 594.0182 ~798.9018
Pes 7777.5626 591.2984 —1029.3961
Pes 11128.4584 ~192.9867 —2668.4933
Pes 12269.5563 410.0176 —3041.0956
P 14843.7583 410.0103 —6879.2959
Pes 15738.7531 409.9842 —6650.7112
Peo 15959.3407 410.0265 —5954.4984
Peto 14873.8661 —469.2951 —1742.4017
Pt 18190.2584 —404.7026 —1676.8965
Pet 18916.0505 64.1027 0.0211

Pus 18190.239 —404.7109 1676.8937
P 14873.8345 ~469.2975 1742.4268
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ARG L

£
Pcs 15959.3259 410.0391 5954.4874
Pcis 15738.7333 409.9972 6650.7346
Pz 14843.7462 410.0185 6879.2962
Peis 12269.5395 410.0243 3041.0863
Peig 11128.4346 —192.9968 2668.5229
Pe2o 7777.5439 591.3115 1029.3971
Pea 5554.0441 594.0306 798.8992
Pe2 2078.455 579.5942 511.9065

H13% 6 WA Y B e 0 00 oty v T AR e S 0 e AR A TR — R R AR g R £
SCHL T RAE S5 A KN R A e s, RN T b LR A R AT A B

5. &

AR LA R BRI B AN AR B, it 1 A OB ERER SR e A 1 CH L Ak B B
BT, TRAEW RN RS ORI L, & BRI Rl A T e A AR, eI R
Wi B, MIRWOCHRERCHAA RO BV, 18 H GIK A A 55 Ak eI ) o 5 ' i 1) 3B ) g
), AR HTI RO EE O ATE s R, R — e LI 45 & BosE IR S AOR S R e L R v i,
A5 0t o7 R B R B R SE A, Ol AN O Bl el L 2 B R AR s e, SRIR IR IR
THOCERER SR TE S BE . ATEEE, D& A e RO AT BE Bk -
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