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Automatic curved-surface measurement technology using laser tracking

scanners based on model-driven approach
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(AVIC Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: To address the demand for rapid profile inspection of a large number of curved-surface components during
aircraft assembly, the research team proposed an automated measurement method based on a laser tracking scanner. First,
the coordinate systems of the measuring equipment and the measured object are aligned using the theoretical positioning
points provided by the object model. Second, the measurement path of the equipment is planned according to the require-
ments of the measured curved-surface features of the object, and the complete feature data of the measured curved-surface
of the object are automatically collected. Then, the measured data are finely aligned with the theoretical digital model for a
second time. Finally, the deviation of the curved-surface profile is calculated. An experiment was conducted using a large-
scale rotating paraboloid with a diameter of 4 meters. The results show that this method significantly improves the level of
measurement automation. Compared with the traditional manual measurement method, the scanning efficiency is increased
by approximately 30%, and the measurement results are consistent. This study provides strong support for advancing the de-
velopment of high-efficiency geometric quantity inspection technology for curved-surface components of aviation equipment.
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Fig.1  Diagram of different types of curved surfaces
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Fig.2 Measurement principle of laser tracking scanner
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scanning system
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Fig.6  Description of the curved surface to be measured
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Fig.7 Overall design idea of the measurement planning

process system

T EEBR o

2) ISt

JE gl MP R B SDK B PP, S 5RO IR B
AR TR E AR, AR U S8 BE AL SR 56 I 3 5
T AT A0, ARHC = YR AR bR s R i, PRE
Ji e K 1) 72 BE A K

3) WA

WACHE P4 L e AR 500k, DR BCRE fr
SN S B A AR, SEBLARAR R X5, 2D S8 At
T it 23 B B 25 (A SO A e e, iR B 5
USRI — 2

WK 8 o, UEFHAE BAYRBUE . HOLR
BRI B AR R R S T A SRR R AN E A

L)

3

[
P
LTSI

/ y

/
VA
- //1 2y, v, \a n
ks e/ X1X

/ 01()2 2

/ L eP L

K8 Fefbid B B

Fig.8 Conversion process diagram

i fi U AR A S R TR A S 0 A s 2R 81 B AL A
A IEAL

4) Hduorpr

B 52 AR B9 50 2 10 Bs 5 BSR4 T 56
AULEE, W9 Fs. ARYGVERCILALEs RiZ m3 0 Hr
R, WA N 22 LR, Rl AR 2R A5 R |
M8, BEAOIRES, T2 b A I 4l
O TEEAL | R R R A MR BRI

9 LRITHR A
Fig.9 Relationship diagram

43 RELHEHE

BT SDK 27 1 A& 1Y R G AE S an 1l 10 fir
TNo ARG ZARFA AR, BEWT B EE A MP
W R AT S5, nl Ot SDK 2 7y 52 30 42 9
TP . 2 ST bR W O B 3l R T AR B T
K, SDKRRFIT T “—# & Uife, HfEH
MATZRHE . RYies A shfil & W m I iR
S C—HER B . BBITERL; SDK R T IR X EE AR
WA HAT T A An 5y, B s ik B AR
AT I ST CEAR AT = AN)
R, X Fh g R 1R T AN AUE T4 A 5 AR 4l S B
oK AT —TEe, e Re Lk H 5 W
PR A LR N
431 “MZREETHRAFRAE

1) WA It

WAL A I 5 & 58E, BRERIE



it R

Big5HFE - 95 -

Connect To SA Sh Not 1P

e
L == IS
L ey
b S
B
st pai
O8N IRt
TR
RERIE
ERRRE
E 10 SDK A

Fig.10  SDK interface

ROFEREBCE ERTT . W 11 s, FTJF SA BRI
B (Add New Instrument) , 3% £5 7 22 08 T %
72 CIEOE IR ER RO 5, 58 BUBTH AL AR BB
SRIG B B AT AL #4842 1 2 1) 541 (Start Instrument
Interface) , &7 5 P06 BR i 1 154300 a0 TR 422
AT SE B 5 RGeS 22 B

Instrument Docking Bar 2 x
# ATS60 54 = [@ =
Settings Devices Check/Cal Utility

e

/O AT E
Iy 0 =

s N\ WO
Collectior: [A v
Group [+
Grtg. van /- Oine
Taiget: pl +- K @l

Measure: Retio: Suface

ome: Surface

Target/Feflector Quick Select
15" 20"

Messuement Profle

[1] aves Scan Cloud

Quick Select

/s s
2%

Ny
T8 B S i @5, W51
Remote: #2732 Set
Find Target Diive Head/OVC
Inspection Navigation
< m > @

£:0- Leica ATSE00

K11 dshnie s f e A w

Fig.11 Interface for adding and connecting devices

FESEPR A R T, A R E N
SRS 4G, A1 ATS600, Z 48] AN R Bl 4%
PEI RS B R, 48 253 A5 2 TR 0 1 1 BR
o BAE B AT AETE 2 i AME T HERR RS ATS600
A9 TP Huhik Bp AT

2) AL EO S HIS R A A

T ORI 3 A AL bR AR S B X B T

AR BR FRNSE BT 0 S B X 1 S A
HISA, WE12 878, JHHSARY “Direct CAD
Access” fRASLERBBEINZE, %4 X Fr BRI
F i CAD A ST, AE e # P B BRI TLRTARAIE
TR AR BRI AR 5 B R A $idls — 2.

FNGERL R
X

£

B2 BESE A IHE R T A
Fig.12  Import of digital model and theoretical

positioning points

FE LRI ACK A + SRR PR AR B
A, Dt SRR AR, IEk 1R, s
A S AT IV SA Y “Import ASCIT: Predefined
Formats” 4, %4 1] H sl 5] et SCAFH 4% T
B RS B A7 s8I, SEI AR AR B A it
A, ®WEFHMAGTRSBUNIRE., HFEE
ok B 2 R AL A5 A B 1 B R OA R SA B R B
BAA

RARIE R DD REIE B AT, AR T SO
“Browse for File” iy AE NI BITIRE, PATIZMA 2

R By AL E A AR

Tab.1 Partial positioning point coordinates

TE AR x/ mm y/mm z/mm
P, 807.652 -1959.226 25.937
P, 1287.199 -1683.596 25.845
P, 1 680.451 -1292.676 26.054
P, 1958.912 -813.210 27.508
P 2102.303 -278.820 26.512

[




- 96 - BEES5HE

202645 46 % % 2

AT i 2 SCAE B S X A, SRR A
i A7 8 BSOS B 7 A ot SCFY, R T A
ERAE RS 5 HER 1

432 “MFFEATARMERA

S R AT BROE A A I 2
PR AT+

1) SEAI &

TEFEE AL I B R, ARG T SA 1Y
“Auto Measure Points” fv4 3P H skl & . %)
RESCHF 2 R ERAERLEL . O ZAASIE, AL
TP U 58 A Tt 2 67 i 1 22 R AR (LT 13) 5
@ ST PR Gk, BRAERE TR B 2 B AR
FEREE RN B, RS P R R K

£

\T%w

\‘v“ e

P13 ALl iR
Fig.13  Schematic diagram of positioning point measurement
2) AR
TE M IR, R AE SR i T

PSR TG, R AR A S B G 00 5 3R 2R 36 72 R 41 4
DI, nTE 14 B, BE AT ZEAT B A ORYE B4

o AT SRR T R G B DX B AT /N R A . A
KBRS E , TR E N &S5, REH
mmﬁﬁm R SR BoE S, e
A, WEEMN A R S
BAMEES . AR ETRE, BIEA
BUPRAE ST B TR M = AR, RS H D)
WHOGIR B R 26484, JE s B X B [
SR, SC AT R A i T = 4R O 15 i &
ARG, SRS E 2R A 0 JCAE T .
433 “HESMHBRERAE

1) EEIHE

M A A 5 DX SR AR R R

AT AR RAUG, B AR A D) s A )

1D GEme
b

34 X Ik

CREI RSl R a =]

Fig.14  Curved surface scanning settings interface

WA 5 W X R AR RAGE— IR, e SR
T 48 B DR 22 VAN BOE SRRl . BRI S, OB R
FHA AL 00 R 2 T ) B A S A A b AR A
I A, S I R Al 5 o A R s, B
BRI 7 7 BT B B BT AR bR AR TR

T2 A bn REEEME L Bl € SUAPE2E S, A H
AT RAE X, 2 AR R AN G — S 2R 22

PP EE TG B, Tk S W S 1 o T 0 0 2

WOXYZ NEELIRR, OXYZ, 07 ik
PR, WEIS iR, alal P~ Py o s i 58
L TR I (BB T 28 A bR 28 B 0 310 7 il AR AR R0
(v, y, 2) FRALBAR AR RTET b A A R T A &
28, BESE (a, B, y) RN AL, ek
Wiy . Soss Z MlEss o ft, TRER Y, e B A,
e 58 X e v 4

F15  ApbrfEor Rl

Fig.15 Schematic diagram of coordinate transformation



RIS

Bit5HE - 97 -

BT i L RTE 7 b AL R 28 TP A BRI A AR
Po» TEVEE AR Z AP B SEM AR KR A po ORI AE
Feuh 28, T n AN L R BE B IR 22 5 fie /)N
e, B

cosacosf3
R =| sinacosf
—sinf3
T AN
T = [x ¥ z]T (4)

e e pit Rk 2, b & S (a0 i
EBO N, wTITRIER(2) s 0Tk A
TRIIRZEATHME, TRAIR S AR WL SCk[ 21 ]

B, FEARE 7 W A bR 2R N AR AR S N pl, A

p.=Rp,+T (5)
R B FAR 2 e Ny

e=pl=p. (6)
AT AR B, RGEIHHSA By

“Locate Instrument ( Best Fit-Group to Group) s

PATELEHAE, WE 16 B . e 7 5 i FEiE
Ap bR 5 S AR Ay, P E ST R DEARC A,
BRI 2 A bR R A AR 1 (L5 PR
WERE S0 5 UIIA 45 I, ok T LR DA
T ERAZ AN A AR U i T A5 2 B R AT g —
e o A IS A 2 BN o T B A
X5

K16 IELG S

Fig.16 Measurement and fitting interface

2) MR A

SEMARAR R UGS, BIa] e A i 1 & i By
B, WhRNRARILH . A RGH i RS R
s, TR 22 A ST A1 ol TS RO
A LR EE T A OB BT B o A, B B
SRIRI 2, TG I o DT PC 371 9 DX Il 0y 53000 0 5
Wi, NI, 752 P A e O A B

cosasinfBsiny — sinocosy
sinasinBsiny + cosacosy

cosBsinvy

f:minz poi_(RpAi+ T)Hz (2)

s RABERFERE, TR,
RitHAKA

cosasinBcosy + sinasiny

sinasinfcosy — cosasiny (3)

cosfBcosy

B2, W SA MY “Construct Surface
by Dissecting Surface (s)” #4248 H b5 7 1 & 1 o
HT T S B 471 48 T REASCARE 5 i T 1 3 43 X (5
L), BRAER ORI eI s Bt , R g
B AR E R B, TR R RO RS T U
S DO Iz 1 - b e R BeRIRT

B, BAT SA B “Construct Surface
From a Collection of Surfaces” 74>, XJ# U AY T
it Btk AT 8 G o %A A A 2D I IR
ZA BT M B G IR — e ESE
PSR REAA, THBR T i R A B RGA A, JB R
i — MBS REHE R, AnE 17 R,

BLFMim
E17 i R s

Fig.17  Curved surface integration

3) KARLA

KA VLY H b 7 S 8 2 Ed 5 3ie
RMBZ B ASHESCHR, iR 18 . R4l
P SA B A Y “Make Point Clouds to Objects
Relationship” 74>, FH 8l mi = R b 53l
WRMEGRIRNICHR, IFa e

4) MR

T8 58 A 2 5 PRI 2R I 5 38 DR IE I 2K U
Mrab R, i A R P S B R A
PO SR I, I R R A AR A R AL R
EARBAE N . HEIHA “Make New SA Report” fiiy
AR — BT R BT A, R SEAE AV G Rt
gitgfb ik, RS, $UAT “Add Item to SA Report



- 98 - B HE

20264 % 46 5 5 2

FEAERK AL

B 18 iz DLR 45 R KA A

Fig.18 Point cloud matching results and report generation

at Location” 4>, J HT 7S 21 (1% 3¢ R VT FL 45 S 4%
T RS AR S

Zl, N . BT A
M S A bR R PLA . RIEES . LKRICHE,
TR 245 A R A R A s Ak AT 55 B 58
A, AR B HAE# 1E SA h & HRar & 1 FE
BF, 3 AT 3k G AN [ B VR 25 DR R R AS [ ] 0 o % 448
FEAER B 7= A (00 18 25, [ I B R ORE 45V
PRV E AN S T 3500 T i R ) A

5 SRIGTENIE

JFJE B S AL e 52 5, B0 A SO
R HE T RO B B 4 (ORI SA B — 00T K i B 7
ARG A BN ST, SR AR 19
Bs

e UL, AR UL 0 B i K i) i 3
FAFROR (R RS 4 m), 25X 2B A i AT 58
RO AN RBESE ;s [, SEE AL H AR 2 B Uk
I AR A SR RE ST, AR 4= 1 AR il I Y RS
FEA R Ik, A0 BOR T il iR 77 A S
B AT IR, XL A o A 5] H 5 T3
fr, BEREWE R A SME AR IER TR, RN )G
S i P AT R A S R

LE R, SERRIEARRGE RO I RER .
fEdE: MW aE . EIEHUR S A, BEM NS
I A S S, R AR R AUE S A
TRHE-R I RSCRILES, K RGBT A
SIALTHAT o TR E {37 i K% p TR 410 45 2R 40 P 20 i
AN, RGUOEEAAL T A LATRAAE i i

RS 2 i T A

-

&
g e |

E19  S280An B

Fig.19  Experimental layout site

E S SRS R

P20 i o7 A K 31 2 2R

Fig.20  Curved surface positioning points and scanning results

RS AR MR T ARG EE

HBAEA SO & R GEMRR, JT AL el &
55 A 2 o B s, S 4 YO IE AR
T A, A7) IR TSR g, JF
A R 2,

=it (7)
tl

AP o RG], o, ok F shil s E]
HZe2 . gl ik e sk, H
YRad 40 ming [ shill ok FR e e, B



iR

Big5HFE - 99 -

(2 MmEREE
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