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Structural design of the transmitter and measurement model
construction for a novel rotating laser-scanning system
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Abstract : The rotating laser-scanning system achieves spatial three-dimensional coordinate measurement based on the principle of angular
intersection, which has been widely applied in the fields of aerospace, high-end shipbuilding, and other large-scale equipment
manufacturing due to its capabilities for multi-target parallel measurement and scalable measuring range. However, the limited
installation space for lasers in existing instruments constrains the selection and optimization of the system's laser. This article devises the
main optical structure of the novel transmitter by analyzing the optical path design requirements. The laser optical path is extended to the
exterior of the transmitter via optical fiber conduction. A mirror set is utilized to split light and generate scanning light planes. In
combination with a turntable, a precise spatial light field is constructed, which circumvents the limitation of installation space on laser
performance, enabling unconstrained subsequent optimization design of the light source and effectively reducing the impact on system
performance at the optical signal level. Due to the unique structure of the newly designed laser-guiding transmitter, structural errors can
lead to instantaneous changes in the scanning light plane shape during the operation of the transmitter. As a result, traditional parameter
models based on rotating light plane characteristics are no longer applicable. Therefore, this article integrates the geometric structure of
the optical path, analyzes errors such as optical axis eccentricity and optical axis tilt, abandons the definition in the traditional model that
takes the initial spatial equations of the light planes as internal parameters, redefines the internal parameters of the transmitter, and

constructs a multi-station networking positioning model and an internal and external parameters calibration model suitable for the laser-

Wk H 47.2024-10-23 Received Date; 2024-10-23
* FATiH . EER AREIE R4 H (52127810,52475567,52275539) K B 1413 B (242XZSSS00300) % Bl



57

T8 A% SR BB R HOLIIN R G A T sl G5B I AR R A 61

guiding transmitter. Finally, an experimental platform is established for simulation and experimentation. The results show that the

measurement model studied in this article is effective and has a coordinate measurement accuracy better than 0. 7 mm, which meets the

requirements of large-scale equipment manufacturing and laying a solid foundation for performance improvement and subsequent

optimization of the novel rotating laser-scanning system.

Keywords : rotating laser-scanning system; structural design; measurement model ; angle measurement error
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Fig.2  Structure of turntable and integrated line laser in traditional transmitter
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Fig. 3 Main optical structure schematic diagram
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n, =[sin(f,) 0 —cos(8,)]
n,=[0 -sin(8,) -—cos(f,)]

Hoerr 0, F16,, 7351 2435 10 S A T - B 20 IS T
MO o L G BRI e AR B S 2 540 28U T 5K
RO A S ST Ry 5 JFEL M, 5 M, 2
[ YRR DL e My 5 M, Z A A EE B 4 R C Ry, L rT 45
B H AR, Rl BRI E N o, SIS ] ¢ a]
T It FE S B A B A B U A 3 DU A i AR A R e
A RO,)

X BEH S BGHAT IR B S RS AT . W
FOlH G O 5 AR5 22 Rl B A7 AE , O THORBh i S 8 48
JCIEAERR S S A i n,,,,

S = (rcosé,

(14)

rsin@,

_Ls)
(15)

o = [CO8Bg cosag  cosBgsinag  sinfy]

DNROCAE P S S5 TAT ) S S5 i A

—ny RO (ny, - M)
n, - R(O)"-S"

—njy - R(0,)" - (my,, — M)

ny, - R(,)"-S"

Q](tl):‘s +

ST

Qz(tz) =S+

R Ive

(16)

JSEIT I i gy, K ng, AR (7) SRAR, 6T
T I G T 1 it g, g, (SR AR R 5 2. 1 45Ok
A A0 2 A DA S ), R TR 5 7 T (AR
AR ) 16 5 S TR e B AR PRI R,
PEATRES, ZE AR S T 2R ST AT A e
A B 5 T R B A R S R

TEHEAT MR LI 25 ] o B 2 & &k STl B
H N 3 AR R S 5 0 DA S A b 2R B S e o
MBI R, 1), N REFS, Hj=1,
2, e N RIS ] 313 G I o 8 2 P A A A
R4l

ny - ((Q)"' = (R -P" +T,))=0

ny - ((Q)" = (R - P" +T))=0

Hp p=[xy, vy 2] WS AFR R TR 5 A
B, 3 3 A RABE, 2 2 AR BN SR A ik
7 TR BIVAT A5 50 73000 S50RS 0 AL AR
2.3 FEE SN IMSIREER

3 o X5 260 2K Sl P ) 9 8 2% AT AT T A
ST S POGIR S5 B 045 88 SBCH S B HDE A
XL TR A2 X G 780 K 5 il ) A e 55 4, Y
4 P R T T 70 B o7 5 11 23 18] 5 A N 2473
AT T I DGR A K A ) O L 5 BT

(17)

KRG FENSHATRRE . AN, i FHELUR F E
D2 () 7 VAT B0 & IR B0 BE 4 1) 25/ S50 I
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FRRE, B, 1S8R AN SN

1) JCEME SR OIS r 550 0,

2) HHHIIKT-f oy STEEFM By

3) ALK o, STEM B,

4) BEA e SR e M 0, K5 -5 6 T £
0,

5) WitEERHLR S Z e fh y, My,

PRI AN S AT b B, A4 T e R A SR FH B Sy 1
HIRK Fr AR B, IF 45 & F B 4B 1 3L W M R A =
(6, 6, 6. T T, T, WiektdFrnlLmR.

1 0 0

R =|0 cos(8,) —sin(6,)
10 sin(6,) cos(6,) ]
i cos(0,) O sin(@j)_

R = 0 1 0 —R=R_-R 'R,
| —sin(6,) 0 cos(8,) | ‘
[cos(6,) —sin(6.) O

R =|sin(6,) cos(h,) O
L O 0 1

(18)

I A A Sl T A A )9 R N T b B
AR B ST A A B H b ga R OR i AR AR P, =
[%w Yw 2wl ,i=1,2, M AF RS 3X0 rA F il a
AT AR BI0C T A S AT T) ¢, Rl ey, AR
B SCHEAT IR 2250 BT, B & 55 3l I AR S Ry R S 40
A (17) , A4S B A AL s = (19) s,
/i =ng, + (Q}, —(R- P +T))
fr =g, (Q;l - (R Pvf +T))
: : (19)
fooy =ng, » (Q = (R- P/ +T))
Vo =ng - (Qy = (R-P] +T))

Hr ) ng, 5 ng, PRSP, A
L0, 1 Q, A AN G A T AN S s AR R
WG eRESC B SR AR i i e e — s A i ) 0 45 A
FUTE RSl AR5 28T 43 5 B PR G T T A PR S

K H Levenberg-Marquardt 233K 15 pR £ (8 £ /N Y
BB B0 Ry K Sl N A2 xS St i o7 o A T B I
PR e AT BN INZ BRIE, X A ki N 2047 40 A vl 0, H
TRER S AL B 8 N R B 0 ORIE X 6 280 AR
F14) O 25 B A 7 A/ 0N PR 9 T PN, 80K I 108 22 1Y) 8 S
s AR N SAE R EARIME, 3R 1 R,
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Table 1 The initial values of the transmitter internal

®2 RIS HEEE

Table 2 The true values of the transmitter external

parameters parameters in the simulation
B4 WA HFx WIE witc 6./(°) 6,/(°) 6/(°) T/mm  T,/mm T,/mm
r/mm 0 Br/(°) 90 DATIAS| 1.131 -0.675 -82.150 363.567 -1 726.244 2.224
6,/(°) 0 0,,/(°) 45 Wifi2  -0.777 0.245 41.220 1051.001 -1 135. 838 41.552
g/ (%) 0 0,/(°) 45
B/ (°) 90 ¥,1/(°) 45 x3 EZHFHNSHEEE
ap/(°) 0 y,/(°) 135 Table 3 The true values of the transmitter internal

XA S B bR R, S AE AR 16 RS 5L
(10 NS EA 6 DI Z K0 | i B A~ 15 500
7 2 A~ e DG A bR KR, D 22 /5 B 8 ARl A RE S B
SRR

3 KBERSHT

3.1 (HESH

R B IE TG TR K 5 s AL (6 AR TR S PN A S AR
AU B, X 224 & B sl AR G2 8 e = 4 2 [] vp 42 o]
YA S e AT e, A8 A 22 0 2 I o 0 B R, A 11
iR, BRI IRABIRR 0,-X, Y, Z, 58 2 RS
SO T, T, , I S R S AR AR R 0,-X, Y, Z, 5
0,-X,Y,Z,, 76 X, WM 45 5 m PEES AL AHXT T v, i
XFFR I £ A1 90° 3 I Y, e IR 45 i3 3590 3 m 1Y
Y il 2s (6], 38 o BEALAE BRI 24 A S ALVE RS, JF
FESEZS [ R REALIE BT 3 AR S A7, T RS EE Y
KHIE

s A
s e \

AN -
N R
Sl i B FE b 7 0 HABE

Simulation design of transmitter positions

11
Fig. 11

and control field

Kot VR S i DAt SR A bR 2R B PR & B vl AR A R A B
FEFE (B RG4S FUE Bk B4 TN St 1T e, I
F2H3 R,

parameters in the simulation

ZHARR WL L Hifi 2 b4 whifi 1 uhfL2

r/mm 0. 591 0.314 || Br/(°) 90.281  90.116
0,/(°) 50.332  76.302 || 6,/(°)  44.591  45.372
ag/(°)  40.548  124.018 || 0,,/(°)  44.796  44.829
Bs/(°) 89.791 90.173 || v1/(°) 45.249  45.541
ag/(°) 45.103  105.154 || v./(°) 135.158  134.347

TG BT 3R Ge IR 22 R IR AL HE & S ik A B () 245
PR 25 RO 5 5 3 BOR 25 . RIER(17) B & ok
WANSAE R CN S, TRl s (B S R i, & ok
HI NSNS SEAL S T & FE i A B ) S5 iR 22 VB N T br
FE R BCE T — A IR BAE O S PR 25 2 B
T B 6V 1w 1 7R 22 DL KOG R TS ik vp A
PRIPUR 2238 LAY 38 215 NSNS BLE S e A A B
AT RO K 58 3 35 07 B 45 A 0 AL B 43 15 B [, 4
P S 22567, bl T I Bl 6 i T R 2 DL RO R
TGRS B B 2 A5 DR 2 i B o A 00 A 1 ( 1Y
PR SRR 22 ) IR 222970 97 A I R Py X
T[] 310 95 o Bl ML 03 22 05 P AT A 2, A 45 AR 0
Fa M5 PR,

x4 NEBREFEER
Table 4 Simulation results of internal parameters calibration
Pa— ‘ﬁﬁ{ﬁ 1 ﬁ.%f{ﬁ"l ‘ﬁﬁ{ﬁ 2 ﬁ.‘!ﬂﬁhz
[E=Er S wmE 5 B4 3 B2

r/mm 0. 608 0.017 0. 320 0. 006

0,(°) 52.376 2.044 82. 839 6. 537
as/(°) 40. 434 -0.114 124. 029 0.011
Bs/(°) 89. 791 0 90. 173 0
ap/(°) 45.478 0.375 105. 437 0.283
Br/ (%) 90. 226 -0. 055 90. 169 0.053
0,,7/(°) 44.576 -0.015 45.191 -0. 181
0,,/(°) 44.872 0.076 44. 870 0. 041
¥1/(%) 45.189 -0. 06 45.530 -0.011
¥,/ (°) 135.177 0.019 134. 452 0.105
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Table 5 Simulation results of external parameters calibration

P— ‘Hﬁl %&1 ﬁ&z %&2
a5 R Rz AR 2%
0./(°) 1. 131 0 -0.776 0.001
0,/(°) -0.675 0 0.245 0
0./(°) -82.201 -0. 051 41. 055 -0. 165
T,/mm 362. 054 -1.513 1047.710  -3.291
T,/mm  -1726.544  -0.300 -1136.860 -1.022
T./mm 2.218 -0. 006 41. 486 -0. 066

WA T T AR B 2 R P O T A T IR 25 R
0, FNE/INT 0. 50, i R T4a s Oode r 8/, iR R 0, 77
TR 222Xl e O (7 B 77 A 3k BE R 5 53 40, P
PR r BT RR2Z /N T 0,02 mm, F RARXT IR 2K
2.796% , M X FANS PR IE IR ZEY/INT 5 mm, e kK
FHXFIRZEN 0.314% , FULNAIFSRARK (17) 4T85
IHRELIER GG, THE45 R NE 6 fs,

x6 LITMEHEER

Table 6 Simulation results of coordinate measurement

(mm)
I\

L e Fi l’f e ;z
x -1 887.239 -1 887.228 0.011

P1 y 6 127. 380 6 127.973 0.592 0. 635
z -979. 947 -980. 177 -0.230
x -3 272.398 -3 272.601 -0.203

P2 y 6 172.569 6 173. 156 0. 587 0. 621
z 932. 005 932.014 0. 009
x -3 142.812 -3 142.920 -0. 108

P3 y 5 968.619 5 969. 141 0.522 0.570
z —-633. 430 -633. 632 -0.202

SR ASBIF G 3 37 18 A8 o (VA TR 15 1) Al s de K HE
BIRZEHR 0.635 mm, [ ELE LI, AR H RS
FHFFOERL L S0k, FLSCBL T 558 0 0 e A B
3.2 SKIGGIE

S SR 22 UK B sl | 43 SR 8 ) TR S, SE AR R
Yt 8 KA s an g 12 (a) s 8 28 A9k 2
B 85, BEALEE O 3 ARSI LA DLBRER A H B Ak b
FAE R R AR FR | (0 FH BRER SO P A B A A 00 2
AR AR ERE, B 12(b) W BN T & Sl vl 7 Je 4%
R TR VA TR

el

7

\ uw.(

(a) TR E

(a) Experiment site

%
F i
A 1 ’ S 2
X% 0, iy IaTR
v i IZIA)E
maEtig DA
(b) REHuE R BRI R EE
(b) Diagram of the transmitter and control field layout

Bl12 SR ARG B

Fig. 12 Experiment layout

FEXF FUAR AT $140 22 B, 6 SO BRER (U E & %
He TRARIBUR S ol A s 2R I s AR A, I 052 X AN Z B
T, G 5 S A R AR A i, ARATE B B S (6 AR AR
M 0 TR AR ol Sh S5 e BORIE, Ik 13 Fros, 4R
FHNSAACTHH A, ik 7 PR,

K13 B TR T AU CIRER R S 3 AN 20 {E
Fig. 13 Obtaining initial values of external parameters

via the tooling and the laser tracker

x7 SHE

Table 7 The initial values of external parameters

E L EA N i 1 i 2
6,/(°) -1.537 -1.256
6,/(°) -0.341 -0.315
0./(°) 77.493 75.920
T,/mm ~123.341 1 345,299
T,/mm 902. 237 195.920
T./mm -307.782 -274. 321
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il AR AL I 18] 2 51 ARG A A0 2 R 8 TR 58 1l
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Table 8 Calibration results of internal parameters
e e wIME SHAHK e

r/mm 0. 258 Br/(°) 89. 356
0,/(°) 60. 618 0,,/(°) 44. 415
as/(°) -41. 043 0,,/(°) 44. 402
Bs/(°) 89. 989 ¥1/(°) 44. 366
ap/(°) 6.700 Y2/ (°) 135. 891

RI HSHRELER

Table 9 Calibration results of external parameters

SRR uhifi 1 i 2
6,/(°) 0.318 0. 559
6,/(°) ~0.204 0.039
0./(°) 77.423 76.137
T,/mm -135.372 1334.811
T,/mm 902. 468 204. 879
T./mm ~300. 269 -318.482

I AT 1 P SD SR e AR AT AR S
ZPTAE SRR, T O S ABRR I (2 R0 5
PAAREHT , 755 A ST il OSBRI DL . AP S Y45 4L
{EAR RE 25 215 BRI b A ) (R R AANAT

KBNS bR 4550, R 3 A i A 4140
] P41, R0 28 S5 ki 22 3l 20 D0 7 (A AU T B LA A

THRE RN 10 R,
F10 LERMELER
Table 10 Results of coordinate measurement (mm)
AFR P FrifiEf SLHe s R wWE - AHURE

x =7 437. 661 =-7437.314 0.348

P1 ¥ -3 068. 214 -3 067.978 0.236 0.518
z 1 074. 881 1 074.579 -0.302
x =7724.598 -7724.018 0. 580

P2 ¥ -2294.611 -2 294.344 0.268 0. 681
z 1024.316 1 024. 080 -0. 236
x =7990.242 -7 990. 839 -0.597

P3 y —1 388.358 -1 388.505 -0. 146 0.615
z 795.214 795. 187 -0. 027

PRI e 2 2R ], SR FH AR SC A A s o7 A TR B 4 31
I AR AR 5 ObR HE (R 2 ) AY dR KB B R 25
0. 681 mm, T A RILRE A il it B E (oK

4 # i

DATE 6 OGS4l 22 52 b 19 TO6 K 5 8 il S BF 58 %8
G BT X HOGIRE RE 52 21 I A 1 25 44 R 11 1 7l 29 R 46
PERESE THAO IR TTIIESE . B T AR T K 85 5 RDE 3
BR B TR RSO R R Gl . OB S R G IR A
BT Rl B RO AT R TG IR
H AR AR PR S LI (R p 2 ), (Rl B A
SOl AT I S I KOG 2O ET BT A T X IR
RIS A A5 SRR Tt , LA R R GG IR PR RE )
R, BRSO A Sl R R A A, A il TR A e A R
(AU P FH B AT 4545 7 R0 A 53 v T LAy &5 4 e 22
OIAT AR T 22l IO R LAY, X A AD S b A A A
AR R AR BT S5 508 45 B N AN S e S R
W, AL BRI RS BEOE T 0.7 mm, B0 0E T B 82 1 04 1t
BB O A S vl I A TR ) A AR Aol B T Uk
SN R GRS B E T A
I A 55 0l E 08 S5 I IV 2 K 2 1) I 5 B S R 4

THE R, BRFFIR ST AR DR 22 Z 8h, 3 G T A
W22 P SR 22 SR BRI TS IRAFAE | SEWT 50
BEHEATAR DGR 25 4 M2% | LA S SN B4 B i — 203 T, Tl
IR 5 IR G P A5 R, LADR B Rl Ot I T
VERIRSEYE . At BT SOCB A ST R B | J5 2
BN AR T 0, LASE R AL /N R B B
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