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Abstract: As traditional orientation method depends heavily on measurement spaces and it is great dif-
ficult to implement the orientation of large dimension instruments in a limited space. Therefore, a
two-face reciprocal orientation method was proposed to implement the orientation of a spherical coor-
dinate measurement system in the limited space, and the theory analysis and experiment verification
were performed by taking two laser trackers for example. With combination of measuring principle
and working characteristics of laser trackers, the geometrical constraints of the method were construc-
ted by motion characteristics of the probes in trackers. So,if the instruments to be measured were visi-
ble each other, they will be orientated by the smaller public view field. The mathematical modeling
and optimization of this method were elaborated. Then, the experimental verification was performed

on an establishment processing of circular measuring control network in Shanghai Synchrotron Radia-

r#s B H#3:2017-05-09; 81T HH#8:2017-06-22.
E4TB:FxXAARRRILEEIWH (No. 51405338, No. 51775380) ; i E B35 45 A A 626 TFE” % B3 H (No.
2016 QNRC001)



%10

AR A OB B ER A0 U 5. I 5E ) 2753

tion Facility(SSRF). The results indicate that the precision of the proposed method is within 0. 12 mm

and the orientation rotation angle error is less than 1. 5"when the two laser trackers are 5m away {rom

each other. As compared to that of traditional orientation method, the measuring efficiency of the

method has been obviously promoted with almost the same precision level in a limited space. The

method can also be applied to other single station coordinate measuring systems.

Key words: large-scale metrologic instrument; laser tracker; limited space; orientation; two-face re-

ciprocal measurement

1 3 7

RRST 0t o LAy oA 23 0 ) i 2 ol R
53 Bt G ol BARAR I AN I8 i Jig , R AL BIL A ke 4 11
T2 2 B 10 1 it A 2 T 5 e R ) B3 B A
B BT AU 2l 0 I 2 A R T ik
Jh AR I AR Sy R = 2 Ak
ARG WO R R CEAT RS BE R I R R AN A
U gl AR SR U0 A o TR RS A 55 7 Rz
FHER R T2 (0 i A3 e R AR 2 ¢ B Y
B P A VAo o L WO B R AN Ry R B R AT
AN AT BB A, e R D SR OB TE  h R B
JEHUIE S X 3 AL v (] 2D A A O IR LA R
B2 5 G 1ER = 1T K 2 ig % (Thirty Meter
Telescope, TMT) 100 - (H L,/ o i 7Y (i 24 0
M R G WO R B e KRB i A
B W 8 3 (1], 5 B A B i R ik e s ) 0 4 45 )
LAY AT I A 2 L T HL I A R OR K
RS DA TR K R i 2 A ] 38
S AR A 180 m A7 36 JE K Ik 432 me T PG
BT Y T ARG B 1K B 2 0K B A RE AR TR
e EDR ES  — T, IR R — AN I E
S5 R 2 R IO B B ASOR A e 42 ) 1 1 o
R R B AS ol A5 [ f 0 s R R A B L i O
PEAZ B e AT R 08 22 1 B B ALl 57 A R 52 1k
WM EAT 55 . JUHAEFEAT 0] M H W 2 54T 55
IR CER A AR B AR S8 AR A 30 Ty B A PR TR
AR A 152 A B 58 J A AR 28 e 4 A, 0 A i ik i £
AIIK 10 Al o A0S 2 3l N AL J0RS BE 451 % i HL
REATR 7 000 5%, 3 0 0 AR

WEFEERWY 77 Az b R) % O B A T Ik
N S 2 1] 5 VR B SR BR M o A% G AN 2 A2 1] i
T — ) FHASCRS S [0 1) 22 20 20 3 1 Cly 1 4%
IR /N o e v G 1 Ol = 2 s o R

AN =S 18], 38 G DT E A 3 S AN A T A A AR
R GE 1, SRITTE SR I 8035 L AT AR 45 ) 7
FEANBRAEL TRk WL A2 0% 22 1 28 36 AT, S B
[ PRXE . 451 S ik o 3 e A v A R, il T4
TR AT AN W22 %, PN b2 B AR B S5 A Sk HL
VP M A e 07 1 LT ok 58 iUE [l i 72
BORWAR

ik e S 2 IR 37 23 18] T I B AS 2% E T )
AR SCAS A b T YN 4 o o A At ) Y X AL
P T — RS/ A2 R A )R O B R ACOBUE
L RE 1) 7 3 o 5 1 0 A SRR O L A R
SE ) B ASAS AR I Sk 1438 0 R T A LA
L3R AT EEHOE B ER A 18] AR E ] BRI AT 52 A
SE 6] JEATE AR KM =5 |, #5578 Bt
PRI AP AR R 28 B0 8 — ()L, SC R 6 BT F 5 7 1%
PEAT S ER B0 IE L 45 2R R %07 vk n] A DR UE R R
JEE 9 ] R S 2 48 o 300 £ o] 1) ) A AR

2 BRI G A E e R

2.1 E@EE

WL 7R, 8 SO O B R A A bR R 43 3l
Ly R Ly K7 A fm ic s A 00 S sk B T 45 A
WO BRER AR Sk 8 AH R B2 AR T2 s A P1
P2,

TEE 1 —RE T, W & O IREH E T
v 1| R B O I S Sl 7 R TR W - 7 S T
T P2 7E Ly abn R AYSRA P, P1FE L, 2
FRZR RPN P FER 14 RS R, L
5 L, i Sk e D 2058 RS JFEE g
D B, P 2 JROR T ORUTAD A e R P O BR
A3 FR AR A 1 e AR SO BR R AN A TK ST A AR A
AR K2y 180°, L ULEt P2 7F L, Abr R
FIAHRL AL bR A Py PLFE Ly AR A5 R H A A8 BR A
Py o WLy FU L, 22 (BB )T A A0 .



2754 e KRR 5 25 %
Lo 46T Ly J5CA 9 3 g B E L, A b 2 o e =
ERW. < 4
P,=(P P/ PP . D A ET 4 _
Lo H6T Lo L 0 8o ) B Lo AR AR 7 e K oo -
%%/j_;‘i‘j: :_’ - -

Py=(P,+P"/ | P,+P . (2)
E R WOC R ERAGE LR E— R P3,
W P3OE TR E) ST R A A L, A [
1 AMERER = TR . P& HOG R BR300 i 4 H
Frsi . P3AE L AR R PR ARARIC A Py 7 Ly
A bR FR AL BRI A 12 Ps
IS Ly F L, Z 18] A Jie 2 S 1 b i 4 20
A IE AZ Y 1] 243 53]
nm =P, X, P/ H Py, X, Py H
m =m X Py, ' 3
n=_(—Py X P/ —PyX.,Ps |
m,=n, X — Py | “w
Po.omin Fl— Py myony 3PP IE 52,
Ly Fl L, Z [8) 0 B4 55 R AT RoRH
R=[—Py m wnm]x[P, m n]. (5)
WOG IR B ACZE DU 5 JiT A - 0 Ly AL, 1 Z
WOFAT Ly ML, W AT oD L, bR R Z
WA BER: fa 0 AP R R T, PR m i T Y J7 4]
FESCH Py B R PLfE XY P R,
PLARASBERG A 0. 32 Pl P e XY P A9
2 S R (D O O THNOE S AN iE /e
B D5 LA T LR R A
0=arccos(P, TP, "), (6)

LPLL AL )
‘;'l %_'{t{_‘ P > 2 iy
-

Bl O R ERSORUE B R B E
Fig. 1 Diagram of two-face reciprocal measurement

for laser tracker
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Fig. 2 Transformation of laser tracker’s head
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Fig. 5 Experimental scene of reciprocal orientation
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Tab.1 Comparison of orientation parameters

W B

. 0/rad T x/mm T_y/mm T z/mm
Tk /m
fE45 5 2.005452 —1102.986 —4 946.335 —103.578
FE 9 0.940596  3429.312 8 706. 439 1.096

WA 5 2.005459 —1102.969 —4 946,344 —103.521

HREEE 9 0.940 604 3 429.314 8 706. 401 1.335
EmME 5 115 0.017 —0. 009 0. 057
w2 9 1.74" 0.002 —0.038 0. 239
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Fig. 6 Comparison of error in point measurement
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