- .
—— Ix oru

FI A ARG, i Bee | R TALIE 89 K RJE SR AR ST A 3 LBt M) & 7 B 5 [J]. AL #3283 K | 2021, 64(6): 3440, 47.
DU Fuzhou, YE Hanming. Research on real-time relative pose measurement method of large-scale components based on
vision[J]. Aeronautical Manufacturing Technology, 2021, 64(6): 3440, 47.

KL AR R EERR AR o
S J5 TEWESE

g, SIS
QL FAEME K FIM AR A FHIFE, L7 100191)

[(WE] A faEr I B P —RELBmR, 43 R RER I P aLnsE L, /87—
F R FALRL G AR AL F TN B k. E A EAUR B AR E AR, it RSV Re AR et BAR, 5 R BB 69
XA, T 4B R R B0 K BL. Bk, K3 T — B2 L Rarn 2 A 4%, Q33582 B ey n 2 4
TCs VAR T 40 B AL R AR S 00 A de AT Bk, sARAHZ 0] B0 R ERARHAT TR, B4 R%AFE kS Sats
BKBE Tk ®G, EFRE IR T AL LN F RGO ERATMN K, REEREAN LN T AALEEALT RS
w8 B TR 0.02mm, 3% St gk 75 % B4 AR T 0.2mm, #r 45 4 45 B e RAK T 0.3s 5 3¢ £l n s Wl 2
AT AR, AT @ E LA ELT 0.lmm, % K37 A E A4 EET 0.2mm, 4k 15 428 R a4k T

1.3s o RXIGZERA, 3B 6 7 i 7T ith X — A K REFRAF 2 it #2 LML £ i de 55 P R 06 09 R
KGR : AATAL LM B s AL KRR IRAF; M B K BT, TN 2
DOI: 10.16080/j.issn1671-833x.2021.06.034

RN

BB L, FENEERHIE
BERERGE HFURESNERA
MRREETEE,

34 Wi FEEEA - 20214E 55 645 6 Y]

AL AR TR AR R B BILB
77, TR R 2% J LT R B
R, RZR I Beor il 1975 5,
LN AT B e o e
ML A B R A B BL, A5 TR R
R, R IR A g B XIS E , T2
HERE A, e KRR it 1
RSP TY o AR R Al ) A
£ 0L SUR L L DO R DA S L i RS
AR AT, W] TR BOHE SR A A
B S B AL i T
1, PR JRE 8 S AR S 7k
TERRJER X — Tt B

LRI T B DR R JEE A3 280 3 i3
LG vl A O ERER X iGPS |
AR A I AL AL B I R S A
Al HOGERER AL  IGPS™ A5
U EL A I R R N
SO AR (BRI I 5 22— R
£ AR R I i AR R LA, O
HAER R B 5 1, il
v B R e B . = AR
B S5 RS E , HA AR o A
NG R R A G Y A
B, A3l P T R R B R e Y 3

LT R BE F8 ARR37 2 0  J7 v
L AR AT B, 2 B2 T SR I

« BETE  [H P EARHFH H (JCKY2018206B002, JCKY2017206B004 ).,



Digital Measurement ﬁ?nmﬁ

G HE e [ HAT B A SR . o
FEIRh 2 Bt (8 il 5 B R T —Fp
BT H LR Y 5 H A A 230 i
D73, R 7 70 1 DS BC A pR R, 42
i ARG B A e, b
UHLTR A AR R T T
XU AL5E 1 HEA AR B AR AR 5 5
2 R I 255 DR R B 7 R S AR
Yo MR TR AE M xR 7 R
PRy CAD BEAY, i i) K15 4 7 1
DA E S niegiipprao ik SRt
HAL 5 1) 5 AR 5 67 24k, h
FE AR B K2F ) FARE M i T3
T LA RO A 4R T I £ AR
i B A = AR T G R N AL
S EIMGG 22 S A A7 2 Al T4 2R,
PET T B R A RE
Kehl % ¥ ety (ARG I 265 H At
( Single shot multiple-box detector,
SSD) [kl |-, i — 258 % T B
R ASIVE TSR Y LNl Ey i
PE g T R AR, 7E PASCAL
BEAE EARE) 1B m A Al TR
J o Li % U AR T kAR D P R
Pt 25 X 4% ( Deep iterative matching,
DeepIM ) I T AR % 1% 07
S E R A B 1)
LAk, I DG C 40 2 TR 5 5 5
PG ILAC O Al A58

B R R B e e 1y 2R Tl 3
s ARSCHR T — R EE T H AL
PR AR A6 228 SIE IO o v o SR 2k
TEAE B bR AL I 5 J7 2%, IR
Wi RGO B AR e k. it T
— BRI AR I i RS,
B TR e TS VEREAR,
PR I e BT o TR R R B |,
VERE R E AE R B b I R G
SKAEROAR PG, S A S0 B ] 4 A
XS 4 , F3 o o2 A% i 77 =Rl
AR R, S o s T T
A M 24 51 3 ) 2 TR AR il
SR L SR RS BB 1 S IR AR G S
Yo TESLE PR T XA X o B 5
A ZR e R Tk, 90k RS B A

S HE

HH3 i B E RN B R G HE

e SR NNESHE R POR v
ZEOCIE N i R G HESR AN 1 R
FRgal oy M HZ SRR G RE
SR 4 R0 TR R
W NS R E 2SR
SE LI A RGOS BE T 4
WROre FEIRE T AL R RS
WRNIAR L. FEEREETE
RGP BB, LG bR E S
TR PR BN S 30
PLYSEEIRAE . WY )Z R I i R G
AL A REO, AL L E I BT
VESEARAN LML b s i o
TUIARVA R B L, SRR 2
TEFEMERRBL b, B ML JCm 15 1Y

75 VR BB e BT T A, Bk
s 58

BT OB 9 RUBE S 44 AR X5 o7
PSR S A AE AR AL
Wi TR, Hoh, SRR
[ 5 P SEERR B L, AL SE I R BT [
FETEVHRRE Lo e ot
B AEHER T N AR B PRI A VR TE
PRE I 2 ST AL R N . X F
W A e R B 1, s AR 35,
FH — 2 05 0 2 oo B AT il A2 A7 2
DGR o X T WA 22 10 K R
T, TE I WA A 5, D] SR
22 4 AL I BA T I )
W 2 Fios  FE P HEER B st 3 4l
PRBE I BT, L A58 0 B BT A
BRI L, — 4L BT
A13 B IR A B R i I T A TP 2K

N
H EARArZsRE | SEmf Al | xRS SRR M 47
=

5 FAHURRRE 53 PG g S s P LRI S5

%

= TR AR s s EILY AT AT S fr il & 5%

f& HHLA S5 FHRbREZ 4 S HEAR (R

&)

I HbR RS H BRI SR SIS AR i 242

L

i HLE I 2 8T EER (R i=nxilk

=

1 ETHRAAREBEHEIIESIHNERFEIES

Fig.1 Vision—based real-time measurement system framework for relative pose of

large—scale components

(TSI AR

g
=
&

2 AR SERUERSGHIAR

Fig.2 Composition of real-time relative pose measurement system

20214E 55 644 556 0] - RLATRIEEIA 35



- . .
—— Ix oru

b SRR RN

PLEI e FATTESH AN 3 B,
TR 2 A 4% Tl ARBIL AL PR TE
Al E I T AR BILE 1 i 19
TR TE, S R A IR, I =
AbHR oAb PREEENOR A Tl AL
AR TR, S g S ARG 2 22, O id
TO 2 T A M e (7 28 i S 45 SR A
= PAibL, KRB B A SR
R, DAL IH A 5 00 BT A A 57 T
Ve, CRBINLRES, 22 R %, BA
BESR A EHEE . LE I TR AR
LRA 4 ERAL, 5 2R AR
B b [ EA 4 MrEAL, T
P L I B A TT A B o B T
4 e B BT

FRHE RS T T AHPLEER
2592 x 1944, Wi K hy 14fps, K H
1/2.5° CMOS L & 2%, 18 Z R T R
2.2um x 2.2pm, 1 2 7 % i RS

REBESMEMRE
1 REWREFIE
1.1 ABHLA K HARE

FHBIL N 2 005 22 S — VAL B2
HRGINHER

EFFLARMLA AL R A LAY Hom
ELINREe EE e R TS IR
No BRI p (x,y) HXTRHY
HeWy i P ( Xy, Yy, Zy) Z I G FTH
RLIF XA

L k26 9 B4R A i Xy

Ly S, S, . Y

S A B M, 753 WU A% Cortex— vl=M(RIT)| Y (1)

A57 4b TR 2%,128 #% Maxwell GPU | Zy

J% 4GB LPDDR P77, e kv i 1
| s | | s | | beiubm |

Tk ﬂﬁ% Keik
U
e

HH BBk

ey~

ikt ~

3 MSEEMERTAK
Fig.3 Composition of visual measurement unit

4 PENERTIYE
Fig.4 Physical image of visual measurement unit

36 MiAFHEREA - 202145 645 56l

fo 0 u, O
M.= 0 f, v, O (2)
0 0 1 0

Horp, M, LN S BOE RS R AEA
IR SN LS S
M(R | T) NHHLINSBET UL,
RIAAALALES , RALAHPLAL bR R AR T
RS AR R A FEHOC R . FE T HIAH
PLNSEGEME RS T, il R

23 (] Ak A e X B Y — 415 Ak
s B ST, BV AT SR A5 B ARBLAL %5
PRI , AEBLA A e 42 5 e 57 300
IR EE

FIH 5K 1E A A MLAR 2 2k 1Y, 38
HAEARRPER T RECH g
M A G, fig s bRk v A b S8 T
FHMLIN S HUEFERIARAE
12 FRAHIFE

SR R R BIL A BR 3R 5 AH AL 8
ARTR R Z B A OC R Ty 2t A T
FHRARE M TAE,

FWR bR & H T HLE A,
R T HEFPLOIR ) A% FHUME
(F) BN AR R A SR [
() 5 WA 7 A ML A AR 2R 55 AH IO
ARFR FR I RO R

FHR AR E AT LU0 3) fa i
TR

AX=XB (3)
Horpr, A FoRABNLRS Sl e 6 58 i
HilF; B FonbLas AR S )a g

X
S BT

«,l Xc
Y,

5 MAYARE R FLAANIER

Fig.5 Pinhole camera model in camera

calibration



Digital Measurement ﬁ?nmﬁ

AR TR AL bR R 1284 0C 2R 5
X LRl NA S AT AL AL AR 2
FIFHALAL bR 2 M4 G

BAHHLIE IS AR AL B, pe
Pe 53N TR PIAHPLAL AR R T 1,
Pei~ P ol N R 7 N N A Y
AT AEITOCHR:

Pa=Ap. (4)
Pa=Bp. (5)
Pea=XPe (6)
P=Xpe (7)

FHHLAR AR 2 B bR 2 W) A br 2R 1Y
G R TTHh PoP FATHRAR R, &
N, N, 53 5 R R HLAE PSS & AH %
B E WY AN SRR FE (R g P E ),
P, VRE bR 28T B AT

Pa=N, D, (8)

P~ p, (9)

BLAS AR S PRATHLAL AL bn 2R 5
HILASF KR e A b 28 1) 48 G 2 AT LA
H AL A 28 S0 19 45 1l T B 3 R,
E\ . E, 53 3 AL as N A i $hAT LAY
TE WG A LA N 8 1) AL bR e 46
KA WLAF NI E ), p, HHEHE A
PR T A

Pa=E\ py (10)
Po=E> p, (11)
iz 10).(11) ATLIf5 3

A=N, N, (12)
B=E, E, (13)

F A HL 2 T AL RE ST AL
) R AR i, 7E 3 55 vh [ 8 — bR
M, 5 1 BIL A N5 AH BILAE AN [R] o7
KR E AR EME, R IE %A S
THLES N TR R S TS
LSRR INAEEAE &/ T SUN ik
T 53 A1 TE LA 22 A A v 0 2 BR
o TERALE, B RG] K
IBCHH ML A X T 22 Al 4 A X7 25
FH AL A AT A AT HURE AL A X T
Bl N AL R 2R 0 AH X7 2, SR EE#7
TEME, iRz R A AX=XB
B AR )L, 255 5K A5 2 AR AL
AR AR 2R 5 AR BIL I JAE AL A R 22 (] ) e
IR

2 HEMCIELREE S
2.1 Ef¥e s

P BTG 5 B R A A R O B
18, Ry SR BRUE 28, 1 5t g 4 B
RIS AESEAR I 6 AL IR0 LT TR Y
il

AVERAR N 6 FrR. AR
5 5 A )0 R A Al — 4[] 0o aE
o MR A PRS0, ke for
ff S 2 S Ol TRl LT A
Wl 5 H bR 5 35 g 3L
fhJUARTREAE DX 43, I HL AT 38 i 22 i
PO B 5 4w A AR 4R
K

P58 1 2R 48 R A B AR R
ZJG E ST RS Y 6 N
AR

RUGH S P2 AN T

(1) EMR AL BRERAE , i 1t
AR PR R A s

(2) MG T —AH A 3

(3) $BUT AR, I e Ay
RERWG A ITE L5 5

(4) LAVRBE i [ 07 =0k R A7
HEEE 4 JARE R RRA , IR i AR
SR R T FR LU R T IR 28 5

(5) FEHURE R B O, 138 6
AEEER L IR R AR

PEIAFH] 6 N H0 2 15 R Ak

Ja, TR 6 LR P e B 4
FUWHEATHET o FRIEDE AR 55 k38
AR S IE T TR SRR A RER A AR
Mo B SE T HER AR - DARERR
FOR SRR AR , Fe i B T Tl HES ) 4%
AR R AR, B HE T A

IR

BT
(1) Th 5838 3 0 AR 4 2 50
N
po L
N -1 >
(2) 315 P, BRFR PR A5 P BY
ﬁi PP, LAIAE N 2 B8 AR T A
EE*TSPI (1_2737 ’N> EIJ s
%m%EEGQQ,animEE

RE||RE,

c's

- PP -PP.
L?Pl.PsyéﬁJOi:cos_l[ c’'s zs}

(i=2,3,,N);

(3) HIi i BE x BB,
B Z (1B, %5 Z<0 WHELE 0,=0+n;

(4) M A 6, I\ /N B R X 5 P
(i=2,3, -+, N) AT AR o f s
P 5 IEAN P 1S3 =4 As by iy
— N iR ST
22 ARATAT KRS

AR 25 1) = 4 f 5 AR i —
Y RS R G F R ARARBILI 07 '
ZA&( Eﬂi‘ﬁ*ﬂﬂﬁﬁl‘%ﬁ)ﬁgl‘ﬂ@,?}j’iﬁ(
HBE n ST ), R AT
#HI 1 PnP ( Perspective-n—points )
Al ", PP [RGB YR, B T
I n ASTE =4k 23 8] AL bR 2 YA
XL B QG FR A L AR AR LR 4R
BRI EUSRAE B T ARPLAR
XF T RPN AR B 5 %S, PP
ffi‘:ﬂ%fﬁ'%ﬂ*ﬁmﬁ\]%m TEOL T

WS, 25 58 SR s RN I n A

E%[H:TT%E’J i, 55 HOGT I 1) BT A5 Al
B 2T BB AL, K B AR 2 AHBLAY
SNSHE I M AL S — DI R
5PRHEE T,

R T
“ly
AR R AR IR 7 B
PP 5k BN S B IS LA
ZHCHELAR s AE A AR PR R T Y =
AEARER , 0Tl AR BLAR E 5 #E bR
MPRER R AAPLSERERAERIER 8

(14)

(-66, —29) (0,33
(0,33

(-66, 33)

(66, =29

(66, 33)

Bl6 A1EMizEIT
Fig.6 Cooperative target design

20214E 5564 56 10] - BRI EIA 37



- . .
—— Ix oru

AR RS RS AR R
AR R I YR AR R S R R
ARBR R T B 4k A bR HAE R bR AR
bR 2T I = 4 A bR —— X W, BT
PnP #8Y F A EPnP Jy oK, itk
15 B A HLAL R AR KT HEAR AL A5 FR 1)
EROEIVA A
3 SiRHEEREAE

A RIJEFROFAEX i e rh 2
AR BRI, TR R — A RIAR, AR
2, —£H PR I 2 BT AT AR B AT G
T A A A A I T oK .
TESL R et R rh, B TR R
K AL FE i 2 SR S MIMA %, PRI
L2 Ao I BT 5 AR A I
i, DLor B T ) e, A5 B SO
iff 1) S s 7 223900 45

TR BB A2 T ) PR i T 4
s AR 2R OC R, L3
2 A DN BT R A T 41
TEAH LRI i 37 S 0 A AR i G R
AR [ 3E

JE AR 6 PAPRAR « TR
ARAR R BEUERR B AR FR AHATL A AR
ABBRFR FHBLARBR 2R R AR L AL AR
R VEARARAR R, & 8 iR, Horp
SEA NN AR R [, BN
PN A bR 2R TCAH AT 295

FEUETR B A b 2R 5 1 L B A
PR ZAE X R B AR 2R AT
22 T] P AR X A7 228 2 4 OC R 2 1l it 3R
e B bRk o

B R bR E

DR

7 W MCEBEEERE

Fig.7 Relative pose calculation algorithm flow

38 Wi HIEREA - 202145 645 561

AR5 00 P 2 2 A i S B
L, PR ALAR B 28 AHBILAE J3E A b
Z VR RE B B AL bR AR AL =2 I P e £
KATEXHZ AR IR AL, BT
Z 1] FAY AR B B 5 5C 2R T DA 2o e
bR TAERIE . Horf  ARBLARBR &
AL 2 A b 28 22 i) PR A e 2R
AT LAGE A TR E T IR R AR T
FRATLI Je Al s 25 01 8] 5 S B A A
1] R AR A 5 AR T UR PO BR
ARG R L B A T

[Fi) B, s A s 2R s 3 R A
PR ZR AL TR B A s 28 =38 Z ] Y
Feti ok AR E AR . 5 SCHE
PRABAR R FIHEARIE R AR AR R E A, 40
PRI AR B 28 5 SEUERR BLAR AR R 2
I3 14 5 45 5 2R () e Tl i 06 BR
IR HEATARE

PR, 7R FEHE R B S e B
[ ) o 2 SO AIPLAR AR 2R 5 L
PRARAR 3 Z ] A OC R AR
TEXS AR AL AR A A X
BAEAWZ AL, ARPLR R AR R,
i BEARD A S SRR 5 570k, al St
fifp S HE R AL bR ZRAH X AR BIL AR AR 2R Y
GiERORA S

732 3 405 I e B TR 0]
(VR SIIE e E i I S E R
X A0 I e BT I G R AT
Rl A BRI LSS . — B =)
AL 3 O 25 4045 R bR i
FUPRABAR R — SUAREEPR AL IR AR — 2

AL A

HERRBLAR AR 2R O 25 , PDRE T A HE
P i AR B R BUARR R T
TS HOAR AR AR 2R — AHPLARFR 2R — A
HLIEJEARBR R — Fp e R B A b 2R 1Y
7225, nDRE I AR i A bR e e 5
PREERB AR AR R o it 455 TR
o 5 7 S S B A A 2R 5 I R B
e FR AR AL AR, F T fe /N R R
SR A I A R B N T R B Y
iERORNAA

w55

1 REHRE

AT i 2R GE A {2 TR
BLHATARSE , b i B B i ]
BARGHVBIARE

R 5 TE AR A i A AR ML EA T
PRAE o [EEAIL, Kb s B T AR
WA, AR E AR L AR LK
FUIR, £ 5K AT BIRIHLIN Z R0

IR AE 25
2468455 0 626752
M,=| 0  2467.841 499.696
0 0 1

5= (-0.24028,0.50094,0.00062,,
0.00008, —5.45378 )
FIRbrE R = A 9 iR,
40 5 AL TT [ 2 7E KUKA Bl
NIPRA T AR A i , 76 PRI o [ —
AFRE ML, £ KUKA HLgs ATEA
[T R AR FRAR A R, IR
LA A ST % R A,

AR for 45

AFRFR 1

LR o
A ERZ2 PR 22 B
AHAILIE

AL 23 FHMLAL AR 2R3 B

FRH
»‘ﬂ E=N=R
LN ks 2
HiRH
WS

e LRAAER 223

8 MAXMMEMERGLIRKER

Fig.8

Coordinate relation of relative pose measurement system



Digital Measurement ﬁ?mmﬁ

PRUEAHHLAIL A5 KB S5 A 78 LA AR SE B
HEROHERR |

TFHRARE ISR AT

x=20.539mm

y=-7.830mm

z=184.978mm

R, =-0.020°

R,=0.001°

R.=-1.582°
2 BNERTIREERIN

TE S50 28 PR T #5 AR AU R T
s, WKL 10 Uros o Herp s i) &
$71: [ 7E 7 KUKA HLE AR THLIG
FAY AR i, AL 2 R B 5 BT ] o A
FEAER B I

FESA [ 7 &, A e
LESTVE 20 €S S IVRAS 4 &/ V[ EROK VA
2 R EERE

X st i Z2 A AR A, 430
HEAT 22 UOBUHE R B SR IR 2 i 5
SRR bR EZE gk 1 By
IRo BEE TSGR, A YRR AR
B — 7% 2l 2 W37 14 55—l
MEEFE AT, 4~T LA PR UE 25 s
BN, MHA AR K, X2 H A0
i I i 2R G e R SR B = T

730 Gk v FAFAE— 78 IS | BRARG
TR R
XS, S 55 SR 4% R U

{8, 15 B0 245 T4 4 i () 2
BE, a0 2 R, ml AL, o 0 R
G EE T (XS Y Jrm)
HF 43t 8 SRS FE AT IK 0.02mm,
FEV O 5 ) A O AR AR T
0.2mm. X & K b HH LG8 R 485
TR BOREIE, Br AR B T
7 i) B N A R U Tl O Tl 1)
DRSS

L I P ) A5 ] — A7
R 28 LS A A 0.282s, T 5K
R KR 0 A2 i i R v Y S AL
P, BOGIREAY  2u5 Y iGPS
AL )7 i, T 8 5, I PR A 6
%A SO H R 7 T DL B R
PGSR A B, 0 A 280 e S st

wm B~ W N

o 0 9

Fig.10

Table 1

Table 2

+0.0134

9 FRIRERE

Fig.9 Hand-eye calibration experiment

10 HAXENERFGLHETWIEGH R

Laboratory verification scene of relative pose measurement system

F1 EMIEEFBESEESNANREE

Standard deviation of each translation component of relative pose at

each measuring point mm
S, s, S, s
0.033777 0.016635 0.231537 0.234578
0.016205 0.015308 0.171162 0.172608
0.004971 0.0153 0.122617 0.123668
0.001587 0.005228 0.068702 0.068919
0.003656 0.012216 0.054034 0.055518
0.004787 0.01111 0.035735 0.037727
0.008471 0.011533 0.058613 0.060334
0.021048 0.011366 0.120088 0.122447
0.026456 0.01029 0.115777 0.119206
F2 BUESRTHEMNUEETBEIENESHE
Repeatability of each translation component of relative pose of a single
measurement unit mm
o, g, o
+0.0121 +0.1087 +0.1106
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Study on Tool Setting Method of Micro-Milling Tool Based on
in-Line Holography

ZHANG Xianghui, XU Jinkai, YU Zhanjiang, CHENG Yaya, YU Huadong
(Ministry of Education Key Laboratory for Cross-Scale Micro and Nano Manufacturing, Changchun University of Science
and Technology, Changchun 130022, China)

[ABSTRACT] In view of the shortcomings of the existing tool setting methods, we proposed a new method of tool set-
ting for micro-milling tools based on in-line holographic imaging. After researching and analyzing the holographic imaging
principle and key problems of holographic image, a set of digital holographic tool setting prototype was built, and the
micro-milling tools was measured on a five-axis machining center using a standard tool. The experimental results show
that, the holographic tool setting prototype can effectively realize the detection of micro-milling tools, and the relative
accuracy of this instrument is 5.1pm. Under the same detection conditions, compared with the measurement results of a
high-precision external presetter, the relative error of the tool setting instrument is 0.033%, while the relative error of the
holographic tool setting prototype is 0.007%, and it can effectively realize the detection of micro-milling tool. This results
verify that holographic imaging method can be used for the high-precision tool setting of micro-milling tools.

Keywords: Micro-milling tools; In-line holography; Tool setting method; Image denoising; Hologram reconstruction
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Research on Real-Time Relative Pose Measurement Method of Large-Scale
Components Based on Vision

DU Fuzhou, YE Hanming
(School of Mechanical Engineering & Automation, Beihang University, Beijing 100191, China)

[ABSTRACT] Relative pose is an important monitoring item in the assembly process. Aiming at the relative pose
measurement requirements during the docking of large-scale components, a vision-based real-time measurement method
of relative pose is proposed. Based on the monocular vision technology, relative poses of sections is calculated in real
time with the images of cooperative targets, which can be useful for the assembly work. Firstly, a real-time relative
pose measurement system is designed, including a vision measurement unit equipped with a monocular camera, and a
cooperative target for pose calculation. Secondly, the complete process of relative pose measurement is studied, including
system calibration method and real-time pose calculation method. Finally, the accuracy of the pose measurement system is
tested in laboratory. The result shows that the repeatability of the pose measurement system perpendicular to the optical axis
can reach 0.02mm, the repeatability along the optical axis is better than 0.2mm, and the time of pose measurement is less
than 0.3s. The network measurement of multi-measuring unit is simulated, and the repeatability perpendicular to the optical
axis is better than 0.1mm, the repeatability along the optical axis is better than 0.2mm, and the time of pose measurenent
is less than 1.3s, which satisfies the requirement of pose monitor and docking state estimation for large-scale component
docking.

Keywords: Relative pose measurement; Real-time pose measurement; Large-scale components; Measurement auxiliary

assembly; Digital measurement
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