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Abstract: For precision assembly tasks with high requirements for coaxial alignment accuracy, a dual-field
telecentric vision measurement system was built. Different from traditional multi-camera or stereo vision
systems, the proposed system has no overlapping field of view, making it difficult to directly establish the
relationship between the two telecentric imaging units. To solve this problem, a coaxial alignment method
for a dual-field telecentric vision system was proposed. A calibration plate was moved into the fields of
view of the two telecentric imaging units in sequence to establish the relationship between them, and a
mathematical model for coaxial alignment was built. On this basis, taking the armature assembly as the re-
search object, the main error sources affecting coaxial alignment accuracy were analyzed. Error modeling
was carried out based on the Abbe-Bryan principle, and corresponding error compensation methods were

proposed. Indentation experiment results show that the coaxial alignment deviations were controlled with-
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in 5 pm. In addition, press-fitting experiments of the armature assembly further verified the feasibility and

effectiveness of the proposed method for precision assembly of shaft-hole components.

Key words: telecentric imaging; precision assembly; error compensation; coaxial alignment; dual-field
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Fig.1 Interference fit assembly system

2.2 [ ENEFEE

R B 0 2 A B 2 0 PR B R S8 RAR AL AZ 3
BB B0 M E AR GE B N ] 2 R i
N /5 o TR S L S RTINS B Tog 4 ) A 52
B0 AR BT S Bl O B Sk L I E B LR
Uity 15 B R AR B L AR AL P9 Y Ok B e A
AR K5 Il e AR Sy e Dy ), S B BN ALY
PG 1 ) Al P 5 328 0 A0 38 3R 5 28 %6 fE M L3z Bl
S S I S < 1 N 2 | [ e VA o R VAR
XU o

BEET

FHHL wLEL  EARER

DRI

L]

LT [ s

K2 o R K

Fig. 2 Schematic diagram of the telecentric vision system
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Fig.3 Schematic diagram of the coaxial alignment principle
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Fig.4 Calibration model of the telecentric vision system

T2 65 16 55 Pz 3l h A7 iz 3l ik 22
FECT bpERAE AL E T BB
HABC AR R R 78 0

X, X,

Y13” _ l:R ff Tud :1 YB" ( 4)
Z, 0" 1z,

1 1

b Ry, T 53 50 2 W A4 5 W A b 2 2 [ e

B E ORI B oMo, Ri=| y I —ay,
—f «a 1
T;’:[o'x oy az}l-,a,ﬂ,yﬁ}ﬂujﬂﬂz{éﬁﬂqzﬁﬂ@
WA #8122 0 DL SR B # L o, oy, 02 53 50 Dl
AN HRE R S5 EM R
B AR (2) AKX UL A(4), 7] LLAR
2 WS AHAIL 2 8] F A bR 460G &R

Udowm
Udown | —
1
TR T¢ -1 ] Uyp Uup
Kdow“T(ﬁw,‘I: O“ lu:l Tf;flKupfl Vyp =C Uy |»
1 1

(5)
FErh, C o TS B A WA T 22 W) 8 B
3.3 WETASHRNTAHZ3NMIRENH

5 45 A 4 0 BRSO R 255 T 1
A 552 R 0 7 530 o AR A S R AR L R
R 2 (3 R b AT WA AL

(1)K T3 R 5 1o R 7 7l — A 32
S - £ 10 A4 B 15 2 A N [ 67 98 4h 4 31 A B
i 2 .

(2) HIHLIE 3°F £ 17 1632 3 15 2 , 24 328 0
6 5 G5 BT 2 T 008 3 R T, 2 1
25 i AR S
3.3.1 EmFEMEHIRE

o O T 0T R 2 1 3 55 R, 0 T T DL A
RJEEL % R G U 6 R AT S8 — i X WA
5 R LR 5 T 0 0k A, A I T3k 3 fi
S AR T A I T3 2 1) A e AR BE L =
(Lo Lo L] o SPEEF 4770 A5 A R E R
530 3o 2 0 B 5 A £ 158 2%

c=6 XL, (6)
Ko, 0=[a,8 7] HESMIREME, B,
T L B 56 5 R FH A 0 55 3, JERE O A
(2,97 1) 1 o7 B 725 A R R , DR 285 T 45 7
V7 1 L 5 A 158 2 % ik 4% SR W e/, T 22
WA T LR R L B A TT AR N
ox=FEx+pL,.—yL,,

, (7)
oy=FEy—al, + yL,,



1894 P

K TR

34 %

Hodr . Ex, Ey 435l Ry 2 B 5 6 W X, 5l Fn Y, 5l 75
AT BB R 2, L, Ly 53 3 8 D A 2
T U XY Bl A e B B

ARz R R A

R0

&5 BERCF 6 12 8l i 2 A A

Fig.5 Schematic diagram of motion errors of the assem-

bly platform
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Fig. 6 Influence of motion errors of the camera motion platform on the telecentric vision system
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Tab.1 Motion error expressions of the camera motion
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Fig. 8 Identification of errors affecting the optical axis angle
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Fig. 9 Influence of pitch angle error on coaxial alignment

G T A AR, S5 B0 R T S A
4 BF i £ 82 I A%, 51 ARG [ b X o R 22
W

Dy~ (2h+1)0,. (16)
[ 3R, M RGAFAEIR S AR 2% 0,08, 5l A

P14 ) gl % o 15 2 3 ALy
A== (20 +1)0,. (17)

It , i T ARBLIZ 307 & 191z g 22 S B0
[F) Al Xof 1% 2 AT 3R R
A= (2h+1) )0+ 02 (18)
3.4 [EHIREMEHKEE
T ) b XoF o 1) 428 1) S g v, 2O A R G
BHELGN TG, REMM ERFEAS, BT
T80 G B TT [ B AT R R B FRRAIE 42 B, JF:
W 13z o0 AR H T R U R A AR B 2 T g
O BRBITTIR R s R, AT RE AT A3 B8 %
25 i, Jo B2 i XY RS 2% 87 A AT
e o e e S
Av Vdown Uup
H (Au, AV) WG R E R
H H A 7E 95 A 7] 2
(1) FET 3.3, 2 W XA i F 748 3l 152 22 19 43
Br, A5 e &6 H Sisdhik2Em
A BT B AMEARLIZ 30T & is Bk 2 .
(2) 53 4b, 2 L (19) 153 2] AR R e 2



% 12 3

Fa/D AT A5 U 7 () Al o0g o 15 22 20 B 55 A T 1 1897

(Au, Av) I B 50 XY RS % 8 5% F A 1 52 br
DLt B AR A ) AN 43 5% ) 28 46 11 die 24 06
K RE S e — 8 AR B L B AU o i AR A %
341 BERELXYA T AL S50k

W E 10 PR B bm e Al 8 T XY RS % )8 4%
TG b XY RS RO S TR
HEAT IS | [ B ) 38 o AR B0 5 YO0 T
SE BRRAE A A B AR 3l 5 o B O RS TR Y
i TR EEMES XY RERETFGZ
] 1) i Bl LA &R .

Au| Ax
[ O o

H:(Az, Ay) RN XY BB FEELA S
AR bR B U X, 5 R Y, 5 1) 6 RS R
Jimage- xy A T IR FIOCH XY K% M F &
22 TE) 1 Jy 0 e S 4 B

P10 53R i 22 15 IR 6 0 7% WU 56 28 0 b o it 2 ]
Fig. 10 Schematic diagram of calibration of the mapping
between pixel deviation and adjustment platform

displacement

3.4.2 ARMEZHF G IEFH IR £ 6 AME

hy SR R BLAS ) °F 32 iR 25 A L 18
T i 5 AHALIZ BT 5 A bR R 5 XY RS % 31 &
A bR R 2Z R B B OC & K 2 20 (18) Hh i [ il
WE TR 2238 1 XY RS % RO & B AME

T34 1 ARICT i 0 R Rt S XY
i 25 PR LT 5 22 (8] 32 Bh WG OC R W i AR TR
FHRR ) 0 R e 57 3 0 WA R ot 5 A ALz Bh
- Z [ (32 s b 5E &

PR AR 2 T XY RS % RO & L it

2 i A L IZ 3 & 78K T A BT AE Y X0 Y
- T8N BEAT BN L ()RR S i R R
STV R g < B 1S VA S AR 1 B w5 o YA
o |l e 4R AIE A7 B A9 8 A B AT DL 57 G 0
AR ot 5 M HL s 8 F & Z [ R iz 8 s gy

%/\ o
A Ax'
|:A‘Zu}:|]image6pre|:Ay/:|’ (21)

Horp (A, Ay )RR MIMLE 3 F A 7 [ 5 A
RTWX A BAY 10 AR o T e e
R A O AR BT S A HLIE BT 2 A i G
yiEl e

i B A 20) A (21), 7T LIS 3] XY K
BT 5 AHPLIZ 80T & Z R B OE R

Ax . AI/
Ay :Jimage&)(YJimageepre Ay/ . (22)

A (20) A (22) , AT LIS 2 XY R
W BT 5 R AN B T

o~ Au +A4,
I:Ay:| - Jlm?llgC‘ XY|:AU:| + J‘malg@‘ XYJimagc‘ prcl:+ A[>i‘:‘:|'

(23)
i

SRy 96 E BT $R L A B E T 1 A RO L B Y
80 W8 R e T A FH LA SR R () ME2P-
2621-15U3M (43 # % .5 120X 5 120, 1% 56 R +F -
2.5 pum) HIE B 93 0 BE Sk WWK10-110CP-
111V3(4 )7 i 0823k , DOF : 0. 3 mm, i KA
R 1X ), R & 49 MR IE S (H A :0.625
mm, [FC AR . 1. 25 mm) A 3% 55 AR A .

4.1 EOREBETHNSIRERR

WP 11 R AR R SE g, bR IO BUR R
TCA3 R A e [ 45 30 5K, 4 AT S5CRFAIE A5
14904 &5 Rk 2w o O 1 PO T 4 A
TEHERTE R T RENERERE . 4R
R, BT ARALAR B 45 R 07 ) AR R 254y
54 0. 152 pixels f1 0. 182 pixels. 454 A &R 4%
JERSE 2.5 pm $e B 3%1R 25 6 R B S PR 4
LR 0.4 pm A0, 5 pme EIRYGE/NT REGH
BETL 8 2 U, 3 W b G B2 Wt FE A R i 22
TR 110 Rt oK



1898 b=

K T 55 34 %
R2 EORBBATIRESR
Tab.2 Calibration results of the telecentric imaging unit

~ — N N _ N ER IR
IO ARSI KRR E /m F AR (g, v,) W22 RE &y, koo pr s s ] / ” |
pixe
I ORI 0.999 553 (2560. 00, 2560.01) 10 S[—1. 314, 0. 165, —4. 671, 2. 985 ] 0.152
T g ot 1,001 067 (2560. 00, 2560.00) 10 °[1. 035, —0. 004, 0. 855, 0. 203 ] 0.182

(2) bz LR E B
(a) Upper telecentric calibration (b) Lower telecentric calibration
image image
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Fig. 11 Schematic diagram of image acquisition for the in-

trinsic calibration board
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Fig. 12 Schematic diagram of image acquisition for the

extrinsic calibration board
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Tab. 3 Transformation parameters between the telecentric imaging unit and the calibration board coordinate system

LT T 5 A A B 7 JiE % 5 % R P 1n) & t/mm
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| —0.000045 —0.000 001 1 0
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(a) Setup of the measurement system
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Fig. 13 Measurement of the assembly platform roll angle
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Tab. 4 Comparison results of relative positions in image acquisition

WIEEIC Y 3k Z MR FL AR A SR 2% /um
[5].00 AR s/ pixel [52].0> AR s/ pixel [53.00 Ak 5/ pixel
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