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A Pose Measurement Method for Micro Sphere Based on
Monocular Microscopic Vision

LI Ying"? ZHANG Da-Peng!? LIU Xi-Long"? XU De'?2

Abstract Pose measurement for micro-components is very important to micro assembly. But it is quite difficult to mea-
sure the pose of a micro sphere with high precision, which impacts the assembly accuracy. An accurate pose measurement
method for sphere with micro hole is proposed. A coarse-to-fine detection method is designed for the micro-hole on the
micro-sphere. It realizes the high precision location of the micro-hole. The direction of the microscopic camera’s optical
axis is calibrated. It is used to compensate the micro-sphere’s image coordinates after the microscopic camera moves in
order to improve the location accuracy of the micro-sphere in the camera’s frame. The relative position between the center
of sphere and the center of hole can be easily derived from the accurately located micro-sphere and micro-hole. Then the
pose of micro-sphere can be gotten. Meanwhile, the pose of micro-sphere can be transformed from the camera’s frame into
the frame of adjusting platform according to the calibrated rotation relationship between the two frames. The maximum

error in pose measurements is 0.3 degree. Experimental results verify the effectiveness of the proposed method.
Key words Micro-hole detection, micro-sphere location, pose measurement, vision measurement, monocular microscopic
vision
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Table 1  The pose vector of micro-sphere in {C'}

Gy 1 2 3 4 5
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Table 2  The results of rotating along with Yy axis
2% Xw, Yw W ()

ks FSE T E(E

1 0, -3 —0.04, -3.0
2 0, —2 —0.02, —2.0
3 0, —1 ~0.04, —1.0
4 0,1 0.06, 1.1
5 0,2 —0.00, 2.2
6 0,3 0.12, 3.1

#3 58 Xw RS as R
Table 3  The results of rotating along with Xy axis
2% Xw, Yw Weffm ()

Eikes FSE T E(E
1 —5,0 —4.9, —0.03
2 —4,0 —3.9, 0.02
3 —-3,0 —2.9, —0.01
4 —-2,0 —2.0, —0.02
5 —-1,0 —1.0, —0.05
6 1,0 1.0, —0.02
7 2,0 2.0, —0.04
8 3,0 3.0, 0.01
9 4,0 3.9, 0.01
10 5,0 4.9, —0.03
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Table 4  The results of rotating along with Xw, Yw

axis, simultaneously

L¢ Xw, Yw Jiekefy ()

e HSE BRI
1 -5, -3 —4.8, —3.1
2 —3, -2 —-3.0, —2.1
3 -1, -1 1.0, -1.1
4 1,1 1.0, 0.9
5 3,2 3.0, 1.8
6 5,3 48,28

T = SR 25 0] DAE H AR SCHE HH ) S
EREERER K 0.30 B, 74U IH T BIERAA Rk
FIAERPE.

TESCHR [13]) 2 H T — Fh il L& A I Y,
Zidg X WhiERs £5, £4,£3,+2, +1 B, JilE(E 55
Brfli e IR 22 At 0.7 B, AT ES 5.4 g

& Xw BHER: FIRE M BN, ORIRZECN 0.10 JE,
FIiRZE 0.06 JZ; I H4 RIS X HA Y il
WEAT KA1 BERERE I, Jehe s -5 30k [13] A T
RIE, M KIRZEACN 0.30 &, FHiRz 0.18 ).
PR, 53k [13] A6 & R, Eid sz
SUEAT DN 1 D7 YR B, AR SOOTE ORI — & B
FABL, AR, HOMk, HASEE R, AR
RAEF.

5 ZHip

AR T R R T B H B AR RS
TR BN . T T R RS I S LA
Bk, ST SR R AL . XA G
[ AR, FERIHLIZ Bl 5 R Gk 15 AL bR FEAT R M,
e TAEAHALAR AR R R B ROskoE RS 2. 8 G 6
BRANGLAL RS B 22 62, VF B Ak Bk O S L RO
2 [ AH A7 B, SCBL T AHAILAR AR 2R T ok BE 6l
BREZSI . (AR, AR R H A AHBLAR bR 2R 5 R
G AR bR R 2 B WTHERE X 2R, IR B 7S o 31 ]
BV SRR MRPEAAR R (W} P iosk LS ny 5L
-5 M E(E 2 AP RZE, Bk S & Prg . 58
IR AR, $E 0 77 ¥ AT DA S IR Al Bk 48 A5OR 1f U
B, B RSASIRZE 0.30 B, 530Hk [13] iy v
Lo, RERERA R, AIMIRIE T A SO A 2.
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