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Transient point-diffraction interferometric system for
three-dimensional measurement

Wang Chao', Wang Daodang', Zhu Qixing'” >, Xu Xinke', Kong Ming'

(1.College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou 310018, China;
2.Guangxi Key Laboratory of Optoelectronic Information Processing, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: Aiming at the problems of excessive sampling time interval and being subject to environmental disturbance existing in the
point-diffraction interferometric three-dimensional measurement system based on a PZT phase shift, a point-diffraction interferometric
system used in transient three-dimensional (3D) measurement is proposed. Through light beam polarization modulation and introducing
polarization camera in the point-diffraction interferometric system for 3D measurement, the transient phase shift interferometric
measurement of 3D space coordinate is achieved. Aiming at the field of view (FOV) error existing in polarization camera and its
influence on 3D measurement accuracy, the field of view (FOV) error calibration method based on phase interpolation is studied. In
order to verify the feasibility of the system scheme, both numerical simulation and 3D on-line measurement comparison experiments were
carried out, respectively. The experiment results show that with the proposed system, the transient three-dimensional space measurement
accuracy of the order of submicron can be achieved and the measurement repeatability is less than 5%. The proposed transient point-
diffraction interferometric system has the features of being not sensitive to environmental disturbance, high repeat measurement precision
and rapid measurement, which provides a feasible method for the transient measurement of three-dimensional displacement and dimension
without guide rail.
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Fig.1 The layout of the transient point-diffraction

interferometric system
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transient point-diffraction interferometric system

2 b SURRAAR LRI T 6 xy S , oo
A0 RG2S [ (055, SF, i SF, Rl Rk b R B
g d BT TG, BB B9 o, R
S PN AT SF, 1 SE, 57 AR 07 (x170120) »
WA KT S 1 25 6] A T A6 o ST, (2,971 ,2,)
F1SF, (x5,y5,25) o R, AHHLIE T AT AR R 5
P(x,y,z) %I SF, FI SF, BO6HE 1, oy AT N -

no=le=2)+ (y =)+ (2 -20)° ] o

=[x+ (y=yh)P + (2 -24)° 17

R (2) BRI P(x,y,2) 82 5 Ab M4 iz 22
o(x,y,2) H:

27
(P(x9y5z>=7(rl_r2> (2)

MG P (w,y,2) REAAGE 229040 @ 5 AN GET 3
Ui ) =GR A R AFTE B — — R W FR , TS AT DG AR L 22
AR 2 £(02) o
J(2) =le(x,y,2) =¢o) = [oca(x,y,2) =]
(3)
K 2 = (v,y0,2,,%,05,5) FRE 050" ZH
0B R R 500 Ml (2) THAA R O BAHAL 2EMH 5
@ o,y ,2) A IR i A B 5 P LG O B9ARAL
Zeo TEMNZEHFEHRER m(m = 6) MER A, Hid

K (3) # B TR F(Q2) .

F(2)=
[[@(xl » Y1 7z|> - @01 - [@ccn(x] » Y ’zl) - g]
%:40(962,}’2,22) TﬁDOJ - [GDccu(xz’yz’zz) —f] (4)
%go(xm ’ym’zm) - gDO} - [§Dccn(xm ’ym’zm) _g}

i /N AR IS [ Ak A ) i 2, ST A
UL

PO =S @) @) =TT H@) (5

X TS RATSS IR SF, A SE, (1725 [H] AL bR €2, 7T L
TSR AT ¢ (2) W42 Jm) Ui AR AT, M IR ELL AR
FORG T AT FR 75 R R, by abe S B A A v
JE =4E o

2 BESRTHTHZHNERESN

FETEL 1 TR B0 WS S 0 = e B R e,
RS AR T2 BRSR 2B iR 2% KO£ A
TR SHRHHLE S S R, o f
SHEBRTIT O 3521 S M 2 B 1 T 5
R LB T 522 1 2 £ 15 B G ST
DEAIHIE AT LR 2% 645 05715 22 6 TR B 44
57 BARR B O R B4R R 45 7 e 3
T T A T I B R R TR 2R
. R B R BRAR LT T Somy f R P 19 £ 2
(Sony IMX250MYR CMOS, 43 #E% ok 2 448x2 048 pixel ,
(§ZH/N I 3.45 wmx3.45 wm)  IEF— B IRETE
G117 T 51514 0° 459 90°R1 135°H) 4 A~ LA
AR (R BRI, B PR R E 5 B AR B
RS AN B 4577 160 A 61 0B 060 € T L0
B RAE AL A U522 A R HTBLRL B
52 T B B A 5B

e ST = A B, = 42 A B B
LT LRSI . RIRAIBLEY S A
ST 5 R 2 B R B T AT e
P12 0% P B 2 5 8 50 3 AR R B>
w/2 T80, 1 0°.45° .90°F1 135°3% S5l 5 [m) X 1
BT BRI A (=1, -+, 4) T RSk R
HEBLERIN O 7 2 (S A oo
I, -1,

A_J (6)

TEARHIATBL 4 1~ 53030 5 LR A S e F
FBFB BRI R L 1= 1, -, 4) BTALSL, 2P 1E4%
8 2 A 22 RS 10 B 55 K b 30
P S A B 10 A I R 22 9

@ccp = arctan [



96 S/ L R ¥

Fal1E

(2x2 f800) WHIAALEAISE o TAE R AT T I i AR 2

TR AL 22 I/ E B S TR T7 1] B A& R

A S — RSB, 47 ) S50 0, BIAR 4R

BE AR . B LU R DL AR B2 %0 AT AR 217 o —

SEMTRZE , VR IRARBLA DA R 22 o A0 B 08 B 42

EI’J B S RT3 = eI B R G LR 22 AT )
e,

BEXTIZ IR AR, m] R S A GO i 4 e, X AR
JCHEATRLE, B A LA {H Linear | = YOKE 254 {H
Spline 1=K Cubic 535, &l 3 Frzn o i ik AH HLEE AL 15
TG, He A E AR I A5 T i ] 1 R R (AR

N

L/ k /
M

N

N
K3 mIRAHPLE ST

Fig.3 The reconstructed pixel in polarized camera
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Fig.4 Influence of different field of view errors based

on polarized camera
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