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In-Plane Deformation Measurement Based on ESPI by Using Virtual Speckle
Pattern
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A novel high resolution speckle interferometry for an in-plane displacement measurement which
uses only information in a deformation process is proposed by introducing the high resolution
out-of-plane displacement measurement technology to in-plane measurement methods. In this
method, the new optical system is proposed with single camera for in-plane displacement
measurements. Virtual speckle patterns with the information of the carrier signal are synthesized
using the information of the deformation process by Hilbert transformation. As the experimental
results, it is confirmed that this method can measure the in-plane displacement as well as the
method as proposed before in high resolution.

Key words: in-plane displacement measurement, speckle interferometry, single camera, high
resolution measurement, virtual speckle patterns
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@ Record of deformation process
v
@ Detection of speckles' information of deformation
by Hilbert transformation
v
® Synthesize of a two dimensional virtual speckle
pattern by using speckles’ information at the point
where the problem of Fourier transformation vanishes
v
| @ Calculation of the speckle gram |
v
| ® Detection of the phase map of fringe image |

Fig. 1 Flow chart of fringe analysis with virtual speckle
patterns.
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Fig. 4 Change of intensity of speckle by deformation. (a)
Optical system, (b) Change of intensity at P,, (c) Change of
phase at P,.
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Fig. 5 Production of virtual speckle pattern.
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Fig. 6 Change of intensity of speckles by deformation. (a)
In-plane displacement, (b) Carrier information, (c) De-
formed carrier information.

ERRE ED Py, Py, Py HIZEBWT, [HIEEFLEED
P, ST, MAZELLICEED Ay 7 Vv OisEZE LIdHI
BAL T RIE L TBIETELZDATHD (I22L
CCTHELIEARY 7V, TE i IDk > hBR%
ARUIIZEE Y, EFEORL 2 ARy 7 VT, Bikol
MEA LR RTINS, MHcBAL TiE, 2 2R
LizbDERRICEMT 2139 THS, Zhid, P, Py s
WBWTHEERRNICH D). £/, P flcBW T,
HIEHPA T, 4 FIAREOBES MO ZBET 2 2
EMTEL, LLENRS, ARy ZW8F — 2 DIES
HEDHDWBEEL 2> TWBDT, Z DR IZ/NE L
WONA T ARG EL "o Twb, —7, Py T, 4
E%%E@%Eﬁﬁ@%ﬁ%ﬁ%?%u&#fgé.u@
AT, Py AICHARTIEB L N4 7 A5 b K&
o Tn5,
ZZTHERELZTNE R S 2WwESE, Fig 6 (a) 1
RIHENERICBWT, Py ik P e TRERO D
Fig.3 (b) IR LS WCHHANC R > TR I bbb
P, TOEVWERTIENTETCOBWIETHSE, 20D
MEZ RS 272012, AW TIE Fig 2 KR$ 37 —2
EBER TR RENAGENCREE 2 C L 2RRELTWwS, C
DI T —2OBENC X > T, Fig. 6 (a) R TEREIEIC

122 (50)

_ P¢, Mirror-2 Laser beam
Displacement-1 .
Measured obj Ject , <R Pio O
[ . P61P63 Z 2 P
- oo o
0 l:l Half mirror

Mirror-1

Displacement-2

Optical Path Difference: EP{I EPGI
Fig. 7 Optical path difference of laser beam.

BU2EESMC, F¥x VY —FEEHREEZL5IENT
ER PN R

Fig. TR T &3, S7—2»BHLAVWEEE2EZ
5L, Pl S ABT LN —T7 35 —%2F#EL, P
TREIL, Py l2E 3, 72, "—7 35 —CKELIZNE
i3, Po ZREHALTPu ICES>TWS, —F, $5—20
BEIL2HAICE, P o AL, N—7 37 —%FEil
L7260, BETHTEE U < P Z28HAL T Py ICE > T
2. LipL&DS, $7—2560 Py ~ADOKIE, Py
SAHL7HTIERL, Py o A LIKERS, 20
LaEwlX, TNETNONBRREFEZ 5L, 27— 20O%E)
B 12 b T PoyPe1- PesPey 72 1 E 13 E < % H, CCD
A AT X > THIEINLZRESHTIE, ZONBERDOZE
(LIS CTAME LS R LT 2 Z ek b, T e R
ICHERR L7z b DA Fig. 6 (b) TH 3, Py, Py, P03 H
DBV TDH, 77— 2 OBENCHEWIRIE & N1 7 A1
500, FIUHREZ S SIEFEMNREL THwb,

DA E S ICHE L TR IE R S 22w E
3, ST—2&BEITLILICLY, FiokRERREEL
BOhERFT LI ETHS.

Fig. 2 10R T & 9 BARKRD ZHE AR Y 7 VFEHEHT
i, HESROENEMIIRE AL TRy, 20
RIERE T —2DFISIC X > TREEINTOLEWLRE I M
% Fig. 8 I B W THEI L 7=,

Fig.8 (a) R$ & H1Z, 7 —20BHL VA,
HENRPENCEH T 25552525 &, Pu, Pus
DEAS LTI B VT, Py s Py ADOBEIERRA D
HOBENCHES ZERMTONBEDOEIZEFEEL R LD
T, HAVELLTIE, BZET 2MOMHEZLIZFEEL 2vw 2
ERbrs, o, 27— 2B GEICHIENRY
HE M CEEL Cb, Fig. 72EAL L THZ %L, Fig.8
(b) WWRT & 9T, EHEMIZHES KR OE(LIZFEEY
3, 37— 2 OBENCHE D HEROBIZ I BELET 5

J11

ot F



Laser beam

Mirror-2
P71 “ >;\\

o 2o7 T3~ Py P
7RO CCD'NTL 28
ARSI ~ i

N /1 .~~~ Half mirror
_ T /L'//-/
Dlsplacementltl
Mirror-1
(a)
Mirror-2 Laser beam
r---_"","}/""
Py EENL P
"_// \\\’”o',
o INg cop RS buepy
KEZOA) -
4 .2>” Half mirror
am /)',/'/
Displacement —=<———
Mirror-1
(b)

Fig. 8 Optical path difference of laser beam with move-
ment of mirror-2. (a) Optical path difference in out-of-plane
displacement, (b) Optical path difference in out-of-plane
displacement with movement of mirror-2.
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Fig. 9 Influence of speckle intensity by movement of

mirror-2. (a) Out-of-plane displacement, (b) Out-of-plane
displacement and carrier information.

Intensity

—H, Py T, EAANOEHNERIC X 2 I1EHHS*
¥ )Y —EEBELEFL, ERF v ) v —lEHRE LTIEA
WHMEL o Twb, ZDX51Z, Fv ) v—1EHzH
W3 ZEIZEoT, MALEOHRA (AN N LA
d 2 WIZEA LT 24080 O = HERE L 7o LB »3m]
BEIZ 72 5,

3. Al E R

Fig.2 D3 7 —2 #BEhs¥ 32 L1tk > T, Fig.6 (¢)
WRT LS F ¥ ) Y —E52HNERIERCTEMAL(E
FBEBLIENTEL, ZOWEI, Fig2nio—2%
ETRE SR Lk oTE AN F ¥ ) ¥ —HS
&, HESRA LT b b ERN s ERE LTE, $ART
DABEICBWTIRILZTEZ 5N TWwEHDTHS, Lz
NoT, Z0O&DBHENERRS & U CEM R EREH
Z5%EE, 27— 2 OVITBENCHEV I IcE 2 oh
7e¥ v )Y —1BHRC Lo T, ZMNCHERSFICEEE R
FFZEiEnw, ZoOEHREAVWT2E I cRLzEN
NV NEBIZ D L O WEEITO £, Py, Py, Pomics
W, Fig. 10 12779 X 9 I cosine B 43 7% & N ALAE A8
x/2rad Belx % sine i 2185 2 W TELDT, T
ZFNDHRICBWT, Fig 11 ICRTREZ L VICBITBE
Bt 20 2RO 5 ENTE S,

22T, HiERF L[EBRIC, Fig.5amd 7 — ) n&
REOEERERICB T 2 T HEEORE R BT 2 2 L3 T
ZErEZONDG P HIZBWT, Fig 11 IR L & 9 %
AR ARy Z VR — 2 DT RTDE 7 )V THEES
%, 851, X () ZFry VY —KDe5 21550 —

123 (51)



100 cosine sine
RN 74
&

IR VANV,

-100 50 100

Deformation step

©
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cosine profiles of speckle intensity by Hilbert transforma-
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Fig. 12 Virtual speckle patterns. (a) Intensity of speckle
pattern before deformation, (b) Intensity of speckle pattern
after deformation, (c) Intensity of virtual speckle pattern
including carrier information at 30th step.
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Fig. 17 Specklegrams in deformation process. (a) at 100th
step, (b) at 200th step, (c) at 400th step, (d) at 600th step.
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Fig. 18 Carrier fringe information. (a) Carrier fringes in
spatial domain, (b) Carrier fringes in frequency domain.
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Fig. 21 Phase maps in deformation process on line B-B.
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