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In this paper, a new two-dimensional fringe analysis method using an analog and digital
electric circuit based on frequency demodulation technique is proposed. An experimental
system is built. In the system, because image information is processed as an analog signal
synchronized with CCD clock-pulse, a high-speed two-dimensional phase detecting processing
is realized. Qualitative and quantitative analyses for this system are performed. The results
show that this system can process 14 images a second, and that the measurement accuracy is
approximately around 1/5 wave. The current system is not satisfied with a high precise
measurement, however, the error sources of this system are checked. Furthermore, the
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improvement plan of the accuracy of this method is discussed.
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Fig. 1. Schematic of measurement system.
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Fig.2. Object and carrier fringes.
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Fig.3. Principle of two dimensional phase measure-

ment method using frequency demodulation tech-
nique.
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Fig. 4. Flow chart of measurement system.

52
s
% 'o 45 ;,:: S
" 'o'm'c/',/
0

phase [rad]
m

(B)Phase in I-direction

__ phase [rad]

phase [rad]

(C)Resultant 2-D phase map

Fig.5. Outline of resulting method of horizontal and
vertical phase distributions.

353 (59)



L, HEBRICETRZAR (X AR BT 204
HARD oD, ZOEERRIC BT 5 A% —XITH
Fle LCo» 2% &, Fig. 5(A) 2R & 9 BAitEs
HERDBLIENTEL, LLENS, ZOFELELR
DA T, BEBRIC B 2 HEOYHAEL L 0
KRESNTWw2iwis, PiEEZE525&22TH
ET, fifllEdRT¥oicikoTws, #I7T, v
) 7% Fig. 3(A) IR T & 5 WERE FO L & ]
FH (HELH» MR —EONME, £k, IO
BN X AAOYIEERZ52 2K 4> b TbdH2) OF
— ¥ REBRCLC, BMEAMICY 7Y 7 LTO

{ZEeDTE5FigdD ZARERT LS Y7
WE—V RERIC L > T, > ) 745k, Hilo
k3, EEFICEESW, 20 Z HAADOT -5 %
HHT22EmMTES, 2O ZFADT—FIZHLT
b—RICMETITo e L AIBRD M 21T 5 &, Fig.5
(BYART D% Z HAIORMHERD 2 Z L3 TE 5,
2O Z HEohitE%E X FAOMEIZ B8 W TE o LEE
BN TS (Fig. 5(A)) OFIHAfE L L THW
i, Fig. 5(C)Imd X, Z W AHAORREE &KL 7
ZREAMSEDSRD S, DB, Zis OUB,
Fig. 4 IRT 70y ZHEICB I 2 &EKICL DTS 2
EINTED, FOFBRE Fig. 6 TR,

Fig.6 iZ Fig. 4 WiRT Y AT AICB I B{E5%24 v
Aa—=7LTCHELLDTHS. Fig. 6(A)1F, Fig
40QE LD X FAOMERLERTH Y, 1HEES
GEBMR 2T RS OB &SN T w5, i,
TSRO FHMTE 51278 5 T 3 2 L & FIHHEA <
T—5E (0volt) KHRESNTWLAIRETHHERTE 5,

Fig. 6(B) i Fig. 4 D@ LD Z FAO 1 HEi#i5 DL

e frame

M%mwmmmmmmm

(B)Detected Phase in I-direction
one scamning Line
—r

\\\\\:\\\\\

(D) Espanded resultant 2-D phase

(Ohesultant, - phase

Fig. 6.

Output signals from an experimental circuit.

354 (60)

HHRHERETH S, & 512, Fig. 6(C)id, Fig. 4 0@
A EDORET, Fig.6(A), (B)ZAKLIbDTH
%. Fig. 6(B) DfERH Fig. 6 (A) OFEROMIMME & L
TEEEINTWB Z EWbhb, Fig. 6(C)D Z AAO
Dty MIE (R &) B EREEARCER Lz 0
73, Fig.6(D)TH %, Fig.6(D)ITRT &5 e &EHE
f st 9 2 AR SRS R ORERINC A TV 5 2 & 23
BTED, ZUSDORERE R E LTRET
%k ZiCi3, Fig. 6(C)DEEEMT — % & XTIl
RpzZzEEnI LIk s,

&A%, Fig. 6(C) TR, —XRTAEICE
WY o e EROEBC L 2/8E%E, ¥+ IVTHA
WHOBRERERDELLOTH L, LT, KB
FETEF ¥ ) THROHDDUHERER Ny 7777 F)
% Fig. 6 (C)»oEL T, #HEEDE (22T, A
AT ITR) OHDMUMHEHELT I EDTESL VA
TAEZRIGHEY AT LB WTHHRBAL TV, &
DN, FIROT—RITALHE E L TfTo7F v ) THE
DHDUEERZEHEBIc Do r UDHEIETEL
T, CCD PV A SVR, Z7uay 7V ACRBZET
EALDF v ) 7 & ORI L T9 <
ZEDTEDYAT L%, FZKFERB VA, EE
RISV R, B 57 vy 7700 2% v TR
NEPRT 2L Lo TEHRSE TS, AFRET
&, O % Fig. 4 OINERBENEROAL v F (1
or2) OYHAZ L 7V —AXAE) —2UELIE Y AT A
EEHAGWTEITLTCWS, BIE, 7V—AXEYV—%F
WTWEEFRE, ZOYATFAIRET2A/D, D/AZE
gtz 8hit TH B,

LEOBEBELEIC LD AT 4 K75 2ADHDOAHEK
DI fER R ZRITTICEBI L THRRT 5 & Fig. 7(A) 12T
THRENELN S, & 51, Fig 7(A) RS AHES
EEMMMBEICHE X B L2 b DN Fig. 7(B)TH 3.
ZO¥E, FEMEEMNOMEE 2zrad TH S, /4 X
BHoNDEbOD, ZOFRERIEFig 2(A)CRTAZA
R 272 2 DAAEAARIC & < —BL TWw 3,

ZOFERM S, K AT 22 & - TEMMIC ZRITAE
FIRISELITZ 5 2 L SHERRTE 5.,

R, K AT LADOUERBEZHRFNT 27012, EF
HIEBEREWEHEZ 5N T3 FFT (fast Fourier
transform) EEZFHWIEFESD L DK EZTH> 2. K
VAT LTHE LR E R CHSTOFFT ke & 3
WLHERER % Fig. 8 IR d., &6, KYATAICED
B ohi: Fig. 7(A) & Fig. 8 L OHIZEDORGETOES

o F



Fig. 9 &R 7. Fig. 7(A) C BALEBFOMEL: LTS v
FL ) AXDBEET B, ZDk®, Fig 9 ICRTHE
DEDOEEFZ IS HD 1 wave BEIWC T E RV,
7z, PVfEiL, 8.35rad TH D, 1wave 2z /2l &
ZoTLES>TWS,

ZOHEREICHET 2REZDOFLLFERELT, T
ROEBEWRTOODEZ LN,

1) 8bit DM & VAL 21T 5> T 3,

2) 74V —DBEREOREN+FThbh T

phase (rad)

///,,,1/8
(4)Phase map

1 (]
(B)Contour of phase nap

Fig. 7. Detected phase maps with this method.

phase (radl

3
by )

Fig.9. Difference between results with this method
and with FFT method.

25%6%5 (1996)

70,

3) i - BEDOHBEBMDENK & »,

4) YRATARZBT B A XRRBTH TR,

DOMEX, WEOH 22 LRNFDT—5 MOREI
8bit DEMBEH LTV E D ICETLBRENEL T
WBEZERBERLTWS, HEDY AT AT, YAT
LT A Y OBERT, BMRBOS AT Iy 7L Y96
bit BEIC LaXIEL Ty, 207k fllERKEC
HAONDEIBT VT LR /AR ELTORERETL
BESELTWS, ZOMER, BfE RyATLEB
JBERADBEFERE > TWVBHDD, FIERITTL
JefEHRED LI 5 L, 12bit DEHBEBEH VS Z
EWEoTHET S I LORRERMETHLEEZbN
3,

2T, KYATLALCBIB7F0s 7408 —0%
MRIES D5 I L 2RLTWS, BLREERMEI 2 O
INYRNAT 4T —2RABTWBELOD, EIERED
FIEMRTTbRTwRni o, EAROYHEE:S
2 BT TON 2 MR OME &, IR OXIH
%52 208 & OMICET OZEMBIMHEENEC TV
HREENEZ SND, ZDkY, HEOT—5 EEKT
5ZERE>TRONIHUEBRICELIDEL VLD
TlRiEwhrrEZLNS, IOMEOENICE, T4
IINT 4N =i EDBIED T NT 4 VI —%FWn5,
HBVIE, S5ICHEHECHAAONBMEL, BAEO
THE2 52 2B L 2B DY 2D QUNESLETH
LEeEZONS,

3) OMREE, KXY AT ADZRILY ¥ —»1 605,
WE2T1 OABEREL D22 L, & 51T, BOAEEERD
HADFERDP DL BARRER L > TwD I LigEEL
w3,

MAFOFERIL, HMAMOYHEL 5> Tw 570,
A RBE L AR OLEE) L, ZOEEVIHEL TS
BEAROT =8 T RTCWCHEELSEZTLEIRKREL
%. iz, Fig. 7(A) OFERCB W TEGREICH A
Sl LI REEBRLTLES., ZOMBEE, Ky
7T LAOBROUMEFETIE, WIT2ZeBTERRDO
Ths, HE, VEELESZ 27HICOBIT> T 5
T E O % 3 X COREEB TITV, HEONE % X
DV Z3HFAIRBZILEDTE B Y AT ANDYRED
ZLEhd, 51, IOMAACELOEREL DL
7 —DEANFI NS,

DDV TIE, 2) OMERIRRC, EREHET, BEDQ/
IATBHEEY ENDEHOT, EREEEEMET IR

355 (61)



LIV pA L b LB WRETH .,

EYRAT LB BEETIE, ERT — 5 I mHE0LHE
NARERT7Fa7BE L TMYFLNRTVEDT, B
7E, 605X27T1 D ) 7 & ¥ —h 60 AT L
T 1M 4 ROEFAE AT Z £ T E 5 mail
HY AT AMEHRENTVS, LrLads, #Hif-zM
BT, HERREBETILODDYAT LAELHNIC
BT 20 DOFER D THITOIL TR & v S RIED
FENATL 2, BER, 7o ZERKICL > THER
% ADEBBERAOCEEREO AT — Licidls ¥
TE=ZF—LTHEL TR IZES Y (Thbb, 7
— S OFRICHLE R ET 28N H 5). KPFRICE
TREINL I REHUHEETS LD TELYAT
LEEVEMZRIAT 37-01C, Bic, BREEBET
TeHDINBO A% ST, FELEC &> TEREZTS ¥
AT AT LD RD T HER B BHIC E 7RG H T %
DO HERODLETH D EFEZ S,

4. F & B

K BWT, PUTDZ L 2fTWEES Iz LTz,
(1) REWLBEEHNTH 2 BEBIEFHEMN 2 AV 3
Z L&Y, TRTEGOBBELIENIT Z 5 TR
EERREL.

356 (62)

(2) FAWEBEFEMC D &0 ZRITRBTY AT A
DOEFERERIEL .

(3) BMFEEERKIC L > T RITHEMBTLE 2 1 -
WA DEETITZ 2 Z LR L. £, 20
EFEEFBRTE, W55 0 1waveBETH L H O
D, ZOBWERX DV TOBR 21TV, WEHEOTEHZ
w7z,

X [

1) D. Malacara: Optical Shop Testing, 2nd ed.
Wiley & Sons, New York, 1992) pp. 501-598.

2) Y. Ichioka and M. Inuiya: “Direct phase detecting sys-

tem,” Appl. Opt., 11 (1972) 1507-1514.

FHRE, EEERN, ILHEEE . FM R Hn/-7 7

v R & B TSRO AR, 6%, 23 (1994) 38-41.

FrHERE, BEME Y, ILEENE  FREBEREM e iom

TR T TR > A T A DBAFE”, S, 23 (1994) 584-

589.

FrHRRE, BB, ILEEE . “CCD BRE) SV A 2 v

EHASHENT 12 381 B phase-unwrapping /N1 7 U w K ¥/ X

T A7, N, 24 (1995) 440-444.

6) M. Takeda, H. Ina and S. Kobayashi: “Fourier-
transform method of fringe-pattern analysis for com-
puter based topography and interferometry,” J. Opt. Soc.
Am., 72 (1982) 156-160.

7) W.W. Macy, Jr.. “Two-dimensional fringe-pattern anal-
ysis,” Appl. Opt., 22 (1983) 3898-3901.

(John

3

=

ul



