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Multi Spectrum Tree—Dimensional Shape Measurement

by Low Coherence Digital Holography
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A person can recognize various material information, such as shape, texture, and color, with very

high precision by five senses. In human centered product design based on these characteristics, it

is important to simultaneously measure non—destructive, non—contact, non—invasively parameters of

multiple material information, from product planning and design stage to manufacturing and

inspection stage. Low coherence digital holography is one way to solve this problem. In this

research, we are working on achieving full-color measurement of object three—dimensional shape,

improvement of measuring precision, high speed and high resolution.
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Wavelength 632.8 nm
Sampling pitch 8 um
Number of sampling 512 x 512
Propagation distance 250 mm

2n

drill ‘ péppars
(a) {EEsn (b) BrABSITE

10 fEH LAk JONHE

SAEFL, WIREE CUEEAEL, 5505 ARG
%LU - R 5.

Va2 l—va T RA—HER 2 ITRT. AT)
L7 eDEEREIR A X 10 12~ IRIEICIE 2 18
DOLOEHE L. £, WIRAIZ X
800 mm DERIENFHZ FIV =, FEETEIT T 5 b
RBOUERTIEE LT, MY 7 MBI
Z WD EADENAR S 7 MECT Z Rt - il L
7z, {EZﬁ’ YENIFET 7 MEORERIIE <.

BFHEZLVEONHESGEH 11LITRT. &F
&k%m@@%%%“ﬁ#kkh@ﬁiéhfwé
TN L. FAMAICE L CImTFES bR
NEL 2o TODBN, T OFERITFNIARZF LT
WBHT2, 0 L 2nDfENE LW Z L2 BT 5. 20D
7280, TERIARDS 2D & Z A1) ERR S L
FEDSS0L 705 2 LIFESITEZ bID. fERkE L
TIRETIE LR TEE e U CEME g a s
RN DTz,

ﬁ:ﬁé@&g%%m(ﬁw7%%ﬁ%%m)m
(XY EEFHE L7, PSNR (%

2
PSNR = 101log,, % )

FSIND. 2T, MITTHE AT OR Y 155 ek
1T%U,M$jﬁﬁLﬁﬁﬁ%ﬁ%ﬁé.Mﬁ

X:Z{Axy

x=1ly=1

_ " 2
MSE = N Nv —Aol(x,¥)}" (5
LIEFEND. ZIZT, A, A ¥FENFEARER

FOUHRIETHD. £/, N, Nyidx, yslismzn

ixiE

fizA8

(a) mandrill
g%% ﬁfjﬁiif
v T S

it

(b) peppars
11 FFHEOMES

FNOY TV T ThHD. HANMAHDORH Y
LT, ﬁiﬂﬁkm AR & OB E T2
ERHIT 5729

1 N\' N[,.

E {Etcb(x )

MSE =
NXNJ ley 1

U(YU)}2(6)

ET5H. 2T, O, O, IFFNENHAENAR LU
MAACToH S, PSNR IHEA VN EBAERSE S &
WD,

FFHITZ PSNR 2% 3 1R, fEkRFIEE bR L,
BRFEOBEN L0 mOEENME SN, —ETFE
DIF) PMENTND Z Lotz I alb—v

#3 BHEBITHT S PSNR (dB)
Proposed Conventional

mandrill  Amp. 32.3 32.2
Phase 37.0 35.1
peppars Amp. 304 26.1
Phase 36.0 329

— 189 —



a OIS 3G 2 THARRIE COffr 2 3 272
Slcle®, AT 7 MEHTIZI T DR OA
(R DB G LT SRR E VR D, BET
TR L A BT 7 VT ) XL L7225 TERY,
7 —DfHE LW S RIS R EO AR TRILTE
DAL 7 MIITETH D EBEZBND.

3. 3 YiERIBEOEIITH HAAEEEE R

PEROW R EINARS 7 MECD T, WikiEE
DAREDOEINRKE VG S, EDOZEDOT L ERT
TEDIRIEIATD /35— AZE U e B LS AN
ICRBEND Z ENDo TS, T 7T v X4
DA LVWRRTFHEIS b RO A KL S 2 TREME
NHHDT, VI al—ra ki L K12
(R HRIE SR A VT 3.2 #i & R R - e
VR a2 b—ya rEE LU ARSI 10 (b)
(RTHOLE LS DOEHAWE. IRIBEORFITZ D
% 172560 £T1FOMMEETNE, ZDbx
DOFAENABZ PSNR TREAM L, $ERTEEMERTED
PEREA il L 7=

AR RS 2 X 13 1R, PSNR [ R ERE

255
. 0

12 NEARFRH AR R R OIRR A1

35

;
7| /
25} 1
o
o
r 20
5 "
o of Lt
Ry
15F 0 &
o A
.o“A e Proposed
10 lga* a4 Conventional
5 L L L L L
0 10 20 30 40 50 60

Amplitude value of black area

13 FEARFERAERR A

Conventional

Proposed

Amp. 30 Amp. 1

Amp. 60

14 ACARESUERE OO EAD

IS R & < Fe DIz opun L < <. RN
Fik & BRFIRIG & BERIE & OZE0 NS WX ETH
SHENEL 2D T L R Lis. BERTRITEICHE
KFEL Y B PSNR 23 < FHAEAVE DRV R & 72 o
= WEAHRIEIEDS 45 CHELETIAIZ PSNR 2330 dB &
HEZ T2 DMERTHEITHRIENE 60 TH PSNR 1L 30 dB R
T o7, BEEHRIEEAS 1, 30, 60 O & EOMljFA
DOFANFR AT Z K 14 \RT. SRR 1 IR TE
& BRI S TEHRIED 535k & L CHARELS
BTS2 Ebns. HRIEE 30 TIIEkTEIC
HARTREFEOH MRS LTI Y, #RIFE 60
TIIERTFIETITE LD R - TN D HODIRE
FEOAHIHIZE A ERLNI2NZ L35,

3. 4 ZEREBEICK S EASERE
ZEMERHE O IR ) A 1ERFIE L i3 5 7=
MTF B K52 b7 A RNl A 92k L7z, A~
—7y b & LTI 16 [ #RIR A & FHV  CRedk -
BAYVI 2 b—ya UEFEM L. S
10 IR THOEHV=. X 156 it LD
BTN S — 7 > NOIEOEFEEEZ R L TR
v, HEGI « BT 1~5 [BisEED = ARRO FEAE
TEETFIETHIR L. BN HEROE = AR

— 190 —



255
I

0
K15 FHtiZ—7" > SORIE A
SHTAHREOa T A NEE L. ar TR
MM
W-—B
C=——= (7
W+ B

THZBND. 22T, W, BIZEIEHIED L 1S
DHEFEEOHETH S, 2 b T A MIFKED 1
THY, ERRKXVNEETRTOZEDEITH S &
25, Ak ar v 2 ERHEL, £2E0HE
BRI T a0 NI A MEZ 2772 LT MIF dh
B> S TFER P LT

FTROICMTFHE L D FAG A 16 1T
TERTFIEIAWVED L) R ons. Ziulkt
L, MEFETHEDL IR /A RXFIFEALERD

TR EG O TEY, EMEMICIRETED
BEIMERROND.

WIZ MTF BIRRZ B 17 W on g X 17 (a) AT O
% 17 (b) ASEITTIDOZE AR % LT o> MIF dif
Thbd. 2y T A MIFIEEFED T EL, X
16 OEMAFHLE b—ET 2R L eoT. b 2ze
AR EOEm N E Z AT FEE HIFEFITER =
YERTARE ol PERFETIE S P T AR
T 0 L7420, ARV ERDhoT i
2% L CIREFE TR Do hF 2 k

Proposed Conventional

RIRLIRIL PR

X 16 ZelR]m RO M A4S

oo} «
0.74 ° e
A
0.6¢
8 0.5
= A
5 0.4
&
0.3t
0.2t | e Proposed
04, | A Conventional ®

0 L L L L L L L
02 03 04 05 06 07 08 09 1
Spatial frequency [line/pixel]

(a) BEAM D ZERE RS
08l °
07 4 o L
o *
@ 0.5 A
S 0.4}
(&}
0.3;
0.2 | e Proposed
01l | A Conventional ®
0 | | L L | | '
02 03 04 05 06 07 08 09 1

Spatial frequency [line/pixel]
(b) #7511 D22 R A SR 3k
17 MTF g

WXIEDM 72, Z OZERERSE CHARDR S
BHEWDH T ot

M FEN ORI OMRETIE, 12& A EED
Rbivenoiz. fOZETRE <EET L0130k
077 LY T TETHY, SRIOVI 2l
—3 3 T B E BIC 512 B TH D720, 2L
MIRNDITHE TH D, — 72 it CIEHtR
HHNNIMEROLORRETH Y, ZOHEOMEE

WS G OMECHD.

4 E¥E®

AWIETIL, SHEEER T A — 2 ORINFHAEA T
DBIFEDT=0OIZ, LCDH T X D AT MV
ik, iR 3 oTIZRE O [RIRE HRIB A O 2
B L, WIEIREHI & AT M VEH554 D[]
IR HIERL & FHI O mfifg b ds K Oved b D720
DF LW TN ay MIFEY 7 b T P H VTR

— 191 —



0777 4 ORFICHE AT, WATEIREHI- AL
7 NV AR TR R O S PR SR C I AT
WEDZFE T A — X RIRFFHANCAREh U=, GRS
FE DT TR 2 2 TR L4 % oiE
ThoHEEZD. IDHIT, REBRT AT AOKEER L
LT, Fiie/efikis 7 MEL ZOFFRIESZBREL,
OV a—H YR 2 b—3 g A X HAMEOTHE
TR0 7. STROFIE B I OWTIERFIE L
OYEREMIS A SEHE L, TN TSR W TRETEDA
PN FERES L7z, BLERME TI3fE ~ DFeffr & LTl
THEEBI2oT2h, 4%, TNOEES Uiz
e AT D EIRGE IS AT DALY 5.

FEA T

[1] Y. Mori and M. Yukinari, Opt. Lett. #&fa

SR

(1) D. A. Norman, Interactions, 14-19 (2005).

(2) T. Keinonen, Proc. 5th Nordic Conference on Human-
Computer Interaction: Building Bridges, 211-219
(2008).

(3) H Haruma, M. Ohmi, T. Mitsuyama, H. Tajiri, H.
Maruyama, and M. Hashimoto, Opt. Lett. 23, 966-968
(1998).

(4) L. Yuan, L. Zhou, and W. Jin, Opt. Lett. 25, 1074-1076
(2000).

(5) Y. Hayasaki, Opt. Rev. 22, 731-735 (2015).

(6) 7. Monemhaghdoust, F. Montfort, Y. Emery, C.
Depeursinge, and C. Moser, in Digital Holography and
Three-Dimensional Imaging (0SA Technical Digest, OSA,
2013), paper DWIA. 2 (2013).

(7) T. Nomura, K. Yoshino, T. Numata, and E. Nitanai, in
Digital Holography and Three-Dimensional Imaging (0SA
Technical Digest, 0SA, 2010), paper JMA25.

(8) 1. Yamaguchi and T. Zhang, Opt. Lett. 22, 1268-1270
(1997).

(9) K. Matsushima and T. Shimobaba, Opt. Express 17, 19662-
19673 (2009).

(10)Y. Awatsuji, M. Sasada, and T. Kuroda, Appl. Phys.
Lett. 85, 1069-1071 (2004).

(11)L M Leén, M AraizaF, B. Javidi, P. Andrés, V.
Climent, J. Lancis, and E. Tahauerce, Opt. Express 17,
12900-12909 (2009).

(12) Q Huynh-Thu and M. Ghanbari, Electro. Lett. 44, 800—
801 (2008).

— 192 —



