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( A Polarization-based Frequency Scanning Interferometer and the
Measurement Processing Acceleration based on Parallel Programing )
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Abstract

Frequency Scanning Interferometry(FSI) system, one of the most promising optical surface measurement techniques, generally
results in  superior optical performance comparing with other 3-dimensional measuring methods as its hardware structure is fixed
in operation and only the light frequency is scanned in a specific spectral band without vertical scanning of the target surface or
the objective lens. FSI system collects a set of images of interference fringe by changing the frequency of light source. After
that, it transforms intensity data of acquired image into frequency information, and calculates the height profile of target objects
with the help of frequency analysis based on Fast Fourier Transform(FFT). However, it still suffers from optical noise on target
surfaces and relatively long processing time due to the number of images acquired in frequency scanning phase. 1) a
Polarization-based Frequency Scanning Interferometry(PFSI) is proposed for optical noise robustness. It consists of tunable laser
for light source, A4 plate in front of reference mirror, A4 plate in front of target object, polarizing beam splitter, polarizer in
front of image sensor, polarizer in front of the fiber coupled light source, A/2 plate between PBS and polarizer of the light source.
Using the proposed system, we can solve the problem of fringe image with low contrast by using polarization technique. Also,
we can control light distribution of object beam and reference beam. 2) the signal processing acceleration method is proposed for
PFSI, based on parallel processing architecture, which consists of parallel processing hardware and software such as Graphic
Processing Unit(GPU) and Compute Unified Device Architecture(CUDA). As a result, the processing time reaches into tact time
level of real-time processing. Finally, the proposed system is evaluated in terms of accuracy and processing speed through a
series of experiment and the obtained results show the effectiveness of the proposed system and method.
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Fig. 2. The used target of the polarization properties
experiment.
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Fig. 4. Flowchart of signal processing algorithm.



20134 88 MXtZ3 ==X M 50 # A 8 = 257
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 8, August 2013

ol & 4 Ut U2 Aol CUDA°|t}h. Compute Unified Device
Architecture(CUDA)+= NVIDIAGIA Al &3sl= WEA

2. GPU 7|8t HEH =Z==z724Y g AlZ=glolth, CUDAE Q7o Sz} Fo] HlEAbA,
H] 528 dlolg AHeled A3} 5o glo] g4 A

7b GPU 7|8h H2 == g gu we A duFe  Agst wd

GPU= #H3FH 29¥9& ATz AHstes it NVIDIACIA CUDA$S FFT #elB#a¢l CUFFTE
FAolth GPU= 3D 1 f& = wdste] oo Al g3kl itk Cooley-Tukey ¢} Bluestein®] ¢ile]&

| ks & CPU Hldl Alete] Fis S4% < 7o Wy Zeawge HHs} wo) ol
=]

Gl
o add H2 GPGPUEE A

o] FAskAr web B =R % GPGPUY ZEd wdxe

General Purpose Graphic Processing Unite] <k TEE H8sld 4 1453 A" Aokt &
GPU9| 455 o9 Agient ofvzl dwkA<l ge] AWt CPUSHA A AAZE A7t Brbs std 242
HE Agsts Ux AFess A4S oudt 3D 1) GPUZt= HEAEE & & v st=dolE o] &3t
oA FE2 HolHE HH A0 £ 7S 0% AN A7t Ve gagnh
sto] w2 AAegs dold wWEH WA e
frARster ol AR S o8-St Al GPU A Lt. GPU 7|gF =0| 55 W
S ANHQ Az el 2 dHolE HAA o] a9 72 GPUE )43 ¥o] 34 W& Yeux
837} k= Zo] GPGPUS| ™, oItk AAH g a9 oA AHI I Y

CPUS} GPUE the 34 3 A4 o] F 2= sith 9949 MY e EEet v AR

A2l EAAAE RS 2 2o]E wolt) 1Y 6& A4de $ dioJel& PCHIQl wXeleA GPU W+
ZAzte] ZaAMe JHE EdA2EH R vES 2 A5 dgol dasHd dAe] 5 FFT W
agel AAe yepa op & wol AE WER s AR GPUS &
CPUE 2k WEe] =4 AlojE 913 AEZT b 2 8 daEs 540 nEt Ao it e E
off] AAE flE B FEe wpEdrh ofd b P G g susz 2EdT WE AdE
GPUE 3D 229 Hzlet 2o tige] §E daks A Fl 54 2A wol Adol fusw A3 HolHE
aom og we Bro ALUS wjEatn 9t} oA GPU W& vizgols PC w9l wxelz A3l o
< st A9 AN 8E 1A "nh olF F shz 2o R xo] HolHE AdsiAY 3D
Al GPUE ol At 58 wolxst dbkel g= =S A4
2 A}&ohloﬂ ‘%W} e, 23 s A

C &= N~
HiojE M&

)
P —

Az o d

7t Rl =

0| Z7t M3 9

3D o= A A

CPU J8 7. GPUE o8¢t 20| 53 4
Fig. 7. Height measurement method using GPU.

a2l 6. CPU & GPU E&X|AE Xigl Hf& H| S
Fig. 6. CPU & GPU transistor resource distribution

ratio.

(2185)



—_

1oy

=
KO
KIr

=L

4 7

HE Zze)

al
=

FETS ATY T AAY

=l

7

Bl

258

A

l
K
il

<

70
]
KlO

-1

il
o
%0
%0
Kl

o
HH

—_

)

o}
K

ol

o
H

Aol viet

27F 0.08%um A

=
[e}

7} 487726pum elth. EbAl B

AR811um 71Fo=

0
W

&0
KIr

=)
HH

o].E—

B,

o
g

A B7A 2

el
X

ﬁo
o
B

o

=

ox

-
oW
el
65

w
ﬂmo
Zﬂ
e
il
o
HH
o

ol

o
M

Njo

VLSI Standards 3]AFe] VLSI SHS -

A Ble

oj

] 9lal VLSI Bt

= =]
=43

Ao} Bkl S0um HAE 7HA A &

faaw X
=

50041t

Zow AR Yh. E

Nr

48.811+ 0.262 um = A

L
L

of wzw wAte] o

3
5 .
X
I
- .
X
=
B3
FEl” M =
R g
w g
EUIEY I
H 2 ¥
ol 5
PU w _
u.__u ol — X
2 8 &
8| [FEEE
o EARv A == e
S
= o o
R K
T g ™
;io o ‘.IW_WL E#E
T g
™~ wm G
<
5 LW
)A
(i M =
T Eas
W Mrn_ 3 ﬁo
Q N o
S gy,
ﬂ ‘Nt #OT OME
= AN
N ™ mo T
S o] oy | -
0 [N N
— 20)
z TE°=
- o] J
N W % o o
S m Xl m
s @ NN
2w G

2 um)

(&

0
4 oo

03
B o

<Y
T

o1 o

TAA A=Es ol
=
=
=
=

o) oy =
o
1.|
;O

<
No %o g
RO i -

o
Ojliﬁm
— o}
" R
ol pE Eo
UF Wy e
T oW o R

do K-

_—— Lk L

ok

W

ojy
o

e 4

ol s+

=
=

&t

29 o] WAt 43

o
=

THICIKK
HEITGCHT

g
z
g
&
£
g
o
0

b,
W
b
@

10. Sample image of interference pattern.

Fig.

9. Reconstructed height map of object.

Fig.

(2186)



o5

20134 88 MAS

| =&

X Hs0d H 8=

259

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 8, August 2013

B0k - Ml ap A e p—
i

£0| (em)

CHXt: 29.419 pm

70/

L L
100 200

;ﬁ 34;0 350
7IE ZtE (pixel)

=0| Hole & 2f¢l =2ut
One line profile of height map.

1.
11.

N Peak A

Reference beam

A
R,

1500 4 .
Peak C

|

N\ \r
\ / \ o \ SN\

o\ . ‘ ,
80 100

20 40 60

160 = 1&0\‘/’ 200
Fabs (Hz)

12. TtE B M SOl FFT 2IZE AHEH
12. FFT magnitude spectrum of multi-layer reflection
signal.

=
Fig.

(2187)

T
- T
0

Ay 7= HEPle)
(a) FHELE 5H

S

o 7

a2 13, I3 Meiof w2 =o| Zn 3D =Y
Fig. 13. Reconstructed height map of object according to

peak selection.

wA E BEEAC vabE de] 1o s A
gz C7HA Al 7Re] F14, & o7t S H= S &
A& o Adrk dioly ZRAYE Fal Al A9 o] F
MeEx o2 dsks Eo] ghs AT 4 stk 1% 13
< 73 Ae9e B3 FEdE #uko, FHIEE
o] AgEolE 44 Atste] 33 agze 59
g Adtoltt. (a)f] 4F- FHEAEY ®HY ol &
AaA FHEFe] BEE Ry 284 g B AL
ole] wab7t 9l RS AT 9l (b)) A5l
FHEEe] uge] xold AT Aol wiiel
9A7E gl A gl & 5 Ak

PFSI Al=dle] As Hlus 9fs] 48 AE<
OLYMPUSAFS] OLS3000 #lolA &x4 dnZd& A

g3te] o] A AFS vk T2A e A F
g dn Ay 7| 2A4e Yl 2oy CCDhdl =7sh=
ol A% 20 ~ 60pum ] PF=7""(pin hole)= A=
ol F8 Aejelty. F4 EA4 ““}Qoi =o0te =
9T 2ol gt Wl vtk npsY S Fieto
CCDell 98]Al vt 4] s X]X“ﬂ/ﬂ«] 37 22t
Z o] g8 EolE 243



260 BY 7 X0 ANY 2 AAH Y HY Z2OYY o8 5 243 058 9

PFSI A28l A3a 5dsiA S5 x| 30 2560um X 2560um ©|th 3 FHAE =4 45
pm A0 FHAES F3 § FxH dAnAS ol Frale] wH vieH o] whALgo] H=EkA] kg A
3 wols FATE AvA 9 gEN== oujE A= § ZUY vgde] =olE FA AT 5 Q=
2 ARt a9 14e T2 A olgd ol o] it} ojo] wWhel PRSI AlAEle H]S23l A5
Z23E 53 3D 94 gl 22 AdE A Fo] AEE /N EA We 49E i AT &
3t gAfoltt Fydgo] FaE R FaEA ks A FA FHI vieAS FAY 43 9t
BRo =Z4d o] WA 30HBum=E A SAE = o] Slrk
0.25umoltt. o] 34 9 A= PRSI Al2=¥l¥} 1|23}

Ak o] Al AAZE A FAHATY T2A 2. CPURHEOIM SE LE|F AL A7t

An| 7] A9 Eol |AZE +5um ] WA PFSI Al 2~ o] 24 daeFe] A A7 AL 98l o}
g9 749 +1umolt}. o] PRSI AlAvS A& 7 ol A AES Wit

¢ OS2 BT oR A9 mols AT & 9 71829 CPU #7olx dauglse sty 94
o5 Ve Eee7] 9 FFT dxke fl8iA 712 #A5H v

T2 M EAE olsA7IM Huxd waom ZZEY 09l OpenCV 23 ZHolHelgE ARgghoi!
FolE SAF ok SRR W 49 A8 S Ao Abge A 3k 49 o] A= A7} ThE 4
e A7HE o= stk AdelA =] 500um e ¥ THY e AHEEte] AA daels it 28
AE 2um AR 2527 JAS o] g3l Eols & = A SAE g 4 3 F 59 AR SAs)
4% o 158%7F LaHfth SAHE EAY S o] 71 gte] ¥ Askgict,

E 3 PC & A MAGIEAN & 2ZEHO)

Table 3. Setup of experiment (Hardware & Software).

71 27 F7ha

CPU Intel(R) core(TM) i7 930

RAM 4GB
a2l 14 ZEF 3H0|AS 0|85 =0| X ZI AA 0.5 Microsoft Windows7 (64bit)
Fig. 14. Image of. height measurement result using SW Visual studio 2008 OpenCV 23
confocal microscope.
E 2. PRSI Al2ED 3xH 0|4 ds H| E 4. Ado AESE g4 BF
Table 2. Performance comparison(PFSI system vs Table 4. Kind of image used in the experiment.
Confocal microscope). ——
o 3y =17) 54 27)
SL= 7 b
Pl G g N (MByte) (Pixel x Pixel)
=4 93 0.58 0.25
° o m (a) 0012 ® x 127
== = =
=8 Ak 2= 1582 ) 01 293 x 502
FOV 25mm X 25mm 2560um X< 2560um ) 03 574 x 538
o] Hx} +1um +5um (d 05 760 x 706
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E 5 2g|E M A &2 Azt E 8 2Iz|E i A &2 AZE (GPU &)
Table 5. Average of operation time of algorithm. Table 8. Average of operation time of algorithm (in GPU).
=5 =5 daudE }
s % 22 A7k (msec) . el . F AN
9 AE R AEA7F AAAIZE
(a) 1591 (a) 259 11.91 1450
(b) 15260 (b) 3151 106.24 13775
(c) 42065
(c) 86.41 19791 284.32
(d) 73221
(d) 148.66 342.15 490.81
T1of] nlg|ste] dAite]l AR EE F Ate] YA F (29 msec)
7V AS 1
duF Axt AR ALty AE Abge A 2
3. GPURIZOIM =T L112[F HEE AlZt o} GPUE AR 49 #3FH w9l ml=elol A GPU
GPUSHE oA o] 4 daglse At A 54 Ui W22 dolHE dFshs Altte] FrHH o=
S 93l ofef A APS Hegit dastth weba JA HolHE dEsted A8 ye
718421 CPU 3AoA daglss Fadatn 94 AlZE} GPU oA daegss ?i*h%}—itﬂ Bl
EHerlE 9 AFH vd 2ZE Q] OpenCV = A7 mE SAe 3 9N T F 5 AS &
23 ZolB#gE ARggth E$ GPUE Tesla C1060 gate] 1 gkl His Altei
S AH83StY GPU 70 31 o= CUDA SDK 41 % AFH vl R oA GPU W w2 = ol
CUDA Toolkit 4.0& AF&3tch A& AFEgH Tesla £ AEshe Al dags ALAIRES Hete] F
C1060 ®2e] Apaek Aloke theat o AAES ARt (a) 989 A F O AARARES
Ao AhgH g2 2doA CPU 744 =4 1450msecelth.  (d) @39 A F AN
i 490.81msecolth. T Gds CPUSAAAN F5&
E 6 GPU B3 M3 MUBGISH0 & 2ZEH0) Ao 1501 e o WOHITH o
Table 6. Setup of experiment (Hardware & Software). 37 159Imsec, 7322Imsec £8.¢ A2} wlals =
: » P Moz o 130M AE we AL ST & quk
e 23 Tt e ol A o] BEAAT WEA e B
CPU | IntelR) core(TM) i7 930 Ao GUP 8L 4o so]=2 Abgsle] WE)g &
RAM 4GB W a2 s SEshs Aot
0S Microsoft Windows7
' (64bit) V. &2 B
S.W Visual studio 2008 OpenCV 2.3
CUDA SDK 4.1 Ea=1 28] 73} 728 o}F 2L device
GPU Tesda C1060 . Ay 238 PCB 7]%3} ¢ 155 device
CUDA Toolkit 40 AAbske AdAgn o] w2 Josk AALE 9fa TH
E 7. Tesla C10602| &Ml Atet AL AHEsE 497 Bol Atk B A S
Table 7. Technical specifications of Tesla C1060. = A7} Welo] 9lo] WA Aekzo] M =3}
=3 Tesla C1060 T 2704 HdH(Frequency Scanning Interferometry)
CUDA ¢ 2407} < A&ttt
PR IGB 0% god 549 e 2ae ko] 24< 94
W5 g E 102GB/s 71E Fug 290 A A"l Hg B4 S ST
slol W3 718 Z2as Ay 74 Al AHS LE sl
2 &5 PCI Express x 16 (Gen 1 or 2) stel ;3 7Nk ks 2o 3 Al LE S e
o} 3 GPU 78k ¥HE TS 53] Akl
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