37 Ale 3 =57 B, #3478 #1235, pp. 1087~1092, 2010 1087

DOI:10.3795/KSME-B.2010.34.12.1087

kel glu|e) olo]az AH|HL 4D-PTVS

3" =84 ol HSH - =M

* S G SEaL V) A HE R, w GILG AR, e B G S 4 8] BT

ISSN 1226-4881

Single-Camera Micro-Stereo 4D-PTV

Deog Hee Doh’, Young Beom Cho™", Jae Min Lee, Dong Hyuk Kim" and Hyo Jae Jo
* Division of Mechanical and Information Engineering, Korea Maritime Univ.
** Division of Naval Architecture & Ocean Systems Engineering, Korea Maritime Univ.
*** Digital Appliances, LG Electronics Co. Ltd.

***—f—

(Received May 27, 2010 ; Revised October 19, 2010 ; Accepted October 19, 2010)

Key Words : Micro-Stereo(P}o] 7= 2~H| & 2), PTV(Particle Tracking Velocimetry) ( 1 2}5= 2 -4 7)), Epipolar

Concept(°ll 7] &2} 7ld), Micro Backward Facing Step Channel(V}©] 7 2 $3Fet A

5: Qeplel 7o) vlolL 2HEle PV SHAAUE FEASICL dels) Sl s ool
= 0] 2710) & 71 ghe A AT ¢ ol Gl 2o FE g 5 A, ~eiele
E)3t AzlARS T)-S-A)7]7) —‘?4?3‘}04(matching) WEA AL 7]8ke] pTV <A o =3t} AR RS

] 04 ¥ Zepd S olgallon A G RRE ozl FAYAEL] 3;}4 AANHHX, Y, Z)9]
AR ol sie ARREe =M 37<M SLWEE TSItk SAA RS FLdEo) A (Ar-on, 500mW), 1 o 7hH2K1028
x 1024 pixel, SOOfps) 2709 MES AW 99 @ TAEAFEZ FARY JPFEARS o)8ste] 2719 BE -4 9
g Aol Zr|Asl] ulst quo]—j_ﬂ——/] oxpe} Wy FEE EAS JElgit TR A AES
npo] A2 AN Y(H x h x W: 36um x 70um x 3000um) 52| S0l A-83ste] dojzl AE FX]ARE Aijele]
MlmRE PP oR ANF AokE Ak

Abstract: A micro 3D-PTV system has been constructed using a single camera system. Two viewing holes were created behind the
object lens of the microscopic system to construct a stereoscopic viewing image. A hybrid recursive PTV algorithm was used. A
concept of epipolar line was adopted to eliminate many spurious candidates. Three-dimensional velocity vector fields were obtained
by calculating the three-dimensional displacements of particles that were identified as being identical. The system consists of a laser
light source (Ar-ion, 500 mW), one high-definition camera (1028 x 1024 pixels, 500 fps), a circular plate with two viewing holes,
and a host computer. The performance of the developed algorithm was tested using artificial images. The characteristic of the vector
recovery ratio was investigated for the particle numbers. A micro backward-facing step channel (H x h x W: 36 pm x 70 um x 3000
pum) was measured using the developed measurement system. The results were in good qualitative agreement with other results.
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Fig. 1 Experimental apparatus
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[ Image Acquisition
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Genetic Algorithm based
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Candidate sorting using
Epipolar line
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Calculate the distance between
the centroid of the pairs for
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Fig. 2 Calculation procedure for particles' 3D vectors

Fig. 3 Raw experimental image
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Fig. 4 Image of calibrator

=
==}
4 Mg o

Fig. 2 & o 7] <1%k
AAEEEE LJr Witk w4 AR g3 2
S(image acquisiton) % 3 Y wAHAFAG
calibration)} & A XA €t} Fig. 3 & AZS %
sto] dojzl AA AFFYAS Hep=d, s

P2 2 709 B E(pin hole)S F3te] Ao A=}
A BAR 249 How © AR ) o]9}

1089
e JAFo =R A= 3 A fXE Lo
7l fleiMe EFaAE@dEA)el dgk 2zt
Age ofste] dojzl YAz A e g
AE grsjof gy &, A g IFHHE
Tafof gt} o] & $fshed Tﬁﬂﬂ: ZFj o] Fh| et
wgzJ o)), o] ZoA = ojn] &l Y& 3 x}
A AAA B (A7 Fig 4 d= AAA e W
AAHE 7M1 A& EFmAC dgh *JEH@
AX (@ Eh)E kA Eok 71A9] 3 A4l AR

& 27 98t Fig. 4 o Y& = 72 1lmm 9
2] #9oll 1oum FA o2 FAH AL H(F
7 2um)7t GAE Jdi= AAHFS DOF(depth of
stelth. 2b A mie o
ozl FAE wAAGl ARgekeint. g, Jhdet
Bl #FFdel HAA YetuAl He=l 7k
gy ZPAlel= T =AY A7 3 A
o] #2]E 918+l Epi Flourscent prism/ filter cube
Srkoll A% pin hole mask & FAHoZ 29 Z
Zb HAdste] Ak Foixl 2 7€) pin hole 7
Sg2HY 3 a2 AAAZERE A7 #g 7 e
WG AJell= Doh 5] g3 10 7l debn| ey

71gke] vl A ()& 4833t

I

X, —-m
x—Ax=c, < =
- .2 2 2 Z 4
Jdis® —m; -m, —Z,
Y, —m,

y=Ay=c 1
y,ldisz—mi—mi -Z, O

o, Ax:(x/r)x(klr2+k2r4)
Ay:(x/r)x(k1r2+k2r4), ,e lx2+y2

A71A, ¢y ¢y OlMA| L] | o] Aol S a1y
3 z7<471a Ax, Ay & o]u]x] ZA]OEJ;[LEig A
Aol we Wz oF FABL e ojolA,
el WARYF doln HA APGFomE
S ARG T E7]Hke] 3DPTV Ly E7|HOoz 9]
Ao A Fohln og A @F FHLuds
Aol 488 AE g b,

Z v, =V,
oA7IAM, v

A E]= :-EI:HJ]HE
97 W9l el sl FuqEel Aol



ofi

1090 =y

rlo
2[_5

CHT AN S A

e A ApEe 2

Fig. 5 i Epipolar line 2} TR AAE9] FAAAE
Yebdt) S1, El1 2 #= pin hole & £3}o] ozl
PAFG gl 2 AR AAFE ARRIFEE AAE
e L 2, E2 = $-3 pin hole & £3}o] dojx
PAFG gl 2 AR AAFE ARRIERE AIAE
UEbdTh Fig. 6(a)ell WERE 2 e 99
AE T 7P W e G Al 1 A A 9
left pin hole ° &J& A4le] J2KS1)S HERH L
obefjoll Qv YAES A YAF O R IHFE
= Y AZl A9l right pin hole o 2|3 1]
ZHS2)E WrERdTh El ¥ E2 & ZH2F Al 2 Azt
Aol St 3 S2 o EEMEHE HFEE FHA
= yehitt ol & (S1, BN (S2, E2)25-E #4
A s ANOS =33

AHA e Aol el v, olE YA EY
AdE FEo=ZH YA DOF(depth of focus) 3k
o] 9JA& Atersitt. o] w, DOF ¥ake] wE o
22%e] Age A DA A RE 7]A 9 &
I A (target) ko] A& Abdol grlo]of gt}
2 AT = A= vtel 2ol Fig 4 o w At
el FdAel gk AelE DOF H& Aikete] o]

Ray [rom cameral

View of camera 2

(a) Raw image (b) Enhanced image

Fig. 6 Candidates with Epipolar line

e Rk

71”’1‘} I A zke] el A A €
o= FE317] $35le] Epipolar line®S ©] &3t}

- ZEGA

HolHE z JHE &-83I3lTth Fig. 6(b)= AR
PSS #HER Wksly] Ysto] 7F9-Aor LE
&g s vEhdoh @9, 2 AagoR =
ek wjo] Ao gk FrHE TS
. OlF flgte] AEe] wAFIFig 4= AHEste] A
71 Aol gk gty er wARge] AR ES]
g olgste] AxtE 3 2k AFk o] WA
o] Axpe] EFEALNA olFH defe] 3 A
AR gEe] v ERE 1 zlolE SBAIE K
At 2 Ay SAHLAE X, Y, 2 wEoer 7zt
0.083pm, 0.045um, 0.083um = LFERT)

N, o
i >

to rk:L

Mo ox o2 2 Lo i fo mn
D)

N

Fig. 7@t ()& 2 7] 989 I35 F &
kel Aol wE SAAE dEkY 542
A8 AR skl Aol wAR 3 A4 9
A doleeh mAR 94e gt ol
gol A o % 9ol Eo Aol 3.5mm o]w ol
S 5 ) 29 270 smm QW SHA) 7
F Aee & & Atk ol A= Fiel e
A AAe A4 Aol AT em et F
Foh AYAAE o 24 skl

S, A9l et dRE] A5l o
stol QolAt HEME o] Ao WeHE 2Abe

16

14 ‘\‘\
— 1z \
E N\
= 10
E 8 \ ——
i . P )
5 o4 \‘-/ —z

2 \

. = =D

Hole diameter
(a) 4.5mm hole spacing

4

35 e

3 \\
E N
E 2 ‘\ /- ——x
E 15 \/ v
. ‘.7\71-“‘-‘ — z

’ 2 25 3 3.5 4

Hole diameter

(b) Smm hole spacing

Fig. 7 The calibration performances for the configurations
of the two holes



gt el vlol a2 AH S 4D-PTV

1091

(a) Artificial image (b) Obtained vectors

Fig. 8 Artificial image obtained by using the data® on the
cylinder wake and its velocity vectors (No.=600)
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Fig. 9 The recovery ratio vs number of particles
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