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Development of High-resolution 3-D PIV Algorithm by
Cross-correlation
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Abstract

An algorithm of 3-D particle image velocimetry(3D-PIV) was developed for the

measurement of

3-D velocity field of complex flows. The measurement system consists of two or three CCD camera
and one RGB image grabber. In this study, stereo photogrammetry was applied for the 3-D matching
of tracer particles. Epipolar line was used to decect the stereo pair. 3-D CFD data was used to
estimate algorithm. 3-D position data of the first frame and the second frame was used to find velocity

vector. Continnity equation was applied to extract error vector,

The algorithm result involved error

vecotor of about 0.13 %. In Pentium Il 450MHz processor, the calculation time of cross-corelation for

1500 particles needed about 1 minute.

1. M B
FAGE FAY ZAY 71719 AA 5= A
FHYS 4T AvFdAAN g sRe] HE
AL Fuste FA9 ASL B Aoz

PIV(Particle Image Velocimetry)VAZe tjg
It £EAS 71 vy gL 3He
AFsn gvh 2 AF7HA Agd PIVAS
7IME F9 YR EL F53 O3 23149 A%
o &g Aolr] W& FF 4449 3394
o] F¥ FEZ) F Lo FAE X2 YN
o ol& FE37] st 3349 PIVY o)
2T Holgoh

: 24, (F)otolotoly A7
B9, dFHFRGT ANARR Foy

-410-

39 PIVE 944 #59 A9 38980
2 A% ¢ 9E g ERHY ASYez F
Eun gon #3539 349 $EYRY A
AT AFE BT S24e BT iy 34
Moz £4% Bt Be AE AFSAT Yot
Hade U 334 Fuse Bee 3%

4 oulA deolg #AM& A% IAYAAE W
FFow, oz AT FEFY 334 PIVAHS
23 a3?®x  Ag"m gtk Hassandt
Murai?e 7127 @Ase §59 A 334
PIVE A43 Q3. Nishino®E 334 PIV A2
7I1¥E ol&dd 2A R aFH 45
AZsA. AF71A e FAATANME A7
o2 334Y SEASE A7) A5 T o o
A9 FvErE ALEF 3349 AFA2EE 74
9 281 dHelg SEARS 7Y ¢ 3
Fieie 2 2 ASAAdY 7]sEEe WA
o g FYUALdS FIYoen JH4HTEA

AN

.



d #% Wee ¥ vk 3AY S=AF
9 712+ 9443 (image matching)ol™ G4
A JAF AME 33 £x9 Hyro B
FFE mAA Ao gEly AAR 33 &=
A% A29g 757 H5d I3AT 7H
Ag 2L AN BF AAHA A7 333D F
RN £x98 F& gudF AL TR
Be}.
£ AFdAE 20 o3 FlvlEtE AHES 33
4 PIV ANzg& FAstn CCD7MvEY #A
2 ¥ A 2 2(orientation parameter)® T37] <
& JAQEe 718 AA EAFG CCDhy W A
AYd B AT E FIFHEY. CCDIvEY
EALALE AXF7 A dAEZ S Az
fem HFFY NARAQY FAE T 3§
AAFE BAS7] Hetd HAANAESHF Zofel
A ¥&A4L  Fivel(nonmetric or ordinary
camera) AA ) AMEEH g FEHFH 2dS o
253
339 TN A3 Mg GHe R
&2 F HEFH7 A3 nEEE 339 A3
¥ PIV 4nelEe MEd 333830 oA
&e¥WEE £2390 nEAdE 3R AZH
# PIVE 9589 3209 PIVZIEY 23049 A
A FEIRE FASY FEIHE AET F
28#2 AF(stereo matching)S HFst= WY
3 g8 3349 FANAH I YT
YR E FAHE7] Wi o F
29 & 949 339 PIV ¢ Ee oAy A
S A8 Fo FA4E AL Sxdg
37 WEe FHYA olFARe] FEo &
$olE fFadEsrt Z4Es, ASAES Do
A EAA ARAAD B AFdN ALE &
RAEE FHEHE T Ao 4TS M2 F
AARAE AEE7) Y& 3o #F 1
2

)
s
to
-
ol
£

-H
oft
oft
A
&
)
]
o
2o
offt
o3
2
=
%
O
s
W)
=
2
I

g o1&t dqo.

2. 3R PV &2l E i

2.1 MalzAM

Fig.l& & dAFdA 748 334 €245 ¢
e Ee zE=E Jehdt, WA 29 ode
A ets AMgsiA oluX W E B3I 94
PSata, dojn AAFEE FTH2AHO0
BE a7 93 ARRAFER vy, a2ga 7
¢ siulalel IAzxBRA, FuEg FANAA
Arrsig, g-&e 2 20 ol sideE o
9 2dde AYYL AAIG. 2 A
Bt Assta, AdSEEE w2A 57 9
¥ Z g}t (epipolar line)S -F3ttl olFA
2 3349 94AF}, F 339 T AEH
329 43R PIV g2

Aok FH42 QAN

ot & 2 R o A b
2
Ak

x I
il

o

fif

fi}{l&rﬁ:&ir(r£OWn221$m%o¢oinJimlomlo
o Lo s
s RCARY
N
-{Jknﬂo&ﬁ‘zﬁg
ﬁmrﬂg
»
Nlo;;mﬁo
2
F.‘EL'—Q"—Q‘
X o
o op 2
2y 2
>}‘ﬂEJﬂ,|’°
OIEN
N
g.ll:‘%)i
Jmm]oé
2y
P =
L
Moo

ol

Calculation of camera coordinate

Calibration of cameras

4

Stereo pair matching of particles [
between camera 1 and camera 2

4

Calculation of 3-D position of particle%

\dentification by 3-D Cross—Conrelati

4

Display 3—D velocity vectors

Fig.1 Flow chart of 3-D PIV
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Fig.2 Definition of camera parameters

(b) camera 2

(a) camera 1

Fig.3 Calibration image
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Table 1 Condition of closed cavity flow

Particle Number 1500
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Fig6 Camera | image
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Fig9 Velocity vectors by CFD data

Fig.7 Camera 2 image
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Fig.11 Interpolated 3-D velocity vectrors
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