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Development of 3-D Stereo PIV by Homogeneous Coordinate System
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Abstract

A process of 3-D particle image velocimetry, called here, as "3-D stereo PIV" was developed for
the measurement of an illuminated shied section field of 3-D complex flows. The present method
includes modeling of camera by a calibrator based on the homogeneous coordinate system,
transfroma'ion of the oblique-angled image to the right-angled image, identification of 2-D velocity
vectors by 2-D cross-correlation equation, stereo matching of 2-D velocity vectors of two cameras,
accurate calculation of 3-D velocity vectors by homogeneous coordinate system, removal of error
vectors by a statistical method followed by 2. continuity equation criterior, and finally 3-D animation as
the post processing. An experimental system was also used for the application of the proposed method.
Three analog CCD cameras and an Argon-lon Laser(300mW) for illumination were adopted to capture
the wake flow behind a bluff obstacle.

7By uvt D& RA [pixel]
D : HEE [ XYz : "4-(} 2} 3 W o]
DM oA A gk 4 X, ¥ colnla] #3L [pixel]
P(X,Y.2) D YRR S EE [ow ]
Do D cqlabe] olulx #E [pixel] 1AM B
Rm R, Rp Xoolwglalg -1 ‘ ‘
Uv Collel olm) ] A [pixel] P S(Pam?‘e lmage Veloeimery) A% & &
! : 0}3;{} Mol &4 ], /] w5} w5 5}04 who /gﬁ 2
S ) *"L}— 4l 1] AR o8 W
¥ abareobolelie oiebg) wrapala) A s el Al s
E-mail : iitpiv@hotmail.com o] =$7'v}:i17é} ““ﬂ ‘;;_}_E] RIS
TEL : (051)403-1213  FAX : (051)403-0381 A 3 Py .67 T}g‘ s 34
> (Tiioloin T e PAow ANg ¢ i b mabEel A5y
4k (‘ﬂfi‘:ﬂ <>I}: :II éﬁ, ;;]wiﬂT R GLERR LA S# AR AUt Sd (h“ LA A
VRS oA e WMol AAE e vk S Al




ERAUeA AR AL

0

obuet getHen We F4¢ Fud Avsin
Atk 3z PIVE 34§ B E(volume) PIV*Y8}
32kl 2ol #) © (stereo) PIVPE ol x ] A
e A *?r%"‘“’} A EF F0olM 3244

AT WElE HESE dboln] Exl= F3 e
9Iﬂ9mM*1MW_WEWH“In = g
olch, 39 2Hae PiveE 33t B§ Pivel
BlaiA] Al \’rf“ o] A7t golsin], duelF
o] Falo] zharale] A3 ol ME A §8
o] gytal Ol*fﬁ"’i'ﬂ:ﬂ drk ¥ e 3t
o] shuel& A8-g Angular Method 9] 34bgl 2

Hele pIv Alagg FAGD, daeEe A
aodch, B dFelA deEst grAvols
(homogeneous)mj HEAYE Juiete AR EE
Ay gsha] gt JAAEE AMGEle o el ¥
€ AAEe 3abg AHE Aststng & A}
£59 32ty 2eEle Pivet vin @ uf o
E} §ﬂ~7ﬂﬂ 2wl g{ﬂ_g_)\'—“’“)%. "r?}‘“ )4 o)
e of »«vm, n}, A}g»mw »::gf;gﬂ}' ot i1g)
% Ay el HelAzkg gsd ¢ Qo
3ab¢l zHW PIVE -&z%s—m Sk B KRR
Wl gatpr g Aabslar Qo shge] Algtig
of Aol B8 HA 2”}01 Voﬂex % olgdoy A4
& 7M§+ 2818 gslglct, E3 2 e s
etg AMg e ull o] #xdlel 2 fWele] 4
et 3 tiel JholelE AFRSEA S W HwE]e]
L aWE e AnE v HESA.

2. 3R AHR 2 PIV

21 ¢nels MelsM
Fig. 1% ¥ 7oAl 249 3328 2e e
PIVv ¢uelFel EEREE vhehdch 24 01*‘*-‘23

7holebE AbgslAl ]lxlflaﬂl"i-‘-—é oty 94
& #AHstn, Yolr A HEHED y]nun}
[RGB Zl’e}ﬁ‘}n*! ----- =& ol &ate] sivietnd
gasls doh A5" AR e s dx

o Aol wel Yol 9Fol wAHnE 94
AU QA AR AANE wAe Ba

Al zhzhe] gheletel oisl F ZTaQlel 4%
AAE 7 ARG AEA ] 9% EBAQxpEE o
Booabgl SxwelgE gEich zhzle] gboe)

A 229 e g g ol Bste] Aee

g% 378 2ElH o

PIV 2aralge) A 737

Camera modeling

l

Transformation of image

identification by 2-D cross-correlation

l

Stereo pair matching

I

Calculation of 3-D position

l

Post processing

( Display 3-D velocity veclors ,

Fig. 1 Flow chart of 3-D stereo PIV

Z
Object Point Y
PX, Y, 2) Goung seordingte
0 X

Y. en

Fig. 2 Homogeneous coordinate system
A gl(stereo marching) S 3 8hal, HEFH 08 349
AEB A0 ool 3a4gl HFEWEE 5
FAel AHoldi dold Hxw
B8 a7 sta, 339 Ael "R
shol Az el A sl HFHEwEls 7
ghet,

B

;
|
Ris2
ko
i
— k3
"
=4

£

T
%
o
=
ok

22 Ftoet 24y

AR FdelA] ol PAtel digh vheieh B
@ Fheete] vl] 7§ ¥ 9=(geometric
parameter)o] ¢l WUz vlepd 4 vk oA
aRel A spefebel el slHoly,
I E(scaling), TR 35L(perspecti\fe transform)
ol ole] Wy R Py Rivh BoQlftel Al
i 2 e A R I o o L B2 R e R ‘x’
oy s ek AdHE (X, Y, 09

7)5}8}4]

A



ANHHE (u, v, H BAlE & (hip Poh o]
2kt o)A vl whal wighalelsl Bl gy
ol olel] AW vlyoix) #HAG vielyd

23

Cy Cp Cy 010

- Coy Cp Coy 0110 1
. )| Co Gz G

(X.¥.21 Cy Cp Cy 0110 0 ¢

C,ﬂ C,g_r C.tii l O O

(§ (,’«" = {¢,0,0, 1}

(1)

AN (X, Y. 2% ARRECE, A 4bad
FAd A WA g sbetel six 9 o)
% hEhll Aol F ouA dge o
Lo

[ Y 1

& Z=0°) ¥ e SFogugggolt sk
(u,v. )5 BYHE Ho TnAyola #HAo]
vh Jhelek e #5e JAREA (U V9

srAel 2 grAel A 4 )8t @)

== yft 2y

A e FEel w& as] shd sapgd
248l dager wgshe 4 ()2 4x3
R AY RyR VERd S Qlrh o] 4ax3 9

R RN R Y oo}

&4

7]

byl 6}‘

o Ryt #

By Ry Ry
Ry Ry Ryl
Ry Ry Ry
Ry Re Rg

(X, Y.Z)1)

ghel A& wogslyl 4 @i Wekgoh

YRy ZRy+ Ry
= ‘X-I()U + }/]\)2:; -+ ZIP;{{_ -+ 1843 (4)

A@E A @Ol SR - Usi=0.
----- Vat=0ol th9 33} N, ¢ 7 Avideg 2

G oL ol ve o hellebE R E] We o
CaR R 23 !“} 2l (5)9F
XRy b YR 4 2Ry v By AN Ry % ¥Ry IR + B ) =i

XRyy 4 YRy + ZRog+ Rpp— VKR + YR 2R+ Ry o @
(3)

mrglol

2w Aol A el

dlgshn walel A

Lw‘

H¥ !'}0. pbt_;)i :;1_0”

" 3 '~'1 [:}. . 0} oﬁl B

SHE X Y. DE

Ry A Ry7HA 12719

ek 4 5)R

hjep el sielo] @

SelementyiF & ¢ ook 12d9) Q4EHS
‘T”"m}/’] S B R o K R ’-3'0] Hasht 2

(5 mrAVels ddaye fuy -
Rp& 99el 4 18 % am_ = ""\ topel
vl A g 2 HIE 11749
shh. Aadsyen 1199
Py gq%g:-s}] & et Fig, 3
A9 skl Zo] ek g}
()Olmm‘ﬂ Jhofjebd g el & ‘1-”‘
2 v

olu, ool 10mm¥ ExtACIR
o8 Aol 03m 8
th zlol wgon HAmfguly &3
gtol 1w 93 A ojA] B E’i-@“ﬁ °

Aol

w7

ANEHE ARAHES %%ﬂ"ﬁﬂ
72929 x AR9 x olojoltt. 71F 3

S A e 4l
{")’ {:H Ak O &

ol 2291 =3 gk
oFo] /.-1 g BdwEa s Fola

el @ el

23 Yol AREH

Fig. 42] (a)g}, 7ol HER |ae A 59
cheio)l A8 AEgel ol s Fel W
Al (6)0] r ahq _g;}.ﬁ).,f ;\}.ﬂ.o} 4 0(3);)} :}.’V,_Q}A
Fgeglel s Alole] eun g g
Fatol el QA Ak mg e

o bt bytby box t byt by
X s bt by Fl Y= b byt 1 {6)

Fig. 3 Camera calibrator



S owr i Llol A oglTr o S
Fraiviol s FFAE

OF} }l 15 b) ) 17_3 b;_s,, b‘;. [)5. bﬁ s b?- bf\ ol §} )ﬂ 4 0‘% [ﬂ
H Gl e)aA] pubu)
X,y EAuye

FEF7
3t

gt A4AE

X,y B
2| datielt
A

- Abg gt N7je

(O2.54E A M FE AEYH 5
alth A (% Adapsyel 9ol
g A gkt
TB=Z (7
of 71 A,
."‘*:l }fg 1 "‘)C}Xl 'y}‘Y] () 0 0
T x‘\ ):,,\= l wx\Y N “"\’:\:XN 0 0 0
E {.) (‘) 0 “‘X‘[ }1 "‘y’[ Y; 3{; ):'1 1
0 0 0 —xy¥y —yx¥y xx o 1

bs] "
X N Y 1

Z= [ X, Y "ok
Fig. 49 @ 59 A9 33 v 59

g2l (e AR S wigkd Ak vehdian 9
t},

24 2HQ Y P 3R AEAY
Foohel Avlers e el el Aol
3abgl E7E FoE A

-wxaq"

“Ww”“l%ﬂ%

; .g“ Q
oﬁ tl} z,}t‘x} o

| ol

4y St

(a) Oblique-angled image (b) Transformed image
Fig. 4 Transformation of image
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