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ABSTRACT: Tomographic particle image velocimetry (PIV) is a widely used method that measures a three-dimensional (3D) flow field by
reconstructing camera images into voxel images. In 3D measurements, the setting and calibration of the camera's mapping function significantly
impact the obtained results. In this study, a camera self-calibration technique is applied to tomographic PIV to reduce the occurrence of errors
arising from such functions. The measured 3D particles are superimposed on the image to create a disparity map. Camera self-calibration is
performed by reflecting the error of the disparity map to the center value of the particles. Vortex ring synthetic images are generated and the
developed algorithm is applied. The optimal result is obtained by applying self-calibration once when the center error is less than 1 pixel and
by applying self-calibration 2-3 times when it was more than 1 pixel; the maximum recovery ratio is 96%. Further self-correlation did not
improve the results. The algorithm is evaluated by performing an actual rotational flow experiment, and the optimal result was obtained when
self-calibration was applied once, as shown in the virtual image result. Therefore, the developed algorithm is expected to be utilized for the
performance improvement of 3D flow measurements.
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Particle image velocimetry(PIV, 42+ G4 &A= HIFEA, A8 F-5 A5 H o2, FA7A, OH &3 E8A A o o
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2002). (HPIV), tomographic PIV (TomoPIV), and tomographic PTV (TomoPTV) (Arroyo and Greated, 1991; Doh et al., 2012a; Elsinga et al.,
2006; Hinsch, 2002).

71 % Tomo PIVE, 59 32+ AlZ¢] g o2 o2 tjo] 7hu|ehE o] 838to] fojx 221 Pixel F4-& shte] 33k 14
(Voxel) G702 AT 38taL, Al 748 54 Gl 321 45335 o] 83l £E4-& AlS3sh= " o] th(Doh et al., 2012b; Elsinga
etal., 2006). TomoPIV ] 3 4)-& A5 o] Th& of 2] 7} o] 221 Y o2 7B] 33k F7dS A TAst= A=, of 2] 7FA] 334 A 74 ¢
Ho] EA13}A] 7, Algebraic reconstruction techniques(ART), Multiple ART(MART), Simultaneous ART(SART), Simultaneous multiplicative
ART(SMART) 5-¢] ‘28] A-8-5]+= W o] th(Andersen and Kak, 1984; Byrne, 1993; Herman and Lent, 1976). ©]2] & &2 A4k A7)
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oA PR A S Y8k Be A7) 23 5] ) th(Prasad, 2000; Soloff et al., 1997). 3kAI Tk, e o] D 1] Zo) whe} 712} w
A 27} A, o] #3F @ 1= Z0]7] 98l VSC(Volume self-calibration) 35 ©] 7125 1 th(Wieneke, 2008). VSC= A 4] 221 7}
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o oA WA S HHOE QS HASsith o2 g VSC WH S T W A7AE0l o8l A BebE 11 T Wieneke, 2008;
Lynch and Scarano, 2014).
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Recovery ratio of 0.002 PPP Recovery ratio of 0.004 PPP Recovery ratio of 0.01 PPP
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Fig. 5 Recovery ratio with MART iteration, according to change PPP from 0.002 to 0.1

£ YUY, nit EA= A7 DA S 3FA] &2 7hvl 2} DA 3h< o] &3] Al 519 S wi o] 23S YEePATE Tter. 1, Iter. 2, Iter. 3 and
Iter. 5 TA = A7 24 A4S 13], 23], 33] 9 53] 343 th, EA s AT S o] A5 Jepdth &, DA x F2
MART ¢18]&9] WhE 3142 05 MLOS(Multiplied line-of-sight) 2 ©]-&3}o] 2713}3 B4 gho] 11, HF32 0 2 103] 2] MART &1L
2| 5& HhEsto] A4ttt 28] yE2 3 582 99 A7 A= & o] &3te] P

71 B Al Aol AHERF = 7 AL MART €ale] 5= 39 A ¥ (Make) 19] 90%¢ll 7171e 58 && 78 4= 3312, PPP
7} 57 ol whEl A A ZhAske] PPP .19 A= H O] 70% =2 B--&S BT o)« 334 Ak 471 S7hstel uhel 71 44
o] 7} A TN BEA A= A LR JRe| 7 SIS E B o] A A= AS ¢ Ak

Init. & WA S o] g3l WY S Tt A7 wA S 1A ZokS W] EUEF 0.004 PPPY W 7 T2 HUES Holn
QAT JAL] 71 S7MEFE FE 3] Atk B Aol A A 27w e A A7 w AL 54| 28 w9} vlw skl S
o] HlE)] T2 BY&S Hola glom, A WA A7 |wAgol A 2 /MAES AN 2,3, 51 27|28 HHESl = A |A| 217
w7 Aot FARRE AARE BT o2 RE, A7 | w2 1HE YA E 52 AAE 5S¢ 5 Uth F, 0.05 PPPS] MART 53]
HHE3E 739, Make ] -9 &5 7|F 0.2 74%2] 3585 Helo < Hglom, o] 25 S
H A7 w7y dugso] E2MAEHE Bd-S 4 4 ATk

P
>
N

El
ox
to o
ol
o
&

O

(@)}

N

Hir
o
B
o
o

3. 4EH0|HE o|8E d=EIt

E AFolA /NEE dElEY H5H7HE 98l Fig 6014 Role A 22 43 #5& A8kt 29 F7]+= 440 x 440 x
220mme®| ™, 540L/h & 7 & H ZE A X511 GG 3HA A8k frE-S A 24 somfe] A& 9] YE ool = U E Sl
A5 43T 32 8W, Laser system EuropeAl2] Blits pro LaserS AH-8-31], 2F 10 x 10mm F7] 2 Fig. 6] =4 ¥ 02 ZA|H A
3 Zo] glol A FA-& FAFSIR o Ao A 4t) 9] 114 T 2kE 3] FZbo] oF-15°, 459, 5°, 15°7F H =5 Y E = i Este] X5k
=g

[‘ ]

-

Fig. 6 Experimental circulation flow setup

-

A mjele] FHy wARS o]-&3le] g ZAS AT o)W M) AZ D240 x 10 x 10 mm’©] At} Fig 72 A HS 53
o Aoz 1HA 7l Ehe] G4 BAFI AT 7S YA T8 HAE E0)7] 3t WA, YAE 2% FYst AT YA 94
(BIPFE 1216 x 1200 G/l A 1,00071 8] JAF <7, €F0.001 PPP)= & 5311, A7 w4 245 3 8 - Tomographic PIV AlS-& £18] 2L
U= AAF Gk 10,00070 2] YAk <7, 0.01 PPP)S- 8 5311 &5 W E| & Al S35kt



Development of a Camera Self-calibration Method for 10-parameter Mapping Function

(a) for self-calibration (b) for tomographic PIV
Fig. 7 Experimental images of camera 1. (a) for self-calibration, PPP== 0.001, (b) for tomographic PTV, ppp = 0.01
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Fig. 8 Disparity map of self-calibration
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