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ABSTRACT : The practical use of the particle image velocimetry(PIV), a whole-field velocity measurement
method, requires the use of fast, reliable, computer-based methods for tracking velocity vectors. The full
search block matching, the most widely studied and applied technique both in area of PIV and Image Coding
and Compression, is computationally costly. Many less expensive alternatives have been proposed mostly in
the area of Image Coding and Compression. Among others, TSS, NTSS, HPM are introduced for the past PIV
analysis, and found to be successful. But, these algorithms are based on small dynamic range, 7 pixels/frame
in maximum displacement. To analyze the images with large displacement, Even and Odd field image
separation and a simple version of multi-resolution hierarchical procedures are introduced in this paper.
Comparison with other algorithms are summarized. A Results of application to the turbulent backward step
flow shows the improvement of new algorithm.
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Fig.1 Numerical Solution
and Synthetic Data
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(a) Original Frame Image

(b) Even Field Image
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Fig.2 Separation of Even and Odd Field Image
from one Frame Image

1 d4& low pass FE|Q 7152 Heo g
# 1/2 A2 44 gAsE, o] A GAlA
We 34 & F5, 294 olse YL A
Zen, 2Ade weg FoEr. o G4
g,(i, 7)ozt &4 Burt’y =4 HDC(
Hierarchical Discrete Correlation) 34]&

o] 4%, AR Y g (4, /) € & 2ot

o= 3, B uh+ Dtk +1)

X g, (2i+k+1 2+ k2+~2L) (4)

1l
2 ’
714 Age w(l)=0.5—a=w(4) . w(2)=

w(3)=0.5°32 a= 0378 3ot

-14 -



3.HE{FH odTalEF

E =FdA Aei 2xde PIV sige ge
ARgALz HERY 29 dAdeldE F4H
23l rol=2E AMAY F, AEAWRASF(Cross
Correlation Coefficient)& o]-&3le] STy
§ A ZAAY oF, LFHEE AAsRT B
Ztel ols] HFHelE T, AFY aAPe
olg3tq FEFE 7S AHFER o]FolA
Ak AR AL sle] dAadole o Az
B4 Agsin 2562Heldd delHE AA
o] &%} (Fig.3 =)

Image Acquisition

Cross
correlation

Image Acquisition

Cross~correlation

iy
Window size

Subpixe| Estimation
canlrol

;

Local Median Filter
Validation

Final Velocity Vector

Calculation of Mean
Error per CPU, Pixel

Flow Visualization

(b) Simpiified PIV Flow Chart

Subpixe!

Estimation Validation

Validation

Final Velocity Vector

Computer Graphics
Flow Visualization
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Fig. 3 Flow Chart of PIV
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(a) Three Step Search(TSS)
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(b) New Three Step Search(NTSS)
(left) Max. distance = 7 pixel
(right) Max. distance = 11 pixel
Fig.4 Vector Tracking by
TSS and NTSS
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Fig 6. PIV Results of Synthetic Data

Table. 1 CPU Time and Mean Error(1)
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MAX. MOVE = 7 pixel MAX. MOVE = 10 pixel
Mean Ermor (pixel) Mean Error (pxel)
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1ss | 368 0367900 | 0220073 | 45 0412294 | 0320814
NTSS | 1264 0454722 | 0.195007 | 21.09 | 0246958 | 0218521
nTss'| 383 0154722 | 0207645 | 598 0205435 | 0267543
HPM | 178 0194254 | 0216083 | 242 0311627 | 0322161
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Table 2. Comparison of center of vortices and its

stream function value
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nXxX | n 2 X} Y 7, X3 | Y
FULL+ | 0116863 | 0525 | 0575 |-7.46098E-4] 0.899 | 0.125 |-1.17782E-4| 0.050 | 0.100
FULL (0116448 ( 0525 { 0575 [-1.06133E-3| 0875 | 0125 |-8.09636E-5| 0075 | 0075
TSS+ 0107750 | 0525 | 0575 |-9.71873E-4| 0875 | 0.125
TSS (0110190 | 0530 { 0550 {-132100E-3{ 0875 | 0125
\_ NTSSe | 0113043 | 0525 | 0575 |-8.44159E-4{ 0898 | 0.125 |-1.31317E-4| 0050 | 0125
X NTSS (0112910 | 0525 | 0575 -124650E-3{ 0.875 | 0.125 [-3.29998E-5{ 0.075 | 0.050
HPMe | 0114592 | 0525 | 0550 |-593334E-4| 0899 | 0125 |-369143E-4| 0.100 { 0075
"xﬂ' E % N HYB |0.116006 | 0525 | 0575 |-8993UE-4] 0.875 [ 0.125 |-8.98499E-5| 0475 { 0075
v Tox o HYB1 { 01163621 0525 | 0575 |-1.03811E-3| 0.875 | 0125 |-1.01286E-4| 0075 | 0075
NUM. (0118051 | 0525 | 0563 |-1.75187E-3| 0.8625 | 0.1125 | -2.1388E-4 { 0.0875 | 0.075

* & Subsampling & 7%

Table. 3 CPU Time and Mean Error(Il)
MAX. MOVE = 10 pixel
Mean Error (pixel)
CPU(sec)
Without noisy
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(b) Instantaneous Velocity Result by TRM
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(d) Mean Velocity Result by TRM

Fig. 7 Comparison of NTSS and GNTSS
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