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ABSTRACT

Comparison study of three Dimensional Flow Analysis around

Model using Circular Dynamic Stereo PTV-system & CFD-code

Eom, Ki-Chang

Advisor : Prof. Lee, Kwi-joo, Ph.D.

Department of Naval Architecture
& Ocean Engineering,

Graduate School of Chosun University

By introducing a refractor to the lens of a camera it is possible to take an
accurate measurement of three dimensional position of any object by one
camera. When the refractor is rotated around the optical axis at high speed,
the tracer particles create annular streaks due to the effect caused by the
refractor’s circular shift. Since the radius of each annular streak, of a point
being measured, is inversely proportional to its distance from the camera, it is
therefore possible by analyzing these annular streaks, to determine the three
dimensional positional information of the point. In this paper, three dimensional
measurement by CCD camera using refractor is introduced and applied for the
flow around Cylinder model. The use of 3-Dimensional information obtained by
computer vision system 1is attractive in various fields and the automatic
inference of 3-D information has been and continuous to be one of the
primary aims of computer vision system. In order to obtain 3-Dimensional
information, some methods have been developed up to now. One is based on

stereovision with two or more TV cameras and another one is based on



slit-ray projection method. In stereovision method, the depth of measuring
points is measured by measuring the disparity of matching pairs
betweenframes viewed from different angle. One problem related to the
stereovision is finding matching pairs between frames causes problematic
computer processing since there are several possibilities for the choice of
matching points. In the slit ray projectionmethod, the measuring object is
reconstructed by many images that include a structured light (slit ray) at the
different position. The quantitative measurement is established by considering
the geometric configuration between a TV camera and a structured light. In
this method, the measuring object must be stationary while the structured
light (slit ray) is scanned over the surface of the object. Therefore, moving
object cannot be measured by the slit ray projection method. In this paper, a
new technique tomeasure the instantaneous three-dimensional positions of
multiple points by analyzing a single image is introduced. The main feature of
our technique is to use a single TV camera with an image shifting
apparatus[1]. By introducing a refractor on the TV camera lens, the image of
the measuring point is displaced on the image plane with the corresponding
displacements related to the distances between the TV camera and the
measuring point[2][4]. The magnitude of displacement on the image plane is
inversely proportional to the distance between the TV camera and measuring
point. When the refractor is rotated physically at high speed during the
exposure of the TV camera, annular streaks of measuring points appear on an
image since the rotational shift is added to the image. Since the size of the

annular streak is inversely proportional to the distance of the measuring point



from the camera, each annular streak has three-dimensional information of a
measuring point. The three-dimensional information can be calculated by
analyzing annular streaks. That is, center position and the size of annular
streak can be converted to three-dimensional world coordinate. Reliable
information can be obtained since our system is free from difficult matching
task of measuring points between different frames. This method has been
applied to the measurement of tracer particles in flow and obtained the
satisfactory results. In this paper, the surface measurement of moving surface
such as swinging water is introduced for one of the applications of our
system. This measurement can be realized by utilizing the peculiarity of our
circular dynamic method and multi laser spots projector. These results proved
a feasibility of our method. Circular dynamic stereo has special advantages as
it enables a 3-D measurement using a single TV camera. Annular streaks are
recorded using this system and the size of annular streaks directly concerns to
the depth from the TV camera. That 1is, the size of annular streaks is
inversely proportional to the depth fromthe TV camera and the depth can be
measured by 1image processing technique. Since the three dimensional
information can be extracted from a single image, moving points such as
moving particles or moving surface can be measured. Experimental results
show the feasibility of our system. The concluding part includes a basic
comparison between the CFD codes and the PTV system by analyzing the
data sheet from the experiment conducted. Though more research work 1is
needed in this field, we can see from the conducted experiments that PTV

system 1s at par with the CFD code analysis methods.
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calibration for two cameras 1, 2

Q

input of eight consecutive images from the two cameras

¢

particle tracking on 2-D planes

Q

determaination of 2-D particle trajectories

Q

stereo pair matching of points between camera 1 and camera 2

using the 2-D particle trajectories

Q

acqusition of 3-D position of particle

Fig. 2-5 Procedure of T-S pair matching method
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2.1.3. One-Frame 3A9 PTV system
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Fig. 2-8 Relation between NTSC camera signal and AOM signal
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2.2 Circular Dynamic Stereo PTV -system
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b. Result of analysis

a. Recorded image

Fig. 2-10 Example of the streaks of tracer particle
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2.2.2 Circular Dynamic Stereo PTV-system 9%

2.2.2.1 Circular Dynamics Stereo® 2x49 HYAA 43

PTV System?| 7]& dgE tdeA =43 st o v vdAs §35

5 0

o Aol o]¥AY A& FT & k.

_ u
Focal point
Z
Image plane of CCD Measuring point

z: f = d:u
f : Focus length of the TV camera

z . Distance from the focus point to the measuring point
u : Amount of displacement on the image plane

d @ Shift length

Fig. 2-11 Principle of the motion stereoscopic vision
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2.2.2.2 Circular Dynamics Stereo® 39 WAL 43
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Fig. 2-13 The image on the TV Monitor

Fig. 2-14 The image on the TV Monitor
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Fig. 2-16 Experimental setup using multi laser spots

AA AZFol oA CCD cameraE 3| WA 7= AL FEr lermz uAHH
A gte] lens AW 7€ A prismE AXE L o] prismS 3 HAA O ZH

CCD camera’} 3 A3 A 22 a8 45 F 9o

|
Motor .
‘ . 75 '\
B T & ": ''''' ~ Measuring
s frointhd  Point
TV camera Retractor
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2.2.2.3 Image processing
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Fig. 2-18 Frame composition
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Fig. 2-19 Analysis of spiral streak
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Fig. 2-20 Accumulation of pixel intensities along the streak

Fig. 2-21 Measurement of the size of annular streak

Fig. 2-22 Extraction of the center of streak
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Al 3 & Circular Dynamic Stereo
PTV-system= ©°]|8% Model 59 ¢

FEAAG 2 AS

3.1 A @A

Cylinder model F9%¢ 329 %3

1) CWC

Type : 2impellers, vertical type

Dimensions :

Whole Body : 14.8mL x 3mB x 5.2mH
Measuring Section : 6mL x 2mB x 1mD

Velocity Range : 0.1m/s ~ 2.0m/s
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iRk TANK

"% PUMP
Feed Water Tank

Vacuum Pump
BT
Honey comb  HEMEL&R s

; ,_\ Surface Flow Accelerator  Measurement  Section
= 7
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% gt~ 74
| Suppressing f—7j
‘ nug LERE

Modal ship Filter

Control Box

EHEi Measurng Floor  Impeller 000 viane BaE) MOTOR{15kW x 2set)
Electric Motor

Fig. 3-1 Circulating Water Channel

2) Specifications of the system

* Camera System

Total pixels : 512%512

Frame rate : 30 frame/sec
Lens mount : F-mount

Power source - AC100V, 50/60Hz

* Calibration System
Plate set : 500mm”*500mm grid plate
Diode laser : 670nm of wave length,
30mW of laser power including 19 x 19 dot matrix
lens, AC100V 50/60Hz

* Tracer particle : Colored polystyrene beads, 0.5-1.0mm diameter
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% Lighting System
Light source : Halogen light”~4
Power source : AC 100V, 50/60Hz
* Specifications of software
Name @ Micro-AVS

Usage : Visualization, 3D graphics,

3) Model Type
* Cylinder (Fig. 9)

D : 165 mm, H : 220 mm

Fig. 3-2 Cylinder Model for Experiment
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Fig. 3-3 Scheme of PTV system

,40,




CCD Carmera Head

Yideo Sianal
‘Windows PC for lmage Processing and Motar Contrdl Image Capture Board 1
CCD Cortraller
— |
 —] Driner Linit
False Generator
_— o & & LTL hbtor Cutput Siana
o {OW —
_J‘ T 1T
Vicdkeo Recorder

Fig. 3-4 Scheme of image processing and motor control system
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Fig. 3-5 Chart of calibration
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Fig. 3-7 Detection of annular streak & pairs of each coordinates

,44,



3.2.1.2 Measurement of water speed using pitot tube
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Fig. 3-9 pressure cell

Fig. 3-10 Amplifier

(5) 1000€=1.04E(v)e] 2oz A < pee] oz Was

S = pe/H(m)o)
graphs o] &3dte] He ghg T3t

6) V=4/2XgxX Ho] A& o83l £x2 Fatr},

(7) impeller rotating speedol]l W& F&VE 389 graphs A 3o}



3000

2000

1000

0.05 0.1 0.15 H(m)

Fig. 3-11 f€ vs H(m) graph

V(m/s)

0.6

0.5

0.4

0.3

0.2

0.1

20 40 60 80 100 120
Ni (rpm )

Fig. 3-12 V(m/s) vs Ni(rpm) graph
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Fig. 3-13 Annular Streak Numbering

Fig. 3-14 Velocity Vectors of Each Particles
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Fig. 3-16 Flow around Cylinder Model in PTV
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Open Camera Parameter File

l Read the Camera Calibration Result
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Acquire Image (max 24images)
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Fig. 3-17 Chart of measurement
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CFD-codes ©°]&43% feaiHol= Adts 913l GAMBIT program= ©]-8 3}

model # fFEA5 99 W5 Ao gridE FLUENTE o] 8-3dtef 3433l

=
AA 3 FFzAA A PTV-systeme ©] &3] Model +H2 f5S A= A
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Fig. 4-1(a) CWC & Cylinder model
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Fig. 4-1(b) CWC & Cylinder model

Fig. 4-2 Stream lines of cylinder model
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Al 5 % Circular Dynamic Stereo

PTV-system™® CFD-code® AZ7Z3 v

5.1 PTV-system result

7} 7} 9] Vectord] o2 AAlE o]z AutE Micro-AVS program= o] &84 3

29 9] Streamline imageE 4< 4 3t}




Fig. 5-1(b) Flow direction around cylinder model



Fig. 5-2 Stream lines of the flow behind Cylinder model

,56,



Fig. 5-3 Flow direction & Stream lines of the flow behind Cylinder model
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5.2 CFD-code result

Fig. 5-4 Stream lines & Velocity vectors colored by

velocity magnitude of cylinder model
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5.3 PTV-system result®t CFD-code result %] il

PTV system¥® CFD codeZ ©]&3% Cylinder model &4 ¢ 3349 #5142
B=Z v E A3 PTV systemol 93 #5429 7% Cylinder model®] #
Wl S FodAE wnee fFAS HQl v o Ror Fae &
T UM vA EqpFRAela HARAJ] sEFS YeElAd. wbd
CFD-codeE ol &3ate] AZstAS e 94 AW 2 FHoAe 553 npzt7vt

AR ol PR} FRAAE FHA F5S ehhd.
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A 6 F PTV-system= 9]

2500TEU container 223X #& A=

Circular dynamic streo PTV-system2]

Ass7] 98 2500TEU zdH o]y R4 9

= o

43 M dxE Fig. 6-1o Yy 2y

Table 6-13 zt}.

Fig. 6-1 Body plan of 2500TEU container ship

Table 6-1 Principle Dimension of 2500TEU container Ship

Parameters Full scale ship Model ship
Lpp 196.8 1.2
B 29.72 0.18
T 10.85 0.066
Cp 0.63
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cylinder models AZ3% w AL AW systemI FUI ASL2AS 7pA L Q)
o1} PrismY 3 AEEE 120Hz2 Hoh FAHAQoH 2714 HH Y PrismES AFE
sto] A4 o] FAol YEUWAAES etk Ao ALY I FFx

o] FaA493 PTV-systemd A< t&3 2.

(1) CWC Type
2 impeller Type, Vertical circulating water channel

(2) CWC Particulars

@O Whole Body length : Abt. 1400mm (outside)
heigh : Abt. 5800mm(outside)
width © Abt.  2400mm (outside)

@ Measuring Section length : Abt. 5500mm(inside)
heigh : Abt. 1300mm(inside)
width : Abt. 2000mm(inside)
water depth : Abt. 1000mm(inside)

(3) Composition of PTV-system
1. 3D-PTV Basic System
(1) Camera system
a. PTV unit with prism unit for image shiftin
b. PTV unit base frame
c. CCD camera

d. Motor control unit
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(2) Calibration system

a. Laser pattern projector

b. Calibration plate and its stay for setting on the traverse system
(3) Computer system

a. One set of Windows PC (English Version)

b. Visualizing Software, Micro-AVS

C. Image Acquiring and Processing Software (CD-ROM)

d. TV Minitor

2. Tracer Collecting System

a. Collecting Net and its fixing frame
b. Tracer Injection System

C. Tracer Particles

3. Lighting System

Lighting system

&

Fig. 6-2 Camera system of PTV-system
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Fig. 6-3 Calibration board & Lighting system

Fig. 6-4 Particle injection system & collecting system
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Fig. 6-7 Annular streak image

- Untitled - test!
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Fig. 6-8 Analysis of image
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6.3 A=423
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Fig. 6-9 3-D display of test-1 vector result
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Fle Get_Image Image_View Analyss Add Resuk Remove Eror Result View Calbration Vector Calculation Vector Data 3D-Display Edt_Vector Data
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Fig. 6-11 3-D flow direction view of test-2 result
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(b)
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e

(c)

(d)
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()

Fig. 6-12 extract isoline view(Y-axis) of test-2 result




(b)

(c)



(d)

(e)

Fig. 6-13 extract isoline view(X-axis) of test-2 result
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