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CywHocTb MeToga PIV

Image 2 (t=1,) Search patch,

Image 1 (1=1))
/ test (l_/) ¢ /f search (Q)
BT e - ST S

Mesh of test patches

The normalised cross-correlation of /,,,, (U) and
L (U+8) 1s evaluated for all integer values of s.

The convolution processes are carried out using a
Fourier Transform method

Normalised 08

correlation, R,(s) Lsearen (U+3)

Maximum value of R,(s) indicates displacement

VECOT, S, Of test patch. S,eu = (S peatr Sy peat)

200 ¢
Supea W0 40 Sy, peak

PucyHok 1. pes metoga PIV
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Mogenb kamepel

N~ =

Object space reference frame (homogenous coordinates). X =

.
-
—_—

e

Image space reference frame, X =

(]

) Projective centre Al
Pix -> mm ¥

™ Object plane (model)

Principal point >- ' Optical axis
— -Yf’{ = \[
=7 ) LZ >

X X

Effective focal length, /
CCD (image plane)

PucyHok 2. Mogenb kamepb! 4nst KanubpoBsky dhoTorpaduii
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X = constant
v = constant

14

Camera

[uctopeuns gotorpadum

X = constant
Y = constant

X 7 -
‘ Large image scale -/

Small image scale

Not parallel

Object Camera view

b) Image distortion due to non-coplanarity of CCD and object plane

Radial lens distortion Tangential lens distortion

“fish-eye™ | | “barrelling™
Object shape ‘ ‘( .
Image shape —_——w Object shape

Image shape

¢) Image distortion due to radial and tangential lens distortion

>
1 2 3 4 > 5
u i . i

] Horizontal image scale, du/dx is not
; equal to vertical image scale. dv/dy
5 Hence. | pixel movement vertically
= represents a different displacement to

A 1 pixel movement horizontally
4 D, g

v % A Y D
2 Aspect ratio, a = —
¥ ecp pixel D, D,
d) Image distortion due to CCD pixel non-squareness
] A
Lz A Apparent length, £,
-1 v
/”
== | |Actual length, 7, Image scale factor
- due to refraction, I—‘ = [(n.t.sind,.sind,)
i sinf), sinf, vary non-linearly across the image
Refractive index, # Thickness. 1

e) Image distortion due to refraction through a viewing window

PucyHok 3. MpuunHbl guctopeuv hotorpadoun
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MeTozap! kKannbpoBku doTorpacmi

JlnHenHas mogenb (MatPIV - J. Kristian Sveen August 6, 2004)
*HennHennaa mogens (MatPIV - J. Kristian Sveen August 6, 2004;
Camera Calibration Toolbox for MatLab - Jean-Yves Bouguet)
*HenpoHHaga ceTb
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PucyHok 4. Macwtab nepeBoaa nukceneit B Mm no ocam X n'Y
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ToyHoCcTb MeTOAa

v, (0.6 1500007’ 0.6 150000 || -CyMMapHasi NOrpeLLHOCTb OnpeeneHus

mm
= x - + = !
= Fea— W I ® [ I, E nepemeLLeHuni
pisei | P TRL TRE .
Standard error (pixels) i N
04 04
018 033 | Standard deviation 033 1 Sandard deviation = 107.6 um
—— Sub-pixel displacement (sand) 03 =L L
016t (data from figure 3.16) | 025 025
—— Sub-pixel displacement: (target oz L
0.14 marker) (data from figure 3.22) 015 als
— Integer pixel displacement - o
0.12 (sand) (data from figure 3.15) 0,05 L
: /\ [} 0 "
— [ T 03 -02 -0 T 2 5 H3 02 01 0 a1 02 03
0.1 l:p]‘\(.r bound \equation 38 ".\iugmllmk u'fl‘h,;:,_.pm::.\l \c,::‘,, m::,:) Magnitade of discrepancy vector (mm)
W . a) Reconstruction using camera calibration b) Reconstruction using linear scaling
0.08 bl adieiin Nommalized frequency
7y 04 30 mm tluck perspex
0335+ Standard deviation
0,06 o3 =143 um B 1
Better precision 025 H
0.04 v n2
0.15
0.02 0l
— 005
Y v 30 P 0 01 0 3
> = - = = -0, 2 <0 ( 3 D2 0.3
2 10 15 20 25 30 35 40 45 30 Magnitude of discrepancy vector (mm) Amay of 376 reconstrucied dots
Patch Size (piXC‘S) ¢) Reconsiruction using camera calibration with correction for refraction
PucyHok 5. lMorpewwuHocTs PIV B onpegeneHni nepeMeLLeHui PucyHok 6. lMorpewuHocts PIV B onpeseneHny KoopanHar Toyek

(morpeLwHOCTb KanubpoBki)
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ToYHOCTb MeToZa (NMPOJOIKEHME)

B Accuracy
B Precision
B Eesolution®

M3 verum ezt ermar

Meommalised performance = S

Half-colowmed zomes ndicate rangs of
quoted vakses

* Quoted parformance does mot
specifically refor to precison or acomacy

1
Nomalised performance
70000
Reference Measurements | Quoted performance Normalized 60000
per image Performance
This work. _
Patch size, [=8 31000 Accuracy” = 16.7 um =1/18000
Lem =25 Precision' = 14.9 um 120000 50000
Patch size, I= 50 803 Accuracy’ = 16.7 pm =1/18000
Lipmy = 25 Precision' = 46 pm 1/65000
Taylor et al. 1998 =625 Accuracy = 60 um 1/5600 A0000
Precision’ = 50-80 pm 1/6720-1/4200
Allersma ef al, 1994 | = 300 Fesolution = 200 pm LS00
Phillips, 1991 = 1000 Precision =5 pm 1710000 30000
Obaidat ef al, 1998 | Limited by Resolution = 150-230 | 1/2000-1/1300
number of pm
Saada ef al . 1999 1dentifiable Precision = 130 um 1/1400
Andrawes ef al features Precision = 5 pm 1711000 20000
1973
: Ower field of view of 300 mm x 200 mm
< Quoted by Grant (1998) for same experimental system described by Taylor ef al 10000
(1998)

Faferances:

1 This thesis, I=8, L. =25

2 This thests, I=50 L _, =125
3 Taylor e al., 1908

4 Allerzma or gl 1904

5 Phillips. 1991

& Olpaidar o al., 1998

7 Saads f al., 1990

3 Andrawes & Butterfield, 1973

4 5 6 71 8
Eeference
PucyHok 7. CpaBHUTENbHAs NPOWU3BOANTENBHOCTL MeToda PIV
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SkenepumeHT Net. LWramn 70mm X 200Mm

Tabnuua 1. CeogHas Tabnuua pesynbTaToB akcnepumeHTta Net.

F, kMa LVDT, mm  PIV, mm A, MM
0 0 0 0
50 -2,43 -2,3 0,13
110 -5,11 -4,87 0,24
140 -7,78 -7,43 0,35
150 -11,24 -10,76 0,48

0 06
(\50 110 140 150

") \ 0,5

4 \ 0.4 /
6 \ 03 /
8 \\ 02

10 AN o1
A2 /

0

—<—LVDT ——PIV
PucyHok 8. BeptukansHoe nepemellexve wramna, Mm

0 50 11 140 150
PucyHok 9. PasHuua B V|3M8pevax natunkom LVDT w
metogom PIV, mm
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akenepumeHT Ne1. MNepemeLLeHms yacTu rpyHTa
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420

400

380

360

-80 -60 -40 -20 0 20 40 60
mm

PucyHok 10. M30nuHUM BepTUKarbHbIX NepeMELLEHMIA YacTUL, FPYHTa Npy ocaake wrtamna 2,43 Mm
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PucyHok 11. M3onons BepTukanbHbIX NepeMeLLeHnin YacTul, rpyHTa B MM

TEOTEK

dkcrnepumeHT Net.

npv ocagke wWramna 2.43 Mm

[epemelLeHns YacTuL, rpyHTa

06

0.4

F 0.2

0.4

06

PucyHok 12. 130nons ropu3oHTasnbHbIX NepeMeLLeHnn YacTuL, rpyHTa B MM
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SkenepumeHT Ne2. 5 ceait anuHon 230 mm

Tabnuua 2. CeogHas Tabnuua pesynbTaToB aKcnepumeHTa Ne2.

Harpy3ska| Ycuauma s cBaax Ocaaka ceam
F, Krc F1, krc F3, Krc s1, mm s3, MM
0 0 0 0 0
36 4,557 4,187 - -
72 9,493 11,167 - -
108 16,076 18,147 - -
144, 22,531 29,012 0,6 1,05
180 30,253 35,092 - -
216 36,98 39,982 - -
2520 44,675 45,268 1,2 1,6

SR EE R E
=
60 ,601,60160 |,
710

PucyHok 13. Cxema akcnepumeHTa Ne2
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aKenepumeHT Ne2,

Ordinate X, mm
-&OO 0 100 200 300 400 500

BepTukanbHoe nepemMelueHne cBan, MM E 0.5 vﬁ v ﬂ\/
Harpy3Ka Ha CBako, Krc ci:; \
0 29,012 452 > 1 v
, N—
0,2
5 04 [ N—" 15
< 0,6 PucyHok 15. lNepemelleHne vyacTul rpyHTa nog oCTpuem cBai B
8 07513 "\ MM npu Harpyske 144 krc
S Ordinate X, mm
% 12 A [ X,
S 14 \\// 300 0 100 200 300 400 500
16 ~_ TN -
N U \ g Y
Ceasi Ne1 [ Cgas Ne2 S \ /\
= ATAYA
: AT
PucyHok 14. Ocapku cBait, nony4eHHble metogom PIV, mm Z s \
2

PucyHok 16. NepemelleHne YyacTul rpyHTa nog oCTpueM ceai B
MM Npu Harpyske 252 Kkrc

rrvyoy



&

TEOTEK

JKcrnepumeHT Ne2,

Value, mm Value, mm

350(_) 0.5 1 1.5 350(_) 0.5 1 1.5 2

300 300

250 250
e \\\> = T
€ 200 E 200
> >
& 150 S 150
@ / @
(@] (&]
2 100 £ 100
< <

50 50

0 0

-50 ¢ -50°¢

PucyHok 14. PassuTie BepTUKarbHbIX NepeEMELLEHNI YacTuL PucyHok 15. PassuTue BepTuKarnbHbIx NnepemeLLeHn yacTtuy

rpyHTa nog ceaeit Ne1 npu Harpy3ke 252 krc

rpyHTa nog ceaen Ne3 npu Harpyske 252 krc
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