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size in cross section; 0.5 um

Human vision (eye); space b.w. cones in fovea; 30 arc seconds ( 1/120 =)
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D 23l 94 95 3A
Frame IBM-PC
Image Grabber
sensor \

N\

"=

RS-330 D
—_~  ——

Power
Supply

2390 G A%

#+2] hardware

2) Camera
image sensor; Vidicon, CCD, CMOS
CCD(Charge Coupled Device)
v parameter;

v=log(7/1,)/10g(E/E,)

I ; signal reference , E,; illumination reference

S ul
b I |

et £9 Al%; ofv= I Fhv ek
RS-170 Standard Specification
=% A% =71 Vpp

; RS-170, A ; RS-330

RS-170 Composite Video Signal
Frame
Field
2:1 Interlace

Non-Interlace



SONY CCD Camera XC-75

Item

Value

Optical size

1/2 inch format

Effective picture

768(H)x494(V)
elements
Total No. of
) 811(H)x508(V)
Pixel
Chip size 7.95 mm (H) x 6.45 mm (V)

Unit cell size 8.4 mm (H) x 9.8 mm (V)

Sony XC-75

EIA(XC-75/75L/73/73L)

a I
96 B11
3., 9 7w 22 1.3, 768 40
i BERw ﬁJ SR ) IR %Ll 83
pixel it
17757/ 2 T 0727
registar array
69.8 _
nsec H register Photosensing period

transfer stop /
CCD output signal

Dummy H register
> Optically black

L
— .

154
H BLKG
Composite video
signal
2 £8 64 756
Phatosensing period
910
" T LTI
VD ( i
I " | I—
| 254
L8 ) 247 g9 g 8 | 247
IT
L!% nﬁaiasl_m. El I‘:\EEEEEI “““““ ]
ceoousat TTITTH LLEEETRUT T
signal ] ] d
Empty Optically Empty Optically Qutput video
transfer iblack Output videa period transter § black period
—_— f———
9.5 g
56 4
BLKG — I—;q_l—_
20 | 242,5 20 2425
I
2625

Sony CCD camera timing diagram



3) Image Processing Board (Frame Grabber)
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Sampling; spatial digitization
Quantization ; gray level digititzation —> gray level

pixel; one sample point

(1) Frame grabber?] +%
* T
synchronization
A/D Converter
Look Up Table
Memory
Processor; ALU, DSP

(2) Frame grabber?] <

Matrox meteor II frame grabber

=
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VID_IN1_1
VID_IN1_2

VID_INZ_1
VID_IN2_2

VID_IN3_1
VID_IN3_2

SYNC_IN

Trigger

Clk input
Clk output
Hsync
Vsync
Trigger
posure timer1
osure timer2

Aux
RX

IRTS
ICTS

White!

21
MUX

2:1
MUX

2:1
MUX

8,
- A/D
[Black
Low- f—
White 24
pass 8
filters/ — A/D
Gain Black.
Whits
A/D
Black

Sync
separator

LUT

3 256x8-bit

Opto-
coupler

—_—

—_—

— TTE

—d Drivers

— o PSG
Receivers

T

—_—

— " Rs-232

D — Drivers UART

— and

—_— ! Receivers

24
A
64 Video transfer
VIA memory
(4 Mbytes)
32
”

<

>

Host 32-bit PCI bus

Matrox meteor II frame grabber schematic diagram




13.3 Image Geometry
¢ BA ERA o] WAL By

- d#A} (Lambertian reflection)

EE W3ko 2 yniformd} A HEA}

- AWHLA} (specular reflection)

Y HAS 7EoE e ZAx=E HiAL
EAdel Ao FEet JAHAAY He FHHxo AA
1) Pin hole camera
e Ar|7r AEHEEH EA7A A 9ste] AAH.

Object Pin Hole Camera

!

‘ <\
| N\
! I Image

plane

Pin hole camera

2) Thin lens® 7]3}st
B22d= (convex lens)7t F77F k& A% (thin lens)oll, A9 A<t Ao 927 AE 7}
g} 22 7)etstH AAE 2t Ao=w M4
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100 0 100 0 x
010 0 z 010 0 || y
TL—00110 c =Y p=1yp, p*—ooio Y=l =
4

00 - —1 1 00 —1[[1 —-1+=

f f f

T3] Ao Y =AW HE3] image’t FAH )
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A
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Lenz Y (Image
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N N\ f
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13.4 442 (Image processing)
1) Coordinate System
World coordinate ; (z,y,2)

Camera coordinate; (z', y', z’) (pixel ©9])

Image coordinate; (i,5,0) (pixel ©$])

* Image definitions

7}A; origin of image plane coord. = center of array

for mXn image

.’I}, . m—1
T
.o n—1
y==li-—5—)
Image Plane ,
Column no. j . \\ -
A(0,0 J x.y)
X’
Row no. i 7




2) Calibration

1) ZBgjH o] de] HeA
- EA7F A= FaAe shdete] 93 #Hxe AAE A9
- calibration ¢] Z84;
aspect ratio; x, y W&kl wg} pixelite] 7H40] t&
lens distortion

camera mechanical error ; CCD alignment error, lens alignment error, etc.

2) Calibration matrix

- Translation, Rotation, Perspective Projection
tll t12 t13 t14
t21 t?? t23 t24
t31t32 33 t34

— & e
|
— N e 8

[ZPRITRIER V]
- scale factor (aspect ratio)

- distortion factor

% Zk37

Aot S elA AHgEE =Tt 2k @ AF(Seidel aberrations)
monochromatic aberrations; W42k, vk coma), B TAEEE L), A &, 4183

chromatic aberrations; 2=}

- spherical aberration (FH%});  H3PYFAL AQox ZEFHAE F2Zo] A, FEo|A
g Zd7to] A7) el A

- coma (FIAE Fab); "ol @l= W F4o] ofa H|AF3] Ak wWl  (EAZE L5910
AA RS 7A9) Aol mErt A4

- astigmatism (W52, 3 A3 F2AGHAGe] do| =27 3 o] #3)
- field curvature (9 I8); ZFA9 A9 A3 FHANM A EA49 ] AT} .
- distortion: pin cushion distortion (2% Y18 F), barrel distortion (5% 18 F)

- chromatic aberration: A<=}, Hlo] w}abo] wiebr FAEo] thar] wjio] 24y

<
]

o



3) Image Data (Digital value)

- gray level image: image pixel (3}2)2] ko] 8bit gray level O ~ 255
- color image: R, G, B

H, S 1

7] e}

she] 3the 3/ AHAEoR HA, ZF AELS 8bit gray level 0 ~ 255

- binary image: image pixel (32)9] Fto] 0 =& 1

1800 ‘ ‘ ‘ ‘
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2

0| =

4) 3| 2~E1#¥(Histogram)

s

0 255

gray level image S| AEW
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2 =l A= Visual Studio 20069 MFC$ Matrox H.=, SONY A}] Camera® ©]-& 3}
23S ket

F1g 13-2% 7fesl 2o el Folw ROI 998 AAS= AS HojFa o). Fo
ol Ej' Oﬂ/\]—Oi/v] 7Hﬂo] H o]_l_e Ho §_ 05]”'0]5_7

o8 223t & ¥ $534 shael

_—= =

Main Window



(c) Edge A% @ A A=
F8 4 A" 43

Fig. 13-3 (@ 312279 /1ML olg3to] ROl 992 AAshs Fgola, b ALASY

2 ol gate] Ao FAW WARS HHsE GPItY (O AAPe Fxh Holg ety 9]

ste] BdgedZ @4eli, (DE 31X AR ol§ele] Bdgeddoln e = ot Fig.
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conference, 2013, Oct. 17-18, p.302, A5+ KALZ €,

(2) NEZ AR A3, “UAY gGaxe g7, sdluto], 2008
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1% 13.12 Shock absorber outer

tube assembly

Cal ibration
 Gners

Back light 1

£ L
Back light 2 femmeas

% 13.27 Inspection system using image 12 13.14 Calibration of the

processing camera image
Image .| Thresholding R Extracting Calculation of
capturing Binarization Hole edge hole data

1% 13.29 Sequence of image processing




13.6 3-D measurement

D 724 29 o8 U

EAlo Fxste 2 (o, AT AEE 2t Hd W)S AL 9G4S 895
2R (triangulation geometry)< ©l-&sto] ZA4 #3x et Gk AAE AL

y Object
P(x,y)
9 >
.Z_ Image X
Light Plane
Projector

¥ 13.30 Structured light imaging

system

2) 2t FvEtE o] g8k W

binocular (stereo) imaging system

2 de] Alete olgstel BAS dae 247 d5aka, BALe A Pley) o o
el A oalupo) 3 & bluy,wy) o BAHE ol &8kl &A% (2y) B T8

O

A y .
| Object
P(x.y)
Image l Image )(:
Plane 1a(u1,v1) b(uz,vz) Plane 2

1% 13.31 Stereo camera imaging system



