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S AREE THH=tE GAS ESst ARER Ast 2A1Y Al 2
71, JY 52 otk 9N 9 dobt 945 ARE= Alst =5t 2
A4, BFE WY 5o AH8=r}h Machine Visionolgtil® ghch,
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ﬁ
olr
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nJ|o

&0k 7L AR 2ok =AY YA, 271 FA, F4 oo, AU (FE =EE #A4)
mobile robot guide - road map : stereo pair , 3D range

=M Q1A d= AA

medical images - Xtk

satellite image analysis - forecasting, global change

AMAl HZ; gpacing b.w. grains; 5 um

size in cross section: 0.5 um2

Human vision (eye); space b.w. cones in fovea; 30 arc seconds ( 1/120 &)
resolution; 1/60% -> 0.3x107° rad.

« QA A A
Modelling of the real world from images
3D information to 2D projection

Recovering 3D information needs many to one mapping

Calibration

L 2
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Camera Frame Grabber HAK 2l At=3st I
computer Software
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12.2 9Arx]e] AX] (Hardware)

1) 281 A4 BE AR
Frame IBM—=PC
Image Grabber
sensor \
Lenz RS-170 \
\ RS-330
—
l e
Power
Supply
229 942 A5 A hardware
2) Camera

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

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

I, ; signal reference , £, ; illumination reference

Zidl2t &2 Als; ofvt= 1 7Zimek: &wd; RS-170, Z2): RS-330
RS-170 Standard Specification
=% 43 37]: 1 Vpp
714l
7141
5

o2 4> 4>

o A ofl

r ol ofi fo
foli fol

RS-170 Composite Video Signal
Frame
Field
21 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)

7t = Set Fgol o
sto] tm2jo] AR

o

NEE AREL A 2

Sampling; spatial digitization

Quantization ; gray level digititzation -> gray level

pixel; one sample point

(1) Frame grabber?] &
* TS
synchronization
A/D Converter
Look Up Table
Memory

Processor; ALU, DSP

(2) Frame grabber?] ¢j

Matrox meteor II frame grabber

fuju

rlot



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




12.3 Image Geometry
* SA] BHO|A o] vk} EA

- W¥kA} (Lambertian reflection)

ulsFo 2 uniformahH| WA

SAIAe] Ho| mtmet wael o) FHol B

1) Pin hole camera

I 2717 BERE SAER] Aol st 2.

Object

!

Pin Hole Camera

‘ a

~

N\

, b

r =——x,;

ol olstt

2) Thin lens®] 7]|s}&t

=== (convex lens)?t FH|7} 9F
2tet &2 7lststAQl IAE 2= A

gAro] 3717} v A

o
=2
S

|
I Image
plane

Pin hole camera

732 (thin lens)9,

29 X% el 9zt BE ol

2 71

1_1 _ af
ajL T b= a—f
x x’ , b

=— => =
a b v (L$




Image planeo] &2 92 AL

f
10 0 0 10 0 0 x f-z"
01 00 z 01 0 ofl|* y f
=100 10 p=|Y p=1p p=]00 1 0|\Y) =| = |p= =27
-1 z -1 z f
00—1 1 00—1]|11 1——
f f f f—zz
1
et 72l 2l= SAT F=Fs] image’t P9
3) CCTV 7t A A]
image plane z=0 o]1, lens’} o]|2XE z WdFo 2 ¢9] X9 1, 4|7} in-focus plane (x,
y. z)°l Q= ., o] &I (x*, yx)= = Zo
In-Focus Out-Focus Lenz Y (Image
Plane Plane N Plane)
P(x,y,z,)
N N f
Z/ |
\ —=T
z,—c c Py )
P'(x",y",0)
A= G HAREH
L1
zp—c ¢ f
9o] MoRRE ¢ & b3t et
cﬁzfi\/zifllfzf - zj-*\/zﬁfllfz/
2 2

ex) f=25 mm, z =

foc

1000mm => c= 974.3416mm, 25.65835mm

fo(l

A Yol Witjoln=
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T
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L e
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AN
In-Focus Lepz Y| mage
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(3)
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N
InqFocus Lenz Y| (image
Plgne Plane)
P(x,y,2/)
p— f f
z v \\’\ d
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12.4 94| 2] (Image processing)
1) Coordinate System
World coordinate : (z,y,2)

Camera coordinate: (z, v/, 2")
Image coordinate: (i,5,0)

* Image definitions

74, origin of image plane coord. = center of array

for mXn image

o= M= 1
)
P (s n— 1
y==li——5>)
Image Plane ,
Column no. j . \ Y4
A0,0 > )
%’
Row no. i / /\
N \ ey
i T pixel
4 .AEXT A(I.J)




2) Calibration

(1) 2 8efol el Hay
- 247} 9 FEAS o] 9 sEel A 7

aju

- calibration 9] ZQ4;
aspect ratio: x, y W&o o2} pixel{te] Ao o

lens distortion

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

(2) Calibration matrix
- Translation, Rotation, Perspective Projection

tll t12 t13 t14
t21 t22 t23 t24
g1 39tz tay
Ty tyg tag by
- scale factor (aspect ratio)

RS SRS

i
J
k
1

- distortion factor



* i}'J_l__

ForA] SFYHANAN ALEE= f=7F 2= QAHSeidel aberrations)
monochromatic aberrations; +H$X}, Z0Hcoma), B]™ALXHIERHRZE), A9 &, €18A
chromatic aberrations: A4X}

- spherical aberration (FH$AL): FHaFdd deoe 25T 28200 A, FFo|4 ¢
BAel 247l 27 dizof UAd.

- coma (fI/d¥ A Hol F= WHo £A]0] ofyal B]AFS] YAFE ©  (FAIPE ZEH A
Al g 749) Aol melrt A%

astigmatism (W[7d4A1); £ FHaE fAHAHAFO Yol thar] x4 o] Wl

- field curvature (9] 58); <&HJY A9 b FHolA W A o AX7F &
distortion: pin cushion distortion (2= ¥ 712{Al), barrel distortion (& <
chromatic aberration: M 4x}, Wlo] npitof| wata] Z7&-go] th27] mFof WA

3) Image Data (Digital value)
- gray level image: image pixel (8t4)29] Zro] 8bit gray level 0 ~ 255

- color image: R, G, B
H, S, 1
71t
StL9] st4x= 3719 HdEOoZ ®A], ZF JE2 8bit gray level 0 ~ 255

- binary image: image pixel (8}4)Q] o] 0 E=



4) 3|AE 13 (Histogram)

s

gray level image S| AEIY

1800 ‘ ‘ ‘ ‘
1400

1200/

1000/

800

600

400

2

0| =

255



12.5 g4 AZS o]&

WA s

r O

19
0

‘?_PEiﬂ BES x7ote 7li2]o] Ho]Z(Carrier tape)?] A2 Atssdt 54

#aigof glck.

@A Fhelo] Elojxi 2 wholz AALS o], ojm A REml B BRg MR} Aoty B

GAHE st Ao 019} 22 olfz U AN TAHE =5 ”&%5} g of2fgol O‘Ur

Oloﬂ = Tee %‘o}ﬂal 71a2 ol&et 2 AN Y2 JiYste] Aol Y EAES 2
=3

E=R=}
Aol 71ofstaAtr ot

2) Carrier Tape 73At

QA Ffelo] Hlomo] AL Fig. 13-10] BAIE o] A28 SAstod 6§ %ot vl Lsto]
=Y oRs s "o
£
= _
E
A F
w
i
A
Carrier tape A} 35
3) =z =8 Jfgt
H =20ojA= Visual Studio 20069] MFCQt Matrox 2=, SONY Ate] Cameras ©]85te =
2IRZ Tt
Fig. 13-25 /1% 223309 ojgl golo] ROl Goi MAstt 212 olsn ok Ao 345
QA Qe dyozA Jjejo] Ho|mg WYE FaolL, o2 2518t & & LA} o] 5la
®Ig Adstel ROI Yog MAstA Hot”

Main Window



(c) Edge A% @ A A&
Z9 34 A9 33

TZ2aY¥ FAR

L 5|2E79 JME olgstel ROI YoS MAsHE Jioln, (b A4S
olgstof Ao AT WASL Hsht G0t () MY By golg 7oy s
(@ SE WS olgoto] Edged Aol A g At

AR m2 0] MY FATS e Qo ojeh e PHe
! £7stof Fj2lol Holmel At P2l 25 v

cE

4 2 &
Aget 2283 oA AAAPL Alddsts 52 AARS tidlste] A 555 =2 4 e,
R 71710 B 71%S HgAY Adtesols B4 Aakg Ao s Astel e EAo A
Zo MAtst & olTh

ovwa T M .

(1) B+, oAz, "dYA2E o83t 7i2ollo]=hAL", Proce. of 2013 KSMTE Fall
conference, 2013, Oct. 17-18, p.302, A& KALSH!,

(2) NEF, AR, xels, ‘TR G Y8, Futol, 2008

(3) HEs, "HUSHAAHZE, o &AL 2001

12.6 3-D measurement



1) 355 59 ol§ B

Ao FxRgtE 9 (o AT =g 2t g9 W)S RARHL 982
A7 (triangulation geometry)g o835t A fEet JFA4xtE
y Object
P(x,y)
0 .
.Z_ Image X
Light Plane
Projector

Structured light imaging system

2) 2t9] 7tu|2tE o] &gt W
binocular (stereo) imaging system

2 o] slwjets ol @stol A0 Qare 77t Hsstu, AN A
WAl A aluo) 3 A bluyw,) o BAXEG ol &stol st

Image )('
Plane 2

Image L

Plane 10(”1#1)

b(u2 ’Vz)

Stereo camera imaging system
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