Jﬁ&é 9 gté
Digital Images




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

3,5 (6 )35 5 6,80 Jlusua b Sl o8 4y g5 o |y pglaas dlos 5 aosly alS
1A g oo (SNALwd ) diwd 9 & polal B> oyl

(Analog) 5 Jtl

(Digital) Jtusw>

Lgd g0 03 5150 B jl Sl slaails) (59) Sl gl

bl o Guolie (6 Fgnels sladladls (gg) 0,80 slp Jliomd pglal &5 ()90 5
Polael o) 9005 0 48,5 (a5 D ot gl (e3de il S &S Sy pl &
W gud o o).ob Y oalS 4L>.9L2>



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Techn Igy

Sl bt L mlew Foghe Jions polal &5 398 00 gilae &5 Jlgu

b yesilo g W 5ualS” Jg ol SglbT (sl (olyls Cans S i Wb Fewly 5
SS Ly poliad pudlesn ST a8 cunl b il o Jlsws Slisle gyl
]

ﬁff;'{ o)ﬁ.&:) _\

o Jlas] -

v 5y =Y
oS o3zl Jlusus 3,5, 5l cunl yigs o8]

2 Cadgiome bl a4y Jg il 38 (ol slacyjo b on Solll 5,555, 4l
3 okl 3)50 pidiy JUom 3,509 0j9 0l Suig ySl hilivg g b igepels” LSl
S

3



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

s 4 cul oas JSCis (Pixel) L“wav.a.. i (glas garme }‘ Jtcf?.v..b ryas S
) gad w2 LS 55 & b oSy 5l lal)) 5 cwl @)l Jions pgai o 558
.Mbu.o ‘ L\.i/.u.)

RPN R K Plcture EIement PeI L;Lom)b L, 5 Jﬂsw

iCowl (SH9 90 hb paad jl Sy s
65,5 )5 o )3 Sy o gt 5 o o)led L o8 1Sy (5150 Capnige -
g g0 pasede (X,Y) Gy 4 cye g S b Sy (3] D90 paeito
L5l oo powge 5 (INtENSILY) oSy cnds 4 bl &S (JunS S, -,



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

JEd palal guudiwd

0 O o0

g oo e
(Binary Images) (suaw ¢ sbw) s ol pglas —)
(Monochorome) 5,5 s 9las -V
(Grayscale Images) (¢S glas
(Color Image) .5, pglas Y
JuS o ol pli A8 5Ll Wlg o (b b ol Loges) 555 95 Lad JuSiy 2 (550 pglad )

X3

595 (SO 5o b S50 s jl) o ogliie glacinl g juuw | Lad &S jgai Sy Mo 095 o0
Cwl powge S5SU ol SO bl oad odlatiwl ol dice

5 b ¢ Sl polas 4 6 ytaSE 5ol 5 sl Sl (S)S5 gl ) ols s K
D9 o0 oMl JuSo yo (gly Lo die (59) S S lachb g ol ()

Sl ) wglate oSS Al oo by JusSiy (595 pglal 9



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Jho—Jhaus i glai guanains

Color

) NS

monochorome




Mustafa Shamsi-Faculty of Mathematics and Eumputer Science-Amirkabir |.|n|VEr3|ty of Technalagy

T I Jhms palad sindins

(@) Color image. (b) Grayscale image. (c) Binary image.



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

5 bl 0pid ey oS sl s i3l _e b JuSes dwj Jlios ol
p.«.«.{ odlaw] u.ud))l.o gloal O‘.QJL’S-LJJ

Sy ) N g JuSy (law @) M (bl & Jlions pgal S 085
Do oo 03l M X N s yilo SO il S
)5 Hlai > pgal ol (sl g pll B, Jw& &y ol ol pllinj) adlgs
D9 en 033 () Sy SOy leMbl g 2945 0

>
Ry
\AJSLsﬁ o).;.">:) 09.‘5 )O ‘) @ g
\ 4







Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

o L4

@%U}“wf“*’)§

Pl jladge po cplply LS Hlisl Ny o cb g3 JuSey jo iyl prglad )

d)S Ha5 1 o SO it SOl e |y g
Ol gradlge &8 sl L ple Ko 6yl gl S LBl L ple S0 o)l 4

Ailee (1L 0) opnl

10



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

-

---

---

-

1 T

---

-

I---'--

|
--
|

-
|
|
—
|
|

S —
1 1
|

|
S— —

|
4
|
|
5
|
|
—
1 1

-

S S
1 =
| |

—---
|

—
|

ﬁ_.J

—
|

-

--ﬁ-'ﬂ--ﬁ--

11

t

K



""" N Y T Y T T T T T T T T . . I 1 1 1 -1 -1 -1 -1

] ] T ] T ] T ] T ]
| 1 1{ 1 1{ 1 1¢ 1 1{ 1 1{ 1 1: 1
L L B A —— L L

- |

il

=

---
|
|

=

-
|
|

|

-
|
|

| 1 1{ 1 1: 1 1¢ 1 1{ 1 1':[:]J 1:
| S S T E— Nl B N N—

‘|"|"‘|'
| 1] 1
i'":‘"i'
| 1] 1
__.l___l__
1

| I

[

r__
|~
-

-
|
|

=

__ﬁ__
[l

| B
|
|

-

| I
|
|

[
Y

=t
-
—e

-
|
|

=

---
|
|

=
=

-
|
|

=

| I
|
|

=

4
|
|

=
[
s

|
-
|
|

=

---
|
|

=

-
|
|

=

=]

=

4
|
|

=

| I
|
|

=
=

- -
|
|

=
Ll E
el

| I
|
|

i
M=
==

|
|
----
|
|

[
e

__J___l__J___l__J___l__J___l
{ 1 1) 1)1 1) 1) 1]
- _L__'___L__'___L__'___L__
1 10 1) 11 1) 1| 1
___l__J___l__J___l__J___l__J
1 1) 1) 11| 1 1
--r--:---r--:---r--:---r
1 11,11 1) 1
—] -l

——--

NN S S S —
e e e s e e R
—_ __J___l__J___l__J___l__J___l__J___l_
e e e s T e e s e R
__'___'___L__'___L__'___L__'___L__
1 1) 1) 1 1) 1] 1| 1
__J___l__J -l
1 1] 1

_—
0 e e s T e e s W e s B s e

_.J___l__.:___l__.l

___l__J___l__J___l__J__
[ 1] 1] 101 1)1 1}1)1 1|1
—_—

35 % 35

12




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

35 %35

13

e e al e e a a a a a a E a a s  e  a a a a a a a a al a a a a al
HE R REREREHEREQOHEKMMEOOOOHERKHKMMKMM MM H
HREREMHERERRRQOQOQOCOOOODODOO0ODODOQOOO0O0OO0C0O0O0O0O0O0O0OOCOH
R R R R OO O RTRTREETOTO 0000 OO 10001000100 0100 01O ©
HRHEFHERHFOOFRKHRERKHKHERERLHEHOOOQOQOQOQOOQOOOOOOOOOOQOHK
HRHFHROOKFKRKHKEKHKHEHRERLHEHOOOQOQOOQOOO0OO0OOOOOQOOHRHK
FHFFROOKRKRRERKEHHOOFRPHOOOOOOOOQOOOOOQOOOOQOOHRKEH
FHFOOKRHHHEHHHFOOHOOOOHRHKEEHOOOOOOQOOOHHKHEKHMK
FHFORKHFHEHFERHFHROOOHOOHHEHKEHKEHRERHEHHEHHOOOOOOHRKHKERH
HOOHKHHHEHKHEHHOFEFFOOHFEHFEFHERKEERRREMRERMKMEQOOQOOQOHHKMHMH#MHH
HOKHKHMHHFHFQOQOHFHFEFFEFOHFEMKERERRERRRHMRMKMHRMHQQOQOHKMHMHMHH
OCOHHHROQOQOOHRHOOHKHKHHHHHHHEHHHRKEHEHHEHROOHRHEKHHEHEHKH
HFOOOFROOORHKHEFEFHHOOOQOO0OO0OQ0QO0O0OO0OQOQOOO0OQOOOOH
PFOOQOQOOQOOHRHHKFHROOOFHHOOOOKFRHHRPRKHEHHFEPFLOOORHKHEREHR
HFHRR,OOFROOOHOOQOQOOHHHOOOOOR KRR OOOOHKRKHKEHKEEH
HFHHHEFQOQOHHOHOQOQOOOHHFOQOOOQOOHRHOOHHREHMHEKEKMHMHHMH
FHHEHEREREEROQOOOOROHHEHFHOOOOOHRKHHKHERMREKMRFERKRKMKMHPMKHKM
FRRFHERRERERRFERFROOOOOOOOOOCOFRHRERHEHEFREREREHERERRKEEHR®

HEHHEREREERREREREOOQOOOQOOOQOQORH MHMKMMRKMM}HH M R
o i e B T L By 5 2 5 o 5 ) G5 {5 5 o 5 o iy oty s i i ot it
HHEMHEMHRRREREEQQOO00000000000000KHKHKMKMKMMMMHM
OCOHHOOQOQOOHRHOHHKHHKHHHHHHEHMHERKEHEHEHROOHRHKHKHHEHEHK
OCOROFHOOQOOHRHOORKHKEHRRRERRRHHHEHHKHHERHEHOORRERRER
OROOFRFROOFRKHOOHRRKHKHEHRKHEHRERRHEHKRHHEHRHEHREROORKHERRHK
OHROHHFHFHQOQOHHOOHFHHRKERHHOOQOQOHFHHEHKEERMERFRQOQQOHRHKMHMHH
SH-R—O—H—FR—0—01R—H—C1O—F—H 1R —0+-0—-0—H-0-10—H—HR—H—F 1R —-0—-O R —H+H—2
OQQrOHRPRIOOKRIPFRRFEIOERRRLRIEOOD QOO HKEIKF R FHF O O|F B FKE P
OROHHFHKOQOHHHHOHHRKRHOOOQOOOHHHKEHHHRFEROQOQOHKHHEKHH
OCOO0OHOOQOOQOHFHFHFHHOOFRHHKEFHHEFKRHEHKHERHHEHFRHEHFEFOOOOOR HH
OCOO0OrRHOOHHHHHFHOOFRRRKEHKRKHRKRHHHKHHOOOODOOOOH®R
OQOO0OHROQOIFRKFIFFOQORKRKHEHHKRFRHHEIOQOQCIOOOOOO OO
FHFQOQKEKOQOOHHOOQOOQOOHHKHKHHKHRERHEHHERERHEFQOQOHKKHHEKHHKHMH
HFRFOOFROOOFRKHROOQOOOHHKHHEHHHHEHKEHHEHRERRERRHRHOOOHHHRKHEKEERH
HHEHEHREFFHROOHFHHFHFOOOQOOOHHFOOOOOHHOOHRHMKHRKMHMRMMMREH
FHHEHRRERERREOOHOOHOKREHHEFREKHEKREREFREROOHREHRHREKMREBERKERKMKMHPMEKM




14



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Sy O g glal o wod

Ledls ool g 45 )Ll Slgi oo Sl 93 5l e JeSy 2 cg s E glad )
D950 03wl (6 S golaw (B g die ol S5) ()5 ezl sl

L st SOy coloin b gyt maw colin (Bly glod )0 &5 258 w2y
Siglase il Colpins oyl (soled 08D Kl )y 3454 (INtENSILY) s colpi
Dgus oo ol (S cab I alie slaay Lads 1A 5,05 dgn g

A > JuSg 5o sl (ol 5 s S5 oljen ) (s S5 Lol 4 Mo
Ll pgwge iNtENsity resolution « L sae 34 o 45,5

L=27d
A5l e powse (ColOr depth) G, s0c L (bit depth) o sec a4 d oS

&l odd 0oy olaid] slacw dlaw jl cunl Ojle 68 polal 0 Sl Bes

S g 5 S o il

o Bos g 4 95 5l cawl &le intensity resolution jghics

=3

5



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology -

wd&bgwuwng)hwmLd)*mfb)aw«_i:o)o)d‘fu)‘yb
)‘ Cs| u)L& L39'9 ).:94.4: °)A>n) LS‘)" ro)y dl.tbw iz O yguo U" 3 o) 05

mxnxd

Cd)5 4 ) lgiee pel)l dw (g S B pgal o (4l 1ol
sew iy b S dliss :mM
Oy 3D LQ»J.H.&A S N
a3)5 laiyd Sy o gl & ol Slisd) g S S5y Co (Bos
d c Gos b poad S )0 58S B S5 oluas 45 258 a2 g5 (3950
L=27d L cul ply

robad cpl & | aiib o )yt d=8 ) Boe b (6185 bl Ygons

Adber ol sl (BB zgdg sl



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Vw Bes b g ymsSl pgal S
e b gl S jlcwl o)le
LSS5 ke ol s ss S,

oS
0,1,2,3

N gud oo RS

Gray_dept.m

VS oo b (6 yuS B paad S
L o5 13l o (655 e olod
ol Sl Mt g olow KTy 90
SaaS L ) 53 ol
0,1

J"ﬁ*‘"u‘ u"’w




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

9 10 11 12 13 14 15

Ol ¥ e Goe b (oS poa S
Sy S5y 035l by paad S 5l sl

Vitw o b (sl poad S
i b poal Sl cwl o)l

L) cusn ol oS K,
s
011I213)4;5,6,7

Dl o0 R0

[
g 1S S 0SS 1y oS B sSs, alS wilgs o

15/

Gray_dept.m



\G . " .

Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Gray_dept.m

L aS )l 093y (6,5uSBE S5, VY dlawd 4 0 Gy Gos 0
ol &S Cowl WSd eV Wb 0 STV Iy slao,les
3 aSe S0, ¥V ol (oled el 4 06 Gl
KW NI VLR ¢
) 5ye Lo el g duy o0 43 &y o p5 S5 90 395 0 jpe il

QQ?VM&ng%é@&bﬁgwﬂwu@&Hg&l




Mustafa Shamsi-Faculty of Mathematics and Eumputer Science-Amirkabir |.|n|VEr3|ty of Technalagy

S5, YOF o WA dlawl s A oV (clo Gas o
¥ dgus oo danMo a5 565 ylad )b Doy (oS B
il S Sl SS& @ BBl i

= 4 S B GSS) ol g Milged )RS
Do oo 643D oluw U dubw 3l dtwgn & jquo

£
Cg:

g
cg

£
C%:

P
cg

A..

&
cg

20

Gray_dept.m



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Gray_dept.m



Mustafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

- o B s [ s B s [ i - B o s i o B e N e R D s R e |

15
15
15
15
15
15
15
15
15
15
15
15
15

15
15
15
15
15
15
15
15
15
15
15
15

[ B o [ s B s [ s N R s R e |

==
(S}

15

[ B o [ s B s [ s N R s R e |

==
(S}

15

Gray_pic.m

[ B o [ s B s [ s N R s R e |

==
(S}

15

[ Y o B A R & ]

==
(S}

15

[ B o [ s B s [ s N R s R e |

15
15

[ B o [ s B s [ s N R s R e |

==
(S}

15

[ B o [ s B s [ s N R s R e |

==
(S}

15

15
15
15
15
15
15
15
15
15
15
15
15
15

15
15
15
15
15
15
15
15
15
15
15
15
15

- o B s [ s B s [ i - B o s i o B e N e R D s R e |

—

— — — — — — — L)
'l

L) L) — — — —
[

L blie Jlie e yilo
S pgal jl S pls

c'\""l’u‘ »)




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

~Mostara d aculty or Mathema and Lompute E "W‘Il" y OT |B ologyv

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 wd.o&.bl.:df‘P pw.)] uaﬁl.: L99'9 J‘ﬁ“’
0 0 15 15 15 15 15 15 15 15 15 15 15 0 O

0 0 15 15 15 15 15 15 15 15 15 15 15 0 O o Son e e
0 0 15 15 0 0 0 5 0 0 0 15 15 0 0 ball®, x>
0 0 15 15 0 0 0 5 0 0 0 15 15 0 0 . . s & .-

0 0 15 15 0 0 0 5 0 0 0 15 15 0 0 U""’)"L" "\5 ‘39'“’ TR J"l" )'i.’.‘) u)l{& d"’
0 0 15 15 0 0 0 5 0 0 0 15 15 0 0 . . . .

0 0 15 15 0 0 0 5 0 0 0 15 15 0 0 L«wv‘ 0w OD‘J (S (9o 4.>- ).) 929
0 0 15 15 0 0 0 5 0 0 0 15 15 0 [_, ‘ ‘ L\f

0 0 15 15 0 0 0 5 0 0 0 15 15 0 0 ).‘o| e lay : ., A7 &

0 0 15 15 0 0 0 5 0 0 0 15 15 0 0 : P X)) XRI )of ).m
0 0 15 15 0 0 0 5 0 0 0 15 15 0 0 . .-

0 0 15 15 15 15 15 15 15 15 15 15 15 0 0 CSLQL&“; )') s ‘Ml{ 9.)39) U“")"Lo
0 0 15 15 15 15 15 15 15 15 15 15 15 0 0 L e
o 0 0 0o 0 0 0 0 0 0 0 0 0 0 0 ug‘&w

Gray_pic.m



255 255 255 255 255 255 255

255 | 255 | 255 255’455 255

255 255 255 255 255




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

|
{
|
{
|
...... . T
[ | | | [ [
| o w o ow | | N | N W
|- wo | W | w | W | W D
| o o | N | N | &N e o«
{ | |
““““ D e S T
| wo | | o @ | o |
| w w o | om |- I 1
| ™ [ I Y - B B L T Y~ T B o1
—— | SIS | | |
i

| | 1
o | o | w | = |
| =« | w | w | w |
[ T S o
| | |
[ [ [ [ [
i w0 | = | ® | .
|l @ | o | = | w |
|l & | & | & | &
-t b Gt D) R |
I | | | |
I | = | & | o |
i [ T R =
I 10 deg | B O |
| | | | |
...... e R

| I

|

|

|

|

-~ v oo

] v o= |

= o | o~

......... 1 |
BN w» | o | .

S | o |

oo N | o |

om0 !

@ | ow | owm |

@ | = | |

S o | oo

......... b———7—

| |

N o | wu |

= = .|

o | oo | oo

| | |



-~

A dalgd 0y syl uade jebo 4 odi] 4o

26



27



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

oo Sl (Jloms omygs S @b 1 & cul ai«o Jioms pgad So
Jious polar 4 1y Sobl pglad olKiws (pl alS es sloul ;505 (slaolKiws
ol 5 I opmyed SO b By g canl Slbl cunle (gl canbs (3 0yt S
Jis g & Sl g Jas S5 clly 3 spuiS i (6o oo

D9 oo pbool s cpl j8 B yiSaol )3 cui i red 4 05 (0 ©)j90

28



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

; Sl 3 50 g8
35 53 0 5 Sl i o> s Jioms & Sl rps Sy s 3
D90 plxl

(Quantizing) ;ygmel jles =Y (Sampling) (s paiges -

Colis o o3, Ll 6l Ll oyl dgng S coles o Sl paat & g
Jioud paal SO 50 b S slawd #8lg 53 5l 359 Jluowd polal 1o sy
poas S bad o W ocwl ol Jboga 4 bl wdl ol s cwl See
2lie dus Ml 4 g 368 Obsl Sy ol slaws 4 b Jlusws 4 Sl

] P g g0 d)b)'fd‘;?“; Y J@S— L)"‘ D gud &)‘3)'34‘;9""; J‘“’S“”

9 2 329 Sl ) paw olin SIUI pgal S 0 Wy cnnb
Jomd polai o Lol a8 )Lisl ) 6 s K5 o cold o Wl oo b sy
S o s Ll ) oglite SO o (oalite slass Mlgs o JuSey 2
alize Sl baid (6l ) o colein jub Joes 4 SPUl e

sl pouwge (ygpl jx8leS & o cpl 29 bl SO i




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Y YL L
oS 5l 4

yobaio s Sl paai K Sy alie dlaws OBl 5l canl & )le (6l5 pdiges
Jlzud Sygo 4 poal (g5l ps

Jiomd paad o o b fusy 4 (olaid] 4y

9 P pdiges pgrde 9> dabdl
b )b pose i 3 1y gmwljuiles
oud o oy JLusud )9

30




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

al¥ $oss

Y SR

fLﬂn—- s gae S5O gz F

31



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Ilumination (energy ) ; 1

O
- source Ak
AN itirna

T Output (digitized) image
Imaging system i
(Internal) image plane

Scene element

32



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

g yg4ad (1) G399 (Gyl3 s digad dmell
. 33

).19-44&

-



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

. s pog 4 ] — ' 5 ¢ ® 7 s %
g”ﬁ'ﬁ‘; [ G)bﬁﬂg.w PR
So Juomd ppal o sl g o opaiges slades plul s
Al o ABlg peas 3| (Approximation)c ,a
Lo )l pdiged S dopn D9 o0 pgual 7909 9 CudS CEl el (yonlileS g gyld pdiges
g1 4l S Jlioms pgal CubS 5 gy BBl Wil oS ) s 5 Sy

oS Cunl o3 ornlaileS g 6yl paiged Sl an Jlizwd pgal cuds b)) Gl
g S)bpdiged B3 odimy W &S 398 SIS (05 Cjpe 4 abyell
Bl (gl 1S
5hale el 95 (ol

(Spatial Resolution) slKe cés -

(Intensity Resolution)cus cés -

-

Cowl ol plodl 83 o b ()b pdiged Jos &S cunl ) 0uilS asin JlS6 céd
KW " &9,,»1}93\95 3O CB 0lLS yasudie ol w%p



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Ll b uSo ol aldl oyly S paad sl JuSo sl & Sl céd
2 ogle Ll g Milioo who 5 prgal ojlul Sl (Al ped (Sl B 0aiS jasuie
Db 3l Jle ey pund o |y pesad ol da JuSo dlass

e Cdd s @ ezl S ale woly paw SOl uSo ol WLe
Dy g0 485 Hla3 5> g

cwl Bit Per Inche ciisw 45 595 0 jascio DPi sl b K6 ey @

S (6 dges |y JuSey (ygubne A DA 4 @y i
Dous oo 0dutow Jlusud )9 SO Cdd glaline job 4 @

Comwlws @ b gSl b g Jluowd )90 lawgy odd sbul polay JlKe cd> @
Dyl (S bolKws pl sl g

35



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

J9‘ Ry RS P W LS)]A)%)%Q*"J us‘..o.m u.:&o d)‘.)).g 4 god J]Mbﬁ&)}) 3
A o 5D JuSo BV (i pgeal g Conl JuSoy VoVY )b (g g slaw o
v g ) g s g

Py o LR

128

256

g529 5 ol JSosS pugal o

1024 Dyl (g3eS




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

b el 1024X1024 5y0m o5l wit Sy s 128X128 g o)l
o)‘.).:‘rb.tb ).:9‘.;.4:.: olfu] cp.wj )g‘).g Cod ]) 128x128 )Jyw 3 Lme.i,u o)l.).:‘ ;‘

1024x1024 128x128




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

1024x1024 512x512 256x256

128x128

o

Q& Activateg\%/in




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Pgad 30 wglgyy b

(e (iglys; iRl Il

53 0wl 8313 LG wolas

300 dpi (&)

.72 dpi (»)

Sl (gl S50 ol (gl 50
L 23> 31 wiSw g Wl b adLS!

.

39




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Cawl plp &S Cunl Jluowd paal 0 Sew S B Folaw dlawi loa cnd cés

QB fhiy ot o dp 5 g Bl pge > SAD CEY (e S oo ol
Cawl GV 50 pgad cdd 8 o5

ol 04 038 13 ialed 4y s €B3 36w claay Ml )

40



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

16 grey levels (4 bpp) 8 grey levels (3 bpp) 4 grey levels (2 bpp) 2 grey levels (1 bpp) 44



Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

a%a




Mostafa Shamsi-Faculty of Mathematics and Computer Science-Amirkabir University of Technology

Lol --{3)‘3 S pgal geby > B g9 93y &S CS plgi e Jlow cpl 4 Gl
o5l s ol el &y 5 willioo (0L Cli b & pglad Sy
SyuSE als & gpslal 3 cul jbysspn ruin Cusal I Sl b

Al oo ol ud cB3 o5l )l oS Ol ¢ 3,1 3939 (oL




Mostafa Shamsi-Faculty of Mathematics and Eumputer Science-Amirkabir University of Technology

Foglas pgai Bl sl by poal Cub g e cdd dpip o Cusl b
Uial30l o 0,3 el 5L 390 o YL ) yoeie lacdy oyl islshl Lol
Lo Ol bl 920 a4 Wb edy (pl 1 0gd 0 4 3o

Gl ST o)h (N pgal @p)5 & b g Gl <8 cly sl ol
&S Syge ;0 bl ail YU S cdy oS cul p5Y o5 sl anily caenl y gl
Aol phee iz €85 o5 ] bl ope gl ColS

)f‘ L;9 o )JwLo w‘) Couws ).:9.@.: olfui cJ..wl.a LQ9).)95- u.v)l.o.w RS )f‘
o] ).:UQ,Ua.o > Cow )49@ o\fu‘ cJu.ub l.tb9)b95- JM) U‘b‘? 9.5






\\

o
___E_:___,_:_

LR R R T T
R R R T
R R R R
IR R R R L
P
O

L A R B
L R B
L L L R
...Qoooooo.Om
LR L L R
R L 1 R

L2 1 R

I IR T

2 I I B

B L 1

LT T LR
LR 1 F R
ER 1 1 R
L L 1
LA R R - LT 1 R
LR R R Y I B LR 1 T R
IR R R T BE 1 1
LR R T B L L 1 R

-
-
-
.e
..
-
-

L L
L1888

A pixel does not need to be rendered as a

small square. This image shows alternative

ways of reconstructing an image from a set of
pixel values, using dots, lines, or smooth

filtering.
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