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red, = red - min(red, green, blue)

green, = green - min(red, green, blue)

blue, = blue - min(red, green, blue) (L)

Satwation

a4 naasszuna HSV
fin szuu@ HSV [ooula], idhdudie 12 nsngian 2552. éhia18an hitp:/ffivedots.coe

[su.ac.th/~montri/Teaching/240-373/chapter8.pdf.

Mnanyue luaavedszuy HUE wutezliaeeadsentiaainazminy 0 uadq

1 [ Y 9 I afrv ayaan a A 9 a}/ aA [
ansawiiny 0 uda Hue sefluymuesd(mid) daudluliawdienuuazdrisaudiauiiy
vy o Yy 1 v A aAnY A 1o oA o @ ' ' °
0 udr9zin 1 ludiawes HUE wedn ldseliaunmisuaduniums §20619u%u 300 1WU1-m

. 1 T o o 1 { 4 Y @ a
e alaanialiaumaulazrildardan ladlu lauanmaenis Idiminlumsnasan

ﬁ' =S I= Al \ 3
LUDALANUAUNIND 0

(240xblue, ) + (120xgreen, ) (1 2)
blue, + green, I
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Saturation AeanwuSgqnivesazedr Saturation fiawihiy 0 udadi1des s
Hue eaziludanduadr Saturation fiawiiy 255 weasdiag lifiuasdunauatiae
(vingle widngi 2051 : 45)

Saturation aansasiuanda

max(red, green,blue) —min(red, green, blue) (1 3)
max(red, green, blue) '

Saturation =

Value Avanuainawesd deainnsoiala lasamanuduvosnnuaievosudas
dd‘ 9 o Y
Fnszneunumansamiuln 19

value = max(red, green, blue) (L4)

1.2.3 szuvawuy HLS Wuszuuduuy HLS (Hue lightness saturation) viamun
Taw Teletromix Incorporated szfidnumzadoduHSV ol
Lightness waz Saturation

Y
AodvesszuvIzIURgny HUe

—

¥ =037 0

d " | Magenta
e
/"

/

/

L=0
(Black)

nwdb werasszund HLS
fn szuud HLS [eou'land], S adio 14 nsgian 2552, a1 http:/fivedots.com.

psu.ac.th/~montrifteaching/ 240-373/chapter8.pdf.
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a

A ' = g é A A 90’ 'd‘ a A |d‘ ) 'd‘
Hue Aemvesdnanaaiimihtuegh 0 oeen dereghn 120 o nazduasegn

240 9aen

Lightness Aesinnueardnegaasiidandasumlasamuuannu L Tasdi L= 0 azifly

Y
aen L =1 azdludan aunsadunaldasi

max(red, green,blue) —min(red, green, blue) (1 5)

lightness =
g 2

Y
v AN

Saturation Aeanuugnsuesdannsam lasaiiae

max(red, green,blue) + min(red, green, blue) it <05

max(red, green,blue) —min(red, green, blue) (1.6)
max(red, green,blue) —min(red, green, blue)

2 —max(red, green,blue) — min(red, green, blue)

saturation =
if .otherwise

1.2.4 szuuduuy CMY (Cyan Magenta Yellow)  fluszuuaiivianniuin
I¥dmsumsfininng Taefidndnded Cyan Magenta uaz Yellow #sSendr Subtractive
primaries Color (Fuas Weamazthizu Sendr Additive primaries Color) szuuduwy CMY

Y
ason la lagmsiin adluszuy RGB ausugdundiiae

C=1-R

Y=1-B (L7)

=\

sguud CMY  azih g msumsnunnmduass idminaisiiosnnsala
v

Musnadad Idednnndos aauiudaimileszuy CMYK unulae

u

K=min(C, M, Y) K fludii 4 unude

C=C-K

M=M-K

Y=Y-K (L8)
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1.25 szvvamun YUV IddwsuTnsvienduuy PAL naz SECAM &asaiilsf

] ' ' 1 o o {2
ogluvaieg Uszmalae Y Ao Amanuainavesnm dudaana U uay Vidludyanaiiny
advesnm aeunldtszuy YIQ anldunwilosninwundyana | vaz Q awisoan

Bandwidth 1&annndayana U naz V luvas it I@nndifiasn sy
126 szwvduwy YIQ duszunildlu TV Broadcasting &1 w3y NTSC

UsgTeminanniiie 19 1¥nu Idnu Inssisniuuuand Tasi Y Aoanuaivesnn @i |

1]
a9 v A

) Y
uaz Q wiludyanaihswadvesnin Bauiudmsy Insvimivindniuamnsalda Y a
a3 ¥ = @
weanamnsn ldnmnauysel
[ 4

127 szvvdwun XYZ duszvvai CIE 1dsmualdfvwiumesgiu
i1 H 9 9 9
iiosninluszuud RGB dshiansaadheadndlu i Idiimuadniuieldtiaeszungd XYZ
= aa X
FuiluszuudNavyavy

q

2. msldsnwesgzinw (Image Acquisition)

d v A 1 ~ ] a 14 <3 ~ 9 Y A [ ]
Mlél‘lelflilﬂﬂﬂ'J']ﬂ']W‘V]’E)gJ’sluﬂ’fJ1JW'JW]’E'Jﬁﬂ%lfﬂuﬂ']WT]llﬂiJ'li]'lﬂﬂﬂ’E)\i'JﬂI’f]ﬂﬂl%u

A g 1 v @R S a ¥ Ayy g @ '
gUnmavegluTnsemd deluanudues viugdami ldunivnanglnsaivais edis

i3t mstafufiuandiady ﬁ’a&ucluuwﬁﬂzﬂdnﬁqqﬂﬂidﬁﬁlﬁumiﬁw gia g
Aouiunes uazTssanuveunazgUnsei(gnsun aan 2550: 35)
21 snmildnonanudavesuas (Intensity Images)
anuduveasdnsafzdsnnldiduguam 1§ TadeUnsaimadn

a a

s o ' 4 . d @ 1 £ o
srannseindninsiuinasumaasy Photosensitive cell Faginsaidsnaniiawisniia Tu
< Qy 1 ] 1 A Y [ I 1 = 9
Wusudrnveanaosmegime 15 lumsuendyaavesdsoanuuiuidaz gave 11w &ad
9 g}/ < o A
AoamsgiUnmnsruanasnila

9 as =) [ ~ 9 ~ 1 ?,‘, I [ A

A18ITMIAeINU TagmsuanugannyanaeInisnnauiumiunannisi

H A v o = 3 o 1
Baird 1daaduanlsluszun Inssimbiuszunusn gilasainlslumsuanuazidludnuzusiu
= d' 9 é 1 1 Y ] F 2’, d' ] [ U
nay 9 Nreeinz 13 waazvesrzoynaliuasnn 1 garuldmniu ieuruaingtn
o A o Y Ao [ Yo o A 1 1 =
vyullsey q3am @nvimmihnsudygrues lasudyanafdiuuvesaaaz 59 ¥

9 v
Tumsuanuivazimsuanuuuuiazussia (gnmite Uszno)
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Eight holes in

a spiral fashion

in rorating disc,

Each hole scans o

one line of image Projection of
(Nipkow disc) object

board ‘\ Rotating disc [
Object V| Scan 2
B - Lens lines —f~
B - . —? Phqloscnsilivc
2 l ‘ | device
Niumination _Ray of light
for object iJ g : £
iDrive belt P.rojsction of resuits uses
| similar cquipment with a light
source instead of a
Motor photosensitive device and a
drive screen instead of an object

A0 taaIns 1¥nTzuIUMITUNINYDIIA TotasMILaaINa
A, ] ) an Y = A o o
. msldnszuaumssuninesda lenagmsuaasna [ooulmi], Whdaie 11 quanius

255119 Iaean © hitp://fivedots.coe.psu.ac.th/~montri/Teaching/image/chap2.htm.

v

o v ' A o Y J @ = 1 o
wanmsasnarnidindddglnsaimsuanunig 1 aalumsuanunaazass
& A A Y Y Y 9 [ & g @ o
eanuFene 1a vzdealdednies 500 vssiaaemsuanuniienss lulszmasanguih
v v 9
szvvaanan llFluszunIngsimisald 625 vssiademsuanunilenitaboninszuy 625
ling system & luszuuInsiminmi ldvzitlunssia Taglisuiludeaonoanuuiluudas
' A ) o S ' 3
9 ualuszuuaeuiaaeivzdealdgiammiundazgalunuiveunazuuiaa
2.2 msdugilmmmuuaerides (Real-time Capture)

SgUmmgniunuudeiiiosd Wuszdealdynmedintes 25 jildenila

G G

A iediag Ty 3R ludeniies drginmiidesmssamuiiuTuTudl 256 sz szdos

U

2.2.1. mssaiiulu 1 Sinfierdesldiiled 6.25 Moytes
222 umsmeToudoyasiuan 625 Mhytes dodundlidunios
vt uiludealdginsaiiiiu@mau parallel interface wie serial interface Tassisasn

anuEegation 38 khps

[ U

2.2.3. aouiunoiazdanudeyasinan i lunianudwe wu Hard-disk

U

ua linasezsaiiy131u floppy-disk iifesnnianuslunsaeTous
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2.24.m3vhdfeyansg Hard-disk agsirmsareTou 1 Wfidonss

2.3 smwnund (Color Images)

9

== 1 a 4 A o Y a J
11ﬁ!ﬁllWQﬂ@1JW’JW]@3ﬁ]&‘LﬁEJ‘ULﬁiJ@uﬂﬁuTﬂTWHﬂQﬂﬂNW’Jmai 3

MIININLL
Y
o I
sylunaiReiuFineasideatuediuszuuriavesdluszuuRGB s ldanduiludua
a A = %’ a Y o [ 1 v &R o I ¥
filen wazdinktu lundesniegdazgimsuenuaudainaesnainiuiaild ldgdam 3
I = a A = %’ a o w
s Wluvesduas MAer azmihituawday
2.4 sumwvmundlusaa q (Range Images)
o ] [~ 1 ] @ @ 4 [
aegvesgUnmuuuiugieg wu nmssudygaveusals MssuaIm
a Ay oy vq v ) q ¥ & 2 9 2o
wiiadl li'ldldsanuduvowaawaldszozinuesingunu Feszuuiiozldlunmsmiing
FunasuUeIIUIIHUEA19Y lumsiadeuve g Hurzdefszoyiavesiagaieg
1} 1] A d @ 1 o
wonazlimaaumatlulidreanuiasans szuuanudueaaday lamsoiunly
vonszezyivesing la
% a sl
2.5 szuundediale
9 Aas Y o [ 1 A =\ é’, Y an 9y

52UUNA0920 1o ldwanuiedeaaiiiod lasinindssialovuuIuly  ndoq
as = dyw Y o d‘ 1 %
A9 Tonuud wenantds IdwaunluGeweswua ANuae uazaNuANTAYDIFUN N

Y ac ° ¢ o 2 v Y A
251 ﬂﬁﬁ)ﬁ)ﬂiﬂ!mﬂ’lﬂ?ﬂ1 Q‘]Jﬂimﬁaﬂ‘] YoeszvuHUsENeUAIeanaLNIN

J A

=) [ Sld' [ Y 1 aa Y 4 = Y = ?;'.; =
u ’JﬂjgLﬂﬂﬂﬂﬂllﬁﬂ?jh@glmznwahﬂ ﬂi“’ﬂ’ﬁ')‘]Jﬂ’JEl’t]’é]ﬂulﬁli@ﬂl’ENﬂ‘UﬂUN 1 NUDYDNBUNUN

[ v
(Z

o { @ o @ I
jﬁﬂilﬁﬂ?ﬂﬂllﬁﬁﬂ?uﬁﬂﬂ?ﬁﬁ]ﬁlﬂuﬁﬂ AU 1?’]31“@11!1/]11!5] qumuma"lﬂmmmmmmm
' A ' < o ' 1 2
LN INNINY ﬂqummmuaﬁlzwullﬂq @fqlﬁ DINITUANU ﬂ”lillﬁﬂu%Slﬁuinﬂﬁﬁ@ﬂuﬂi‘ﬂﬂﬁ
] 1 ) adg @ < I
i’)g@]@uﬁ)"lﬂ"llﬂﬂﬁﬁ@ﬂuﬁlﬂﬂaﬂﬂaTLLﬁﬁm@ﬂ@Lﬁﬂ@]i@uﬂﬂﬂNT aﬂ}lﬂlgﬂli’)\iﬂ'ﬁllﬁﬂuﬁﬁlglﬂi‘!!,ﬂlﬁ
R Yy a o A A a 2 "o 9 ~
aster (nanuauuuiasiiazussia) Auivelszydaanseuaziuegiuanuduuoasi

I85unaunniagNg Kuang, Nathanel Poo and Aun Neow 2001: 2795)
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2.5.2 ndod3alanuua

Crlass windaw -

Light-sensitive
semiconductor material

-

~ }——"To amplifier
UR

a
+40 W

Connection ring —

i [ Tassadnvesndeiale
A, 9 Y A Y R A YR Y
;. Inssasavesndesiale [pou'lar], whiwile 21 wauaaw 2552, Whnaldean

www.sony.co.th/support/fag/360996.

Y ax =y 1 3 I 1 Y ad o =
NA0999 lpuuAeE 1Nz uaINVEYINADIIA ToHUDYIIAT NINTOITIY
gminnly  Tasegizwinauduaziaggunssinldlunisnsesiisndualaun  FIC(Filter
Integrated Color) &ulszneudienasauiiniidinsesedsd uaazusnuRuanaiuYeIiag
Iy %} a A =) I @ oA Y (3 ' ' (2
v 1ddua 1hitu wie duadudnenainldeinmsiavesnazgaazuanaranueen la

Avesnnuduveanawaazya(Wilson 1995: 3440)

SN | }('rnlﬁ'ﬁn A En e
Tilpces wrindoear .-I —
Target ! EH‘ Ha ;r‘ [ Caukide
Target conneciion ¥ - ! L
i —

[

T .r B
T Huorizonial and vestical

EET-TwIFaAT.,  dellection coils
H"F‘Q-\:us.i.rg:g]
d‘ % Y as
28 awdaveandesiale
M. nmdavesndesiale [eoulai] Whnaie 21 wguman 2552, 19110 Www.

sony.co.th/support/fag/360996.
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2.6 msduaw (Capture)

Haans N lannnaesadd ledruanneztudauanaluszuuRGB  Fdnuieinsal

g9 a

a

@ 1 1 o a d o & Y 9 J A @ 1 9
ﬂ\1ﬂﬁ']')il'W]'E)ﬂ‘U‘ﬂ@ll‘w'JW]flﬁfﬂ']LTJ‘IW]’l’)\?ﬂlﬁb'@“llﬂﬁmlWMlﬂNiuﬂ’]ﬁLlﬂﬁQﬂWWﬂﬂf‘lﬁ"l')t‘ll']i;f
9
Y

a 4 A < o o Ao 3 Y ' o
ADUNIIADT Iﬂﬂﬂ@ﬂﬂﬁmuu%gﬂWﬁMWﬂiﬂﬂTWHJuW‘Iﬁ‘JJ‘] Tﬂﬂmmﬂwmammmmm

A s A A o I aa A = 1 o <
aauNeesimenvzLlasduaiaeuiaenuainea 15 919U HUIANNI N UVOIAUIDY

g 9

Famireanut dananizens Frame Buffer(3Tsevd esena 2549: 52)

2.6.1 msmlasdaanaminemnaenlifsduanaianea

' ] ° a s 9/3’1 Y =Y A o 9
{luﬁ')u"ll@\?Wu')flﬂ')’lllﬂ’lmﬂﬂﬂﬂuWﬁW]@iﬂi%uu Fﬂgﬁﬂ\illf;ﬂﬂ'immﬂ'lwu']

e

" o = Vv o aa A g A A A
L!“]Jﬁ\‘lﬂ'NiJﬁNﬁﬂEJGUEJ\‘]I’Jﬁ@]“]ﬁlﬂuﬂu1ﬁﬁ)ﬂ GlmﬂuammmmmmnLﬂugmuum LW@‘VH]Z{IW

g

@

uagiuawisaves AID uaazda lu
9

a ¢ y v < P
aouimesasaldnldnnugs Tunmsudadiiy
< A o gy ¥ ' v ¥ 1 a A
sruumanuMnuuuaiioad Wudedldnsulatedinies b drunsenedui
d
2.7 wamuuas (Scanners)
dq Yo s Ao A A vy ¥ = o Hq ¥
nszunumsnldnuginsaiuanuiisnuinn menaz 1 lanmiausa na1nls

]
Ty A

< 4 = g’; ~ A ~ ~ ~ = 1 o
Tumsuanudgunsainanuiinuuvinisuiuazuuuiegnun Tasinnuazideasg1aa
H v £ H a @
10 dpi (3esietia) 311541000 dpi vrewiia szliduwanuuuuiuuoniivaunaufon natzuany
: 9
wihmanaouuaniug llawsnavesglnm Taslnaziamuuia 2000X3000 vz 1510an
oon11 20 3und
Tapvmanvesginsaiuanuilsznoudae
Iy v g
- gnsoudnu ldnaz gy
o A A " Y
- yunszUIUMsuanudureno lula

4 Aq YA g @ da! "o o o 1
- aﬂﬂimLmﬂuﬂ%umﬂumlmﬂu m‘il,mﬂui]mlm]gﬂummﬂmmmumm

E]

=

A A
YDAULFTNUNIAAD U

3. szuundeinsimingesila (CCTV)

szuundesInsimiaeasila (Close Circuit Television (CCTV)) fe szuuns
vuinawaaeu Inafigniunin Tasndee1aastlaCCTV Camera) Fadluszuudmsums 14
& o o A ¥ A 1 s A 7 A
omssnyinnuasany WieldiensdoadosquamanisaivsodnIumsaiaige a

wenmiionnmiinyanuilasado(aigns ans 2549 40)
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asdlsznouiidday fe

1. ndeuaziaud (CCTV Camera and Lens)

2. maadadwmisumsdedyananmuaz didudasuuawes (Sinal Cable and
BNC Connector)

3. wSeniufinamuazeeuansna (CCTV Recorder and Monitor)

v
aA %

szuundeslnsiarnestlailinuludegiiuiill 2 drvas Ae
g H a (5 { o a ¥ '
1. Aagameda(Fixed Camera) wiondesdnagiundindesazinnioguuaindos
A A = ' o A A a Yy Y A A

Wi00ua B9 liawsavzadunsenyunlasuianialunisgla srdesnsnyunionlaou
A 3 9 v Y Yy = = ° T Y
AN NazAeInARINdBIENEDNIINYINADY ez Asudumiiald

2. awnsonyulSusiamiald (Moving - Camera) siterilumsiiiuilsz@nsamlu
m3lFau szuuIngsimiieesile Seldimamuginsaiisznoudh i fe grundesnyuilsy
wald ansanazalSuldvyudne / v du-we 1@ (Panand Tilt unit) nazervesiiginssion
wien 1wy uddivuaninld Zoom Lens) uazinsesiundos (Camera Housing) 1iludn

(Jerian, Carrato and Paolino 2005:49)

ununsnayves Video nidemsnaumumsSamnnuilasast
A
UNUINYRIIND
A g 9 ¢ A A
1 edesmsirhgmemsal wieanwaaou lvinnszes Ina

L AL 9 9 2 A A4 o
W‘mncmmmmmhgnﬂuwumﬁmumw

©Q

fosmsithguyanssy uuuvavseu (Cover)

U

1] v
= A =

P 3 9 A 5 =
Hanunaeu lnuiisuanios wie lutimelunsnauiithg
Al A 1 Ay b
Hiunvareuvs desmaithy
Tracing yana wieerummvuz anmadn ligidhwnegaie

1%Lﬁ%uﬂﬁﬂﬂﬂ3uu1ﬂiﬂﬁ M3snuAnulasany

O~ o Ol w oo

NIUHANFIU
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msdszgadlilunuamanuilasase
1. Indoor/Outdoor
2. Indoor: melueras daulugjesfinauazannadensun fingi
3. Qutdoor: meueneras
Insdsuudasveus eglasanen
anmuadoniindsis (qungd, fauide)
Ay lden
4, Fix/Rapid deployment
The Bottom Line
Sensonaeumsynynnse VMD
fufududon

1 9 A [
VDY ANDUNY

Ugndoya

3.1 smwsmvesszunlnsiimiasesila (CCTV)
3.1.1 Primary function vesmis1dmwInssimizeestlaluausnmina
Uaoanuno aaﬂﬁﬁhmﬂﬂaﬁm%’umi%ﬂmmmﬂa@ﬂﬁﬂ‘ﬁmuauﬂawﬂ@uhaﬁaﬂw
A lasel
3.1.2 saddsznendidyiiozin 1 1§ngenmiale
1. unassuiiauas (illumination source)
2. wigmisainseaniudl Fadesnisq (Soene)
3. Camera lens
4, Camera
5. idumamsvumsnniale Tdagadithe (Monitoring) wieiuiia
(Recording)
3.13 inaTuladndosInssimireasilaile
- 114w (Capture) Fsnmitaansanowifuld (Visual image)
- 5ualaou (Convert) lufudwyanaiale
- yudodayana (Transmission) snganiialisiBnganils

<
(1301010 90 19)



- AR
a o A <3 v K 9
- Nuimweanu Wiethuiiunn 1314
I < 1 Y I~ 9 Y
314 dlumsveeveuamsuouriunazaeInueuiiu 14 ulegauas

A
aoIuUN

CAMERA SITE COMSCOLE MONITORING SITE

MONITOR
(CRTLCO)

WIDED
CAMERA

TRAMEMIZEION MEANS (R,
CABLE

COAKIAL

UTP {UNSHILDED TWISTED PAIR)
OPTICAL cocooH

WIDEOC
PRINTER [

N

O cooge |
ILLUMINATION |
SOURCE
iNATLIRAL, | VIDED RECORDER
ARTIFIG ALY | IEVRAWCR) ‘
|
L1
- —l

mwit o Single camera video system

fin - Single camera video system [Onling], accessed 12 September 2009. Available from
http://www.nhewscientist.com/... ;mg20727684.000-animated-3d-mocdels-extracted-from-
singlecamera-video.html,

3.15 d@urlszneuma Hardware g
3.15.1 waud (Lens)
- wasnnurasiudiauasnannszny SCENe udaziou(Reflect) 1
hansrsaufiumaldisniug Soene i g
- udihmhiisauason Scene wiildiRaduamues Scene vy
#3unw (IMage sensor or Camera sensor)
3.1.5.2 ndoa (Camera)

A

- ginyainil Image sensor eg
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- uae Image sensor Hazsimihiideuunlaa Visible scene narwihy
Yoyaa Tl (Electrical signal) ivel%eglugiluuuiivusielalss Remote monitor, Recorder
'1&(G.Rampani 1996: 630)
3.1.53 Transmission Link
- o (Media) virdayanas T (Video) fiensavumennndodlss
Remote monitor, Recorder 183 ee1aminesa Tnssthenouiiunesilfuuais ild
- Media: Coaxial, two-wire unshielded twisted-pair (UTP), fiber-optic
cable, Wireless (Radio frequency, Microwave, Optical infrared)
- Network: LAN, WAN, Intranet, Internet
3154 dymuananmusesanin (Monitor)
- it dennlasdyanaTvih Gale) nsuniunwiiaunsa
wouiu Idudniunuaasuuniihneves Monitor
- Video monitor or Computer screen
- CRT, LCD, Plasma
3.155 ginsaitiuiin (Recorder)
- tfudinTaonansaviedonaii(TL)

- VCR &atiuiinasuu Magnetic tape cassette #3e DVR
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NATURAL OR ARTIFICIAL
ILLUMINATION SOURCE

SCEME VIEWED BY
CAMERA/LENS

LENS
CAMERA

/ LEMS FIELD /

OF VIEW (FOW)

SENSOR:
GCD
CMOE
INTEMSIFIER
THERMAL IR

6. VIDEOQ OUT

FPOWER |M

i 10 Video camera, scene, and source illumination
fiwn: Video camera, scene, and source illumination [Online], accessed 4 March 2008. Available
from http:/Awww.mpi-inf.mpg.de/resources/hdr/vem.

3.2 uraannveamniale
3.2.1 uninvesuaaazmsaziou
&’ d‘ . a 1 1
Scene w3e it mnedaneaiiuld fannmsdesainaves
. i g
Natural or artificial light sources u&~ Camera lens ‘185 unasnaztounin Scene viv
- Camera lens vz samuerala)éia Image Sensor 8nasaniia
Tu Normal Scene 10153, 50, yana wazouu egluves 25-65 ua
Scene Mlnagu ldetiug o1mazaztouds 90%
Y v Y
aaiutFnanasi 1d5uanaud 1wiuegiu aAnuainaes
1 o A Y S o Y a
urastuilauas, msaziousin SCENE uazammussormaluvaziiu (e liinans
= Y
aaneulsuauasnazioun)
- ;mafeuunaziu hldiRanmsaanounsenaiiou (Distortion)

w09 SCENe s meatiulg
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- ndeaduInajizihan I&tunaaludmnnuevesnaugas
Feriuiuinuduouiiuld
3.2.2 m3vhauveaand

- Camera lens nfSsuifiov I uiandavesud Taermihiisaus e
azRouain SCene Wnnfigamhiiezih 18

- sauuas (Focus) ‘laJds CCTV Camera Sensor

- ruddiinnueveadurugudnais (Diameter) mnvzannsosiusaw
wera 18undae (uu SENSOr azls1ngninitadnandt uaznmgaieounveusdana doudn
a)

- malFnuiiRertosiunwia Todaulva) o214 Fixed-focal-length (FFL)
Funifloufumvesuyyd ATA lumsueudi (Field of View: FOV) finad

- fodu muduu FFL a2 1% 18nmues Scene fislviadiasii (Fixed
Magnification) drensuiu

- FLs (Focal Length) fiuangrariu agvi 118 FOV uas Magnification fighs

- randaaulvg) vxilahugSuuas (1S Diaphragm) enedsuldaudsouas
I8unttes amanumanzay Automatic-Iris CCTV Lens milounuaudaimyyd i

aoellsunae Tneon luia

EYE OR CAMERA SENSOR SCENE

CAMERA SENSOR
FIELD OF VIEW

EYE RETINA
CAMERA SENSOR

EYE FIELD OF VIEWX

AT SCEME

EYE MAGNIFICATION =1
EYE LENS FOCAL LENGTH =17 mm (0.67")

aditr Commaring the human eye to the video cameralens
fivn: Commaring the human eye to tye vido cameralens [Onling], accessed 20 March 2010,
Available from http://en.wikipedia.org/wiki/Frame_rate.
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3.3 mahauvesndealnsiminesia
3.3.1 Video camera sensor uiazaee3idnnsedindmelundes szldeunin
Tdudyane 1Wih Avnzausumsvudie'ldds Remote monitor, recorder
3.3.2 Camera sensor
- Solid-state CCD uaz CMOS fims1Famnniigalutlaguiu
- T Scene Aisiwararion (Low illumination) sin1#f Sensitive CCD Camera iy
Infrared (IR) Illuminator
-1 Sceng fifuararfosunne uag lidas (N0 Active illumination) sinl4 Low-
light-level (LLL) intensified CCD
3.3.3 msvuniedoya (Transmission)
3.3.4 dayapalih (Video) gruuane’lalda Remote security monitoring Site
Tagr1uN1g
Coaxial cable
Two-wire twisted-pair
LAN, WAN, Internet, Intranet, Fiber optic or Wireless
msdaen Media 5o Network %uagjﬁ’uﬁm’i’ﬂdwq 1B TLOZNN,
anmiaden uaz Inseadeszuuaisisyl Tna(G.Ramponi, S. Marsi, S.Carrato:2001, 54)
34 wuymamsiaenly
- szuza (3-150 was): Coaxial cable, UTP, Fiber optic or Wireless
- szozon7 (iRund1 150 8 2 nu. viseluanngifimssunauge: UTP,
Fiber optic
- szozeung Wie senaeani ludh lianunsnas Ground 14 viie
luammnadeudiguuse iy Swgihazueaios : Fiber optic
- ¥@1eq 0 lawas viseseunadies; Internet
3.5 msmauvesveuaaImn
35.1 uasdayaavih nduanfunmiiveainlg vuveam
3.5.2 Final Scene (nmiinewdin) iaain
- Swasdidnasouiinnalilun (Scanning) eguuaeniw (CRT) wio
- msuansnwuuuyaaeya (Point by Point) uuveniw (LCD or Plasma
screen)
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3.6 msvhauvesgilnsaiiiuiin
Funand 107 VCR gmiunldlunstiufinnmwdale aluuvw Realtime uas TL
ieanniinnuiede 18 uazivszaniamlumstiufinnmmansain oo luauns
Fnwianuilasany
aoan DVR idwumudi iileaniniianungede 18gen1 denfSeufieussnire Disk
u Cassette tape DVR daamnsasinisduminin’dsiaiandt uazuenaind ierhduun
73 To e Copies vzwu Cassette tape vz 1¥amnmveanniaTe aasiaa(Junghoon
Jung, Shichang Joung 2003 30)
3.7 awadawu Scene (Scene illumination)
371 Scene fanwadnald iesnin gnaesaiieTasunasiudiauag
3.7.2  Monochrome camera enansasinausuasnnunanuiala
373  Color camera Resnisuas Fefosfinndiiogluduanudfinyud
woudin 18 naznsazadoslinnuaugasudie (Balance) SwezRailunmadvonsu1d
374 weesvinunasduiiaawsssuwa (Natural Light) nesenasseriag
Tavass Aol¥iAa Highest-contrast (Anmnanaisssvisanuiaduanuaig gefiga) vu
Scene wazsh I aunsnssyfnuvesiag l8uniigadaailefimanlnagy nasii18suosas
wag Contrast Avzifesasldae
315 ndesaz1d Automatic-ins lumsdFuuaslimungau
376 avwadienu Scene Hwiisesidlu Foot candles (FC) Taediard
wanwaesaud 10,000 74 1 wievoeniniu
317 nasminasasunsuu SCeNe aunsasuldTasndes Monochrome 7
A Tauaainn (Sensitive)
378  lusouiidauaaudinn;
Low-light-level intensified camera 3414 ICCD 1l Image Sensor s
anw'lauasgani CCD fidfiga 100-1000 i (1117 gena1 10-20 111&2)
Monochrome camera with IR LED illumination
Thermal IR camera

wietaszauuaa (IUX): 1Fe=9.3 Iux (Taerszinan
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NASA/IPAC 94?

e |

I ‘ 1B eo
' (L 70

696 °F

Ml 12 waasamuareun Scene (Scene illumination)
fin: uaasanwerhaun Scene (Scene illumination) [eew'lav], hiaiile 15 uns1au 2552.
whina Tdwn http:// www.nhow2studio.net/main/index.php?topic=322.new.

ea1aii 1 Light Levels under Daytime and Nighttime Condition

ILLUMINATION

CONDITION i W COMMENTS
DIRECT SUNLIGHT | 10,000 107,500
FULL DAYLIGHT 1,000 10,750
OVERCAST DAY 100 1,075 DAYLIGHT
WERY DARK DAY 10 1075 RANGE
TWILIGHT 1 10.75
DEEP TWILIGHT 1 1075
FULL MOON 0l 1075 LOW
QUARTER MOON 001 01075 LIGHT
STARLIGHT 0001 001075 LEVEL
OVERCAST NIGHT 00001 0001075 RANGE

NOTE: 1 lux = .093FtCd
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38 wasiiavinmsatstuveasnwd (Artificial Light)
msdesaefuuudataiy T e ads fuiinieueneints

(Outdoor) siiel¥ansasuam3aTeld Tunainarsdn 1w Tungsten, Tungsten-halogen,
Metal-arc, Mercury, Sodium, Xenon, IR lamps, Light emitting diode (LED) IR array

3.8.1 Tungsten and tungsten halogen lamps o2 1¥@fzinuauga duius@
figadnsu Color camera

38.2 Low- and High-pressure sodium-vapor lamps asvi1uybdaunsa
sufaennan 18aiga uaidluuredmanuimely @hiduaz@er) vldhiminz sy
Color camera

3.8.3 Metal-arc Iamps BANUMINZ AUNN AN UIUMUMTTNEIAY

aoany uaguanud luduaaiell 39 limnzsunundesnmsaannuosd

q

H v v
A A =

384 Long-arc xenon lamps Iviqanimves@nddoniiga uaz 1a5uns
il 10 Vsnaauufmueneins, Usnaaueasnvua ng)
3.85 LED IR arrays sinAaogdu Monochrome camera uite 14de e d1alués
fiufigaues shiteane (Choi. and Galatsanos :2001, 377)
-uszezduq (37 was) 15 msumudiyune (Wide angle lens)
- Tuszozihunaia (8-60 was) 145 wnuaudyuunarstaan (Medium to
narrow lens)
- Tumsaduadesadnneslueims (Indoor) fu@eriuaeueneinis
i Idvasa Fluorescent «a«
- flesnnuasmolunmsdeuduned Teenlisuiudedlfaudid
anwaango Automatic-irissnitunsnailndwihmelszguiesus Afimanlasunlasues

GRMERE



(B) FLUORESCENT (C) HIGH PRESSURE SODIUM
* STRAIGHT
U
(E) XENON LONG ARC (F) HIGH INTENSITY DISCHARGE
METALARC

NOTE: PAR =PARABOLIC ALUMINIZED REFLECTOR

amidi1s Representative artificial light sources
fiun: Representative artificial light sources [Onling], accessed 25 March 2010. Available from
http://www.freepatents online.com/5648656.html.

3.9 ahwamzves Scene
A Al Yo 49! "o W A
AU MYeIINIa lof 1451 Yuegiuanbmzyes SCENE Mllanuwainvay
uanaanulidae

- STAULE

ANANTA tazAuMANA1IsE IR ialaueaing
o 1 v Aa o 9 A a A 1
- JngeguuninraIninNuFuFoursogundrse i
o A A
- Tnguyatia vsemasy I
3.9.1 Sagdhmane (Target)
@ ' o o o @ { <
- FZAVLAY, ANVUANANYBIINY NURINHAT HAZYUIAVBIINY NNBUTY
1 4
1nnded ransznudeanuannsalunsasiany (Detect) vosuywd
U ] 1 U a &’ T 1
- @vdury dandurausaaiudoalsya Suegniunalanguinatg

o H v o Jo @ o
- Swanves TV LINeS Sanudmiusnuszaumsuenues Jagdhvue

28
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4z N

DETECTION 1 TWLINE
ORIENTATION £ 2 TV LINES
pi
RECOGNITION - 5 TWLINES

o

i

o

L4
IDENTIFICATION "\Rﬁ 7 TVLIMNES
7h 1 /

NOTE: 1 TV LINE {(ERIGHT AMD DARK LINE) = 1 LINE PAIR

nwit 14 Object size vs. intelligence obtained
fin: Object size vs. intelligence obtained [Onling], accessed 25 October 2009. Available from

http://www.freepatents online.com/5648656.html.

3.9.2 msaztou (Reflectivity)
- msﬁsﬁ’amaﬁﬁq%Lmﬂ@ha‘lﬂ@md’mﬂi:ﬂamawﬁuﬁa (Texture) vos

EQ
Pia)]

o Aa 9 a o q ¥Ya A vy
- :]@Q‘V]ilﬂ'Jnluﬁrlm’ljﬂ(lu’ﬂ’]iﬁg‘ﬂ@uuﬁ\jﬂ ﬁ]gﬂr]zlﬁlﬂﬂﬂ’]WVINﬂPJ]ﬂJﬁan@fJﬂ

Y Y
Unaeduaenieegninmune@idior vinaunAnInaoaz g
[ 4 [I~1 1 4 o
Texture mennu tiewesarn Monochrome camera azuos lifiunded tiosan TudsRouuas

1alndiReenu uariinuesain Color camera szueufiunans
oy Color camera vzaaeaursanenues Sag 1duanna(Bascle,

B.Blake and Zisserman 2001: 580)
3.9.3 wansznunnmaen'lna (Motion)
- dleTagndend wliiedents Detect udvir1+ recognition 1deand

. 4 ' ) .
- Tuawn Scene imsinaounves Target ed1esaaisy asaenldndeid

oA SCan ga

3.9.4 quinigiivea Scene
- gungives SCene lutinansznusae CCD, CMOS, ICCD Sensor
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- Sensor wea Thermal camera vziinaw laegamgiives SCene ga ugdiins
Wasuuasgamgiiisadnitos famsasudld
3.10 raua (Lens)

- fhmthitswsmsasfiaztounin Seene ugasau (Focus) asuw Camera image
sensor

- urinveaudmann Lens ves CCTV fdeimvesudamnsadsunnld
T 18nmeasanats 10% veq FOV (160 o4s1)

- sy Medium FL lens: 16-25 mm.

- andleiu CCTV fimarnnaouuy saud FFL manual-iris lens, Variable-focal-
length (Vari-focal) isianusudoumnndy auda Zoom lens 74 Automatic-iris &+ Automatic-
ifis Hermnsoin |19y Lens Iémnuuy

3.10.1 Fixed-Focal-Length Lens i3sn@naeaniiadr Fixed FOV lens Tasdi 3
HUY AB
Narrow (Telephoto) FOV: High magnification, High resolution, High
identification capabilities
Medium FOV
Wide FOV: Low magnification, Low resolution, Low identification
capabilities a4 1/3-inch format camera sensor
3.10.2 Zoom Lens
aw13011 1) 1952 Teand 1duinnn ualianusudeuuinna FFL lens, FL e
Jsuidenldnarnnans daue Wide-angle s Narrow-angle FOV  gafuiiaz 1§ FOV 4
wanwaredamuiu Z00m lens sinfleanin1sauiu PanfTilt ifesi 114 FOV fixnni

=S
on



TELEPHOTO (MARROW ANGLE)

2.5 TO 15
FL=150TC 25 mm

NORMAL WIDE AMGLE
15 TO 45= 45 TO as=
FL=25TO&mm FL=2TO 2.1 mm

l‘.,,@

*SENSOR FORMAT: /2"

nwdi 15 Representative FFL lenses and their fields of view (FOV)
fiun: Representative FEL lenses and their fields of view (FOV) [Onling], accessed 26 October
2009. Available from http:/Awww.cloudynights.com.

CAMERA
SENSOR 10.5—105 mm FL
ZOOM LENS

WIDE
AMNGLE
10.5mm FL

HORIZONTAL
sENsoR | FOV (DEGREES)

NARROW
AMNGLE

FORMAT | wipe |MaARROW
10.5mm | 105 mm
1/4* 188 2.0
1/ar 24.8 2.6
12t 33.0 3.5
2ar 455 4.8

i 16 Z0om video lens horizontal field of view (FOV)
fin: Zoom video lens horizontal field of view (FOV) [Onling], accessed 25 October 2009.
Available from http://www:.cloudynights.com.
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3.10.3Vari-Focal Lens
anninih 1Kl uanumsaiviennudesnisi@edduny FFL gu@oany
Zoom lens, Vari-focal lens ‘185un1s1iunld fims1z FL (Focal length) enansedsunlaeu’ld
walunwy Manual waz Automatic, s1a1gn wazfivuraidnn1 Zoom lens uddes Refocus yn
asait FL u/dou
3.10.4 Panoramic-360 degree Lens
¥dmsuanumsainioanudosmsfiazfiuamlunuy “all around” (seu
fame) Taondesiildamauddszianil eziesdidnnseiinduamssiuaanig
adiamaaisrolfuamlduaamauureninld dafunnildvzegludnume “Squeezed”
iteluanswumeiisiiald udansash Digitally panfiltzoom lugaiuiiFeaula’ld
311 mshandagitalveandesCCTV
Camera Lens saumas I I¥inan oy Image Sensor wuw Point by Point a1nii
2sdidnnseding sxshmaldsuudasnm Wnaeiludayy i ihudadeesnlande
dyaa (Media) ae'lal ndoaCCTVIutTagaiuly CCD wuw Color uaz/w3eMonochrome
Uszinnveandes CCTV finannaredaudsaagn i Single printed circuit hoard
(PCB) camera 1w mFemauduasdinanuuil Housing was 1is Housing sn1#1douda ndes
Afsmunaaadandeainazd C wie CS Mechanical Mount g wsul48aaudunudiss i

[ Y

fudndeaniowaniifinnuaunsofies wu ndesfindoudu LED IR illumination arrays
Fanltueauiulud lufinaqld
3.12 ndea CCTV: Scanning Process
7 2 nszuaumsi 91y Camera uas Monitor dwsuns Scan:
- Raster Scanning
- Progressive Scanning
Tuedn Analog video system wawua 1%/ Raster Scanning udduilu Digital video
system Tuiloqaiu 14 Progressive Scanning dayanasiignuusieldludeihdyanamuua
1 szeglugduuuiidend Frame veanwdaTe(Joung and Paik 2004: 474)
3.12.1 Raster Scanning (Interlace mode)
- usag Frame isznoulidae 2 Field
- duisaz Field gnuusieTasld 1/s0 Sunit s uaazFrame 13iaan 1/30

9
i wsona lan Tu 1 3ud aunsovuae Frame veanm3ale lananua 30 Frame
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- NTSC: 30 Frame/second, PAL: 50 Frame/second
3.12.2 Progressive Scan (Progressive mode)
- an3 Scan sy Lingar sequence
w2019 Image sensor wag Monitor Display grw@alviinam
nanvatesERUANIAZBUAINAY
winzaufunuideamsssAumsudanaiiinuaziden 5y
msuaanalasldae LCD/Plasma
3.13 ndea CCTV: Solid-State Camera
aviwrou ndes CCTV 15 Image sensor uuw Tube danaredesninlumsyha
Goudg, hinuasanmuiadon) uag luaselilszansnm @vuialug), nuliiueozni)
Solid-state camera fiumsnadalmage sensor vesndeainldina TuTadiidend Solid-state
Solid-state wsisooniilu 2 Uszian e CCD uag CMOS finarsvuia Fonarudunuoayy
(Diagonal) v Image Sensor;
- 1/2 inch format; 1¥a1waziden (Resolution) ge uaziiaaw e
(Sensitivity) ga &re wienduiisimgasie
- 1/3 inch format, 1/4 inch format: 1+ Excellent Resolution 1:az Excellent light
sensitivity 15185 uauditvinadnnt Fuaudinmganiidae
fTag1iu ndes CCTV @ldinaTuTas Solid state swwneenilu 3 Uszian
1. Analog: Straight-forward, Tagaiudanaimisldameglunate uis
2. Digital: 5in1514 DSP
- favlfuszaunaslilaesa luid efuaadhgndosluSunamn
- fhldndesmmsadszinanadumsasnsuanunaou i
(VMD)
- wWisunnluTnuad iuTnuavrad (Monochrome) fisiaana e
wnnn TagsaTusia(Shannon CE 2005: 380)
3. Internet/Network
- WeureiuszuwAT e e titevumeteyaludifianen muneszuy
193018
- szuunieaie (Internet, Intranet, LAN, WAN, etc.)



34

3.14 msvuaedeyanar (Transmission)
ansavusedyyis Audehdyaia (Media) 3o lasavienisdoans
(Communication Network) ‘I&narnuasunumunssziuammsdromaiisaiiudeits
seirluFeemaidhia (ACCESS) wazmaidendefiianummzaunniige
Forhdyanar (Media) 7 3w
- Hard-Wired
- Wireless
- Fiber Optics
Transmission: Hard-Wired
Coaxial cable ifueusniiviunld dudusnizudsinissh CCTV unlsfan uas
m@gwaﬁﬁ’mﬂ%’wﬁmﬂfuﬁ:
- Taiuma
- fade uaziHoudpRUndes, MsenTuiin, senm 14w
- msvudefianindede; liflanufadio Wiegawi
- Up 0 1,000 feet
Unshielded twisted pair
- 1¥uszezmaii Inan Coaxial cable
- Taiuma
- WAy uﬁqﬁmﬂﬂizmmﬁaéué’a
- fanumumusedaanusuniu Iaunandt Coaxial cable
- Up 03,000 feet
Transmission: Wireless
1u Legacy Analog Video Surveillance 14 RF (Radio frequency) udaenniertly
Digital Video 14unu Wifi (Wireless Network) wazPoint-to-Multi Point uadayapnaeragnan
F01018 win lifimsfestuiiane maldnufimmean @Inaiinenmeden) msv
MUTENININT TIWaUUAIT AL (naaiusease Tdernsuaslunuiideans
anulanadegs ansadonld Infrared Link iflesnnendomsdnsuuas(Schulz - and
Stevenson 2004 : 235)
Transmission: Fiber Optics

fidoannndt Hard-wired &ai
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- IFvuoredaanauluszeznialna @ lawas) Taslilimsaaneuvesdyana
- Ianuimumudsdyanasuniuiioninaiun 5550A Wiogulngal
ad a oA
dlannsolndous
= 9 [} [ . 1 2’, [
- fianwnhavesresdayga (Bandwidth) qe aunsavumensdyaraunm
vazidealdwdeuq sulumeiioudu@en1d
1 v g’/ =KX A [ !
- gnaens tap e dniuvadianulasanylumsdaga
3.15 qunsaiiiuiin (Recorder)
vn lifufinnmoinvenn v luawnsaisongnm’a
3.15.1 watiamsiiuiin;
Real-time: 1iuiin Tasnasa Taglitimsvitanarlumstiuin
Time lapsed: siudinmwizarafismua
3.15.2 1lsziangingal
a) Video Cassette Recorder (VCR)
- ey lumsiiuiin VHS, 8mm wag Super VHS, Hi-8 #eve 1%
Resolution #dn
9 . .
- ldmadiamsiiuiinlana Real-time waz/v5e Time lapsed

b) Digital Video Recorder (DVR)

~ A &2 Ay Y o Y=R
- mmsmiaﬂ@,mmﬂi@ i]mnaﬂmaammmmmﬂﬂ (ﬂ”lﬁuﬂ]lﬂﬂﬁ
o o 1 Y a A
= DITMFUUT ”luﬂaiwzﬂﬂmiaﬂmuﬂmmwmmmwmie

0 P = P

(&) SINGLE CHANMNEL DVR (B) 16 CHANNEL CVR (C) 32 CHANMEL NVR

a7 DVR and NVR video disk storage equipment
fisn: DVR and NRV [Online], accessed 20 October 2009. Available from http:/www.
debugthai.com/.
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3.16 Lens and OptiCS (ﬁiiwwﬁmammuazmmmmwzﬁmmmuﬁ)
3.16.1 anwen Tnd nazvouvayunos
- anwen Tia (Focal Length) uazveuwaywuea (Field of View: FOV)
Tavldndosdoanialna (Telescope) iiovenesagFauouifuiniufivmna

2 £ 4 K 1
@an Tgudaiivunaluaaiu (Magnification)usiumineds veuwayuuesrundes (FOV) ae

uaunIlng
- FOV dszneudae 2 dau e Horizontal and Vertical fisminenflue s
(Degree)
- amuen e (Focal Length) #e szozmadhanduaud Tlaudagafinm
135104
- anuduiusszyana Focal length vy FOV
TELEPHOTO (RO ANGLE)

FL=150TC 25 mm

NORMAL WIDE ANGLE
15 T 45 45 TO a5=
FL=25TCOamm FL=8 T 21 mm

r,Q@)

*SENSOR FORMAT: /2"

nwidis Representative FFL lenses and their fields of view (FOV)
fiun: Representative FFL lenses and their fields of view (FOV) [Online], accessed 25 March
2009. Available from- http:/fwww.cloudynights.com .
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T O AL,
. P

| A

amidi 19 Lens FOV for magnification of 3, 1, and 1/3

fiun; Lens FOV for magnification of 3, 1, and /3 [Online], accessed 25 March 2009. Available
from http://www.cloudynights.com.

3.2 msfnnamauaimungay
ife Scene idesmstivinaninte W) nazge H) maunsadenanuen Tvna

(Focal Length: FL) vewiaud 1desraminnzan Tasfinrsanosemani(L.Bar, B.Berkels and
M.Rumpf 2007 : 287)

- vavee Scene (H, W)
- vwaves Image sensor (1/4, 1/3, 1/2 inch format)
- szazagen e Scene fu Camera lens

MIAUINY (@mﬂmiwﬁ"ﬂ"lﬂ)

auaa Scene (W X

Image sensor szazinng

LRUR

sraznang Lens

ai 20 Fix-focal-length lenses
i Safari [Onlin], accessed 29 December 2008. Avialable from http:/www.safari.com
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Fix-focal-length lenses azeo14 Image sensor fisiuuna Format Aufieuduwse
@nn1 (Darkening at the edges)

ans1adi 2 1/4-Inch Sensor FOV and Scene Sizes vs. FL and Camera-to-Scene Distance

1/4-INCH SENSOR FORMAT LENS GUIDE
o (UL CAMERA TO SCENE DISTANCE (D] TN FEET
LENCTHVIEW HxV : WllDOTH ANI';)OHEIGI;II OF AE)EA (H;:) H) IN EISEET -
(mm) | (OEC) e Wi F WA WKW | WRH WA
2.1 81.2X60.9 | 8.6X6.4 | 17X12.9 | 34X26 | 51X39 | 69X51 | 86X64 | 129X96 | 171X129
22 | 78.6X59.0 | 8.2X6.1 | 164X122 | 33X25 | 49X37 | 65X49 | 82X63 | 123X92 | 164X123
23 [76.1X57.1 | 7.8X5.9[15.0X 11.8] 31X23 | 47X35 | 62X47| 78X59 [ 117X86 | 157X117
2.6 | 69.4X52 | 6.9X5.2]13.9X10.4] 28X21 | 42X31 | 55X42| 69X52 | 104X78 | 138X104
3.0 | 61.9X46.4 | 6.0X4.5] 12X9 | 24X18 | 36X27 | 48X36| 60X45 | 90Xes | 120X90
3.6 | 53.1X39.8 | 5.0X3.8| 10X7.5 | 20X15 | 30X23 | 40X30| 50X38 | 75X57 | 100X76
3.8 |50.7X38.0| 4.7X3.6 | 9.5X7.1 | 19X14 | 28X21 | 38X28 | 47X36 | 71X54 | 94X72
4.0 |48.5X36.4 | 4.5X3.4| 9X6.8 | 18X14 | 27X20 | 36X27 | 45X34 | 68X51 | 90X68
4.3 | 45.4X34.1 | 4.2X3 1| 8.4X6.3 16.7X12.9 25X19 | 33X25 | 42X31 | 63X47 | 84X62
6.0 |33.4X25.0| 3X2.3| 6X4.5 12X9 [18X13.5| 24X18 | 30X23 | 45X35 | 60X46
8.0 294X 19.0]2.3X1.7] 4.5X3.4 | 9X6.8 [13.5X10.18X13.5] 23X17 | 35X26 | 46X34
12.0 | 17.1X12.8 | 15X11 | 3X2.2 | 6X4.4 [9.0X6.8| 12X9 | 15X11 | 23X17 | 30X23
16.0 12.8X9.6 | 1.1 X.8 | 2.3X1.7 | 4.5X3.4 |6.8X5.1| 9X6.8 [11.2X8.4| 17X13 | 22X17
25.0 8.2X6.2 | 0.72X34] 1.4X1.1 |2.9X2.1 [4.3X3.2D.8X 4.3 7.2X5.4 [10.8X8.1] 14.4X10.8

NOTE: 1/4-INCH LENSES ARE DESIGNED FOR 1/4-INCH SENSOR FORMATS ONLY
AND WILLNOT WORK ON I/3-INCH OR 1/2-INCH SENSORS. LENS FOCAL

LENGTHS ARE NOMINAL PER MANUFACTURERS’ LITERATURE.
ANGULAR FOV AND W x H ARE DERIVED FROM EQUATIONS 4-1 TO 4-4 AND
VERTICAL FOV FROM STANDARD 4:3 MONITOR RATIO:R=0.75H.
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LENS ANGULAR 1/3-INCH SENSOR FORMAT LENS GUIDE
FOCAL FIEL[? OF CAMERA TO SCENE DISTANCE (D) IN FEET
LENGTH VIEW:HXV WIDTH AND HEIGHT OF AREA (Hx H) IN FEET
() (DEC) 5 10 20 30 40 50 75 100
WxH [ WxH | WxH | WxH | WxH | WxH | WxH | WxH

23 | 92.4%69.3 [ 10.4%X7.8 |[20.8X 15.6] 41.6X315 | 63%X47 | 83X62 | 104X78 | 156X117 | 208X156
20 [85.4Xe64.1]| 95%6.9 [185X13.8[36.8X27.6] 5541 | 77Xs8 | 92Xe9 | 138X104 | 184X138
28 81.2X60.9 | 8.6X6.5 | 17.2X13 | 34.4X26 | 51X39 69X52 | 86X65 | 129X98 |172X130
30 [ 67.4X505 ] 6.7%5.0 | 133X 10 | 26.7%20 | 40X30 | s3X40 | 67Xs0 | 101X75 |134X100
3.8 64.6X48.4 | 0.3X4.7 [ 12.6X9.5 | 25X 18.937.9X28.4] 50.5X37.9| 63X47 | 95X71 | 123X92
40 | 61.9%X46.4 [ 0.0Xas5] 12X0 | 24Xis | 36X27 | 48X36 | 60Xas | ooXes | 120x90
4.5 56.1X42.1 | 5.3X4.0 | 10.6X8 |21.2X15.9| 31.8X23.9 | 42.4X31.8| 53X40 | 80X60 | 106X80
6.0 43.6X32.7 |4.0X3.0| 8.0X6 16X12 24X18 32X24 | 40X30 | 60X46 | 80X60
8.0 | 33.4X25.0 | 3.0X2.3 | 6X4.5 12X | I8X13.5 | 24X18 [30X22.5] 45X34 | 60X4s
120 | 26.6X20.0 | 20X1.5| 4.0X3.0 | 8.0X6.0 | 12.0X0.0 | 16X12 | 20X15 | 30X23 | 40X30
160 | 17.1X12.8 | 1.5X1.2 | 3.0X2.3 | 6.0X4.5 | 90X6.8 | 12.0X9.0 [15.0X11.3| 23X17 |30X22.5
25.0 11.0X8.2 | .96X72 | 1.9X1.4 | 3.8X2.9 | DB8X4.4 | 7.7X5.8 | 9.6X7.2 [ 14.4X10.8[19.2X14.4
50.0 5.5X4.1 | .48X36 | 96X.72 | 1.9X1.4 | 2.9X2.2 | 3.8X2.8 | 4.8X3.6 | 7.2X5.4 | 9.6X75
75.0 3.7%2.8 | 32X 24| 64X50 | 1.3%X96 | 1.9X1.4 | 26X 1.9 | 3.2X2.4 | 4.8X3.6 | 6.4X4.8

NOTE: MOST 1/3-INCH LENSES WILL NOT WORK ON 12-INCH SENSORS BUT
ALL WILL WORK ON ALL 1/4-INCH SENSORS. LENS FOCAL LENGTHS ARE
NOMINAL PER MANUFACTURERS’ LITERATLIRE.
ANGULAR TO AND WxH ARE DERIVED FROM EQUATIONS 4-1 TO 4-4 AND
VERTICAL FOV FROM STANDARD 4:3 MONITOR RATIO:V=075 H.
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ansii 4 1/2-Inch Sensor FOV and Scene Sizes vs. FL and Camera-to-Scene Distance

172INCH SENSOR FORMAT LENS GUIDE

LENS [ANGULAR CAMERA TO SCENE DISTANCE (D) IN FEET WIDTH AND HEIGHT
FOCAL | FIELD OF OF AREA (W x H) IN FEET

LENGTH|VIEW:HXV [ 5 10 20 30 40 50 75 100

(mm) | (DEC) [WxH [ WxH | WxH | WxH | WxH | WxH | WxH | WxH

1.4 133X100 | 23X17 46X34 91X69 | 137X103|183X137 228 X171 | 342X257 | 457X348

2.6 101.8X76.4 [12.3X9.2| 24.6 X18 | 49X37 74X55 | 98X74 | 123X92 | 185X138 | 246X184

3.5 84.9X63.7 | 9 1X6.9 | 182X13.8 | 37X28 | 55X41 | 73X55 | 91X69 | 137X 104 | 182X138

3.6 83.3X62.5 | 8.9X6.7 |17.8X13.4| 36X27 53X40 | 71X53 | 89X67 | 134X101 | 178X134
3.7 81.7X61.3 | 8.6X65 |17.2X13.0| 35X26 52X39 | 69X52 | 86X66 | 129X98 | 172X130
4.0 77.3X58.0 | 8.0X6.0 [16.0X12.0| 32X24 48X36 | 64X24 | 80X60 | 120X90 | 160 X120
4.2 74.6X56.0 | 7.6X5.7 | 15.2X11.4| 30X23 48X34 | 61X46 | 76X57 | 114X86 | 156X114
4.5 70.8X 53.1 | 7.1X5.3 | 14.2X10.6 | 28X21 43X32 | 57X43 | 71X53 | 107X80 | 142X107
4.8 67.4X50.5 | 6.7X5.0 | 13.4X10.0| 27X20 40X30 | 53X40 | 67X50 | 101X75 | 134X100
6.0 56.1X42.1 | 5.3X4.0 | 10.6X8.0 | 21X16 32X24 | 43X32 | 53X40 | 80X60 | 106X80
7.5 46.2X 34.7 | 4.3X3.2 | 8.6X6.4 |17.1X12.8| 26X19 | 34X26 | 43X32 | 65X48 86X64

8.0 450X327 [ 4.0X3.0 | s0X6.0 | 16X12 | 24X18 | 32X24 | 40X30 | 60X45 | 80X60

2.0 29.9X22 4 | 2.7X2.0 | 5.3X4.0 10.7X8 16X12 | 21.3X16 | 27X20 | 41X30 53X40

160 22.6 X17.0 | 2.0X1.5 | 4.0X1.5 8X6 12X9 16X12 | 20X15 | 30X23 40X30
25.0 14.6X10.9 | 1.3X1.0 | 26X2.0 | 5.1X3.8 | 7.7X5.8 [10.2X7.7| 128X9.6 | 19X14 |25.6 X192
500 7.3X5.5 bAX 48 | 1.3X1.0 | 2.6X19 | 38X29 [ 5.1X3.8 | 6.4X4.8 | 6.5X4.8 | 12.8X9.6
75.0 4.9X3.7 [.43X32| BOX04 | 1.7X1.3 | 26X19 | 3.4X2.6 | 43X33 | 3.2X2.4 | 8.6X6.4

150.0 2.4X1.8 | 21X16 | A3X3Z2 | 85x64 | L3X90 | 1.7X1.3 ] 2.1X1.6 | 9.6X7.2 | 4.3X3.2
NOTE: ALL 1/2-INCH FORMAT LENSES WILL WORK ON 1/3-AND 1/4-INCH

SENSSORS. LENS FOCAL LENGTHS ARE NOMINAL PER MANUFACTURERS’
LITERATU RE ANGULAR FOVAND WxH ARE DERIVED FROM EQUATIONS -1
TO 4-4.

o oA Y = Yy 9 Y Y Aa
INHIVYIAD ﬂ']ﬁlf)\‘lﬂﬁ@]ﬂqx‘] 15 “V;lﬂ UUININW 20 1/!@] 1MNISYL 40 “I/!ﬂ AUNADINY

Image sensor wuw 1/2 inch format azdeslFaudiianuma Tulsasila ?
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a3t 5 endaedna 1/2-Inch Sensor FOV and Scene Sizes vs. FL and Camera-to-Scene

Distance
172-INCH SENSOR FORMAT LENS GUIDE
LENS [ANGULAR CAMERA. TO SCENE DISTANCE (D) IN FEET WIDTH AND HEIGHT
FOCAL | FIELD OF OF AREA (Wx H) IN FEET
LENGTH|VIEW: HXV [ s 10 20 30 40 50 75 100

(mm) | (DEC) [WxH [ WxH | WxH | WxH | WxH | WxH | WxH | WxH
1.4 138X100 | 23X 17 | 46X34 91X69 | 137X103 [188X187[228X171 342 X 2 57| 457X348
2.6 101.8X76.4 |12.3X9.2| 24.6 X 18 | 49X37 74X55 | 98X74 | 123X92 | 185X 138 | 246X 184
3.5 84.9X63.7 9.1 X6.9|18.2X13.8 | 37X28 55X41 | 73X55 | 91X69 [137 X 104| 182X138
3.6 83.3X62.5 | 8.9X6.7 [17.8X 13.4| 36X27 | 53X40 | 71Xs53 | s9Xe7 |134X101 [178X 134
3.7 81.7X61.3 |8.6 X6.5(17.2X13.0| 35X26 52X39 | 69X52 | 86 X 65 | 129X98 | 172X130
4.0 77.3X58.0 |8.0 X6.0(16.0 X 12.0| 32X24 48X36 | 64X24 | 80X 60 | 120X90 | 160X120
4.2 74.6X56.0 | 7.6X5.7 | 15.2X11.4 | 30X23 | 48X 34 | 61X46 | 76 X 57 | 114X86 | 156X114
43 70.8X53.1 | 7.1XD.3 (142X 10.6| 28X21 | 43X32 | 57X43 | 71X 53 | 107Xs0 [142X 107
48 | 67.4X505 [6.7X5.0[134X 10.0] 27%X20 | 40X30 [53X40 | 67X 50 [ 101X 75 [134.X 100
6.0 50.1 X 42.1 | 5.3X4.0 | 10.6X8.0 | 21X 16 32X24 | 43X32 | 53X40 | 80X60 | 106X80
7.5 46.2X34.7 | 4.3X3.2 | 9.6X6.4 [17.1X12.8| 26X19 |34X26 | 43X32 | 65X48 | 86X64
8.0 43.6X32.7 | 4.0X3.0 | 8.0X6.0 16X12 24X18 | 32X24 | 40X 30 | 60X45 | 80X 60
12.0 | 29.9X22.4 | 2.7X2.0 | 5.3X4.0 | 10.7X8 | 16X12 [2L3X 16| 27X20 | 41X30 | 53X40
16.0 | 22.6X17.0 [2.0X1.5] 4.0X1.5 8X6 12X9 | 16X 12| 20X15 | 30X23 | 40X30
25.0 | 140X 109 [ 1.3X1.0 | 2.6X2.0 | 5.1X3.8 | 7.7X5.8 [10.2X7.7] 128X9.6 | 19X14 [25.0X 19.2
50.0 7.3X55 | .64X48 | 1.3X1.0 | 2.6X1.9 | 3.8X2.9 | 5.1X3.8 | 6.4X4.8 | 6.5X4.8 | 12.8X9.6
75.0 49X3.7 [.43X.32| 85X.64 | 1.7X1.3 |2.6X1.9|3.4X2.6 | 4.3X3.2 | 3.2X2.4 | 8.6X6.4
150.0 2Ax1.8 | .2Ix10 | 43.X32 | 85X 64 [ 13X.96 [ 1.7X1.3 | 2.1X1.6 | 9.6X 7.2 | 4.3X3.2

NOTE: ALL 1/2 INCH FORMAT LENSES WILL WORK ON 1/3-AND 1/4-INCH SENSORS.
LENS FOCAL LENGTHS ARE NOMINAL PER MANUFACTURERS’ LITERATURE.
ANGULAR FOV AND WX H ARE DERIVED FROM EQUATIONS 4-1T0 4-4,

3.3 sihnlFunea (Iris)
Winese ihusunasdmsuaud 9l 2 uuu
3.3.LSudeile (Manually):

9 o s A o A ~ ' 9
- ﬂ38ﬂ1§'ﬂ5U3QLlﬁ3uuuLauﬁ lWBﬂjﬁ“ﬂﬂiﬂWﬂl!Lﬁ\jwfl]$W11JlG|11]lﬂ§]ﬂ

¢ v
NITNUAUT (WIN/UDY)

- sinlFawsaudu Electronic shuttering: nalnfildasunauluasves

Image sensor

3.3.215uTaosn Tuid (Automatically)
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- 19 Electro-optical mechanism iilefwiuaiSanameasiiagsinud lilan
nsznuIAUd

- Electro-optical mechanism a¢ 15 ayaan i (33 Te) wagaam
wasveandod iHunasilumsSusmSunas

- i 2 WJszian: Direct drive, Video drive

- Direct drive; 1929238:@nnseting Ty DC motor 1vsualSusin
Fuua

- Video drive: 1¥dayanasldh (Gale) Tdseasdidnnseiing udali
29959 Tl DC motor 1nsgualSusimsunasdnvaziau (Feature) ves Automatically-iris
lens #io Average-peak TmwAverage-peak Ao Scene falszneudasiagas High-contrast i
anuaevesraen lwviisn; Average-peak Usuaimsviauves Automatically-iris daenns
svuan “peak” e ldiaud Lildwasenaa (Compensation) asegaiadiadiogudy
aoalilnthsa) ualdimssasenasluginsun ﬁé’qﬁ@aéda"lﬂ Scene # Low-contrast

- dsuamahamves Automatically-iris daomsdviuas “Average” ive s
aud mszamuuaaane SCee nuumdsethamiuiieriu

3.4 Zoom lens
Motorized/Manual sinl4susuyaginsal naudis (pan) uas e (til) vie1#18

' 9
FOV fivarnviaisunnau

(A) MANUAL {B) MOTORIZED

amn20 Manual and motorized zoom lenses

~ . a a a a 9 =1 A Y o [
Nl Aedu Wenananne,  “myaiunizeullsunsudelszanlunislduaziigen
FeenIemneuas” Gnetnuiliagumiuda smvimaeuiunes Tudaineds

Wi Inndsynasnsal, 2550), 29,
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35 Video Camera (ndes3alodmisu CCTV)
Uszanndos
- Analog Camera, Digital Camera, Internet Camera
- Digital camera
daanaeennnnassdaauilu Analog signal sz Tavlnddayanam
Analog a1d1nana1 Digital enifunsasrinlnsainenouiuaes (LAN, WAN, Internet,
Intranet) 15 DSP «ite Video Enhancement s arfinanuamnsodivs 1 iundes (Feature) i
Iris control, shuttering, back-light compensation
360 auaniAnmuvesndes (Camera Feature)
msasnsuamadew’lvia vie Video Motion Detection (VMD)
- tmwz Digital camera Taeldarmamsaves DSP
- 230309 veamsauunans False Alarm weeq (lighting, shadows, noise)

- o lFmsianevanulasuuiasluszau Pixel dasoan False Alarm

- 2z Alarm v3elivuediy sasiarmiivesiag Mndewdiru FOV
msdsuauluasda Twid (Electronic Shuttering)
fimwizndos Digital Taeldnanuannsoves DSP Ao dnvazfindosamsatliy
amuTauaraves IMage Sensor ‘I4sa Tuiid anuaraiisnen Scene msduanlauaail e
Y&ideielimsn/donnlasszsunaaiondndeonini Fadm lnguedimslFauniely
o113 (Indoor) su meluiesiiiviiane ualimnefuns IFnunuunisueneias
(Outdoor) Faaudifiuuuy Automatically-iris eguda wazamsathunldausmin auda
Wlunwy Manually-irs 18 (s1angnnan)
White Balance
fita Analog was Digital camera Tnsadrenamaugaszviadana sudsun
vosnmuazinasdidnnsaiindnhmniia white balance Tammmzasiidlanmsshamves
naealnie
Video Bright Light Compression (BLC)
timmz Digital camera Tas1¥aauanunsavos DSPIaewalilag 19110 Back
light compensation (BLC) w¥ousasud’luaim anmsaiedounas Faazinannuliga

' J @ A 9N ¥ 4
TENINANUAINNUANNUA Glﬁllﬂﬁ‘hﬂaw'lﬂéllu



3.7 msdudaszrnesindesnaud

1" DIAMETER 1" DIAMETER
32 THREADS FER INCH 32 THREADS PER IMCH

CAMERS C MOUNT CAMERA B G5 MOUNT
r LENS \ i LENS
SENSOR — SENSOR —

\ “ ] _\Eﬂ:{" N
_ Ha _ — I
| I] |I,I | vl
_ oz . I_i 0492 . |_._
{17.526 mm) {12.5 mm)
G MOUNT 5 MOLINT

Emm  SPACER LENS

LEME
-
[ +ﬂ|F_ -

MOTE: DIFFERENCE BETWEEM © MOUNT AMD ©5 MOUNT: 47,528 mm —12.5mm =5 mm (SPACER)

a2 Mechanical details of the C mount and CS mount

A ,a o ¢ a ~ = o . A o
NU NATUUN WAaNdY, mﬂTuIaEWINﬂ”IiﬂﬂHmazu’J@]ﬂiﬁJ (ﬂ?\uﬂwuﬁ']uﬂi . ISQWNW

ynaansai, 2540), 50.

Taiaansaiy Lens uuw CS mount snlssundeanuy C mount 1a

44
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3.8 Signal Transmission (msvuaedayanaiinle)

dayanamuy Analog

asadt 6 Coaxil Cable Run Capabillities

MAXIMUM RECOMMENDED CABLE LENGTH (D)
NOMINAL
COAXIAL CONDUCTOR
CABLE ONLY CABLE WITH AMPLIFIER (GAUGE) DC RESISTANCE
TYPE
{ohms/ 1000 ft)
FEETS METER FEETS METER
RGH9,/U 750 230 3,400 1,035 22 SOLID COPPER 10.5
RG59 MINI 200 61 800 250 20 SOLID COPPER 1.0
RG6/U 1,500 455 4800 1465 18 SOLID COPPER 6.5
RCG11/U 1,800 550 6,500 1,980 14 SOLID COPPER 1.24
| > |
CAMERA I | MONITOR
ocoood
MNOTE: IMPEDANCE FOR ALL CABLES = 75 chms

RCA BNC UHF

SMA F SIAMESE
POWER/BNC

amidi 22 RCA, BNC, F, SMC, UHF and Siamese Cable connectors

A A A = a J 9 =2 A 9 = Y
NV IDWAYTITIYUNTULE T, ADUWIUANDT [aﬂu'lau"], LUIONLUD 14 WIH8U 2553. Lell']ﬂﬂulﬂ%']ﬂ

http://th.wikipedia.org/vikilaeuiiunes



COAX VIDEO

UNSHIELDED
TWISTED PAIR

CAT-3,5, 50

/ 750hm TRANSMITTER

(A) ACTIVE TRANSMITTER

VIDEO COAX

RECEIVER ?‘h

(B) ACTIVE RECEIVER

0 0 O OH]

MONITOR

amidi2z Two wire UTP video transmission system

46

A Y- = a 4 9 =2 A 9 = Yy
NN INNATTIIIYNITULTT, ADUNIUADT [aau"lau”], LUIDAUND 14 LUHIYU 2553. !GUT’LNUlﬂmﬂ

http://th.wikipedia.org/vikilmeuiuaes

LENS - SCENE
7 e

- LOW LOSS
CONNECTOR
FIEER

LIGHT EMITTING
DIODE (LED)
WITH OPTICS

OPTICS

[ T =>
|

CAMERA
i
e
COAX
CABLE
‘— — FIBER OPTIC TRANSMITTER
| IMPEDANCE HIGH
| MATCHING LINEARIZING FHERET
INFUT MODULATOR —=1 DRIVER
STAGE
‘ ATTENUATOR AMPLIFIER
STAGE

awdiza Block diagram of LED fiber optic transmitter

A . = a o a 9 = A Y K kY
NU. ATTENYINGIDY, ADUNUADT [@ﬂu"lauq, LUIDNLUD 14 lUHIYU 2552. lfll'lf]\illﬂgﬂ']ﬂ

http://teacher.skw.ac.th/salunyar/40102/unit_03/p_304..htm.
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n

.2 Ay UIVVADNBA

PR = et =
] gt
BERVER e /]_
rTrmarl L) . .
Cas) . INTERMET
T Fukt IJ

[
— -
ETHEAMET®
MHETWORK

[ 1OBASE=T ‘

160RASE -T

mwdizs  Ethernet local area network (LAN)

A Lo < a s Y = A Y =2 Y Y
NN, IFNINA, Uliliﬂiﬂ@NW’Jm@‘i [a@u"lau“], LUIONLUD 14 LUBIYU 2552. !flﬂﬂ\ill@%1ﬂ

http://202.142.213.106/just/product/network.php

maii 6 Category (CAT) CCable Specifications

CATCABLE | BANDWIDTH | TWPEDANCE | CROSSTALK | APPLICATION
TYPE (MH2) (ohms) *NEXT (dB)
CAT-3 16 100 29 STANDARD ETHERNET
CAT4 2 1 0 FAST ETHERET
CAT-5 100 100 3.3 ST ETHERNET
CAT-5¢ 100 100 3.3 GIGABIT EHTERNET
CAT$ 250 100 “3 IGABIT ETHERNET
CAT-T 600 100 621 GIGABIT ETHERNET

*NEAR END CROSS TALK

NOTE CABLE SPECIFICATIONS TYPICAL FOR UNSHIELDED TWISTED PAIR (UTP)
AWG (AMERICAN WIRE GUAGE) 22 AND 24
CAT-S, CAT-5¢ MOST COMMON FOR VIDEO



SITE 1 CORPORATE

SITE 2A—MOBILE
ROUTER/
BRIDGE

]

7
I ;’/
N /
/
\
T1 CABLE—1.5 Mbps MAXIMUM

N
ACCESS
POINT/BRIDGE] / WLAN | ;
- - il Il
ROUTER/ i
SITE 2—cLIENT  FEMTER
A
e
FIBER OPTIC OC3-AS5 Mbps \,
OC12-622 Mops
SITE 4-CLIENT

ROUTER/
BRIDGE

INTERNET

ROUTER—DEVICE THAT MOVES DATA BETWEEN DIFFERENT NETWORK SEGMENTS.

SITE 3—CLIENT
AT PACKET HEADER TO DETERMINE THE BEST PATH FOR THE
DIFFERENT PROTOCOLS.

N
o il
WLAN_ — — i
ROUTER/ -
BRIDGE

PACKET TO TRAVEL. CAN CONNECT NETWORK SEGMENTS THAT USE

BRIDGE—DEVICE THAT PASSES DATA PACKETS BETWEEN MULTIPLE NETWORK
EGMENTS USING THE SAME COMMUNICATIONS PROTQCOL. IF THE

PACKET IS BOUND FOR ANOTHER SEGMENT USING A DIFFERENT PROTOCOL
THE BRIDGE PASSES IT ONTO THE NETWORK BACKBONE.
CLIENT—NETWORKED PC OR TERMINAL THAT SHARES SERVICES WITH OTHER PCs.
ACCESS POINT—WIRELESS BASED DEVICE FOR CONNECTING ROAMING WIRELESS PC
CARDS DIRECTLY TO THE INTERNET. THE ACCESS POINT PROVIDES
ROAMING AND MOBILITY FROM A STATIONARY INTERNET CONNECTICN.

ANALOG
CAMERA

IP
CAMERA

PDA
SERVER "%

\ CELLPHONE
st
LAFTOP E

\
L | ‘I.
II[—\ | \
=
\
TCPAP SMTP | !
(TRANSMISSION CONTROL PROTOCOL! | |(SIMPLE MAIL TRANSFER PROTOCOL) '
INTERNET PROTOCOL)
TOWER
LAN IT NETWORK _ﬂ,};;;h
HTTP =i
(http:i)
HYPERTEXT DISPLAYING WeR PAGES | |F'pp THAS™
— |__WORLD WIDE WEB pww

o

me

it 26 Block diagram for remote video Surveillance via the Internet
‘ﬁiﬂ

oet, Do [ooulavl], ihdaile 14 Fuman 2550, 118 180 httplww,asus.co.thieee/



* VIDED DATa PACKETS TAKE DIFFERENT

Chy =
. AN
\ /ey
(T (ck
i, i,
-~ HETWORR [ 5
o
- )';\- = r
\ ok o

.._H‘. -._“ F.

—)

ROUTES FROM SEMDER TO RECENVER

= EACH VIDED COMPOMENT AND COMPUTER {T)
HAS & UMIGUE ADDRESS (MAZ)

« TCF FUTS PACKRETS OF DATA (VDED, CONTROLS, FTC )
BACK TOGETHER N THE CORHECT ORDER

* PACKETE TAKE DIFFERENT ROUTES FROA SERDER TO AECETVENR

(€] = HOST COMPUTERS WORLOWIDS

nwdi 27 Worldwide video monitoring using Internet system
fin: vand, Umpc[oow'larl], Whudio 14 Sumnaw 2550, i$hda 18an http::ww.fujitsu.com

[thith/services/

m1aiie Comparison of IEEE 802.11 Standards

49

[EEE | OPERATING|  DATA* | OPERATING FREQUENCY BANDS | MODULATION MAXPOWER | APPLIGATIONS]
STANDARD| FREQUENCY|  RATES (GH2) METHOD OUTPUT COMMENTS
BAND (GH7)|  (Mbpg) (EIRP)
DSSS ORIGINAL 80211
*
(Li%)iév) fs 12 2428 FHSS STANDARD FOR
R WIRELESS LAN
612,24 . , 0mwW INDOOR
802114 | 5258 0183648 Sgiy)':;;“zg(%’\,i‘?ffg@%g:i\;ag‘ COFDM 200mW INDOOR
54 MAXIMUM | 210 800mW OUTDOOR
125511 835 MHz FORM 240GHz t0 248356Hz]  DSSS TWATT
B02.11b 241 11 MAXIMUM (ISM BAND) COFDM | TYPICAL: 30mw | VSES FOMADSSS
125511
80211 24 692,18, 242183 C?)SFSDSM DUZ’:LGB:ZND
24,36,48.54 :
. ADDS HIGH LEVEL
80210 AES ENCRYPTION
VERY HIGH
802,11 : 108 20-40 MHz : : OATARATE
* [EE ESTABLISHED STANDARD IN 1997 TO DEFINE MAC (MEDIA ACCESS CONTROL)

AND PHY (PHYSICAL) LAYER REQUTREMENTS FOR WIRELESS LAN.
** |EEE ESTABLISHED 802.11a IN 1999

THEORETIGAL
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OUTDOOR

IP CAMERA

- -
- N
BNC i \ WIRELESS
\ MESH
NI:—I"WORK
.
ANALOG ——
CAMERAS

SERVER

BNG| &
g /5

nwdizg Wireless mesh transmitting network
i lounaidad, neuiiumes iiatjn [poulai], iWhiuile 14 mwou 2552 1hde 1800

,
S,
http://www.igadgety.com/article.php?id=4414
SITE2
g PDA WITH
BRIDGE WIHELESS / WIFI CARD
LINKS: 802.11
- —
SITE 1—BASE STATION - SITE3
- - e H ':."
T - -
SERVER
éﬁﬁ%‘%‘i s l I“\ s SITE 4
CAMERA —

g ™~ ——
-é ~ - b i
~ - i ’,u‘
TOWER ~ Q

_ SERVER ~
P
DOME  Tayg %45 >~ SITES
= ~

ANALOG - ‘ r
& PTZ ]
i /

http://www.igadgety.com/article.php?id=4414

nwdizo Point to multi-point wireless network
nn: lounaidag, asuniames iatja [eoulal], Whduie 14 mwiou 2552, 197@ e 18970
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TWO LOCATIONS
SITE 1—BASE STATION STE2
SERVER BRIDGE WIRELESS
ANALOG P N LINK: 802.11 oo
CAMERA [pees 2l o pepa - P
. Lo
BNG %% T - %
- ~
~ ACCESS -~
TOWER LAN ~, POINT - LAPTOP
-~
SERVER N [ |
= | = P 3 e I )/
= H:E[D DOME L~
| /LY== o ~
— - ~
e ey \\
| -?I
if fl

mwizo Point to point wireless network
fun: leunaiiad, neuiiaumed Iifatin [oou'lanl], ihdaile 14 mwou 2552, 1581400

http://www.igadgety.com/article.php?id=4414

CENTRAL CONTROL
SECURITY

SITE1 W
BNC |RJ4s
ANALOG

P
CAMERA
SITE 2 %
METWORK
4

oME IP CAMERA R
) N
\\
S
Y
10BASE-T  ETHERMET/IP =
NETWORK S
~
~ ACCESS
T POINT
: A
/
e
,

L

P
@ﬂ .
10BASE-T ’
i CPU CONTROL
A =
f gg?
=~ VIDEO
STORAGE

ETHERNET/IP
ra

D
SERVER

CaMERA

clpaz

| sEmver
BNC RJ45

waetorf|
P phiaLoe
PTZ
.
DoME IP CAMERA 7
SITE 2 S
— o
100BASE-T
| l FIBER OPTIC
s
i — ==

awdi 31 Multi-point to point wireless network
s s asaw, seuliinn$ [eeula], i$hdaile 14 mwnew 2552, 18 18an hitp:l/

www.thaigoodview.com/library/teachershow/phayao/patcharee_s/computer_ ml/sec02p02. htm



(A) LEGACY ANALOG

__\ MONITOR
[é_é %_ £
uTP RG59 COAX S 4|
ANALOG CAMERAS SINGLE PAIR
RG59 COAX
RG59 COAX
INTERNET
INTRANET
WAN
FIBER OPTIC WLAN
LAN CAT 35
(B) IP DITIGAL
SERVER CAT 35 CAT 35
BNC LCD MONITOR
uTp uTp uTP
— ; ey P _2 v
ANALOG [
ANRLOC IP CAMERAS | >

52

amdiz2 aAnalog CCTV with coaxial, UTP, or other cabling, b.Digital IP cameras and digital

video server on wired LAN network

A s ansaw, velinag [eenlan], Whnuile 14 wwieu 2552, e ldnn hitp:l/

www. thaigoodview.com/library/teachershow/phayao/patcharee_s/computer_ml/sec02p02. htm.
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{A) BLOCK DIAGRAM

IMAGE
DIGITIZER

COMPRESSION
ENGINE

CENTRAL
PROCESSING

1
u [ =
i -
T 1

ANALOG VIDEO
CAMERAS

(B) FOUR CAMERA SERVER

UNIT (CPU)

ETHERNET
DRIVER

=

PAN/TILT/ZOOM
DRIVER

FLASH
MEMORY

DRAM
MEMORY

FRONT

MODEM

ETHERNET/IP
NETWORK

CAMERA/
PLATFORM

PHONE LINE

a3 a.Video server block diagram, b.Typical equipment
fin: f3nd, Umpc [ooulasl], whiaile 14 Sunaw 2550, sida’idain http:/www.fujitsu,

com/tjthiservices/

3.9 Digital Video Recorder @insaiiiuiindayanaiialonuuidnea)

amuanaiidwayszndna DVR du VCR
aaunmvesiale (Video Image Quality)

< A Y A Y A
ANULIIVDINTTUAUNIDAUAUNIN

< J A
AU luMsHanen1nIa Lo

ﬂZﬂllfﬂllﬁﬂiuﬂﬁﬁ]ﬂ'mﬁnﬂigﬂgﬁllﬂa

YoatumsIdnevuaaiumssinaas nsanams False alarm: walimileeninge

= o ' 4
LSﬂﬂ@lﬂWWﬁﬂTuﬂﬁmmﬂizﬂgllﬂaﬂﬂuulﬂ

. g o { %
anuduag, Tasiugiuma Tuladlumaifuiinam uma Tuladn 14y

Personal computer Taea'lal



o4

INPUT: . .
ANALOG/DIGITAL | VIDEO - SECURITY
ANALOG VIDEO CONVERTER COMPRESSION AUTHENTICATION —|
DIGITAL ™
- =
STORAGE
OQUTPUT:
J DIGITAL
DATA RETREIVAL o VIDEO DIGITAL/ANALOG ANALOG
{AGCESS) DE-COMPRESSION CONVERTER

*COMPRESSION RATIO BASED OM STORAGE CAPACITY
AS WELL AS NUMBER AND QUALITY OF IMAGES STORED
“* STORAGE MEDIA: MAGNETIC HARD DISK

il 34 Digital video record (DVR) basic block diagram
fn: yfand, Umpc [ooulart], hdaiie 14 Sunaw 2550, i Idon http:www, fujitsy
.comftj/th/services/

3.10 maluTadilélu DVR

vz ianuuanaanusznae DVR uaz VCR uadamviousudonmsiunnasuu

Forfudindoya (Medium) wuuwsimanmiendu (Magnetic)

U

g’/ v R

YUADUMTUUNN.
1. Analog video signal a1nndes grinlaevualaudiu Digital video signal Tae
analog-to-digital converter (A/D)
2. AID 11 Digital video signal antinga (Digital compression) aaenns
Uszananalumeneniiuned Falinasgiume fu fie
- JPEG (Joint Photographic Engineers Group)
- MPEG (Motion Picture Engineers Group)
3. AID vide 1 lui3eq nsla Security code Tuuaazan v Digital video
signal woufiagsaifuasluderiufindeoya mu aviadad ud
g$aaan (Hard disk)
- Revolutions per minute (RPM)

- YUIAANNY
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- Gigabyte (1,024 Megabyte)
- Terabyte (1,024 Gigabyte)
mareuae (Interface)
- ATA(IDE)
- SATA
msndundeya (Replicate)
- RAID 1: Mirrored Disk, Fault-Tolerant
- RAID 5: Striping, Excellent performance (sa:An 1du1n31 RAID 1 nadhni

awdiss uaaunaTuladfildlu DVR
fian : T, UMpe [oou'lant], hadie 14 wwieu 2552. 1518418010 http:www.sony.
co.th/productcategory/it-pc-vaio-cs

Video Motion Detection
- fmuavenwaitui iazseau Sensitivity
- yoannlumsududou uazmsaussneUADAN Ol
i Frame rate Tunsiudin
Pre-alarm and Post-alarm recording (&1 lisinmnewiamig e1milu
Foaiisuila 1)

a4 Trigger Tunsedumsiiauvesgunsaious wu da'lvl fludu



ANALOG TO MAGNETIC PLAYBACK DIGITAL
DIGITAL COMPRESSION |~ [RECORDING HARD DISK |—| (RETRIEVE) DE-COMPRESSION TO ANALOG
CONVERTER MEDIA HEAD CONVERTER

CRT
ANALOG MONITOR
CAMERA (ANALOG)

@/? IP DIGITAL
/ CAMERA
(X

RECORDING MEDIA

RECORDING | NUMBER OF | FRAME
TYPEFORMAT STORAGE TIME (HRS) CAMERAS | RATE (fps)
COMPUTER 60, 120 GB INTEAMAL | HOURS TO 4,8.18.32 UP TO
HARD DRIVE (HD) | 160, 500 GB EXTERNAL MONTHS | EXPANDABLE 120
CD-ROM
DR 050 MB BACKUP OF _ _ —
HARD DRIVE
CD-RwW FLAT PANEL DISPLAY
MOBILE 60, 120 GB INTERMAL 333, 666 4 30 (DIGITALY
HARD DRIVE (HD) | 180,500 GB EXTERMNAL | 1555, 3444 a 30
REMOVABLE 250 MB DEPEMDS _ _
zIp OM DATA

mwiize Digital video storage media
fn aowTily, leTulu [ooulad], iihdadie 14 Tunau 2552.6hda18an hitp:/3g,

siamphone.com/news/2007/html/0L/09/iphone.htm.

3.11 mstusamuninlendnea

FA A

JPEG: winanwailasumlauiisudnies uypdannsaiui laanai

Y

' d d N .
wlasumlasdhhanmios aadaudndeaiioanvinavesdeyagen 27.1

56

MPEG-X :azfiusauazsahummeaiuinasundasuunin ienfFesuiousy

e n Frame souwihil)
- Compression ratio:
- MPEG-1=2510100:1
- MPEG-2=301t0 100:1
- MPEG-4=5010100:1
312 mssmnamafiannsatuiinld
Image retention time: szezinaruuinla Aoud DVR asaiufinsiunimidy @

o Y v K o 1 o
mwuﬂ"l’fﬂwuumﬂmu) U 7 IU



i HD drive storage capacity
DVR storage capacity = g pacin)

image size x pictures per day
= storage tume in davs or hours
Example: Calculate the storage capacity of a 250 GByie

DVR to record an image frame rate of 15 images per
second with a picture quality set to standard = 18 KByte:

250 GByre
18 KByvte »x 15ips x 86,400 sec
= 10.7 days

DVR storage capacity =

10 davs and seventeen hours

B bpp, 2% = 256 colors

16 bpp, 2'® = 65536 colors; known as Highcolor or Thougands

24 bpp, 04 = 16,777 216 colors; known as Truecolor or Millions

48 bpp; for all practical purposes a continuous colorspace; used in many flathed scanners and for professional work

asadi7 Digital Storage Requirements and Images Per Second (IPS) for Five Different Image
Resolutions on a 250 GByte hard drive

Image size (Byte) = [Resolution x (hit/Pixel)]/8 (No compression)

prerure” | DVR RECORDING SPEED (IMAGES,/SEC) {250 GByte HARD DRIVE)
QUALITY 60 30 15 10 7.5 5 3 1
HIGHEST 1D/3H ! 2D,/6H 4D /OH 6D/ 14H &D,/9H 13D /4H 291 /0H 66D,/ 2H
HICH 1D/17TH 3D/3H 6D/ 14H an/21H 13D /4D 19D/ 19H 33D /0H 99D/ 4H
STANDARD | 2D/16H 5D/1H | 10D/17H | 15D/9H | 90D/19H | sopsien | 51D/9H 154D/ 7TH
BASIC 4D/ 0H 7D/ 16H 15D/9H 24D/0H 30D 19H 46D /4H TiD/2H 231D,/ 9H
LOW 8D /0H 15D/10H | s0D/19H | 46D/4H | 61D/16H | eops1em | 154D7H | 462D/20H
*IMACE SIZES—HIGHEST =42 KByte IMAGES /DAY = 60 pps—5.184 MBytes
HIGH =28 KByee 80ips—2.6 MBytes
STANDARD- 18 KByte 15ips MODE—1.296 MBytes
BASIC-12 KBye 75ips MODE—648 KBytes
LOW=6 KByte 5.0ips MODE—250.2 KBytes
8.0ips MODE—56.4 KBytes
**ALL RECORDING TIMES BASED ON 250 GByte HARD DRIVE 1.0ips MODE—36.4KBytes

"RECORDING TIME: 1D,/3H = 1 DAY AND 3 HOURS

FORMULA FOR CALCULATING NUMBER OF IMAGES STORED ON 250 GByte HARD DISK MEMORY

HARD DISK STORAGE

RECORDING TIME = =5TORAGE TIME IN DAYS AND HOURS
IMAGE SIZE < FICTURES /DAY

EXAMPLE: HARD DISK STORAGE =250 GByte
IMAGE SIZE =12 EBvte
IMAGES/SEC=101ps
SECONDS IN A DAY =86,400 Sec
PICTURES /DAY = 10ips » 86,400 Sec

RECORDING TIME = 250GEyte -24.1 DAYS
12 KByte » 10ips 2 86,400 Sec
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3.13 msvudedeyasenain DVR
m3vuaieteyasenain DVR winefia msvudedeyasensin DVR nsdififing
FengIaTennszes Inarumeszuunsevieneuiiune; Iasfeyafieonain DVR azqgn
suilunsananasgumsvudiedeyavessrunni et ieiug (mmida, anwduds, naln
lumsaruau-suilseiuganin, 4a4)
NanIENY.
- AnudeiievednH
- qumvesnn (Anwagidea, & 104)

9 9
- anuniouls

4, msuanswanw (Image Presentation)
= an A 1 A [ 1 A a J
MIHAAIHAVBINNTHAWITN Iimie Uiy IsuMsHaaInanaemu Msnuosn
A A Jd=R o qY I o ¥ A
eIy Fehlinszuiumsuaaiwanananiy ez 149 laauninuesnmesninaingea
4.1 samwuuw Raster
< 7 o A
vonmmuuuRaster dugilnsaivani g lumsuaasnin vzlsznoudlenasanm

oA A A =) a d‘ Y o d'
LA INAAIEBIaAATOUN AIUIAUNANINBIAANTOU WDNUUITUNN (iﬂﬂTW‘ﬂ 37 ‘]Jizﬂf]‘ﬂ)

=

Foousing - .-"I
Crasthade I ’
= - T

| = (L

' |
Beamaf 7

cleciTons | |

]
|
e it
il = 2| Flsorescent
— £l sereen
Defecion |
woils :

I
Glass ‘J
it 37 uansaoniwuy Raster

fn aow Ty, e Ty [oeularf], iihduilo 14 Tunan 2552, 1dhda1dan  http://3g.

siamphone.com/news/2007/ntml/01/09/iphone.htm.
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4.1.1 Interlacing
= ° o AQ o 3
Wunszuaumsudaana lagviimsudaanaussiaiiuavaneuluasusn
) A I~ Y ° v A g 1 Y o o Y
yoaniwe eaiuarvziimsudainaussiaiiuavguesmsuaainanisaaly vild
1 Y g = & a ' Y a =
manaananensuiiuasanilsveanisuansasa iy luszuumsuaasrauuy 150 asa3ui
1 fuazdeald 25 wlsuseTuhveansuavd uay 25 wlsuseTuiveunsuausg
4.1.2 Sasraruvesmsuaawa
Tuveuaaswaiilumasgiuee liifludmasuinsa sasauneduany
ntaennuenlasmlniiu 43 udaziinwaiaziin wnaawwarzdeuiullaiw
9 [
sasrduiiane wuluszuuitinanugs 480 Wnwa vzdeslinaunda (4/3) X 480 = 640 4in
iragoUssne uszunldandudmaondnial024 X 1024 wuszuuves APOLLO
4.1.3 vinavesninee

o

Yy 1 ' A
‘umlﬂmmazmu Tﬂﬂﬂﬁmﬂﬂ

U

9y ' o yé' ]
Yuraveertine ldansaimualdueg
9 A 9 < ' A Y o A 3 ° Y A
zdoudonliausousuniuuaazina layanu  sentvuaanazyi liudazinea
a [ 1 A 1 o < 1 a [ 2
aanu aauvetuuia lvgizii TdmiuuaaginanenoonanuuINIY
=
4.14 anwazoun
dotmslsuaaawanuy Raster #lsanud 50 Hz wweanuiiezdssdl
1 o ~ 1 Y g’z 1T A = ~ A 9
wiaeanwi Hanunsaeiulann 150 afsseduil nazasasiawnsonlasutoya lu
' o d ° A ] Aq ¥ = o ] °
nieaus 1y d1 uadmaasounld szuunldanuazdeadiainnléviieanudl veq

A A ¥ = A ' Y 2 A4y ]
%wmgiu’mmamwa‘l@ FINTTINN 8 uﬁﬂmm:::‘uui%mmazmﬂmzazmmamaﬂ%
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A13197 8 uaaenNazBeALATEAUFVDITEUUAN 9

System Horizontal Vertical Grey Level Palette Refresh rates
1BM PC CGA 640 200 2
320 200 4
Hercules 20 348 2 50 Hz
IBM PC ECA 640 350 2
320 200 16 64
IBM PC VGA 640 480 16 262 144 60 Hz
320 200 256 262 144 70 Hz
VESA 800 600 16 267 144
APOLLO display 1024 1024 16 or 256 16 million
PCAT 1024 1024 256 or more
4,15 Planes

3 ' o A s & A Y A g
P|aneSl,“]JuﬂU’JEJﬂ’JWiJﬂ1GlJ’E)Qﬂ’EJSJW’Jm’fﬁﬂlﬂu@ﬁliﬂ MAUINDUNTUTAING
Y

9
nwanuavesn 13 Tastnaplangazesvislaol¥nuazidoanteduunuduazunuuou Tag

Sudaudaziinaaiiudiven wu planeiil 8 T azsi 195 256 FRuandraiudeiiniaa

=
Y
Fao103lu 256 T wie 290 seduvesdm

4.1.6 Video Lookup Table
Tumsnazaartlenus vesneuiaaes lumauan mldin el
Y
a1319L00kUD 1n1FmsIdnszuiumsil ugazminen1wi dosveunaziiniasyd19oa lilds

A 3 o ¥ 1A A ' v A A
1319 100KUP umuizinusuuiaruevesmdnseawesszaudm (gaisei dilsznen)
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{ @ v ' 9
mﬁ\‘lﬁ 9 G]’)aEJ'NGUE]Q?]'J’HJaglﬁﬂﬂllagﬂ]uq@]%@\iﬂ’ﬁﬂqﬂiaumﬂll”a

Horizontal | Vertical | System | Grey level | Bits/pixel | Memory | Transfer rate
Resolution | resolution Or color at50 Hz
320 256 Mono | 2 1 10K 500 Khps

320 256 Mono | 256 8 80K 4 Mbps

320 256 Color | 16 million | 24 240K 12 Mbps

640 512 Color | 256 8 320K 16 Mbps

1024 1024 Color | 256 8 M 50 Mbps

4.1.7 gilnseinanswamwsuud
vaean i duawnanmuuudlszneudetludsdwas 3 ou  uAazou
o [ A = A o 9 7% 9 a
dmiVTuas MAer tazdides onaainarzideemoiFamsnizduvoidanasouy
sdtluudazdwnlveuaasnanaas luimilousu Tasazsamsh Idiiuiludnay
4.1.8 Calibration
Calibration ifugilnsaivimhiidsuanueadn anuduagmsiaveann
4.2 Photography
QJQddyd asA A Yy 9 ' ' A = Y
M3 lsitluisnaengalasnislsndosnieglomenmnilsingnenm  1zdoq
Y v v .t
Tdg1uma 45 X 35 7a dwh msaeiinwazidea 640x480 vz 1dnwazideai 150 dpi &

¥ £ o A o A a N ¥ £ v
ﬂaf]ﬂﬁ]%ﬁf)ﬂﬁ1nﬁﬂ'i‘]JfﬂiLﬂﬁ’é)uUh’i’ZI"U’EJ\1’é]Gli1fﬂilﬂﬁﬁ)uulﬁﬂﬂlﬁ)ﬁﬂﬂhwmﬂﬂihlﬂ T@ﬂ%%ﬁﬁ)\ﬂ“}f

anuEee1etios 130 aedui

5. wugrumsuSunm wuu Image Restoration

msdSuam (Image Restoration) #e nsusunnlaelufimsndeuutlas
mely Fuandududumsdiudgeamuuulmage Enhancement ms1zinisiaeuudasly
wsedeyanmiSeuifeusunandennud Fedsniuunsnares F-Domain uamsysulye
ndae3siienda Image Restoration Hozflumsusunmmaiinaniniy Sainldmnses

1 9 A Y ) = aa o A [ .
HUUAN 9 mﬂiawayamammma(mmu PIYITYNT LA AINNT LFYITIDYIMNU 2548 . 67)



62

5.1 msnseatieyanin (Image Filtering)
msnseavoyanin (Image Filtering) Aemsiinm lriudinsesdaananive 118
v ¢ v AN Y A wa 1 A 9y o Ty
MUEAGNTERNNT MNKadNEh IdvzliguamiauanaannamEudy Jngilszadndanues
msnsesteyanmaemsiiu (ENhance) wioaaneu (attenuate) aarauinurelszmsvesnn
A g ooy y Ao wa Y
e lw ldnmntinuautianiudenis

D) A ' &L Ao d A v
ﬂ’lﬁﬂs@\ﬁlﬂlluﬁﬂ']Wﬂﬂﬂ']ﬁﬂ331]'3’@Wﬁﬂ’]W@ﬂ’]\iﬁuQﬂﬁntﬂuNTﬂ Lu@ﬂﬂ’]ﬂﬂluﬂ'ﬁisﬁ

o

a Ay v v A v A V2 74 Y
JTHDIN ﬂ’lW‘ﬂUlﬂﬂJ'ljJﬂiJﬁiyiy']ﬂﬁUﬂ'JUWfJﬂ iyiyimhluwmizmﬂ@u@]ﬂzﬂuagmﬂ N1INIBD

H Y Y
doyanmamsndsvilp i minuauianaiu mingunmsiszuanalutuae i

¢ 0w 9 A o a <
@Qﬂﬂi%ﬂﬂﬂﬁ1ﬂmuﬂl’é)\‘iﬂ?iﬂi@\?ﬂl@hﬂﬁﬂﬂ/‘lﬂﬂﬁﬂ)ﬂi@\‘l vintSeuniwedu

A @ 1

y E y < 4 '
dygra lWihntianudaiee nauiueg aansesnnedses b ndenvsionsoald
doyoaldihndanudlussidesmsiiueenlUld quanifuesdinsosfodadinua

wa v J
AUTNUAVDININAAAND

v
o =<

9 £ 9y Yy o Y o
@1%%@\1"11'6)%6"1]@\15‘!11/‘]”] wuﬂmﬂuﬁmmmqwuﬂﬂ ﬂ’)ﬂﬂ?iﬂWWuﬂﬁlﬂi$ﬂUﬂ’N§J

M 1 g}/ J 1
Wunasveuaazyanevuia@mplitude)vosdymia o duniaiugdouanaieszning
dyanalihduam e vuavesdyaa liihAenussdunionseud uavuIAv0

@ { @ I
Foyaninfoszauaudundsvesyanin msasunlasvesdynralvilniunis

G

wasulauiisununal anwdvesdyana Iihgnimualassasinsulasunlasves

o & 1 = Y < A =
vavesdgya luniegana wanslasunilasvesveyaniilumsnlasulauiey

[

v o [ ~ A d%‘ 1 [ = [ 9
NUATNUIVOIYAN TN ﬂ’J"Illﬂ“]Ji’Nﬂ']ﬁL‘]JaﬂulLﬂaﬂﬂJu@g vonsIMstlasussauANUTNILE

'
= v W

yosganogianuli(s1es Sunuznsnd uaz damssa d35miud 2548 1 37)dyqalih
Fludyaraiiames (@amplitude vs. time) uanwiiludyga 2 1a (intensity vs. X & Y)

@ A & R o (%% 9 H o 1

AINTVINDTSUUC] NUIBITUT YU IV (mput) Uszuramadyaia  uazag
Tyanaeen (OULPUL) Tava l@ansesrzgaadialdifluszuudadu (linear system) iiioqnin

Y1 = a A =S = =S a ~ @ @
ponuuy 1dd1e azlidsz@ansamd Tagifulinguf wazmatinunnneneInunMIeenIUDa)
nsosdyauuuUFadu

9 v A 1 A @ AaA da!
Gluﬂ']iﬂif]ﬂﬂlﬂuﬁﬁﬂWWlﬁ']ﬂJﬂW%Wiﬂl']'NﬂWWﬂ’fJﬁiLJﬂJUWm2 Handsznovuaun

s o '

o o i o @ 3 o 1
AU AITUDANG Wﬁuﬂuegﬁluaﬂmuﬁmmu ﬂ']3’6f]ﬂLL‘U‘UGI’Jﬂﬁf]\‘ﬁ\ﬂﬂl!ﬂWiﬂ'l‘Huﬂ’N
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v o

9 ° A Ay A o A D)
lﬁ’]ﬂﬂ\‘]ﬂ'ﬁﬂ']{ﬂﬂﬁﬂ]m']mﬂ'nuﬂﬁlﬂﬂﬂﬂulﬂ (Wﬁ’ﬂﬂ@\?ﬂ’]ﬁ!a@ﬂﬁmumu']ﬂ!ﬂﬁﬁmﬂﬁlﬂﬂ’]\‘])

g 9
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5.2 Uszinnvesainses
dnsounisenn I8 4 Usziamamdnpazmsidonanuine
521 fansesnnmdewi (Low-pass Filter)
522  fansesnnmdgari (High-pass Filter)
523 fnseuauanwiniu (Band-pass Filter)
524  fnseangaunuaawa (Band-stop Filter)
mmaiinesnanlumstmuagaauiifvesdaniesio mnnwddaoou(cut off

frequency)aiuddnesdoanudnszyyadavesdyanadines Iirunse ludu drediumu

]
S o

@ d‘ o [ d’d 1 [ a 4 Y o d‘d d' :a
dansesnnuadiiiunisianudsaeeiminy 1,000 1§sadezeenlddyanuniinnund
111 1,000 @sadrimlyl18 udez luseoulddayanantinnudgeni 1,000 Esadniu

A5 UAINTOINNNDGIHILIZINUAT WA UAINTIANUDMFIY Ao ligon

Tndgygraniianuddinianuddaceriullla uaszeenldnnudngninnuddaoon
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! 9 A Y o ' A & Y @
W’lullﬂ 'J\?ﬂiﬂif]ﬂllﬂﬂﬂ')’]llﬂN’luﬂf]llclﬂﬁmufg'lmslu“]fj\‘]ﬂj']i]ﬂWuﬂW’lullﬂhlﬂ NINTUYIUY
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ANudeguenTIIzgnaaneurse lsenlrmuly dmiulssvgaunuanudaziiany

2
ee

myhnuiassinufeszaanoudyIuninud lureifinuens tazazaIuAINan

aguangaa(miin #5qn 2551 ; 39)

=

lumsnsesdygralaqsiazdonsiuanudviesesnnuduesdy 1w

99

9 [
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aoamsuazdyanuiie ludesnmsnniusnzidendinsosimuzanmn ldiemiadyg o

99

Y Y o

[ H v Y
wlidesmsenn uaz/vienfudyanaidesmsfiaudateiiu Medarudayanusuniu
5.3 msnsedlagmsadsnnrialsmn
WINSITYAVDINNAUAINAINALY ] DINFID1GVINYUNADUABINUITIEINITD
Y = 1 ?,‘, Y o a dy v A d
asunminunfiguamgannnnganminla mndyausunudaliuiuugy aminy
9 [
HAAZASIGINTANHULUANANNY HINANUATNUAIVDIYA TUNINHLIGATUNIY 15180150
° 4 ° ' o ' v oA
Y oYAANUTNLEIVDIA VINNNDY B AW UURSINUNILNY UAazIATUNINKAGNE N
9 a d‘ A A d' [ 1
I8agiiaanmsimae (vieiden) :ngafiasetuvesningns q luganw
Y a d - H
5.3.1 msnsesdeyamulaglinundenuuadiamans (Mean filtering)
ax dy 91 A a 4 g’/ =\
dmstiz ldaumdenuunaiamansuosganaiua  mntiamuwa NXM

Y
%

o n Yo dy
MHUA K DN Lﬁ?ﬁTNTiﬂﬂTu’Jﬂ!ﬁTﬂTWﬁlﬁmqﬂ@NH
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f(x,y>=%zlj(x,y>

1%Y) feanudunasvesya a duvs (XY) lumwwadns

A = 9 ° f ‘:. .
[(x,y) POANMULUAIVDIYA B GIHU (xy) Tunwii |

@

Qddyd o Ay v =\
aﬁmﬂumiaﬂmuﬁﬂmmiumu m‘wmllmzu YYIUIUNIUAAA

0.3.2 msnsesveyamnlasliaisagiu (median filtering)

o 9

Y 1
’J‘ﬁfﬂiui]%lﬂlﬁﬂﬂ')ul!"UZJLL’LTQGUENi}ﬂﬂ@iﬂﬂuiuﬂWWﬁN@] NWL?EN'&WWU(SO”)

9 g A A ] 9 o g I o o
ﬂ'lﬂu@f]llﬂﬂ'lll'lﬂ mﬂumzmeﬂﬂmagmmmﬂﬂ% ‘mﬂmuaumwmwnmﬂumu’msﬂ 1

'
v K

2 ~ T o ' { an dy ~ o < A
mﬁmmgmqﬂmwzmmmmmﬁﬂ ’J‘ﬁﬂﬁui]%ﬁlf]\icl%ﬂﬁlit’liﬁ1 U%Qlﬂuﬂ’i$ﬂ’3uﬂﬁﬂ1%}

'ﬁlddh‘ll v w

nalumsmuiugs uadedde ligaydoanuauda(aigiiud siansingna 2550; 67)

M98

A 1 AN 2 2NN 3 HAANT

N © A ==
[\ \O I\
—_— = N =
—_ W = W
—_— W W N
W N W W
o ~ N SN BN
NN = W
N~ N W
B~ B =
S N K~ =
N OO B
N = N
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w

Ay Ay
AN HIVYNINYIVDI
(Y] 14 o = 4
NIINIDIAYYIUAIYAINTDIIUDT
@ = 4 @ ~ ' W A A ) @ o
@]’Jﬂi’E’N’JLH’EJiIﬂEI‘VI’Julﬂl,iflﬂ’JW]’Jﬂ'iﬁNﬂlﬂll'l%ﬂﬁjﬂ F1MIUNTAATYYIUIUNIU
1 a o d' d‘ Y L= ) % (% 1 9 1 1 a 1
HUUFY %1ﬂ\11u’3%81/lLﬂEJ'JGU’E'NW‘U’NNﬂ'IiuWﬁ'JﬂiﬁNﬂQﬂa'l’)hlﬂGlGIf’E)EJ'NLLWiﬂﬁWEIfNVI LY

Musznicki and others (2006) I&vinarueismslddinsesimes lumsszmmaimsunsndon

Fo o R o

mansiman W (electromagnetic interference) fiAaaindanlasiudidnnsedindids Fe

nsesimes Imsdszmafiiianuuiudigs eisoveaNikolaev and others (2000) ‘18

Y o (J

Uszgndldavhan (wavelet) ihiudansesdiueslunsaadyanausuniuiifainnios

asrviauaziiuiinaau Iihveinle (ECG signals) nazamiseves Chen and others (2006)

Iainaueisnsledansediues lunisaadyasunIuYeUToINAIINATOIVIIBIT 0

Tasmsufsoudisual SNR neunazndimsnses asa1 SNR aendeninmsnsesaziiaiga
' av A J 9 vy & o Y @ = s 9

N1 NnnuItennamdeduiy Tagna liudiniseenunudinseddies doansiy

anuduiusvoslsnduandiusonlud@ (autocorrelation) nazawdusiuglud (Cross-

Y=

correlation) Feenndemsdiuam Sal8idianndnsewuulsusaI&(adaptive filter) fisigas

Y
=

o A (Y 9 a o dy Y Y A o 4 A @ %
ﬂWﬁﬂ'lu’JﬂWN'lﬂlllﬁgUliJ“]ﬁJ“lffJu‘Uu IﬂfNTL!'J‘ﬂﬂullﬂu\?LUUﬂTiﬂﬁﬂﬁu’JﬁiﬂlﬂiiiJLﬂfJ'Jﬂ‘Uﬁ'J

nsesiesiefuitannasmdsdesiosiiqa (Ieast mean square algorithm : LMS) aannis

@ [ @

o a { A ' a ! [ @ @
Pivimhssunssumazanuidenineadesnun Sauisenldansowuuliuaa 1@ aslsing
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T Akhage and others (2005) 1815z gndlFvhandhiudansesiues feideds LMS luns

Usuirdmdumsaadyarasuniuludeaya 1inwanisnaaeuuaaslfiiuinizos

aananliwanisnsesiitimelv saru3soues Wang and Milstien (1996) ‘I szgnalsas LMS

Tumsiisadyarasunivuouanuduay  (narowband)  Iudmsvesnissauls

yosdaanamuuihswea (Code-division multiple-access : CDMA) #ifimsdousiu aanms
Ay Y 1 Aan (2 ' =) o = ! @ = 4

nageun ldnunItmsaenaniiaussouzlunsnsesdyyrasuniuanil dansesdmes

9 . .
wupaudn auaseuesChristiansen and others (1985) 1dlszgndls3s LMS lunisida
v Y

dyanasuniulu@eans Famsnsesdygivusunivaziusgiumsidenldaimisiines

Yoedanos vz ay nazaudseues SUNand Shu (2006) 181535 LMS Tumsaiuguns

J H 9

duazifiouveserumimuz iuuusiaesuy 2 szauduanuas (two-degree-of-freedom)
o 1 9 as = a A ] ]

1MsTIaeswanuMInIuAuRIeds LMS filsz@nsam nazdeaemsniugu

AYIUITUNIU

@ 9

o H I ] s A v oo
aYYIUITVNIU (HOISG) Wudyga liilsgasd Anauannudygiudoya tag

O 9 o QU

I J J o ' o

Aulsngmsainuugy (random) s luansavenvavesdyanmsuniu a narla
& Yy ' o w A @ Y ast aa

pawtalauiven uagnsavenhasumasveIdyaasunIv Id Ingdsnsneada

o I
daanusunudluaum

]
=1

f
< 2 A a A a
Asazlutazludanvaniaee1ni

A o Y o J A v A 1 ~

ﬂﬂ?iﬁﬁi}}ﬂ]ﬂﬂuﬂ"mT‘!ﬁ%1ﬂlﬂi@\ﬁ“ﬂ Mﬂ”lll@]ﬂ?ﬂ\illﬂﬁﬂﬂ%
A A A ] [l

qa mmmmﬂuﬁm‘lmmuau

sunyuveIdyNMIUNIU

[

Y
dyarusunaunaduldvareaung 1y dniwwinaoy danaliinady gy

[Tyl
[

sunaunalWihvsegangil Tasuwwmassuiadyanausunifiu 3 dszianudn Ao

@ 4 A o < @ a 4
dyanasunuiionnguigll dyanasuniuden tazdyausunIunannes

U 9

1. #yanasuniuiiesningavgil (thermal noise) Masnmsndouinuuguaim

a a a AL v o Aa P o A
PUNHUUBDIDIANATDUNINANIUAIUN V]ﬂJﬂ'J’]?JGI'IUV]']uﬂ']EJGlu'JQ%3@\15]’]1"”’]46 Iﬂﬂﬂ'ﬂu

Q U

. Y v
vuduantnadu (power spectrum density : PSD) vesdaanasuniuiilidnuagiinniou
wionan1dmng erfueiinvesdyanasunmuizinwainuminuedaeiionasadiu

[ 2 @ g 1w H H 2 g
anlnafy vensiEendyanusuniulszaniiGenndyaiusuniura (White noise) il

=

o A 9 ~ A o A =
AYVIUITUNIUNIUNYIVDININNG A LuBQ%TﬂﬁwjﬂJTmﬁﬂﬂJUﬂigmﬂﬂu € ITUAN PSD afaoN
4 4 2 Vo A = ' = o
oAU gL uadymsunIuv aziim PSD ashinaeannyieniud Tasdy o

sumuiiRanngamaiianuwuiuveannwuineilu (probability density function : PDF)

nszatwesiaind (normal distribution) w3enszarenumadiGeu (Gaussian distribution) i3
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1 { T v Jd o { J { o w [
Aundomnugud awaaslunini 45 Aundemdiaesvesdyausuniu (mean Square

U

(2

value) mldanaunsi (1) naglimdundovesdyanusunivinanyTuas dwaaalugli

(v) dioanudumiuiivaa (LR ) fiawmiduanudiuniu (R) luszuu dyapasuniui

Tnasvzilimasugage dsaunsi ()

R
R (noiseless) ) AKT L R
RS r-;fjf;(f}=—ﬁ [ 22
Q[ Vi(f)=4KTR [ Af T

(=]

- = ar
(M) danasuniuludiiiuni () Fuanasuniuny ivaa

a

A 45 rsesauyaunasiudadyapusuniuiioaningurgi ludaduniu
=
0

fin: lewnn PDA [oou'land], hitaile 14 $umau 2550. it Idan http://hitech.sanook.com

Ipda/news_05885.php.

* =4KTR-Af )
'E: =i_j'3=* ='E:L.'.I-E:u
4R (2)

vz = 1 A o o [ = [l I
T Ao Anndsmdeaesvesdyanusundu Initailu (1had)
A

€

o MMdunasvesdyausunIwiiosninguygil (ad)

Tuanduuu = 138 X 10-23 yasenain

~

)
@

.

-

)]

P2

=)

o guuiduYIal (1nadn)
] 9 4
o manumunu (Tovu)
A fo daanudiauls (Fsad)

B = J Ia Jd o
1 A9 AUUUAIANTYUIUITUNIU
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Thermal Noise Measured In Time Domam Dhstnbution of Noise
0,04 004
l‘:ﬁ 0.0z J | I " 1 ] I III | . ,;].;;.:kk %
= ""'-«,M -
o "-\ ¥]
=R .04 &
s 1z
- ] LT =
B " s
o RNl I M(
-0 | -0.04
0 E +(ay 5. 00E~{4 LOOE={3
Time (sec) Counts Recorded During
Measurement Period.

2 46 mataluTamunaunsmanszneneadavesdayausuniue
fin: lana PDA [oou'land], ihdadio 14 Sumau 25s0. whisaldan http:/hitech.sanook.com
Ipda/news_05885.php.

2. dyanmsuniudon (ShotN0ise) iRannmundeuduunguuoswne vih
Fwsovse PN definszualiihaselnalulaTeauaznaudane Fuiludayamsuniu

[

oA o o da A =~ A 2~
VIUFUAGINUAYYIUITUNIUNN AU DN UV YV mﬁm:}waaw‘aiumwm 47 PIUAITY

wunninaaasy dseunish (3)
i* =2ql,

()
Taufi (Ao szqdidnasou = 1.6 X 10-19 gaoud]

I fo nszualiaseitIvarulalon (ounls)

kT

= 7 (noiseless) T
D r.o=

== (Drm-a,
> %&j VI f)=2kTr, > (noiseless)

o

it 47 2esayaunastuiiadyanasuniudealulalen
fiun; Apple Inc iPhone [Onling], acoessed 29 December 2008. Avialable from http:/www.apple.
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Com/iphone/
3. dyapasunaulanines (flicker noise) wedayaamsunau UF (Uf noise)
wavinmsaany (T1aps) veammgaih Wi vnaauliusgns (contamination) nazaau'ls

GEUTEE! (defects) Tuensiadani uaz PSD VOITYYIUTUNIUDL Audunswlifianmdu Uf

R-

Faredimanadion 9 ionudifuinniu vieiFendnedraniiah plnk noise T PSD woq

”ﬂujmmsumuu%zmuagﬂmmmw‘luﬂizuaumﬁmammﬁmmmmq il Llﬁﬂ\i”lﬂﬂﬁﬁllﬂ']ﬁ‘ﬂ

(4) naznalnnid

Fr

A

o @ sz 0.5-2 uag D ilszana Luaz & fe mnsiluudazginsal (18nnmsnaaes)

I Y

- — LT noise - Thsernal moise

: = e log, (/)

it 48 anmwivenilan3uues pink noise

fin: Apple Inc iPhone [Online], accessed 29 December 2008, Avialable from http:/www.apple.
Com/iphone/

4, dyanasumulumsestuiionasiulasasou
wsesnufianasdulasasen Wuwniesdomednnmansnfianusudou
Y = o Y o aa Y =
wn malfauiianusuiiudesninquadidnasenliiinalaesfimmeanlunuuveans
9| v = 9 =\ o a S I o
avguilounal Fedeslinigasrviauazuaainaniine 519 9 Wudunn ssuums
v (4 ! 9 I a o '
asvanazuaawaves SPS vzilszaunumssunuaeudranniiulng dyamsuniuaig
~ Y A o 1 A o A t4
7 HNagIuANNAMm G1uANUDge AasaIudygINIUNIUIINLHAIIe Iuazglnainaq
[ 1 g 1 a ] oA
dyanar (ADC/DAC) mssunmumariigewaliinamsdulnivesdididnasou msuaniwa
1 a LY a a o’dy Y o = = v W A Aa
vndeAanan waz ludanu luanetdwusi IdhmsAnsunenudyapasuniuiims

nndathdunadumisddianasou  (beam position monitor : BPM) sanmisiSaiend
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[ [

a d' d‘ 9J = a d' A:; v d’ o a
155UNTTHLALNIUITINNIVOI WUNTVIIUITENNEINUNITTUNIU IULATOIAUHALLE

Fulnsaseu viewseusseymalugiuuuadiedu dasinglu Johnston and others (1967)

o aa

9 4 v o ] { { o 2 a 1o
13fnu15esmsdad i InrsvesdiBanasounanudm ImIasauuag N Ty

é U 2

sunaufinasuinuugu (random noise) aaialann BPM widyapmsuniuniniasves

Q

o 3 a o < o
uazﬁmumﬂmmmmﬁmmﬂqmw@,n ANNYuduaasunNIUY

7]

awaveves Spear (2005) 1dnandennudnuesdyanasuniuden fimann

[

1 o o v 1o Aagd J A o <3 <
I0YND p'n”U@Q]’lﬂI@ﬂﬂ'Tﬁ3‘]Jﬂ"|5'§lﬂﬂ']3\1ﬁlﬂﬂ“h’ Tﬂﬂmﬁmﬂnmiumu%m Wuduanusuniu

D) o9

D.

[ o w

A o A WY =< 3A o Aa 1 Ao
‘Vmﬁﬂ!,aflﬁllll]lﬂ mﬂﬂ@aﬂujtymi1Jmumn‘nummwmuuummmﬂﬂmummm‘ﬂ N1UHI9Y

wos Spear and Russo (1996) 18nan T hdyanasuniuiiosnngangd Sudyanasuniu

g g

malfhasiduduiiamnnanudiumu (R ) lursseetuoni Fufuginsaidaumils
vounTeInITamsuuvesdidnasou suiseues Ellison Newberger and Shih (1991) I8
Anvwanssnunndyanausuniu RF phase vesdBidnaseu Felidyanausuniu 3 siade
FUYIUTUNIUY ﬁagmmsumummﬁ@zhvim (|0W Pass noise) wazsosun ludyyiu
(notched noise) wuiidanasumuRanndynasUAILIININdYANMTUNIUDN 2
wiia waz Schopper (1993) 1&naadae Schottky noise wiedamnasuniudeniifianinmsdu
YIS 1DIANATOU c’??w‘?wm”lﬁ’ﬂmmmNfTu'51ﬁﬂgﬂgmﬁumudauimjﬁaﬁﬂgﬂpmi‘umu
iosnngangil waziivedmandygiasuniuden  sundenlszansaiiudyya

TUNIUUT
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L. ¥ mintiuiinldanalPEG
{ < o A @ a
Wunmanu 3 lugiudeyasiuan 50 s awiisainndesInsviminesila

U 2D A tazlaennasaInnasdnInea 20 M
- CPU waa Intel Centrino Duo
- 1.6 GHz a3 1.67 GHz

- RAM15MB
- m3naae On-hoard
2. MSanuIeANT
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v 4 4
2. IﬂﬁﬁiﬁN‘VIN"lﬁ)wﬂ!!"]i

a3 lsznouale

Lszuufiiams Microsoft WindowsXP ProfessionalVersion 2008(SP2)
2.T1J5unsu Mathlab version 7.0.6 (Release 13)

3. MINAaod

a a o’dy 1 I 1 A
minaaov luImeiinusiulansnaaeusonilu 4 aune
1 msdSudgeammiduiiosninanuia lunstuiinam limanz au
d'd[ 9 @ I~ = ]
Munadeunyignldlunisnaassnisdiuniwuasainanmsalunisduiinnin 'l
winzawn Usznoualsnn 50 n Tumsmganimaesnnldas PSNR
2. msdSudyanmmwiniuiiosnn Trlna limingay mmmadeuidegnly
lumsnaasinsdsummuasan Idda limuizay Usznoudrenin 50 1w lun1ul
aunmvesnnleds PSNR
[ 1 o A 4 [} AR Y
3. msdSulganmmsuiatiesnnmud limnzay nmmadounagn 4
Tumsnaaoansdsunimuasnn Tidalumuizay dsznoudronin 50 1w lunisn
aunmuoannlias PSNR

@ o A < = 1
4. ﬂ']ﬁ‘]J'i‘]J‘]J?QﬂTWWiTN’JLu@Qﬁ]Tﬂﬂ]TﬂJLﬁ? Glumiuu‘vmmwllummzﬁu

[
% =

. @ 3
HAagauUIUIUNIU ﬂ”l‘W‘VI@fo’)‘]JVI"i’Qﬂﬂi%}GlUﬂTicﬂ@lﬁ'ﬂﬁﬂ']'iﬂiﬁﬂ']WL‘]Jﬁ@iﬂﬂ']ﬁﬂ'ﬂllﬁ’J 114

g9 U

=4

msfuinaw bimingaunaginadyausuniu dsgneudienin so nawm Tumswiganin
voanm 1415 PSNR
=S § 9
3.1 srwazRsaveIszULUN T NaTeU
] I [
lumsnaaev lduiissieazideavesninaadovsomily 2 aliude

a s s a s I o A
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A = ~q ¥
AT NN 10 518’@3!@8@%@\153““%1%“@’(3@1]

Hardware Micro-Computer Processor Intel Centrino Duo
1.6 GHz
Memory 2.2 GB of RAM
Database Input Image 50 nm
Software Operating System Windows Version 2008
Program Simulation Matlab Version 7.0.6

3.2 TadeyanlFluaniide

v Y FJ
amwnaaeunlFluanideilldihunn so mwisruasglugduonlilg JPG

a3199 11 naasgiuuy lvadoyain ¥ lumsnaasuaiuin L uazdiuin 2

Uzinnnn YUIAUDI | WAVDA Foyaildlums
;M M nagouszuy (lva)
L amwmsuihnnInsiminasila | 256x256 JPG 25
2. mMwnInhINNdesnInea 256%256 JPG 25

9
v

Y
Foyamunaaounaa 2 Uszianveanin saunsau so am (50144)

U

= v Hq o v oA
a3190 12 naasgiuuudeyanmnldlumsnagoudiun 2

|tems Configuration
Image memory - Size 256x256 pixels
- Color image
CPU - Intel core 2 duo 2.2 GHz
- 2 RAMMB
Software - Mathlabv.7.0.6
Training data - amanndesInssimizesila 10 nm
- MNINNApAINeA




amit 49 dredrammyanaiildlunsnagen nndesrsasila CCTV u FK-908DVD.H
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amdi 50 dredumnyanaildlumsnagey minndesisesila CCTV ju FK-908DVD.H

-~

in ‘g.:.,ﬁ.s, , -f_ls;:;: ::08

amii 51 fredrnmyanailFlumsnadey minndesisasila CCTV u FK-908DVD.H
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i 53 Medrnmyanauazanunnlgdlunmsnagon anndesasasila CCTV u FK-

908DVD.H
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awi 54 dedranmihonzibousasudnldlunsnageu 1nndosdsnea Sony Cyber-Short

T900

a1 55 fedunnsesnauraiildlumsnaaey m1nndesdsaea Sony Cyber-Short T900
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awdi 56 dredanmilunaznszquiluildlumsnasey m1nndosdinoa Sony Cyber-Short

7900

awdi 57 dedunmuandesidaildlunsmaaen nndesasaea Sony Cyber-Short T900
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2t 58 shedranmansiiafef 19lun1snadew anndesdzaea Sony Cyber-Short T900
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e
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i 59 Medumwaniuiinamgilslumsnadeu 1inndesasaea Sony Cyber-Short

T900
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4, amifnanssuvesszuy

4.1 Tassa¥ravesszuy

mymauves Tusunsuiludnyazves Application vzviemuuy Stand alone i
annsodla TagUamlszian JPEG, GIF, TIFF, BMP hlﬁjmﬂu%jxlu%ylawﬁ’qmmfuﬁmﬁﬁld
ﬁaﬁ%’uﬁﬁﬂﬁ’mwm%wﬁa(muﬂ ué”;ﬂ%’uﬂ;amwmaaémmﬁaﬁuﬁﬂwaﬁ"lﬁ'm”lﬂuu%’\ln

Yoy ladanini 60

image [P | — | Addnoiseand |, image restoration

Point spread function

nwdi 60 TasaadhavesszunTalsunsw Image restoration

4,11 Tssa¥raTdsunsanitelymswufuUSudysnammnveanm
1. Menu Bar dwsudennimduna
2. Menu Bar dwmswiuidenismsilSulseanimwan
3. Menu Bar dwsunuidenansazuesdyanasuniuvielasng
nszaevesya (Point Spread Function)

4, Output Area dwsuiusidan 19 lumsuaasginm

4.2 asnilszneu ay AuAeINISVRISTLL
] Y
peAllsznounlFlszunana Tusunsumslfuljamwaeiley 9eadilsznoy

) Y
1@ 9 Aldilesnn TusunsuiignsimunainTisunsy Matlab



4.3 ywuiananavealdsunsy

MAIN
!
Select method
v ! l ! !
Wiener Filter | | Blind Convolution | | Regularity Filter | | Lucy-Richardson

d’ U o
MW 61 LHUAIAAEVR 1sunsulSulyanmwuan

5. AsuazTunounlilumsiSulganm

mmmmmwmumuslumiwuwﬂiuﬂﬂmwmm’s(mur)

matinfe dansesuuilnd (Regularity) dansesuuy Goes (Wiener) &

90

Fuau1didenld 4

Tnsoul luaa @

ﬂauiaa%u (Blind Deconvolution) was drnsewnun g Siadu (Lucy-Richardson) &

mumumu



[ a 9 an
S.LLIUNTNDUNAINNADIAIADA

it 62 uansthenziousaoud Taoldifuamdune
Tsunsudmdusummwaune

| = imread('D:/IMAGE/a3.jpg);

| = imresize(l,[256 256])

5.1.2 afadyanasuniuniedandunanszaevesya (Point spread function)
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P~ 9 = J 9 o A d o
NN 63 llﬁﬂ\?ﬂ’lWﬂ18ﬂ$L‘UUuﬁﬂﬂuﬁ Vlﬂﬁ’émTﬂ&lﬁiNﬁi};mﬂm‘iumuﬂiﬂﬁﬂﬂ%umi

NITYVOIYA

Tsunsusmsuadalandumsnszaevesga
Create a PSF
%PSF = fspecial(‘motion’, LEN, THETA);
PSF = fspecial('motion',LEN, THETA)
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iﬂi!!ﬂi?»lton‘H%‘Uﬁ%Qﬂ1W!Uaﬂﬂ1ﬂﬂ1§!ﬂéﬂu‘ﬁ
Blurred = imfilter(l,PSF, circular', conv');

~ 9 =1 4 o @ 9
NN 64 waasmnihenzitousnaua Vlﬂﬁ@llTﬂﬂiﬂillﬂiuﬁ']w5ua3']\1ﬂ']w!‘]Ja’(’)ﬂﬂlﬂﬂ']ﬁ

A4 4
NaUN

Tlsupsudmdvaiammuasnndyanasuniu
noise = o.1+randn(size(l));
BlurredNoisy = imadd(Blurred,im2uintscnoise));

A 9 ~ s 9 o v
NN 65 uﬁmmwﬂwmmaumauﬁ ‘VIﬂﬁ’e]‘UIﬂEJT'ﬂiLLﬂiiJﬁ1W’i‘U?ﬁNmWL‘Ua@mﬂ

FuUIUNIU
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513 1@en35laituilesznine dansewnvuilnd (Reqularity) ansesuvy Reiues

(Wiener) danseanuu luda aneuTagsu (Blind Deconvolution) wag dnseanuy g Sana

du (Lucy-Richardson) ndaa/$ualgenimuas

B cunweicome
iF-It Edit Filer Help

Image Restoration

-

This t§ an application (o restore an image degraded due to motion blut

Restore: You can restore an image using the blur paramelers
There are 4 algonthms you can use. Choose anyone which suites your requirements

Adgorithms:
Salect from the below gven 4 algorthms. You may also selact from the Filter->Restore menu
Vibaner Filler Lucy - Rachar deon

i 66 uaasnmGUl Tumsidenvurumsdsuganmn

TsunsudmSudSuizalaamslidansesnd (Regularity Filter)
function resim = Regularity(ifol, LEN, THETA, handle)
%Function to restore the image using Regularity Filter
%Inputs: ifol, LEN, THETA.
%Retums: resim,
%
%ifbl: 1t is the input image.

%THETA: Itis the blur angle. The angle at which the image is blurred.

%LEN: Itis the blur length. The length is the number



%  of pixels by which the image is blurred.

%handle:It is the handle to the waitbar(progress bar).
Oresim: It is the restored image.

%

Y%Example:

%  resim = Regularity(image, LEN, THETA);

%  This call takes image, blur length & blur angle as input
%  and returns the restored image.

%No of steps in the algorithm
steps = 6;

%Converting to frequency domain
ol = fft2(ifbl);
waithar(L/steps, handle);

%Create PSF of degradation
PSF = fspecial(motion',LEN, THETA);
waitbar(2/steps, handle);

%Convert psf to of of desired size
%O0TF is Optical Transfer Function
OTF = psf2otf(PSF, size(thl));
waithar(3/steps, handle);

%To avoid divide by zero error
fori=1:size(0TF, 1)
for j = 1:5ize(OTF, 2)
if OTF(i, J) ==
OTF(i, }) = 0.000001,



9%

end
end
end
waitbar(4/steps, handle);

%Restoring the image using Inverse Filter
fdebl = bl /OTF;
waithar(5/steps, handle);

%Converting hack to spatial domain using IFFT
resim = ifft2(fdebl);
waitbar(6/steps, handle);
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nd (Regularity Filter)



97

TsunsudmSudSuizalaamslidnsesuun g Swiada (LUCY-Richardson)
function resim = Lucy(ifhl, LEN, THETA, iterations, handle)
%Function to restore the image using Lucy-Richardson
%Inputs: ifbl, LEN, THETA, iterations.

%6Returns: resim

%

%ifbl: 1tis the input image.

%THETA: Itis the blur angle. The angle at which the image is blurred.
%LEN: Itis the blur length. The length is the number

%  of pixels by which the image is blurred.

Yiterations: It is the number of iterations.

%handle:It is the handle to the waitbar(progress bar).

Y%resim: It is the restored image.

%

%Example:

%  resim = Lucy(image, LEN, THETA, iterations);

%  This call takes image, blur length, blur angle & no. of iterations
% asinputand returns the restored image

Y%Preprocessing
%Performing Median Filter before restoring the hlurred image

ifbl = medfilt2(abs(ifbl));

%Initialising the initial estimate to the blurred image
est = ifhl:

%Create PSF of degradation
PSF = fspecial('motion', LEN, THETA);

%Convert psf to otf of desired size
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%OTF is Optical Transfer Function
OTF = psf2otf(PSF size(ifhl));

=1

while i<=iterations
%Converting the estimate to frequency domain
fest = fft2(est);

%Multiplying OTF with the estimate in frequency domain
folest = OTF.*fest;

%Converting the blurred image estimate to spatial domain
ifblest = ifft2(fblest);

%Calculating ratio of blurred image and estimate of the deblurred image
iratio = ifbl./ifblest;

%Converting the ratio to frequency domain

firatio = fft2(iratio);

%Calculating the correction vector

corrvec = OTF * firatio;

%Converting the correction vector to spatial domain
icorrvec = ifft2(corrvec);

%Multiplying correction vector & estimate of deblurred image to find next estimate
aftercorr = icorrvec. *est;
est = aftercorr:

%Setting the waitbar indicating how much is completed
waitar(i/iterations, handle);



| =141
end

%Restored image
resim = abs(est);
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uuug® madu (Lucy-Richardson)

TsunsudmSudSudzalaamslddnsesnuy Gaes (Wiener)
function resim = Wiener(ifbl, LEN, THETA, SNR, handle)
%Function to restore the image using Wiener Filter
%Inputs: ifbl, LEN, THETA, SNR.
%Returns: resim,
%
%ifbl: It is the input image.
%THETA: It is the blur angle. The angle at which the image is blurred.
9LEN: Itis the blur length. The length is the number
%  of pixels by which the image is blurred.

9%



%SNR: It is the signal to noise ratio of the image.

%handle:1t is the handle to the waitbar(progress bar).

Oresim: It is the restored image.

%

Y%Example:

%  resim = Wiener(image, LEN, THETA, SNR);

%  This call takes image, blur length, blur angle & SNR as input
%  and returns the restored image.

%No of steps in the algorithm
steps = 8;

%Preprocessing

%Performing Median Filter before restoring the blurred image
ifbl = medfilt2(abs(ifbl)):

waithar(L/steps, handle);

%Converting to frequency domain
ol = fft2(ifbl);
waithar(2/steps, handle);

%Create PSF of degradation
PSF = fspecial(motion',LEN, THETA);
waitbar(3/steps, handle);

%Convert psf to of of desired size

%OTF is Optical Transfer Function

%l is blurred image in frequency domain
OTF = psf2otf(PSF size(fhl));
waithar(4/steps, handle);
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%Conjugate for modulus aquisition
OTFC = conj(OTF);

modOTF = OTF.*OTFC;
waitbar(5/steps, handle);

%To avoid divide by zero error
fori=1:size(0TF, 1)
for j = 1:5ize(OTF, 2)
if OTF(i, J) ==
OTF(i, }) = 0.000001,
end
end
end
waithar(6/steps, handle);

%Deblurring image using WEINER FILTER formula
debl = ((modOTF./(modOTF+SNR))./(OTF)).*fhl;
lbed = ifft2(debl);

waithar(7/steps, handle);

%Restored image
resim = Ibed;
waitbar(8/steps, handle);
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A 69 naasnmnzibeusooud 7 ldan Tsunsudmiudiulanmlaonsldianges

uuuiewes (Wiener)

TsunsugmsudlSudzalaamslifinsesuu Tuda Anewulagi (Blind Deconvolution)
function resim = BlindDeconvolution (ifbl, LEN, THETA, handle)
9sFunction to restore the image using BlindDeconvolution Filter
vInputs: ifbl, LEN, THETA,

%sRetumns: resim,

%

%Ifbl: 1tis the input image.

% THETA: Itis the blur angle. The angle at which the image is blurred.
o%LEN: Itis the blur length. The length is the number

% Of pixels by which the image is blurred.

oshandle:It is the handle to the waitbar(progress bar).
o.resim: It is the restored image.

%

Example;

% resim = BlindDeconvolution (image, LEN, THETA);
% This call takes image, blur length & blur angle as input
% and returns the restored image.



%No of steps in the algorithm
steps = e;

v,Converting to frequency domain
fol = fftacifhl);

waitbar(1/steps, handle);

%Create PSF of degradation
PSF = fspecial('motion',LEN, THETA);
waitbar(2/steps, handle);

osConvert psf to otf of desired size
%QOTF is Optical Transfer Function
OTF = psf20tf(PSF, size(fhl));
waithar(s/steps, handle);
%10 avoid divide by zero error
fori=1:5ize(OTF, 1)

forj = 1:512e(0TF, 2)

ifOTF(I,]) ==
OTF(i, ) = 0.000001;
end
end

end
waitbar(4/steps, handle);

9sRestoring the image using Inverse Filter

fdebl = fbl./OTF;

waitbar(s/steps, handle);

%Converting hack to spatial domain using IFFT
resim = ifft(foebl);

waitbar(e/steps, handle);
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A 70 naaanwnzbousaoud 2'ldonTlsunsudmiudiulzenim Tasmsl¥danses

uuv luda AneuTagau (Blind Deconvolution)
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TsunsudmSuisudiuwananmveaniw Peak Signal to Noise Ratio (PSNR)
function [absdiff, snr, psnr, imfid, mse] = compare(originalimg, restoredimg)
%.Average absolute difference
"]

md = originalimg - restoredimg;
mdsize = size(md);
summation = o;
fori= 1:mdsize(1);
for = 1:mdsize(2);
summation = summation + abs(md(i));
end
end

absdiff = summation/(mdsize(1)*mdsize(2));
%}
%Signal to Noise Ratio (SNR)
%
md = (originalimg - restoredimg)."2;
mdsize = size(md);
summation = o;
SUMSG=o;
for 1= 1:mdsize(1);
for j = 1:mdsize(2);
summation = summation + abs(md(i}));
sumsq = sumsq + (originalimg(i,j)*2);
end
end
snr = sumsg/summation;
snr= 10 * logrocsnr);

%}
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%sPeak Signal to Noise Ratio (PSNR)
"
md = (originalimg - restoredimg)."2;
mdsize = size(md);
summation = o;
SUMSg=o;
for 1= 1:mdsize(n);
for j = 1:mdsize(2),
summation = summation + abs(md(i j));
end
end

psnr = size(originalimg, 1 = size(originalimg, 2 =
max(max(originalimg.*2))/summation;
psnr = 10 * log 1 o(psnr);
%}
%Image Fidelity
md = (originalimg - restoredimg).">;
mdsize = size(md);
summation = o;
Sumsq = o;
for 1= 1:mdsize(1);
for j = 1:mdsize(2);
summation = summation + abs(md(i}));
sumsg = sumsg + (originalimg(i,j)*2);
end
end

imfid = (1-summation)/sumsg;

%}
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%Mean Square Error

%{

diff = originalimg - restoredimg;
diff1 = diff 2

mse = mean(mean(dliff1));

%}
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