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5. CCTV
CC1v
: CCTV Vlado Damjanovski “CCTV" CCTV
5 CCTV
. CCD , Spec
(
bl 7 )
CCTV
CCTv
“Camera” “Camera obscura” . * Dark room( )’
19 “ ”
Joseph Nicéphore Niépce 1826
“Camera obscurad”
(viewfinder) (eyepiece)
bl tl TV * ”
CCTV . ,
. CCTV
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5. CCTV
¢ )
CCTV CCD 752 x 582 ( ) . , 100 ISO 25mm
8000 x 6000 ( ) . 120lpm
1997 .
CCD )
RAM
Tube cameras
1930 Vladimir(Vlado) Zworykin(1889-1982)
. 1931
10
photo-effect (Photosensitivity)
. ( (Target) )
CCTvV : Vidicon
Newvicon.
Tube cameras Vidicon ) Automatic target voltage control
Vidicon CCcD
. Vidicon
Vidicon F1.4
5~10lux
Newvicon (1Ix ) .
Vidicon . . CCTV
Target . Vidicon
Newvicon
Newvicon
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Deflection ypoke | =

Phosphor coated
photosensitive area i, "t =
called target T . et N

‘ ¢ f ~

H (zlast tube
’,’ o Ter 2

=" Electron beam
deflected in the
alectromagnetic field
of the yoke

The fens projects
an image circular in shape
but only 8 rectangle with
aspect ratio 4:3

i Cr !
3 ) . s baing scannad by the beam

The tube camera concept
(electromagnetism)

. EMF .
Photo-conductive , (?
Photosensitivity Effect) . Photosensitive
. Flow .
. Pico (PA=10
12A) )
“Dark current” ( )
Composite Video Signal
CCD
Yoke
( precise alternating electromagnetic filed: EMF) EMF
EMF
( 1,000V )
CCTV

o . 2

The inside of a tube camera
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ccD (

— CCD

CCD

Comparison of the physical size of a fube and 8 CCD chip
CCD

CCD . CCD

CCD Cameras

CCD  “charge-coupled device”

1970 (PO) charge-coupled device

CCD

CCD

CCD

CCD Camera . ,
CCD

(Shift register)

CCD Gilbert Amelio 1874
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5. CCTV

Solid-state £CO chip
fcharge-coupled device)
with photasensitive
-~ picture elaments (pixels
. read out by spacial shape
Y electronic puises

The fens profects
an fimage circular in shape.
but onfy a rectangle with

i Wi % N aspect ratio 4.3
! 15 photosansibive
M
I

The CCD concepl

CCD (linear CCD: CCD) 2 (Array CCD:
. CCD

Lt ===
CCD 8HH

e

Electrans in a CCD chip are produced by photons

@20z A3 & (B4 }
S2IE DIMERE & (EHY )

S P-type & (S )

. CCD
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5. CCTV

bl ( )

CCD
, CCD
( ) -
ccb ; OCR
CCD ;
CCD ) W
’ Vi = Ve
cCcD : TV (
M
. 7 i
. Sifieon sitbetruta
uoer ccD ( ) Boplwtion Fagion
ACCD pleture element
. CCD

Tube CCD

- ( B/W

0.1lx )
- 2
- EMF

- (photo-effect)

A fived camera dome with tinied glass

, CCD

). CCTVdptjsms
, 2/37, 1/2”

Tube PCB CCD cameras are very small
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5. CCTV
CCD
Vidicon  Newvicon Tube CCD
100 1SO . - 200 ISO
100 1SO 4 400 ISO . 1600 1SO
CCD
100 ISO F-16  1/125s
CCD , 1/50 CCIR , F-1000
-( AGC F-stops two ). 1/50 1/125
(25 )
2.5 F-stops . F-1000 F-400 . ( F-
number: 1.4, 2. 2.8, 4, 5.6, 8, 11, 16, 22, 32, 44, 64, 88, 128, 180, 250, 360, 500, 720, 1000, 1400
). F-16, 1/125 100 ISO
, ISO Number
F-16 F-40 9.5 : 2%°=720 : 1SO
CCD 100 ISO x 720 = 72,0001S0O !
CCD 5000 1SO
¢ ) :
CD
CCD ( )
Array CCD chips come in various sizes
CCDh (Array CCD chips)
TV ; (aspect ratio)
5120x5120 62mmx62mm
CCTV
CCD

(Photo-effect phenomenon)
CCD .
CCD

113 111 (CCD

W

A CCTV camera CCD c.:mp
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(Masked Area)

Noise
CCD
Plan -Parallel(?)
700nm
'R! & - s - 1
| | e, GO0 Spwetw |
% ./- b L
) : e ¥, iz Aitvanineg |
it} o [k
h
\
\
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W00 B0 W6 WO EG 0o To00 1100 TTAivelmpth thin)

The eye's and the CCD chip’s speciral sensitivity

“Blooming Effect”

Smear

/ . ‘*‘-.1'

CCD

LJ"I'[a.
\,-:- i N TR

_..:.' e _.:\.:,‘:_ rIILrJ ,‘ ARy i e

Infra-red cui filter mndmn the CCD response

CCD
0]
) , S/N
ccD IR
CCD 0.01 Ix
0.1 Ix
(0.3 ~ 0.5V)
F1.4 2 Ix

8 /8

CCD

(IR Cut

CCD
CCD

The IR cut lilter is a8 mus!t
for color CCD cameras

. IR cut filter CCD
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CCD

CCTV

1970

Sync

1/50s

transfer”

Newvicon

Smearing

Matrix(Array) CCD chips

Frame Transfer (FT)
(Imaging Area)

CCIR 1/50s ( EIA

(

Interline Transfer(IT)

«C )

“Frame transfer” “Field
CCD
CCD
Vidicon
transfer
Sync Pulse
interline
, Smear

/9

CCD
(Masked Area)
1/50s)

CCD

:

¥ & & reasout ST regrstoy
Frame transfer (FT) concepl

Interline transfer (IT) concept
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5. CCTV
S/N
IT transfer . : FT
CCD
1/50 (NTSC 1/60 )
1Vpp
IT CCD . , .
CCD-iris Electronic iris( ) Al(Auto
Iris) . MI(Manual Iris)
. , The
depth of field function( ) . ,
) (Smear)
1/50 |
(1760 ) ( }
) . 1/50 (EIA rf e |
1/60 ) | |
CCD

(Integration) . DSP(Digital 3 f"‘ﬁf*f“"?"-i" .o

signal processing)

(smoothness:?)
TL VCR(?)

0

L i} F"
Efbectivn q
|

P voi oo Yy
¥ Sy o shmlding Ay

Errarimay il ey Pt it F Bay

Comparison between a conventional on-chip micro lens A" electronic microscope

and the new Sony's Exwave concent photo of the on-chip
microlens struclure

On-chip Exwave . On-chip
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IT
( )
CCTV CCD IT
IT CCD ()
Frame Interline Transfer (FIT) Interline
Transfer(IT) Smear S/N
FIT CCD IT ;
FIT (Smearing) S/N
. FIT
FIT Smear
S/N : TV ¢ )
TV (Electronic news gathering:ENG)
Light-sensitive pixels, Vertical shift registers,
CCD imaging area CCD masked area
CCTV
v EZRNENERE 1
NNRRRREVET N
EalENRNASAN l______l _____
cop I
SALLLT T
ceo ' RIRERRREREN
CCD 1

CCD masked area

B

Analog
video
output
terminal

U

;ﬂ—|=ll—_|I:|l_lL_|l_4—r

[ - [ [
o Ll

v

Horizontal readout shift register
Frame interline transfer (FIT) concept

. Frame Interline Transfer (FIT) concept
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5. CCTV
CCD
(Pulses used in CCD for transferring charges)
CCD
CCD , (FT, IT FIT)
(Shifting) Phase( ) . , (Elementary Shifting)
» 3 4 . CCTV 3
Praset B @
Phoses G2 @ :
Pasey b3 e——=""" .

Bt S —
|
|
%
n

g:‘.
Iz
el e
M
& ii __i_-_-
i‘*-.
i
\J
L
i

ase transfer) :
Charge-coupled device principle of operation
. CCD
: ( )
(Master Frequency) . 3
- 01, P2, 03 0~5Vvdc . CCDh
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Timing pulses in @ CCO chip are derived from a master clock
.CCD (Master Clock)

CCD

CCD (CCD chip as a Sampler)

ccTV ccD (Pixel) 2 .
. cCcD
, MTF
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5. CCTV
CCD . TV (Line
Non-Continuity) Tube TV
(beam) . CCD . TV
. CCD

; SPATIAL DaMAIN FREDUERDY DOMAN

E{l Opntical sligin!

& an the CCL ehip -

4 j'?;ﬁ[rlf‘ e _s'__ Pw'm_‘-

i

£ :
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51' 00 ohin | :

1 Bisie iy Frinpingmey
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:J; Pilveahy v

b:' GO ehi s |.1":':.:-'.l

g 3 g

g T T, ~FoGuency

NIRRT AT
CCD chip as @ sampler
CCDb
To some, , 1928
Nyquist
CD-
Nyquist
, CCD Moire
(fold-over)
Fsmax Nyquist
Fnyquist
Amplitude Sideband
CCcD Fnyquist
( ) Side Band

(Fnyquist/2-Fsmax)

Low-pass optical(LPO)
birefringent quartz plates

Detail
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(Correlated Double Samples: CDS)

CCD . . ,
CCD . ,
, CCD (Signal
Processing) . (CDS) . Sampling
CCcD
CDS
, CCD
CCD
(diffusion) . CCD diffusion
On-chip
Reference reset signal( )
CDS - . ,
0
, CDS CCD
TV ) )

A modern, Digital Signal Processing CCD camera
DSP(Digital Signal Processing) CCD
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?
attribute
, Smear, , , Gamma
i T
’ >0 VOV the 1l Semisre Wit e
e laft a [
S/N 3dB Gamma and on the right almast invisible smear
o
)
)
® S/N
[
Gamma , Dark Current,
Spectral response, OLPF(optical low pass filtering), AGC  dB , ,
(Sensitivity)
TV CCTV
1Vpp(1l V peak-to-peak) (Iris opening) ,
F-Stop, . , 3200 K 2000Ix
) 90%
-
EIA
700mVv
20mv . Gamma
0.45

25mm~50mm

AGC

The Gray Scale Test Chart

700mv . F/4
F/5.6
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( Minimum illumination)

CCTVv
s qu 13 7
30%(700mV) , 50%
, 10%
:* F/14 80%
0.1Ix.”
AGC 10%(70mV)
. ( ) AGC F1.4 0.01Ix  Spec
. Spec . (AGC 50%
) F/1.4 0.1lx
CCb
( ) F-stop
CCcD ( )
CCD
)
( ) F1.4
10 ( lux). F1.4 75% 1Ix CCD  0.1Ix
Spec
B/W CCD
CCD (Cut filter) . CCD
Lk Chaar migphit
clovdy without Young Full Streel Home/Office  Ovorcast Sunm

A moon  meon moaon bighting  Kghiog sk With sarme elowus Sy

170 1001000 10010000 10000- 100000 100000 1o
Some typical levels of illumination

LRE o S 7 ' ot
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CCTV . CCD
B/W (Sharing) (sub-pixcel)
B/W 1/3
3 CCD
B/W
CCD
IR cut filter
(monochrome) . ,

(Camera resolution)

. Vertical resolution(

. CCIR/PAL 625
( )
(vertical sync pulse), equalization lines( ?)
CCIR/PAL 575 , EIA/NTSC 470 . CCIR/PAL
0.7  Kell factor( )
- ( 5 “General characteristic of TV systems”

330 TV EIA/NTSC

(Horizontal resolution)

} 75%

I

‘x
% hi
i {{
R i
i
e
V v
!/ |
| | |
|

%

o f" .I

i, .

VAl " ™ ’ i
A RE TM:ﬂ T:égt cﬁan REMITA
measures resolution
750
) ( )

(underscan: -

18 / 18

)
EIA/NTSC 525
400TV
“Resolution” J)
CCD
CCD
4:3
%
-
EIA
O (



CCTV
5. CCTV

Measurement

paint

; i
i
: j > ,
\ Ar loast 5o A I|||||‘I
modufanion e pth
: AR 3 1
i E
| 0.3y
1
Oscilfoscope with line selection
- " display of the resolution reading
Measuring resolution
( F-stop, 5.6 8 )

(AGC, Gamma, CCD-iris)

( )
TV line
(Oscilloscope)
0.7V ) 5%
( )
~ Resolution measurement
CCTV Test Chart
50
10%
(CCTV ) CCD B/W
. , B/W
TV 3

1’ 1000 TV
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5. CCTV
S/N (Signal/Noise ratio)
S/N (Noise)
CCD )
, S/N
AGC
S/N (decibel) dB
(logarithm)
3
( O )
dB ImV
dBmV 1 daB
S/N = 20 log(Vs/Vn) (39
Where(?): Vs Vn
S/N =10 log (P1/P2)
10 20 ,
CCTV
( ) dB . 3dB
41% 3dB
(100% )

DB(ratio) 0.1 0.2 0.3 1 2 3 10 20 30 60

Vv/C 1 1.012 | 1.023 1.035 | 1.122 | 1.259 1.413 | 3.162 10 31.62 1000

Power 1 1.023 | 1.047 1.072 | 1.259 | 1.585 1.995 10 100 1000 | 1,000,000
)

CCD S/N
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5. CCTV
TV S/N . 10kHz  5MHz
RMS c ) )
(dB) . (Video Insertion test signal: VITS)
CCD S/N
S/N )
Gamma, AGC, CCD-iris BLC
(video noise meter)
100kHz 5MHz S/N
48dB S/N CCTV CCD
S/N 3dB 30% . , 51dB
48dB 51dB
S/N AGC OFF

CCD 56dB
CCD (Dynamic range of a CCD chip)
DR(Dynamic range: ) CCD Spec . ,
CCD DR( ) RMS(root-mean-square: )

( ) . DR S/N ) ,
CCD . S/N
dB DR
CCD
. CCD RMS
. 1000
1000 100,000 DR CCD
CCD . ,
CCD AGC, Auto iris lens CCD-iris
Auto iris CCD
. CCD-iris - ( CCIR/PAL
1/50 , EIA/NTSC 1/60 J)
CCD (PAL: 1/50 NTSC: 1/60 ) BLOOMING
(pixcel) .
Anti-blooming
CCD . Anti-
blooming (Shift register)
) (DR)

Plettac
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: AGC
, White peak

. Plettac Peak light blanking(
Panasonic CCD
NTSC: 1/60 )
1/1000
. (Panasonic
) 40
(OR)
CCD S/N
-50
)
CCTV
Color CCD Cameras.
(G )
(R,G,B)
TV
3 CCD
RGB
(Optical 9lit-prism:)
CCD

White peak reference point

(PAL: 1/50

K -. ‘
EL,IPER-EJ .

IPAERLFALGE P
m

The Panasonic superdynamic effect G

s il inen i Compemyied €0 AOM rdve ¢l

Superdynamic Effect

Dynamic Range( )
DR .
CCD head . cCD
CCD
ND e Infrared cut filar

Low pass liter
CIC filten / PAnd image

f ] Pad rimeming filjer

Rod-rotiecting dichralo coaling

,«Z._“_..._.

Juarar wive plato

Pigkup device

ﬁ Girowpn (migy

.= i \ _
i L AT | B
rl. Ll '} (1 = . l';rmn irimming filter

b
Blun-reflecling dichrole coaling

e
(yﬁ" Biue trimming fiitar
. Blua i
" L Sihdan Fungeoes srashaey if ame

Three-chip CCD color cameras use
split prism for color separation

Tetal rafisaticn

.3 CCD
split-prism
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Split-prism

o e

i i

L i R : e
4 i s [ i
L | "r-.":l gl
nles ] e

Hangontal risadaul ahilt reginto

RGB stripe filler of a
single-color CCD chip
cch RGB

EJUDDIIL_IHDE]

Hearieewtil roaddut shit gt
Complementary (Cy, Ye, Mg, Gr)
mosalc filter of a
single-color CCD chip

. CCD ©y,
Ye, Mg, Gr)

CCTV

Color filter array(CFA)

CCD

CCD

'(?) CFA
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3-
CCTV
. CVBS
. 4
CVBS
:Luminance(Y), (V=R-Y),
Quadrature( )
RGB
CCD
RGB Stripe (stripe)
Complementary colors mosaic filter ( ),
CCD .
, Cyan( ), Magenta( ),
Yellow  Green( ) .
CCD
50%
RGB
CCcb -
RGB
.(Cy, Mg, Ye Cr
) , 65%
Line A1
Lina B
U=B-Y
Line A2
Horizontal
reqgistar
Calor Hilter array (CFA)
of a color, single-chip, CCD camara
, CCD CFA (Color filter array)
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5. CCTV
CFA
CFA -, PAL: 1/50 NTSC: 1/60
, Shift register (Gr+Cy), (MgtYe), (Gr+Cy), (Gr+Cy)
3
(Y)! (R'Y)! (B'Y)

Yesa.

) ! Sapand
-
AN} 500 X b L Wirvahvrigtn dremy)

Spectral sensitivily of a color CCD chip
camera with Cy-Mg-Gr-Ye mosalc CCD filter

. Cy-Mg-Gr-Ye CCD CCD Spectral
Y=L/ é[(Gr+C,\/)+(Mg+Ye)]=1/2(ZB+SG+2R) . 41)
- CCD
LineAl .
R-Y=[(Mg+Ye)-(Gr+Cy)]=(2R-Gr) 42
LineA2 .
B-Y=[(Gr+Ye)-(Mg+Cy)]=(2B-CGr) 43)

PAL( NTSC)

White Balance

CCD - (
Automatic White Balance(AWB)

Through-the-lens automatic white balance(TTL-AWB)
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5. CCTV
CCD
AWB Reset
CCD White Balance
AWB Manual white balance(MWB) .
MWB ( ) : (Indoor) (outdoor).
2800 K~3200 K 5600 K~6500 K
(Balance)
, Quad
AWB Automatic tracking white balance(ATWB)
( ) . PTZ camera
. Pan Tilt Head CCTV
Panning( ) . ATWB
ATWB
. CRT 6500 K
, (9300° K) (5600° K)
CMOS cameras
CCD 25 . CCD . CCD
MOS (Metal oxide semiconductor) CCDh
Clock-driver, Timing logic, Signal processing CCD
CCD
(Achilles heel)  Clock
Chip-driver
(regulators)
CMOS
CMOS Very Large Scale Integration(VLSI) T
CMOS CCD
CCD CMOS

A single-chip cofar CMOS camora
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5. CCTV
. CMOS
Timing Logic A/D On-chip
CMOS Imager CCD ,
, CMOS
CMOS (
)
CMOS DRAM(Analog Dynamic Random Access
Memory)
CMOS
CMOS
CCD .
On-chip
, , ON-chip A/D
CMOS
Special low light intensified camer as
CCD
B/W CCD
B/W CCD 10°Ix 107%Ix
“photopic vision: ”
* (photopic vision) ? ( )
10°Ix “scotopic
vision: ” .
102Ix . 1/50 (1/60 -EIA)
intensified (LLL)
. 1r' -
L Ly = Y 2l :'I
|
Lens fntensifiar RLh T-:;."_.'.:L‘.’.:i- e 2t

Low light level intensifier camera

(Low light level intensifier camera)
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5. CCTV
(Intensified camera) light Intensifier
light Intensifier CCD
Multiplying
(photon)
(avalanche) (phosphor)
( B/W CRT )
CCD
LLL
, MTBF(Mean time between
failure)
. LLL
F-stop (
F-1200 ).
LLL CCD

PixcelVision Inc.
(back-illuminated?) CCD

CCD

(front-illuminated) CCD
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5. CCTV

(Camera power supplies and copper conductors)

CCD 3 4w 12v DC
300mA 24V DC 200mA
Voltage drop(
A (Voltage)
A
Ripple / / / /
\/ \/ \/ 17~19V
(Unregulated voltage) 2VDC
(the ripple depends on the load) (RMS)
Y
(Voltage) (Time)
A

Almost

undeteCtabIe re (A XXX XXX EEEE XXX XX

ripple re eeCcCCCTCTCECTCTECTCECTCTECTCTCTCT

(Regulated voltage)
12vDC
>
(Time)
.AC DC
DC 12V DC/ 2A
25%~30%
. 12V/2A 2A
Peak delivery () 2-A 2A
Load 12v DC
13.8V
(Voltage drop) @) ,
. 12v DC 12v 13.8v .
S/N - ( PLUG-PACK DC CCD
, Load 12v DC
(bC/DC )

Readout pulse( /
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5. CCTV

(voltage drops)

ANG #24(0.22mm°) #22(0.33mm°) #20(0.52mm°) #18(0.83mm°)
Ohm/m 0.078 0.050 0.030 0.018
Ohm/ft 0.257 0.165 0.099 0.059

A 15 2.0 3.0 6.0
. DC
12v DC P=V I
vd
<+“—>
Rc(Cable total
\Y, + resistance) Rccd Veed
(Supply - (Camera
Voltage) : Equivalent
__{ resistance)
(Voltage drop)
AWG (No./diam.in mm) Copper Area( ) (Ohm/km)
10 65/0.30 4.59 4.0
12 41/0.30 2.90 6.0
14 26/0.30 1.84 9.4
14 50/0.25 2.45 7.0
16 7/0.50 1.37 13.0
16 16/0.30 1.13 15.3
16 30/0.25 1.47 12.0
17 32/0.20 1.00 20.0
18 16/0.25 0.78 235
18 24/0.20 0.75 26.0
19 1/0.90 0.65 27.0
20 1/0.80 0.50 35.0
20 7/0.30 0.49 35.0
20 9/0.30 0.64 28.0
20 10/0.25 0.49 35.0
20 16/0.20 0.50 39.0
21 1/0.70 0.40 46.0
21 14/0.20 0.44 44.0
22 1/0.64 0.32 54.8
22 7/0.25 0.34 54.5
24 1/0.50 0.20 89.2
24 7/0.20 0.22 84.3
26 1/0.40 0.13 136.0
26 7/0.16 0.14 139.4
28 7/0.127 0.08 221.5
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5. CCTV
( ;transformer) 24V AC
25%~30%
AC ( 24v AC )
(Load) 2
AC (200~300mA). 24V AC
(sinewave) , (UPS: uninterruptible
Power Supplies) Step-sinewave UPS
. UPS CCTV
12v DC figure-8
AWG(American wire Gauge)
figure-8  14/0.20 .
mm ) 14 x (0.1)* x
3.14=0.44 .1 figure-8 0.04o0hm . 14/0.20
Specification 8ohm/ 100m DC loop (loop 2 x 100m ).
300mm 12V DC
Ohm
12V CCD 250mA
12V/0.25A = 48 ohm .0
300m  14/0.20 240hm loop 72ohm
.12y Rc  Rccd ,
. 4 Vvd
(Voltage divider) : ( )
4V , 16V
( (Plus pack) )
( 4 ) oV
13V - ( DC/DC
) v
24/0.20 15 ohm loop
2.8V
, loop
. v 16VDC (PSU:
Power Supply Unit)
24V AC RMS(Root Mean Square) ,
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5. CCTV
Ohm AC DC . 24V AC
: ( ). 24V AC
RMS , 24 x 1.41 = 33.84Vzp(volts zero-to-peak) Ohm
12v DC . ,
. , 24V AC ( 110V 240V AC
) AC
AWG
V- (V-phase adjustment)
AC Line-lock
LOCK(?) (
120 (
)
Lin-lock V- . V-
0
Oscilloscope
V- V-
AC Line-Lock Locking
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5. CCTV

(Camera checklist)

( PTZ)
, Setup
B Auto Iris Plug.
Al

Al Pin-Wiring

B DC
DC

[ | (Back-focus)
[ | . Focal-

length viewfinder, , . C-mount CS-mount

/ CCD

[ |

Focus ring
B Auto Iris . ALC

«C )
-
m ) VL
10 15mm
[ | /
(MOD: Minimum Object Distance)
10mm .
[ | D Set( ) ®.
B Auto Iris CCD iris , CCD iris . Iris
(?) Iris lens . Auto Iris  CCD-iris
] Set
VCR .
CCD Smear .
[ | , Voltage drop( ) . ,
B 24V AC V-phase
[ | (White-balance)
. AWB(Automatic
white balance) ATWB(Automatic tracking white balance)
ATW .

[ | DSP(Digital Signal Processing) (parameters)
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