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International Telecommunication Union-Radiocommunication (ITU-R) BT.470 ®#FS E5 X|¥dth ITU-R
BT.470°1= NTSC, PAL, SECAMY] 372 FRE =], NTSC9} PALS A3} A&E AEstr] Hsia IZA
ZAM)E A83lal, SECAMS FIFHEXEM)E AHS-3th. SECAMOIAE= anti-cloche RE7} HQ3hd|, EF
(ITU-R BT.470)0l4 #Fsh= HEl9] §A0o] olF dgjaiA ol 7= ofgd21 HEE AME3ste AAISIAh
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EBC652-3% 4 LCD-TVE |83l AAZE ASS I3
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ABSTRACT

This paper presents the design of a video encoder for the device of need TV-OUT function. The designed
video encoder satisfies the standard conditions of International Telecommunication Union-Radiocommunication
(ITU-R) BT.470. ITU-R BT.470 can be classified as NTSC, PAL or SECAM. NTSC and PAL use Amplitude
Modulation (AM) to transmit color difference signals and SECAM uses Frequency Modulation (FM). SECAM
must have an antic-cloche filter but the filter recommended by ITU-R BT.470 is not easy to design due to
sharpness of the frequency response. So formerly the filter was designed as analog. This paper proposes that the
filter is designed as digital and the special quality of the filter is transformed easy to design. And the
modulation method is modified to be identical with the result required at standard. The encoder can control
power consumption by output mode to apply mobile phone, mobile devices, etc. The proposed encoder is
experimentally demonstrated with ALTERA FPGA APEX20KE EP20K1000EBC652-3 device and SAMSUNG
LCD-TV.
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GEju|to] A7t mEfdel] wEl BE gAY
71715°] ZAWMA2(convergence) F]L YT} W|E=FE
of ZHElel TVZI%ol FHAL, Yxg 7t
A=Y 7157HA 23l vk @Al ATFES]
TV &9 7|5 o83 vltj29} DVD Zd oo
&A= e oloprlolnk o]g tAE W
Hzol] ¥1-8317] 913 wkeA] A7 7)&0] System
On-a-Chip(SoC)°|th. SoCE CPUE 23st mE
HEH|H] 715ES ¢ 7l Ice] FATle A
olt}. o3t 7igo] Wl we} sl=dole] =
718 &0l &HIA A A 2R =719 7]
7lo BE 715l FHekEa e Aelth 1Y 7]
So] ol wal RE 715S ol AR
TAske Aol oieE, WIS AARPL st
716 B5-8 Intellectual Property(IP)3} AlA FHF
AAAZY IPE AEFSA Ik 2 =72 TV =
gol] dagt Fo 71718 IC A A §l=A] HQ
sk ¥ 1=y 1pe] A H 7 B3 Ao
g eF 2AET JE FE W= F9 o
g FHE}l 7153 TVeA] Be ARRS B 4
TE TV E£8$& Asta 9tk PC HFEo| ¢
S 22 Ul 2 3ol TvollA zRlo]
R A I A =
TV 9% AEE HFst7] 9JsA= Composite
Video Baseband Signals(CVBS)E AF&-3iCh H|T]
L dzfe HXJIE JZ(ex. RGB  or
YCbCr) S-S ¥Y Holxy AXZAE 21S(ex. NTSC,
PAL, SECAM)E HHfo] F& & 3tk 7|4
RGBE A4S ZH|9IS 7128490 W, =
2, 3es el AolH, YCbCre Wekalsdl
Yo} MxH21ZQ Cb, Crg Ehfdtt. AXVIE F4
ATE AIANE A2 vHE olfE A%
FE AN, §F AdY AAEe UG5S Al
gkl flsiMoltt. HEAE Az ZFS AA3)
£ Fo] ITU-RO|, ¥F W37} ITU-R BT.470°]
¥ BT4709E 3714 5= d & Jded
NTSC, PAL, SECAMeo|tt. 37FAE &/3M =&
Ae AT MY Fakbale] Fulgo)
t} NTSCS} PALS Az} As AL Al JZHx
(AM)HPES ARR3la, SECAME FIl4HZ(FM)

i
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Aotk
gAg HYQ 1=y ATl Adgh HJFgS m
A& Aol FEo|th TEle &Y FHIAE 459
NAES 5T B2 A, 4T o FeHl
2 MsiEeE Hg e <lmrdl= NTSC, PAL,
SECAMOIA AMgH= W 25 gigAstEE <}
Az} AE HAIREE 7 AL, SECAMCXARE AL
43}= pre-emphasis, anti-cloche ZE7} Utk E
=7 HYe QFtE RE FEHE Z2 ks
o AREEAC wE AR A" ¢ s
A sF9tk SECAMOIA ARS-E:= pre-emphasis
Zeje] A4S BT470 ®FolA ARSI Utk
High Pass Filter(HPF)2] E{Fgjo|m Fuls=o] O
gt &5 5430] o5 ogsith olyg 5SS RS
St== fxgdz A7) 984 Finite Impulse
Response(FIR) TZ& AFE3SHH %2 AlS(coeffi-
cienty7} H 83l sf=so] Z7|7F FU1EHA Eck
©|Z Infinite Impulse Response(IIR) 7%= AR&-3}
W 2gs e AFE R 54S HRe 2
EE AAE & AATE group delay E40] a4
of whe} ®isky] wEe] dAle] Halo] 2 HAl
92 4 "tk Anticloche EHE 2 H
< 2 g9 A d¥ 548 7RIth
0l g=E dAls] 98 IR FE2E 4RSS
A B2 A7l s group delay x[o|7}
AM i JES wxA "ok B =79 HYL
°1FT+= anti-clcohe TE7} 428MHzEAC®E
+ oAl AE o83t HPF FEIZ vlta, olg
2] el e wxals Ajtstaal s
ot gz Sk IR P22 AAISk group de-
lay Zfol& Hast & 4 ok

FE 1. ZF B9 CVBS AR 54 Fukesle Al ¥
Z Al AREElE Aol pedestal levelS HEAIE A black
3} blank level#e] x}o]E W3lc)

= Pedestal -
Butdulals A=
T O fe]
CVBS MHz) | VB | dinexpixel
M/NTSC 3.5795454545 7.5 525%858
JINTSC 3.5795454545 0 525%858
4.43/NTSC 4.43361875 7.5 525%858
M/PAL 3.5756118881 7.5 525%858
B,D,G,H,I/PAL 4.43361875 0 625%864
N/PAL 4.43361875 7.5 625%864
Combination
N/PAL 3.58205625 0 625%864
4.40625
SECAM or 425 0 625%864
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2.1 NTSC, PAL

¥ 1949 o8] 7} CVBS Al5E wE7] $
a)4] ®IT]Q <QlFC]E ITU-R BT.601 4:2:2 EE
ITU-R BT.656 X% Aa2 ¢ ukg 5 o,
Bl BT.601& ARe] iro] W9k AlEdle wiztsla
AR FOE TS AE o83k Wt 4l
< o FAuitt MESte] 13.5MHzE HE3la,
7He) APAZ(Ch, CrE 2FAuict s ARk A
Z3lo 6.75MHzE AEsh=t] o2 2o A%
AME3led 13.5MHzZ H43gith. BT.6562 BT.
Ao AEEEE vz SEA HAAZ(Y)
7Ne] AAAS(ChCrS 3hte] AR HFshe
2lo|tk 3 19] CVBS 4l&& uHtr] $JsiMe
2] 18 o]g3sla] YdHH YCbCrAZE YUVAISE
walsop TP S22 1S M4.43/NTSCS M,N/
PAL &% of AR&EE S22tk YUVE ®gsh
As= e Fag t9S W37 H3A inter-
polation FEIE ARE35ke] 28] QW A1ZE(over-sam-
pling)sHAl 'tk

2

x
O 0= o

=

¢

£ o

kv =2

Y =0.591x (Y,,, — 64)
U =0.504x (Cb —512) )
V = 0.711x (Cr —512)

Oxdg gdeEe Bige ¢=ne] Ao ©e o
S mFHt: e AE o ZLHE Bo Fi
Zt ZFoA FEshs tigFoE CVBSAIEE A

s gae Bk EERAM Adske deEe
gt 41520 Y& 6MHz, M350 UVE 1.5MHz
g APk g

H A9 3542 2oFa gl
4719] e BEF &AFoZ AZ=] e &
s /e EHE 3434 "ok $2 2414
gaine 4719 FE] AlFrt sl Hol A 7]
ol Arst A1717] g golth HY 2E Al
F9} gain 2 29 A FoZ HAAEHAULE 2
A FA717E lo] AzEel tigrvhe R st=go]
& 79 & & ok 27 12 4 29 WL 5
o APsle FI I FAolth AR ARl
UVE Algkele FET 4 13 fAle 722 4
A= AT

e A|3tE UVAISE sined} cosineS ARE-3He]
QAM(Quadrature Amplitude Modulation)& 3} AM

Ik %4 28 AlkE AZEelA A}
=
1
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1+(1+%)z*1+2’2 }/z

4
: } 14 @

H2(Z)={ 1+(2—1—%)Z’1+Z’2 }/4
{ 14-(1-¢-2—%-¢-Z)Z’1-¢-Z’z

l—(1+2)Z’1+(8—%)Z’2—(1+2)Z’3+Z"’ } /2% gain

p=—-%q 3)

dB

Frequency in MHz

32 1. 99 Bele) Fakr 87

< 9 Fuuls THEY] SEiA B vibe 1=
CJ& Discrete time oscillator (DTO)S AFE3}Ath
24 3= DTO9 &8 AWdFe F2lolth o
71 Fsee FRKET} Faleolil, Fee 13E9] 5
Z 29 Fi, g& DTOY Z71E Yeple
pT 1A sl Fukbale digske YA g%k
olty. Fs& TAFIY 27MHzE 1 H ghola,
Fsc= 3% 1914 ZH2+e] CVBSell 9Jsix ®isk= 3
olty. Z1efA Fycoll 23t pgke st=glolz A7l
T3 7} AR 98R= CVBSE AHElH 253
O F Fye HASHA Ho) g3k JFHY Aess 3
gk =ola, st 2715 aEske] AHs] A
drjojol gt} NTSCE 4 fields (2 frame)P}th 9
o] HkE R 31 PAL2 8 fields(4 frame)r}c} A}7]
Pom Bolo: 54 JHx L F 4
frame7HA] $P APt AR BE=E g3ke] 4
Axo] Xohd, 4 frame vtk DTOS Aleha
HkEale] Fexe AE WASHA @A itk &
2F g 2, 74 = Y $o] Y4 gl sl
Z3h= ROM address @t= YUERNIL Qlth DTOO
A 985+ S sine, cosine ROM] address 3k
o2 AMEEEY, 97|]A= address’} 10bito]|Z}al
7H4g Aoltt.
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FE 2. NTSC9| ¢=7)0l| 3t siarest

q 271 3 frame ©]$-9] 31 o] 91
(bit) 1 2 3 4
30 513 1 513 1
32 512 0 512 0

q® =717} 32bitQ] 73-F- 1frame ©]%of 180° ¥
ol B8l 512(address7} 10bitSl A-H)7F =4
=1L, 4frame ©]Ff A 4RI 0°9l FFs= 0
o] E¥x|ojo} gtk 3HA|TF g9 =77} 30bit?] A
% lframe ©]F°l= 513, 4frame ©]Foll= 19]
HrjojA oAt TS & 5 Tk ol S
o2 035° dFte goE e AL T
A A2 HH ofFuA Eck A A=
HT e QlFte Adeapt BAsHA] e 4o
=719 32bit2 DTOE AAISITE DTO| E¥o0]
sine, cosine ROME] address® A}:E=4H, ROM
9] address, data bit Z7|7} FwkEyle] HEAS
AR "ok bit A5 AAs] 8 e
bitel] G FHETE YHE©]A] Fast Fourier
Transform(FFT)S 73132 23} address bit= 10bit,
data bits 10bitS AHEHS ), Bh=g)o] 3712—
st 7P AHEE 27198 & 7 AT F
FIp7t ¥HEo] AW, $2 45 o]&3te] HIYQ ?_
Frle] HF F94152 CVBSE T 4 Uth

roa m{)l'

CVBS =Y +C =Y +(Usinwt+Vcoswt) for NTSC
=Y +(Usinwt+Vcoswt) for PAL

= WY AES UEii= Aola, Ce AR A
B9l UV AEE QAM HWXE 3 43S Yehlle
Aolth. 118 2% ITU-R BT. 470 7S =3k
75% color bar M/NTSC®] CVBS Al3e] &3H&
MATLABS o|83le] Uehd Aoy’

700 -l I“ i

\" i
500 \| |\||

|
\|H| || | \M\

.
=1
=]

Amplitude in 10-Bit width

1
200 400 BO0 800 1000 1200 1400 1600
Sample Point

T2l 2. M/NTSC9] 75% 1line color bar
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2.2 SECAM
NTSCS} PALT H|W3|A SECAML Az}Al5 o]
A4 whalolA we xjoly) duk 94 QJ=E YCbCr

F AAIEQ] ChCrilse IAIgEEE AX &
pre-emphasis ZE|E AX|A| Hch pre-emphasis 2
HE S33 cbCrilese ®HERE s Hs8iA
YDbDrz WgErh 2 5= ST YCbCrE
YDbDrz HH= 424o]ch

Y =0.625x (Y, —64)
Db =0.0119x (Cb—512) ©)
Dr =-0.0119x (Cr —512)

W3 DbDre 72 69 #o] Fi HEE g
t}. SECAMoIME A3} 215291 Dbo} Dre
Auity 2% AEstA] etk Y= o Gtk
£3A9h, Dbe} Dr2 FHe] 7|Eeg 3 iy
wAE ALAY® SECAME BT e YzbE
2Rl MRS Fol dAl Eole= Mat 4lse} vt
2 A gl Sl MAIsE st g4
ARE BAsHA Hoh

ONC) QL

CVBS=Y+C

Y +Gsin zﬁ{fORuAfOR ;Dr(r)dr};Dbpath ©

Y +Gsin 2;;{ fost + Aoy [ Db(r)dr} : Dr path

for : 4.40625MHz, Af ,, : 280kHz,
fop 1 4.25MHz, Af ; : 230kHz
G:23IRE/2=23x55/2=63
(1IRE =5.5;10bit)

WZ Fo= anti-cloche ZEIE AXA ok 4
2] 6ollA & 5 ARo] Wt 2152l Yol FMAIE
7} GaliA7] wizel A t9e] FM 257t YAIS
of dFE F= RS ﬂiA]ﬂ 7] 91814 anti-cloche
IHE AFE3T BT.470%F0A AR =
anti-cloche ZE{2] %/‘é% A2 e ) M-a ) o M) == [
el tig o5 54& BAS) B oF IMHz9
HFollA 11dBod] ©]5S 7FAoF &1 4.286MHz
ANxe FEHA 0dB o5 7t ok gtk olF
IR 728 AAS dAge B2 ALr}t Bosin
o|& QlI3} group delay =}o]7} Be] AA QiH
Aol d9dS mXA "k ol sEs] sl
A B 9150} anti-cloche BE] 412 4.286MHz
2SS OMHz AHo 2 7 9 49 o] HPF

:
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0 i
1} 2 4 [ [E} 10 12 14
Frequency [MHz]

4.286MHz
2! 3. SECAM& anti-cloche ZEY F34 3¢ E4

Fe|= upte] AAEla, olE B flElA S
2l 65 T2 73 Zo] vt BE ARKETh 4
6°] Db pathql A9t 7P3la &S ol &
2 (f = F O TN T g 3 s
A e NS 422 73 o] Etkh 2] 79
T HA AelA T=E & = Fo] FM2
A FMe] SAFIETE £, fop—f o= W
Bzt 28 A Fae digex] FMES g §
I3 49} 2& 49 anti-cloche FEE E33}a
4.286MHz] FHkESE Fair] Cshd 24 69
e A9s 48 F Utk ol JEA Wx W
S B3] HA|9 anti-cloche ZEQ] A7} 713
A3 sl=go] Z7|% ZobHth K3 group delay
AAE FolA 1T HlYL A=yt 4
7Fssll Xtk 29 5= 52 73 3" 49 73
2l "EE AFE3)A SECAM color bar 2line2 1}
Epditt. ¢k gle] Dbell siEsta | ElRle] Drell
&F3h= CVBS Alzoltk

O 1o

Y+C=Y+Gsin2z{fyt+(fout— f0t+AfDBJ; Db(r)dz)}

= G[o0s 277 ot -5in 27 (o — o)t + Afy [ | Db(z)dl 2} @
+8in 27 fot 05 27{( fog — fo)t + Afos [ | DB(1)d7}]

fy :4.286MHz

T2 79 FME stedol2 73387 A
2] 39] DTOZ ©]& 39H”. NTSCS} PALSA
AHEE DTO= WA} She FakEute] Folprh
1golB g pol Fho] 1AW ok 3% SECAM
olXe] FMS Y& EE Db X+ Dr gtoll 2siA
AL R FugrL ubojof §o.2, pgho]l Db
EE Dr el 9siA vide 725 7HAoF gtk

54 88 4 79) AF3 hele] EMEA F sine
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dB

o
8}
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[3 [ 0 12 4
Frequency [MHz]

2! 4. 3% anti-cloche 8] Fu= 37 £A4

1000 .

Amplitude in 10-bit width

i
0 500 1000 1500 2000 2500 3000 3500
Sample Point

T2l 5. SECAM®] 2line color bar

T &7 Aotk F2 8ol Furel sgshs
QARES 2] 39] Fyeoll War Aelshd 2] 93}
o] HArk 4] 8] A UAxk= DTO AHAI7} 4
7] Fejo|lng st=go] 72l wrgEo]
g, Fs, fos, fo, Ofope St=doldoz 31gdH Fhol
o2 Dbl parel Wshd AAztez Fulgr) uf
#AA =k

sin 27{(fop — o)t + Aoy || Db(z)d 7} ®)
-9 -9 _
p=—xF =—x(fys — f, +Afz x Db) )
FS FS

. 3t=So] A

a9 62 HIYe 39 F=do] BERo|th
25 oAl AFAY bit A71E JERAth
Format_convS Q¥R =7} BT.6569 7% BT.601
2 utolFEt) Pattern_gene encodert]F-oll A test
£ 93 9 patternS THEO] = EFolth AN

713 e o 2 vertical color bar®} horizontal
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[T SCL
clk -{ [+ SDA in
Encoder_core )
& CVBS_on
reg_store SY.on
SCon
10 10 10 10 10 1o
Y Y_Ipf  —F—{ Add_sync |—/— CvBS
10 14 10 10 10
Cher Anti 7 Modu Y
_dloche lator
hav 2 | chf| 12 _Z;i, 14 }'ﬁ 10 — 10 10 .
s _cloche
Tt
rsth ——1—» Time_gen Sub_gen
J2! 6. BT 1FT 9 BF tlolo] I
color baro|i, AREAZ} AdElsk CVBSOl &JsiA =} HRA3", Synopsys AlEHo|HE o]&3ste] AF3E

THog AN fdgo] iR FElo] ofd of
= A€ Aofelr] ANA clock FHS AT
Time_gen-> encoder WH-olA AME3l= Elo|d
de ZE 23S AAE] =k Conv_matrix2
2 4139l YCbCrE YUV X YDbDrZ 13
FE= E2olth Clpfe Mx 4320 UV He
DbDro] ti9Alg =& FEola & FigE
6.75SMHzO|t}. Pre_emp SECAMY 7St A}
45= EE°2 DbDr AlEE pre-emphasis 35+
IR ZEo]th Interpolatort 13.5MHz9] dataZS
27MhzZ 24| over-sampling dF= EFolth Y_
Ipf2 BV E EF BREF Y Ags=
ZEejolt}y. Add_synce YA!ZEe] composite syncE
AFl3lal, Y path®} C path clock delayS 50
Ft. Base_modv 4 83 & A dlde]
FM< $-3)3H). Anti_cloche™ 18 49 IEHE 3
43h= E5o|th. Sub_gen Z} ®Fo] e Hub
%3} sine, cosine2 AAIFCE WSO F= EE9|
t}. Modulatore 2 4 Ex= 60 9siA] HlYL
JAFHe] HF &9 2182l CVBSE Y] F=
EZo|th. CVBS Az 99 s-videoE 9FIA] lumi-
nance (Y) 41&¢} chrominance (O)A&7} Wz &
Aok 13kdS 913k 10bit DACE ARE317] S8
H 10bit® EHET 2 HHe Qid= 2C =2
FE& ARSSHe AlolE dkal o RCEFOIA 7
gt B2l Hagh HRA2E g2 Reg_store &
ol A7
At AFT= Verilog-HDLES ©]43le] A7)
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Atk E—E— AZo] FdE Fo] TSMC 0.25-um
cell library® §HJ31] 2] A|2"e) E/‘i} EL B
Q] 27MHz YEShEAE HZE S1Th & 394
Zyzte] BE9 tigt gate count®} & £EE UE}
22 Qlc} one gate= 2-input NandE YERNH F
gate count= 83,7397fY=S & & Atk M &

2 &7t =" Y pfe] A9 A BF ARIRI
27.25n5(36.70MHz) 2 52 F3}4=1 37ns(27MHz)

Z51.0 /\
g B2 ¢ 5 AUk

E 3. 3= gate counts$} Hu] A< AzE

Logic module Gate counts Max timings (ns)
Format_conv 1,355 7.07
Time_gen 5,452 11.29
Pattern_gen 4,856 16.59
Conv_matrix 6,508 16.50
C_lpf 6,585 16.15
pre_emp 4918 13.15
Interpolator 2,978 7.25
Y_Ipf 15,083 27.25
Base_mod 9,533 26.07
Add_sync 2,197 16.02
Anti_cloche_0 5,835 12.02
Anti_cloche_1 5,823 12.02
Sub_gen 2,097 19.92
Modulator 8,202 16.42
Reg_store 551 6.64
12C 1,766 10.19

Total 83,739 -
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=2/ 2rkd 7]715 913 NTSC, PAL, SECAM HIYQ I=r}9] A7

V. & &y} ZFolal, 16°] composite sync7} A= AHolH

burst 157} 4HE 3 white kol sFEE 6700]

Aotd WYQ QHTGIE Altera FPGA APEX S & § Utk T gule]zox A1E3E}
20K 1000EBC652-35 ©]-83}a] A7t AZ =343} 7] SBidE Anl AES HAdig A AR & F
Atk I8 78 AZe) AHSE PCB HEES HAFE AEE MAEolo g} Aotd HIYQ QlIAFE
th. FPGA°IX Z8=e tAE Ho[HE ofd=1 NTSCe} PAL &8 wj 288 vt §le &5
CVBSZ HH27] #1841 Anlaog DeviceAl2] ADV ¢l Pre_emp, Base_mod, Anti_cloche®| FFH=
712KB50 DACE ARESITE ET9 He 3 clocks Adsle] 4H] AEe A = J== A
o] Jojr FR3%F @4 ol P} composite sync2] AStat: &% 45 1% 79] PCB R=rt &8 2=
A5 AR} & Alzteltk 13 82 MUNTSCS 4 o] W w¢ FF7NEZAFY GP-4305TP)e] AFH
% A7+ YOKOGAWA DL1740 tRd Az~ S HojFETh SECAMY Hlwa|A] NTSCS} PAL®]
7 2% Zlojrk. ©]F B¥ NTSCE 200ns= °F 02A4E Eo15S ¢ F Utk 17 102 iR
A FEM BRsRE 250nsHTF AAY Zow # shElol| A WAEE color bar A1EE SECAMOZ
e 214 B58s & 5 Utk ¥WE=IZE A} o915y 3&lod, SAMSUNG CX174MP LCD-TVZ

=
gape Ql=mtlold el CVBS AlEvh el o8k WARF A AEH Aol
REel BESe AT HAE B 5 Ak

Sook | Zuddy  BIDRNENE Ddkp| 6030w 8] W4 BN W]

] [

Simgle W5 7w B0 M 813 B5us BT
T TR T R G R T T

Busignal

SBamgle Numbar H

%l 9. Logic Analyzer2]t M/NTSC colorbar CVBS 374

I 4 29 Ruo| WE 18 79 PCB 4&H AF

CVBS PCB &M AF
NTSC or PAL 0.65A
SECAM 0.83A

o

38 7. Q=E AEE SAsi AR PCB BE

POOLALAD 15:57:47 =t Mormal
Sippped 93 SOOMS.5_ 200Nl

T RaTRETE 77

0.200 UAdiv
AC ZOMHZ

Edge CHL §
faitn
0,800 U

: T
ot

Uertical

V.ZE
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