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This thesis presents a development of a closed caption system, which consists
of two parts: the closed caption encoder and the captioning software. The encoder is
able to insert close caption data according to PAL 18 closed caption video
specifications and can also read LTC time code from a videotape for synchronization
with caption data. In addition, its output video signal quality is designed for broadcast
video applications. The captioning software includes three functions: the Thai-English
caption file creation, the caption display simulation and the caption encoder control. The
testing results of the prototyped system are compared to commercial captioning

systems. The developed encoder has an insertion jitter of less than +/-11.2 ns, 0.9%

differential gain and 0.7° differential phase. Its maximum gain deviation in the frequency

range of 150 kHz to 5.8 MHz is 1.07 dB.



naenssNUszn A

Anentinusariuidsaganeadlifoaanuaiayuet1afEwes 94. as. lende aaniAl

ool a a o o v a o o Y a 3 ' A o « 4
mmmwﬂ?ﬂmqwmuwuﬁ WIMLL“L&’N’]@ ATUSEILAZTBAALAUF N Mifudselaad suisaudseun

a o

atuayuanddail fawdndandunatnsianilaniasaneniddaiuvituenanstuazaesaunmving

3 JRp-
ANRTENT U NUNIE

wananidanidrzereunnidutin inueransduariidn el JuFn1mduniseanuuuuas
Uszgnsnsassuyniinuiaesdoanae AU wazuiTugtinaniinddsiuesnanga

1
a o =l

1998UANNAITIAINIIN NN AnaNsalNnaNen A NlTuaiuayunisAnmsziy

'
a o Ay v

Boyumniiudanaas 2 Insdne dandmdsinmuadandimdn ldwmunaudaziiulss lamise

¥ v

nedgaAanssu i lisnnfives duazidunsneuunuuadsuunianlselaminaadsdlisadang

' (3
= a

inangatiaavauneuluaniasanai suldun a1 wa9an dasans uazpuisud a9linig

]

atuayudawdnluyne fusenengaanexn



NN

LT AREIBATETIIE ... s e e e e e e e s e e e e e e s e s et ee e g
LTAREBN T VEINDE oo q
T BRI TTHL TEN A oottt ettt !
AT N3 VOO i
AT N3 V] LaT 1o OO 31|
BTIIEUIIII oo ek e By
LITTT LTI oo e e e e 1
1.1 AHITUN A AMTNAVATYIBITVUAREL ... eeoecerie et 1

1.2 I L T MR BN NI TR 1110t 1

1.3 WA TN A TR VAR oo ittt ittt ee e ettt ettt ee et 1

14 R T BININT AL ittt che e e eeeette s e ee et ee et eee et e et ee s ee et 2

15 U TR AN TN 0 e e e e e 2

1B B I AT TRE . cteee et coe e estseeseese s eeseeee oo bt s et e e s ettt ee e ee et ee et ee et 3

17 TATIRE NI RTINTINIIS ..ottt eee e ebe ettt eee e e et 3
P 2 VARSI I8 e e e e 4
2.1 NEEIN M IR AL TV MULTOLLE o e 4
2.2 &eyayned PAL Line 18 Closed Caption VIABO...cvc........vecieieiieieieisiee e 6

2.3 SRR ] FHTUNPTOURTLIING e 7

2.4 N3 IAARUNINARYEUIUINITIFL. ... s 10
2.5 MANAUL LTC (Longitudinal Time COTE) ......v.ivrieieeeescteaiteseeeeeeeeeeeeeeeeeeeeeeeeeeesenen 13

2.6 UML (Unified Modeling Language) AUnIaWmUman AL SImN TR c.....coooovrereene 15
U7 3 AP0 I AN LT TN AU ULET I SFEAANULIL LTC oo 19
3.1 WAL IATIAI D SLAIAIT N TTEATLITEVEINN oo oo 19
3.2 UUNINABYAANLIIIENE (CAPHON DAL INSEIEN) .. ..ot et 20

3.3 mumﬁ‘ﬂﬂfmﬂwﬂ'mﬂ@ (Data ControlLOGIC) ..oivviieeie et 21

3.4 N@ﬁ‘ﬁi@ﬁ@mﬁmmﬁmiﬁmqm (LTCINIEIFACE) v et e 23

3.5 BNAUAT U TATABUINITUART ..o 24

3.6 TLITUNTHAVURANITUEUNIN oot 25
3.6.1 TsunausFn N 9 nAna g Aty U TN 99N (Csync_INterrupt) .o..ovovveveeeeeeeee. 25

3.6.2 TUsunsnela e dUEUNIN (Video_Line_COUNtING) ... ..vevereeeeeee e, 26

3.6.3 TlaunsneiaeunINdayaAILITENE (CC_INSEItNG) . .vv.vveveeeveieeeceeseseseeeeane 26

3.7 AOUTUTUNTHA RN ITVIA oo e e 27



1510 (Fia)

e

3.7.1 TsunsnsiaaiiiinanAqelga (Time_count_up_frame) ... 27
3.7.2 Tdsunsusiaetiunan e dny oy tusiaan (Time_count_LTC) ..o 27
3.7.3 Tlsunausian1an19dnaana At U UsWALIAT (LTC INtErTUPt) ..o 27
3.7.4 Tsunausiaslseinana &ty U1 UIWALIAT (LTC_PrOCESS) ...evvvvveeeeeeeeeeeeeeeee e 28

3.8 AVUFURITBLAUMLLBUNTH oot 29
3.8.1 TUUNINABUAANTINIINIABA ..o e i 29
3.8.2 Tlaunaneiaeniznisn199AamMaE NI EIIDLABUNTHN oooovoo 30
3.8.3 Isunsneiaeniin1annsdnanazaean1sFUIBLABUNTN . oooocovvve 30

3.9 NIARAIALANTHAIATYTDIAU YN DITARINVL 1 ovvvoe oo 31
Ui 4 Tsunsudoaa¥nasatisreng CAPHON SEUAIO cv. oottt 32
4.1 wuAA N WU T TN TN A5 19ANLTIENE CAPLON STUIO ... .oveveoeeeeeeeee oo, 32
4.2 BUVURATBE T ...ttt 33
4.2.1 WA LAASN NI ATIFY (Media Player WINdOW) . ........c.oveeeeeeeeeeeeeeeeeeeeeeeeeeeo. 33
4.2.2 WinsNeeaau@nIaN A LUALSIENE (Caption Block Sequence Window) .........o.veveeeven, 33
4.2.3 WNFAE LA AL (EAIING WINAOW) wvr it 34
4.2.4 WHNFNEREATLANNITUATIATLTTEN 1ot vvoirneeeeesseeesseeeseeses e 35

4.3 Tﬂam%"mL%qd“mqﬁug’mmmiﬂmmwﬁqm%wﬁﬁmimﬂ ............................................................ 36
4.3.1 ARNA CaptioNBIOCK it i it e 36
4.3.2 ARNE CaptioNCOMPIIET . .o it 37
4.3.3 ARNE CaptONDBMENAGET ....ceiiiiiet ittt e e e e e anaeee e 38

4.4 TA9aF1UTITRGUBIRIURAAFBE LT ...t 40
441 ABNE FIMMDIMEIN 1o et 40
4.4.2 paA frmCaptionSea... L. . L L L 41
4.4.3 ARNE fIMMEAIAPDIAYET ... i e 41
444 PRVE TIME QNG 0o aimine e i ihe o550 s e 5«45«53 e 2652 e 85w $5m 0 e e e nneeeeeennneeenn 41
4.45 Asndl frminserting ... Gl B O R 41
UnTl 5 Msnadey MAZATUBIR ... 42
5.1 NSNARDLANTIFAIOIEU e 42
5.2 miwmauammwé&ym;qmm@@mmm?'mﬁwﬁm .................................................................. 45
5.2.1 nadaAInIsananan lun1sunsndoya (Insertion JIter) ..o, 45
5.2.2 N13ANNIWATYEYIINITIAUT VDN ..o 46

5.3 NN UANTRUBLATOEN ITAANLT TN AWBBNU .o+ ovooeeeeeeeeeeeeeeeeeee e 49



1510 (Fia)

e

5.3.1 LUTHUTUNL INSEMACEAD ...t s et 50

5.3.2 WFHUTEUTL EDSAD0 ... 51

5.3.3 315 0IHaN S BT ARV ASOUINITE oo 51

5.4 NMINAGALNTT FNNUILTUNTH CAPHON SEUTIO ..., 51

5.5 MU U AN AR I TUN TN AFIIATLITTEVEL ..o 52

5.5.1 CAPtivator Offline Edit.......ocuiiiiiii i 53

5.5.2 Softrade SUDItIE SYSIEM ...iiiii it e 53

5.5.3 3a1sniuantaiTeuineuantRaealUsunsnednAIussane Caption Studio.................... 54

TR L OO, ..o SO SO ol 54

5.7 TR ..o cetlh e eett et es et ettt e e ee e ee e s e e, 55

LTI R R DRt o o 4 4 I TN e ecsrc 56

VAN oo il il O o A N s 57

AARLAN N UHLNNIAS A8 N SFARNL N BULLBOUIE oo 58
MARLIN O UMANTLEFUNAsHANTL 2001 International Symposium on Communication and

Information{ISCIT2OOMD 5. 40 ko . 62

USEARENTEUTNEINTINUE oottt ettt 67



2

AFUUATIY
AN379T 2.1 THAUAAANTENBINGI ITEY CCT oo 7
ANINT 2.2 STAURASHANVINLIUTOG CC2 oo 7
AN9197 2.3 SWARN UM iy (Preamble ADAreSS COUB) ..o 8
AN99T 2.4 IFANANNLITITA (M ROW COTB) vttt 9
P9 2.5 FARAVLANETIAUARR ... 9
A3 2.6 TA99AF NI ALTDYATBIIRAIRNIUIA 80 T ..o 14
P19 2.7 mﬁmmeﬁmquﬁmqﬂlﬁnwuﬂ@ﬂ ...................................................................................... 18
AN997 3. 1 AN NLAANANALANNAVATYTBSATY U VUTARINADL ... 31
FN319T 5.1 HANITARNAAIELMLLTEE AR oo 47
AN3T 5.2 AN UARIHANN I ARN SO A TR TN UIAN D TR UATONAN I o) 48
ANINT 5.3 AL LG ARSI ITAANLITIENL oo oo 49

A9 5.4 AT 1L UANTATUTUATNATIAILTTENR ..o 53



#5UNIN

3107 2.1 MU UA U THBARLTTENEULILEOUI oo 4
gaﬁi 2.2 anunuzdnyeynod PAL Line 18 Closed Caption VA0 ...........cc.eiiiiiiiiiiieiieeeeene 6
gﬂ‘ﬁ' 2.3 ”r;ympm%uﬁu”l,m‘ﬁ'mmL@qumzi@ﬂzﬁ“mrmmi ........................................................................ 10
g'ﬂ'ﬁ' 2.4 3819 3RATNAAIUNARNNANABTATAL ..o 12
gﬂ'ﬁ' 2.5 AEUNUNARBLLLIL CCIR 18 oouioiiiiiiiee s 13
77 2.6 seumvRIENEEANTRSAE LT UANEA (Gain/Frequency Characteristic) ANHANAIFNY

ITU-TJBT e S R R W e 13
gﬂﬁ' 2.7 madnswadiyny oy Bi-Phase Mark 289@e)ty0ns LTC dmiudoyoynnidaviFdiuy PAL.15
gﬂ‘ﬁl 2.8 FOUANEDLUTIUARIE ... vsesisssioensneesteesseeeess s ssssss s e 16
gﬂ‘ﬁl 2.9 FoyANHRILAAIAITNANAUTULL ASSOCIBHON ..vvveoiiesiieneneeeeeeieeceeeeeeeie s 17
gﬂ'ﬁ' 2.10 AANHILAAIANNENWUTUUL AGGregation ........ccovvieeeeeveeeeeeeeeeeeeeeeeeeeeeee e 17
gﬂ‘ﬁ' 2.11 A AnenlugdANANNANTUGUUL GENEraliZation ........ccoo.. v 17
gﬂ‘ﬁ' 3.1 Nssteidaniase i sTAAL SN EULLTRUIATRITANAT LTC oo 19
317 3.2 Taseasnan e e AR EITARNLITENEANN e 20
37 3.3 TASAI AN T ORARNIITEIEY oot 21
717 3.4 TATIAF I AIURTINATLIARTRR Lttt 22
g'ﬂ'ﬁ' 3.5 ﬁq@mﬁmﬂ@ﬁmﬁﬁmﬁ%Lmé‘lmuL?'v'ﬂutﬂ"@zﬁw Clock Run-In UazdRyaRILTIENe ........ 23
g'ﬂﬁ' 3.6 N@?ﬁi@l,%@uﬁaum&mm?ﬁmam .................................................................................................. 23
gﬂ‘ﬁ' 3.7 unuisnnsanuundautlseneuneslisunsnlulnAauNIAaas ...........cccoooovvve 24
gﬂ‘ﬁ' 3.8 UAUEAN1IN N THTBN T T UNTHLTN TN T TARIUIETITTTN oo 2oe s 25
gﬂ‘ﬁ' 3.9 WHUAINIIN N UYL T FUNTHEBETLLAUNIN ccooorrrv s 26
gﬂ‘ﬁ 3.10 LHUEINN9N9 a9 T suN NLFNNINNITARINIEATYDUNUIWALIAT oo 27
gﬂ‘ﬁ' 3.11 ﬁmﬂ;ﬂmﬁNﬁuqq@iﬁ'@uﬁimﬁmLfm’um:ﬁﬂwmzmﬁﬁ@wmﬂEfi"fau”l,ﬂj ...................................... 28
'ﬂﬁl 3.12 WHUEIN 9NN UIBTLTUNTHEBE LTC PrOCESS ... sotroteee ittt eceesseesessesenessesnsesesenesnons 28
g'ﬂﬁ' 3.13 Tnatnpean s Aean s LA UdATTAR VLTINS oo s 29
37 314 urmdennuzaesTaunsugegyinnan RSz TN ABUNTI .l 30
gﬂ‘ﬁ' 4.1 UM AN YBIEIURARBE LT ... 32
gﬂ‘ﬁ' 4.2 PHENBINEBEMARANINTATIFIL ..o 33
JUT 4.3 UT BN B UAAIENTLANLITENE et 34
37 4.4 wisssasuilaAnussensluneazsineiu 3 uuy Aa Key In & Position, Mark, Fine Tune . 35
gﬂ‘ﬁ' 4.5 WA NEBLATLANNITUNTNATLITTEVEL ..o 35

b

TN 4.6 WNURQAVAUTULBIARIE ... 36



ANFUUNIN (D)

2
i
U7 4.7 nameBunanszuaunisulasiieyaainnguAussant (Caption Block ) wifluanednase
(StringOut) wianga ATt sanAnTuanieridu ComplierText Tnadaal ................ 38
9117 4.8 TATAAFIIAANA CaPHONDBMANAGET .......oooeoeveeoeeece e 39
917 4.9 UNWAIANAUTUAR A TUAMURAFBE LT .........oooooocioeo 40
o d 4 e  nyda o
917 5.1 1ATed s AR LN UULERUIANHIFAIR UL LTC.cooooor v 42
917 5.2 N196191@aNAUNIDANONARBUNITI N VDB ..o 42
917 5.3 UATY U NDBNANMUATAII VIR .11t 43
UM 5.4 NNUARINANINBATHAAILIIFENEANATYEUIWNAT 9T UavANEUEdtyoy 0 PAL 18 Closed
Caption AUINGLFAABITIFN TN (VBI) oo 43
917 5.5 N3 TN AaYUNIOINANARBUNIFENUIHALIAN LTC 1oovevveoeeeeee e 44
917 5.6 MuuanINsBELWEUsidRAMTWANNIuBmMLART AU ana e ulAlaaeseqdnea
................................................................................................................................................... 44
= = o 2
77 5.7 Henun193nAIN13 998 NI TUNIATBHA oo 45
77 5.8 nAN193ANITIMANINIRIVBINATUNINTBEA ...t 45
7171 5.9 N9siaTaNgUNINIAANAABUATUATNNATYEINARTIAN ..o 46
o . A . o _ o ”
917 5.10 gUdryeyauduTiulanuaganwmztaadtyoy i@ (Modulated Staircase) Nanaanuazandi
BOATAIINIWE ...ttt e 46

v 1
o o

917 5.11 gluwnnmefalalaesdunmuiuiulainagennivetasdtynyind (Modulated Staircase)

AUNDBNUBILATBIT VTR .o oreeee oo e e et s sttt 47

- . z e
5117 5.12 gU&tyry 04 CCIR 330 T10BNHATT NI ITOIUATEITVTHEA . c1 rovvvooooooee 47
9117 5.13 gU&tyry1ns CCIR 18 2108NUAZINTNIBIATANINIHA ... 1....ooooooo 48

D

U7 5.14 AnwouzantiRensveneiuaunIeaATesd s iaMELALNIATFIN ITU-T J61 e 49



@) o a a o
1.1 ﬂ’J’]NL‘]JuN’]LL@%F’]'J’]NWW’]ZLI‘II?J\N”I‘IJ’J’QEI

Wevimiiduaenlaiuanuiionatnatislugalaqiiu nguanisesnisiuausanisnasimiimen

] =2y , wa > A 2 o 9 ] A !
uaengNeNDg Ty luneile Wy gin1sney dgsenanyis v nguannidomilunisdaman
d”d o aa KX v o a = va o
HfsuaulszuneaiAgetefenas 10 289lsvming ulszmepanigemsniacldfinnsimunszuuing
Wirtliaunnussane (Closed Caption TV System) 2w tilunalinguanimaitiainnsafinnuuaziuding
ansnainasirdlfad1em

szuuinavirmindauninussgnafuszuninairindausiauasaussean et udny oy
ad o ¢ . . F Vo BN A A 3 X o
AV (Composite Video Signal) IaediuauainnsndelinilaviselianisuaniAussaneauuningyieid
16 Arussenamantilssneudnanansdeyaningadasiuninluangii Wi AwevessinasAdes
o a a g 1% o ' n’l’ Vas o = Y a ' A =
Wz @enaus sl Aussaasmaniay lniunasdnwaNanguananisiiney wie lunstisg

s Ay 9 A o W oo
ﬂqﬁ‘@@ﬂ@qﬂqﬂ@ﬂﬂqzﬂW’]‘Viuq‘ﬂz\i\?ﬂqﬂi‘ﬁ‘ﬂ’]ﬂ'ﬂﬂq\iwuwwuiﬂ

TutlszmalnefldinisAnsuasimuissunnsimddeuanussananimlng - dsnnw 2ulee
% a s a o a s a o 1 @ d”v 1@ dl 1
vesdfiRnsidessuiiuay easnsaiuvangaat [1] edalsfin ssuvfidalsidununivansalu
dszwetin Wasanuanailads uaviladeanilshasunuinaaulun1suanALs ey sz EHanIaNIg
navimifinanismnuazmon sanEanazlszudnlunisainenussanelsznausanisinsiminane)
a o k2 o o o £ ) e =2 a é{ Aﬂl
AN MsRRnsTULEsiaAILsEfEn n B ne-asne e tneldpaninmesdiuyanaainzuiie

¥ dgl o 3| % k73 o L] o 1 ' QI

pavALBIANNARINITE uaziluna s ldnuszuuingimide uaussenadullateunsnaneta

X
AU

a o a o
1.2 Qﬂq‘lJﬁ'Z’&ﬁﬂ’ll’ﬂ\iﬂ'\‘i'JQﬂ
o d‘ 2 o o 1 QJdI 73 o
121 eanuULLAZAAUATE STdALTsenan wkLLTew A 1 giananuuL LTC
1,22 anuutnazimunldsunsuda “Caption Studio™ alda¥auiinAussanauazanasenis

wansnah auliatnsaraanuiriaspanianasdiupaa

1.3 WUIANANURIUIRE

NNTHARFILNNINRANLFTEN LU a1 AT WA ANIANANNNARIN1IANLNALEN Tt TuRaL

o

wiai i nsdna¥enguAussanaainganis uaz nsunsnAussengdngdoyououdasimd iivali

a

:I/ dl QI a z 1 é’ ° % 1 a K o Y
dupauiivuAnaun e inszinldatsazainuasdszndnaauassununanaussananwine 4

o g % : - v
paniamefdauyAnaTu InsaguuuwIAn 2 dau lun



1)

Y a oy A a P a o ~ o A o oy
EN@W?qHﬂW?ﬂQ?ﬁl‘?ﬂLWﬂ\TLﬂ?@QﬂﬂNWQLW'ﬂ?@QuHﬁﬂ@%ﬁ'ﬂﬂqflﬂuﬂzmiqﬁqﬂﬁ‘zﬁﬂﬂLW'ﬂqmﬂ?’]\?

ngNALITENE IIzdndunaunsdnainanguAusseneuuidesdinaiuig dnismsa

o

7.’, IS ] z 1% o :// z ¥ dl ¥ dl A d‘d
ADLUAEATILATAINNE MIVTUUARILAUNTDN] N mndumnauilldirresldinTasiianil

a

PIMMNIAN WAL AR AU EFBIA9) 1G4

AT AL BIF IR NITDBNUIHALRAN LA 31z NN tdRTAALA NIYLauNg
unsnatussenaaziduliasineenaiunn Wasann ldanunaniuuanatunsna1ussens i

asatuan A RiFAdlsasinausdugn denalinszusunisunsnatussenaduliesinadngn

X 4 Y o A o X ~ o a A oo ~
u’ﬂﬂ@’]ﬂuLﬂﬁ"ﬂ\TL‘ﬂq?V@WWC"Nuqmuﬂrﬁﬂﬂq?'gﬁﬂmﬂqWLﬂQﬂ?quLW@iﬂ@qu?ﬂLL@EULWEU@M

Y X o A da o ] o < PV o Hon mw
ﬂ']‘Wﬁ.lﬂ\‘iLﬂ?ﬂ\‘i‘ﬂWﬁNu’ﬁluﬂULﬂ?‘ﬂ\‘i‘ﬂﬂﬁﬂqﬂmqﬂmﬂﬂﬁ@qﬁlumqﬂﬂj‘szﬁim sﬁ\iﬂqﬁ‘qqﬂﬂﬂuﬁuquﬂ\ﬂﬂmmﬂﬁﬂﬂ

TN umanil

1.4 YALLUAARINISIAAE

= o

141 Wwesesdasiadussetaninwuudeuls nenlng-Sange Nlanzme

1 lulrsraulnanasiues XA-G49 lunismaunu

o o £

doyryrndavimiandailudonn 1 V. i Composite Video

o

yodniirdeeniludnyain 1V uiy Composite Video

k=)

aunsounsndaga PAL Line 18 Close Caption Video 6t
NNINIMUAAUNINAILSTENEAaN A s LTC vizanisduanndtyoynannd g
Insertion Jitter Ann +/- 15 ns

Differential Gain N1 2%

Differential Phase #1n3a 2°

142 WaunlUsinsndosainquazunsnAussenauuudeuld  nwnlve-dangy uuATes

wad

paNaIme fdauyARANHAIANITR AR
nauuszuuliifnaslulassenyiulaad 98 vie Tulnssenidulned 2000 Tl
asnAussenglaliainduounssAtesA LI

g audsARRAwLL MPEG-1 %i3a VCD e tsznaunisaananussananiwle

ANNNTNAIABINITLA AN ATDITIUNINAININ VT NTAALI TN IR b

~ 1

aunaninAUITenenaisIuLAade il damraadsiainaunsnidn ludy oo pdiadls

1.5 dsslagunaininazlasy

1.5.1 dnldfnansenismavimiainnsnadasanisniaussenauuugenlinmine-gaingw

Y = X
AIBIAINHATAINENTL

1.5.2 WlulssTamisadinimisylunisiuiannansainsanisingvimd

a a

g
Aa o =R

1.5.3 vinliiAnaug Anudnlaniainussasiarimiaululsanalneg



as o =Y = Qv
1.6 28AMLUUINUAAE
1.6.1 Anwdeyaineaaiudtynyins PAL 18 Closed Caption uas&tyry nisianauy LTC
1.6.2 AnulAsaaiIaeTaadnIiaAI LI WAL ARDY 1 11T UN FNT IR AI LTI BN
= ~ A a cy o Y
WUUMLAENNNTRBNLLLLNEAATIZS TR LA T D LAe
o d‘ v o o 1 v o 72
1.6.3 eanuuuwasiauATadaiaAussenan wuuLgenlinmne-ganne Tneald
frynynd LTC
1.6.4 BanLUULATWALNTLsuNINTa8 8519 N AT LTI B LAZANADINITHAAIN AL ILATE
PANNILAD AU AR
1.6.5 NARALUAZSANANITNINILIBITZULILNTHAALT NN IHWANLNT
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1% ala o ' [%

2.1 ﬂ']iﬂ?’]\?‘i’]ﬂﬂ']?ﬂﬂ\lﬂ']U??El']ﬂLLUU‘ﬂ'ﬂuvLﬂ
. O Ad e a4 s de N S
nstauAussEneari 2 dhefinandas Ae dadauniuaumanismasiriainiasesinsiaming
d‘ o o 1| a g lﬂl 1 ¥ o dJ U o v % o
weNnenIaAILIIENY  wazdhaanitdsidngnendeyaussanadadnsiaudoeenuanden iy
dyunw dayaaussenaignoinenanesnlianalinunannisinedwiuiiula - (Online
Caption) lunstlressanisan visaanaazilunissrasnaiussengls (Offine Caption) lunstindnng

TUNNINIFRNNTNNDURDNDINIA

N3859ALTINEANMTUINLNITFTENANTANUENAeUaana NI (Offine  Caption) A

dsznavusing 4 Tunew [2] AAATIBLHUAIAEUN 2.1 uiazduneuiisnsazBunssiali

Transcribing the dialogue from the video
{Use Steno MIC or Transcribing machine)

- 2 -4 hr. per
' —- 1 Video hr.

Script File

Formatting the script
{(Use PC with Captioning SW)

Source Video

Script File
{ by production team)

Positioning & Timing
(Use VCR, Timecoder and PC

with Captioning SW ) 10 - 20 hr. per

1 Video hr.

Check for Errors & Recording
{(Use 2 VCR, Timecoder and PC
with Captioning SW )

Encoded Video

v
o

JU7 2.1 wrseTumeunsnAnAILITENMLILITaUIS [2]



2.1.1 ARABNAILTINERINIAYAY (Transcribing the dialogue from the video)
dudupanusnaasnisa¥eausseny guansenisaniufesdnaenunauwun wisenenidesann

e dudananuauiiudeya (Script file) Svlunsdinunaunuignisransineulnaideyaudan

Tdanfusiewinduneuil wilunsdinliideyaunaunun guansanisdasldnisnenniinlinanens
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aad s A dese " Yy R T Yo
Aanganganlilusinalszime AannsldiATes Steno machine mAdEATaIRNHAALARBNKLL TR LIW
HasnduaranunsnMiunnuuaununleetnemnd Ingazldnainendaelddszanns 2 daluesess

' v =

19 1 dalug usghindasiaanudunnylunisivayilezas Steno machine

aaa o ' = o = = o =R a v o ' A

NN usiandY Aa NNITTRNNRINISIAENTAIT NI T AL LT UR N LA N A ULILLATEY
| 0 o a Lo ! = | X ¥ v o
wunildmsunem@es (Transcribing machine) tAsadtanmniluuuiansaldiindoaacuaunisdeanu
16 Inednldrsnazldnannanidsy 3-4 doluamasenisesng 1 9alud wazarentulunstiidssn eaus
RENTUNIBEAN

axa o \ - o AN ] . = ' Aa o ¢ Y a &
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2.1.2 mi@”mgﬂuuuﬁ’mﬁﬂw (Formatting the script)
Wuduneunthaussanenldunludnguuuiuuseia ussinaclifiv 32 dadnws Tnadnidy

¥ Y 1

PRp ~ ! = o > P
277ANHAINNENINDALTINS AL E1HAINITDE 1 ﬁlﬂﬁl']llLL@zV]"lﬂ"J"]NLmqi’ﬂllﬂqf]ﬁl
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2.1.3  NAUMNLUNINUASAAIAILAANKA (Positioning and timing each line of dialogue
block)

[~ 2’/ dIQ/ % o £% v a 1 £ %

Hudumeungaiosaiussenssesisunauniuiuazinduladnazasunaununasuuas Iiiianzas
Waldidudrauarldumisdoutlsznataesnwindidty — udupantiaieay ldsansuafaisaussans
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lunsaaniuls

2.1.4  mraniuuasiunnaunil (Check for errors and Recording)
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Folaamesanis 1 Falualasduduanududen wazdssnnaessenis avdiulddnndnasldungann
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ussenenany ol fuandandusecldeunreiionage 1w wrasaunlanTimndsianad una
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2.2 dnyey1au PAL Line 18 Closed Caption Video
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A o o o S 3 ] Y v a A aQ o
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¥ 1 Y o

nseanuuLLarlszeNma9assIn ainanIninmangde aslfianelidedayanussenauuudenliuy

al

Wi 18 vesdtynyrouinaiaduuy PAL uazaneuzaesdnyninasadaiudy g A ussena LU Ltew
IFaesszuuIngsimiuuy NTSC RiFenumnsgauiid PAL Line 18 Closed Caption Video

al

Arunynnu PAL Line 18 Closed Caption Video thaziinTuiidui 18 aasdtyounnd

o

AiALLL
PAL uarianwnizaagli 2.2 Gsdsznausas

=

1) dyryrauunfing (Clock Run-in) AR18 500 KHz 1191 6 AMUATY T9dWadauaw 7 gn

'
|

Waludyyaasdhasnzunasainanaia

o—

'
a a a

2)  {misw (Start Bits) 3 In ANANTW 001" druduszynisEusudayanazaiumn

»
e

BYAAIUIINUNIN (Caption Data) 1477 8 1im 2 1 urazgAlsznausivesiasuin 7 In

ada

WATRLATHAENEA (Odd Parity Bit) 80 1 4m

al¥

P T R
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i 2 Color: S00KHz i Start | 7 bits = 7 bits o
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Uil 2.2 anwnuzdyayand PAL Line 18 Closed Caption Video

wanleaninuanInsg Ay usiaAUssEnan sl dAmiunsnaRsanisuda szuy
PAL Line 18 CC System £AMuANIATIIUAMILNITUARILABNALY NA1IABNITWAAINAAZHBILARY
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2.3 SUARN 9 NlANUNITIaUAILTTENY
sarwe 7 On Nunsnagludunanai 18 aesdayananmvimlszuy PAL aziiAuazay
WAL ALITAT 1 lWsz LU NTSC Line 21 CC Video Wnilsznns anudouiinaniunim inawin

:’/ 1 A o U d’l ° £ dl ¥ P ! 1 4 J
1w nanapesiawaiiazgnauunaamiinsldenuldidu 2 ngulg) Tiun

v v
1o '

2.3.1 siauamaua (Display Code) HANGAWA 20, AUl FF, Wity uazrldiies 1 59a slanisuanssio
anwantie 1 60 Tuusiaznim fe Sange Tudes CC1 uazlnaludes CC2 swauaninafidanly

‘Luimqmﬁﬂ?ﬂﬁ@mﬂﬂﬂmumm:-gm 4.4.9. ﬁ\‘iLLEﬁﬂ\isLuﬁl’]ﬁ"Nﬁ 21 u8e 2.2

A1397 2.1 siaLAARaAT 8N luTey CCT

o1 2.8 4 6 6 7 8 9 A B C D E F

° 3
1
2 PR 818 | % | &L L)Y+, |- /
3101121314 |56|6]7[8]9 <= =07
4 1@a|A|BIC|IDIE]JF|G|IH]|I KIL|IM|IN[O
S5IPIQ|R|S|TIULVIWIX|IY[ZT[|[V\|I1]"]_
6 alblc|d]lelflg|lh]li]|]]J]|K|[lI|m]|n]o
Tl plalrls|tlulv|iwlx|ylz|{]|I]]|} ]|~
A9 2.2 STAUARINANN1 e luge CC2

0 1.2 3 4 5 6 7 8 9 A B . C D E F
° Wild
1
2 nfal|sla|Aa|s |3 |alala|T||u|]]|]
3la | |m|wfa |6 ajn]s | W] | e[| W
dln|dfa|s|qg|a|n|a]|d alun|A|a|lal«
AV A alN=AliTd 190N ml I
G S TR O O O B T A I e R il I L
7Tloleo|lw|la|ec|&|o|a|a|e|]|ow

a '

2.3.2 gdaAIUAN (Control Code) 14 2 3@ slan19AILAN 1 WU AAUINATHAI9EUINN 10HTY 17H

AmFudee CC1 wazsendng 18H aude 1FH dmiudes CC2 siian 2 Aatavsiavat]ludunain

WEaNUW LAaZITULATUNINIRARILANT A ATY 2 ATNaTuA IuiANa A siatiutiau 3

dszinn T siaAumdaEusiv, siana1eussiin wazsianauaninmdn Teilssazidan Al



1) sdARIUULNITNAY (Preamble Address Code) WHUsHan MuARAILL (cursor) BNFU

PIUTINANFANNNUAR AT AN UL FaanesUsTiia lUusn senanalunnsnei 2.3

#1797 2.3 sFARLMTIB9AY (Preamble Address Code)

ussiaAussEnen il

1123|4567 8|9 |[10[11]|12]13]|14]15
Foualusi 1
dasftyty1ns CC1 viza T1 11H | 11H | 12H | 12H [ 15H [ 15H [ 16H [ 16H [ 17H | 17H | 10H | 13H | 13H | 14H | 14H
Tasdtyoyrns CC2 vida T2 19H | 19H | 1AH | 1AH [ 1DH [ 1DH [ 1EH [ 1EH [ 1FH | 1FH | 18H | 1BH | 1BH | 1CH | 1CH
Youaludii 2
giantin 0 A0 40H | 60H | 40H | 60H [ 40H [ 60H [ 40H | 60H | 40H | 60H | 40H | 40H | 60H | 40H | 60H
giantin 0 Aua Tawduls 41H | 61H [ 41H [ 61H [ 41H [ 61H [ 41H [ 61H | 41H | 61H | 41H | 41H | 61H | 41H | 61H
giasin 0 Aidlen 42H | 62H | 42H | 62H | 42H | 62H | 42H | 62H | 42H | 62H | 42H [ 42H | 62H [ 42H | 62H
giain 0 Aillen Iauduls 43H | 63H | 43H | 63H | 43H [ 63H [ 43H | 63H | 43H | 63H | 43H | 43H | 63H | 43H | 63H
davth 0 A 44H | 64H | 44H | 64H [ 44H | 64H [ 44H | 64H | 44H | 64H | 44H | 44H | 64H | 44H | 64H
davth 0 AviGu Tauduld 45H | 65H | 45H | 65H [ 45H [ 65H [ 45H | 65H | 45H | 65H | 45H | 45H | 65H | 45H | 65H
Foualusi 1
dasftyty1ns CC1 viza T1 1AH | 11H | 12H | 12H [ 18H [ 15H [ 16H [ 16H [ 17H | 17H | 10H | 13H | 13H | 14H | 14H
Tasdtyoy1ns CC2 vida T2 19H | 19H | 1AH | 1AH [ 1DH [ 1DH [ 1EH [ 1EH [ 1FH | 1FH | 18H | 1BH | 1BH | 1CH | 1CH
Youaludii 2
glauntin 0 A0 46H | 66H | 46H | 66H | 46H | 66H | 46H | 66H | 46H | 66H | 46H | 46H | 66H | 46H | 66H
giantin 0 A1 Aanduls 47H | 67H | 47H [ 67H | 47H | 67H | 47H | 67H | 47H | 67H | 47H | 47H | 67H | 47H | 67H
glauntin 0 Auma 48H | 68H | 48H | 68H | 48H | 68H | 48H | 68H | 48H | 68H | 48H | 48H | 68H | 48H | 68H
giantin 0 Auna Aaduld 49H [ 69H [ 49H | 69H | 49H | 69H | 49H | 69H | 49H | 69H | 49H | 49H | 69H [ 49H [ 69H
giastin 0 Avidas 4AH | 6AH | 4AH | 6AH | 4AH | 6AH | 4AH | 6AH [ 4AH [ 6AH [ 4AH [ 4AH | 6AH | 4AH | 6AH
giantin 0 Aiviaas Taduls 4BH | 6BH | 4BH | 6BH | 4BH | 6BH | 4BH | 6BH | 4BH [ 6BH [ 4BH [ 4BH [ 6BH [ 4BH | 6BH
giantin 0 Aaing 4CH | 6CH [ 4CH [6CH [4CH [ 6CH [ 4CH | 6CH |4CH | 6CH | 4CH | 4CH | 6CH [ 4CH [ 6CH
gianin 0 Axing Tauduls 4DH |6DH | 4DH | 6DH | 4DH | 6DH | 4DH | 6DH | 4DH | 6DH | 4DH | 4DH | 6DH | 4DH | 6DH
giastin 0 @110 Fades 4EH | 6EH | 4EH | 6EH | 4EH | 6EH | 4EH | 6EH | 4EH | 6EH | 4EH | 4EH | 6EH [ 4EH | 6EH
glantin 0 A9 Faldea Aoduls AFH | 6FH | 4FH | 6FH | 4FH | 6FH | 4FH | 6FH | 4FH | 6FH | 4FH | 4FH | 6FH [ 4FH | 6FH
giautin 0 A0 50H | 70H | 50H | 70H | 50H | 70H | 50H | 70H | 50H | 70H | 50H | 50H | 70H | 50H | 70H
giantin 0 du1a Iawduls SAH [ 71H | 51H | 7AH | 51H | 71H | 51H | 71H | 51H | 71H | 51H | 51H | 71H | 51H | 71H
glantin 4 @919 52H | 72H | 52H | 72H | 52H | 72H | 52H | 72H [ 52H | 72H | 52H | 52H | 72H | 52H | 72H
giantin 4 da1q Tawduls 53H.{ 73H.{ 53H | 73H.| 53H.| 73H.| 53H | 73H | 53H | 73H | 53H | 53H | 73H [ 53H [ 73H
glantin 8 d11n 54H | 74H | 54H | 74H | 54H | 74H | 54H | 74H | 54H | 74H | 54H | 54H | 74H | 54H | 74H
giantin 8 Aua Aaduls 55H | 75H | 55H | 75H | 55H | 75H | 55H | 75H | 55H [ 75H [ 55H | 55H | 75H | 55H | 75H
giatin 12 8919 56H | 76H | 56H | 76H | 56H | 76H | 56H | 76H | 56H | 76H | 56H | 56H | 76H | 56H | 76H
giasin 12 8919 Tauduls 57H | 77H | 57H | 77H | 57H | 77H | 57H | 77H [ 57H [ 77H [ 57H [ 57H [ 77H [ 57H | 77H
giauiir 16 @110 58H|-78H | 58H | 78H | 58H | 78H | 58H | 78H | 58H | 78H [ 58H | 58H | 78H | 58H | 78H
giasin 16 8919 Tauduls 59H | 79H | 59H | 79H | 59H | 79H-| 59H:| 79H [ 59H| 79H [ 59H [ 59H [ 79H [ 59H | 79H
giastin 20 8919 5AH | 7AH [ 5AH | 7AH [ 5AH | 7AH | 5AH | 7AH | 5AH | 7AH | 5AH [ 5AH | 7AH [ 5AH | 7AH
giasin 20 #2919 Tauduls 5BH | 7BH [ 5BH [ 7BH [ 5BH | 7BH [ 5BH [ 7BH | 5BH | 7BH | 5BH | 5BH | 7BH | 5BH | 7BH
giantin 24 d919 5CH [ 7CH|5CH [ 7CH | 5CH | 7CH{5CH | 7CH [ 5CH | 7CH | 5CH | 5CH | 7CH | 5CH | 7CH
giavdin 24 4919 Taiduls 5DH | 7DH | 5DH | 7DH | 5DH | 7DH | 5DH | 7DH | 5DH | 7DH.{ 5DH [ 5DH [ 7DH [ 5DH | 7DH
giaviin 28 #1919 5EH | 7EH | 5EH| 7EH | 5EH | 7EH|| 5EH | 7EH | 5EH | 7EH | 5EH | 5EH | 7EH | 5EH | 7EH
giavin 28 8919 Taduls 5FH | 7FH | 5FH | 7FH | 5FH | 7FH | 5FH | 7FH | 5FH | 7FH [ 5FH [ 5FH [ 7FH [ 5FH | 7FH

2) sdANaLInia (Mid Row Code) luswadnusuil e udiuansusfientsh muuns

wanslumnsad 2.4 TnedfudnsnizasfanduaudiAnysieii winifusiaasuaundali
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M19N7 2.4 SHANA NI (Mid Row Code)

Tasdtyaurnidaya CC1 viza T1 Tasdtymunnidays CC2 viza T2
Fayalus 1 Fayalus 2 Fayalus 1 Fayalus 2 AuAnNEULTEnET
11H 20H 19H 20H Flamse #4110
11H 21H 19H 21H Fiamsa A0 Il
11H 22H 19H 22H Fiams Aden
11H 23H 19H 23H Fiamse Aden Iauduls
11H 24H 19H 24H Famse A
11H 25H 19H 25H famse Aunidu Toduls
11H 26H 19H 26H Fiamse AWn
11H 27H 19H 27H Fiamsa AWn Aauduls
11H 28H 19H 28H Fama Auad
11H 29H 19H 29H Fiamsa Auag Aoduls
11H 2AH 19H 2AH Flamsa Aaes
11H 2BH 19H 2BH Fiamse Awaes Tauduls
11H 2CH 19H 2CH Famse Axna
11H 2DH 19H 2DH Fiamsa Axng Taduls
11H 2EH 19H 2EH fades lin/ded
11H 2FH 19H 2FH fades in/Aeud Taduld

3) pianuANMIAWAR (Miscellaneous Control Code) HIHIWAAILANNITUAPINARY 7] 181

LATRNDAAINE AILAAN LRGN 2.5

F97 2.5 AAILIANITIABIAA

dasdnynnidaya CC1 viza T1 dasdtynynudayga CC2 vizn T2

Fonalusn 1 Yonalusi 2 Foalusm 1 Yonalusi 2 FUARAILANLINLAAR Aneia
14H 20H 1CH 20H Resume Caption Loading RCL
14H 21H 1CH 21H Backspace BS
14H 22H 1CH 22H Reserved (formerly Alarm Off) AOF
14H 23H 1CH 23H Reserved (formerly Alarm On) AON
14H 24H 1CH 24H Delete to End of Row DER
14H 25H 1CH 25H Roll Up Caption 2 Rows RU2
14H 26H 1CH 26H Roll Up Caption 3 Rows RU3
14H 27H 1CH 27H Roll Up Caption 4 Rows RU4
14H 28H 1CH 28H Flash On FON
14H 29H 1CH 29H Resume Direct Captioning RDC
14H 2AH 1CH 2AH Text Restart TR
14H 2BH 1CH 2BH Resume Text Display RTD
14H 2CH 1CH 2CH Erase Displayed Memory EDM
14H 2DH 1CH 2DH Carriage Return CR
14H 2EH 1CH 2EH Erase Non Displayed Memory ENM
14H 2FH 1CH 2FH End of Caption (Flip Memories) EOC
17H 21H 1FH 21H Tab Offset 1 Column TO1
17H 22H 1FH 22H Tab Offset 2 Columns TO2
17H 23H 1FH 23H Tab Offset 3 Columns TO3
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HIMNTFU ITU-T J.61 (lﬁmﬁa CCIR 567) “Transmission Performance of Television Circuit
Designed for Use in International Connections” [2] uitldaninuaininendasiununimaesdoyoyin

Tnavirniaaniddu 5 ngu Tiun
1) danIUUAAILERTIaLNE (Insertion Gain)
2)  danmupfudnyoyinisunau (Noise)
3)  danimuadunissunauinutasdnyoyns (Cross-talk form another channel)
4) Farnuuagiunnaieuus G g (Non-linear Distortion)

5)  danuumsNuNeWILUE LAY (Linear Distortion)
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wsiannisAnEaznudgLnsninyinamneaiudeysutulnasiamd 1 wsesdnsiaAussane 8

T T
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2 o

= U 1 ij dl 3 Y o o & 1 1 o . . .
srydanvuaieusdawiniuuazinuwiuldtesaiene A1 nafagnsene (Differential Gain) wag

]

uasnga (Differential Phase) aaiflupanaieuuuyldidaduesinentis daiunisdnann wdoonois
wrlluwuddetiasaeniesuasrmineadasiudanmunaesgnnandoyoansvimisuliun nasg
fRT2818, HAR1IUNE LAz ANEUZANTREMINIENNUANND (Gain/Frequency Characteristic) 48

° o A S o X
AvuAmaNEiTeazidaasse LU

2.4.1 uasNens11e8 (Differential Gain)
Has R peneiudney lunguAta ey idudady Ussinnnisuegiandoyyiuson

andynynuanuadslildedyannd (Intermodulation from the luminance signal to chrominance

a i Y o

signal) HeNNTBINARNERIITENEANNNIATFIU ITU-T J.61 fmuadn drdtyaynmudaliauneanime
einaidryry U@ (Chrominance sub-carrier) ASTILGY ANNAFANNERAIITENE AR NMIUAEUIWATRINIUL

| = o o : = . o =
tineld; UNLANTNIDANUANINAT WarzALANAdlasuaAtandanldfedena

o

=

NAULNLATY N

1
o aa o Ly al

AATH A Lasee RN easderalin I nA R FINeen A AN A NB NS89

Aldgneesuazdindanamiunasrasa i anatatllsin g lugLasuasAmae [4]

Color Burst
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dadnsasrenauuunaudaiatfuaunedypindimunzan uazitwd1aeas  Schmitt Trigger Live
Waguandryyn LTC MiludnuanaundseiinuliiudynnuGisss dynnasdaaatiaztlowdog

o = v | o v v @ .
@TMTQ@@U‘H@U’&ID&IEUWﬂMWﬂﬁ‘xﬂ@UW}EI“II’]EIQ\WW]QW]uV]’]u mmuﬂ?zmmmwamm Exclusive-OR @&

v &

wianastiAedtyyaiingsnziili “1” doaandir] N1euvienaunar1aeedoyo LTC

15k

AN
"y

5k "HG14

LTC
22uF
|
LTein — —Wy L Edge
200 ——+
W 4 l ‘ ‘ ” ‘ ”

C=1nF
Time Const = Sus I

71 3.6 wassadandtyyuianan



24

o I3

35 ganawaslulasaaulnsiaas
anwnuznisineusssgansuaslulasraunsaaafluiiesiu Ae esasdnsiaazindayanan
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AMNAINNIn N T AN rd il nans 10 m a1unen lide I@ T uiiin TiWaun sensuasladeau
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1. doudenncus (Initialization)
2. dausanadunin udyaanaariad (Video line processing)

3. @9uanN1719a1 (Timing Processing)

4. FoufuavinyauuLaLnNIX (Serial Communication)

| Caption Inserter with LTC Interface |
Level 1 Basic Objective I

| Video_line. count | Time_count_up frame Protocol Handler |

| N
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I I —
| csyncintemupt | |  L1c Process | | R ntempt |
1
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Csync_Interrupt

) True
Prepare_insert

Mormal Mode l Inzert
Mode '
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-Start Send Packets to PC Insert Caption Data

ALl [TaY
|

Counting Video Line Prepare_Insert=true Prepare_Insert=false

Return Interrupt
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3.6.2 lsunsugaeniindunin (Video_Line_Counting)
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Y
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3.7.1 lsunsugieeniinaainaensy (Time_count_up_frame)
Tsunsutlaaiiaziinpdaulsnanauiias 1 wsuynafangnisen wazlilsunsutasilazgnizany

Wunmd 17 nemninanuetlulua ldldmianan

3.7.2 Tsunsusiaeniiaainagdnynnsiaaan (Time_count LTC)
Tsunsugdesiiazniusannullsunsudasdvitilszasanadoyynuaianan LTC (LTC
Process) wazllsunsnusnisnisdndsnzaesdnyninisianan LTC Tnadindhiswliayanuilfain

AuAANNIATYn 104INALIAN (LTC Process) anagflugluasmaulsingn

3.7.3 lsunsuuFnagnisinasvaganyanigiaaad (LTC Interrupt)

{ LTC_Intermupt ,

-Save TO to TempTO
- Reset TO

TempTO < 1.2 ms
True
TempT0 < 0.6 ms
True

Falze

Shift "0"ta LTC Data

Y

Half bit = 1 LTC out_Flag = 1

| Half bit = 0 |

y

[ snn-roLTCData | |

v

| L7C_out _Flag=1 |

) RN,

( Return Internspt )

U1 3.10 wrgamsiauresisunsusinanisiadamasdny g nsiamnan
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LTC_Process
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%" |
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917 3.13

Caption Data Packet Received from PC

Start Byte Caption data mode
0S8, (1 e

Caption byte #1 Caption byte #2

Switeh Encoder Time Mode Facket Received from FC

Start Byte Switch Time Mode LTC (OwAA) §
058, Oxid Frame Count (0x55)

Encoder Time Packet Transmitted to PC

Start Byte Time Sync Minute Second Frame

0x5A 0x39 Hourbyte | "\ e byte byte Ox3A
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Audio Qut ——{ LTCIn

71 5.5 nadexsagnindiianaaeuniseusiaIIa LTC

Na o o o = A o ' .
']@'V]ﬂuqs;'ﬁlal;mﬁQLWﬂUuWﬂ?qﬂﬂq?V}NTH’&LQZ‘]’] LTC ﬂ%iu?j@ﬂ

Y- e

NNINAAAUATIN LAFBILauIN

Frynoudeanianiuminaudndaaiiuuuninaas ieaunsninuFauifiauiu Inanan1magday
o c o o

YANEUAANNAANAUNLAAS LY

o

wudnesasdnsiasrdedayanaIuNLanILBLATEdAENTIMET LA

Aviend f9319 5.6

a

Ol

Time Code on VCR

B o P i L 1V T e Eh
. ahet Wkt 0 f va

Time Code on Caption Studio
U7 5.6 nmuassmsneniiieusdaaannsuiinuuumaayiminusiaaneuldlagaseudisia
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A PAL LINE 18 THAI-ENGLISH CLOSED CAPTION DECODER

Ekachai Leelarasmee and Chayasorn Suansomyjit

Ekachai Leelarasmee
Dept. of Electrical Engineering,
Chulalongkorn University
Phaya-thai Rd., Patumwan, Bangkok 10330,
THAILAND
Phone/Fax. (662) 218-6488
E-mail : ekachai.l@chula.ac.th

ABSTRACT

This work proposes a PAL line 18 Closed
Caption (CC) video system for Thailand. The
system can support captions in two languages, i.e.
English in CC channel 1 and Thai in CC channel 2.
Two caption codes are inserted at the rate of 500
Kbit/sec in the 18" scan line of every PAL video
frame using a format that is similar to the well
known NTSC line 21 CC system. To view CC data
on a normal TV set, a set-top box CC decoder must
be attached. The decoder developed in this
research not only uses a low cost 8 bit
microcontroller for decoding the inserted CC codes
but also needs a font generator specially designed
for displaying Thai and English characters in an a
32x16 dot format.

I. INTRODUCTION

Captions [1] of a video program are text
that are overlaid on the program pictures to help
viewers who might be hearing impaired or want to
learn the language. These text include dialogues,
laughters, background sounds, musical notes and
etc as shown in Fig.l. To avoid distracting or
annoying normal viewers, an NTSC line 21 closed
caption (CC) video system [2] was developed in the
United states 30 years ago and have proven to be
beneficial to deaf and elderly persons. In this
system, captions are stored as ASCII codes in-its
vertical blanking intervals (VBI) [3]. Hence they
are not visible on the screen and a CC decoding
circuit is needed to extract and display them. A
pioneering attempt to develop such a similar system
in Thailand is, thus proposed. in this paper and is
called the PAL line 18 Thai-English CC video
system. Due to the differences in line frequency,
#lines per field and languages between these two
CC systems, a PAL Thai-English CC decoder must
be invented to support Thai viewers.

Chayasorn Suansomyjit
Dept. of Electrical Engineering,
Chulalongkorn University
Phaya-thai Rd., Patumwan, Bangkok 10330,
THAILAND
Phone (662) 218-6537 Fax. (662) 218-6488
E-mail : chayasorn@iname.com

Fig. 1 Example of a program picture with captions

II. A PAL LINE 18 CC VIDEO SIGNAL

The proposed PAL CC system uses its 18"
scan line of each video frame, which lies in its VBI, for
storing two 7 bit codes as shown in Fig.2 and can
support two languages, i.e. English on CC channel 1
(CC1) and Thai on CC channel 2 (CC2). The code
format, representing characters and control codes, is
the same as in the NTSC CC system [4] except for the
addition of Thai character codes as shown in Table 1.
A PAL CC encoder is developed to implement the
system as shown is Fig.3. The captioner uses a
captioning software specially developed for editing
positioning and timing captions as illustrated in Fig.4.
The decoder will receive these ready made caption
information from the personal computer (PC) and place
them, together with the clock run-in and start bits (see
Fig.2), in the incoming video signal to produce a CC
video. signal-that can. be recorded- in a normal VHS
videotape or directly transmitted by a TV broadcast
station. 'Due to the fact that existing commercial
encoders or inserters can be imported from abroad to
perform this task, the details of our encoder will not be
given here. Also, the captioning software is beyond the
scope of this paper. Therefore, the key factor in
making the proposed system commercially viable is in
developing a low cost PAL line 18 Thai-English CC
decoder.
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Table I. Table for ASCII codes in CC1 and Thai
codes in CC2

Video Tape Player Video Tape Recorder
P TIENN
_L—-——l Video CC CC Video [Em—
=] ——p E d - L
m signal ncoder | gignal with m
Time Code
Caption n
Master Video Tape DZtla I Résilm CC Video Tape
able

Captioning
J Software

Fig. 3 A CC encoding system

Block English captions Thai captions Time

1 We feel refreshed | iffosududrlluth 00:00:1
When walking in. | syp24anaady
the forest.

2 There are many Juthiidu lifvarenain 00:00:3
kinds of trees. ¥iia

3 Some trees bear du'linariiaiing 00:00:7
fruit.

4 Others blossom vuriiaiaon JaduIaay 00:00:9
colorful flowers.

Fig. 4 Example of caption information editted by
using a captioning software
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III. A PAL LINE 18 THAI-ENGLISH CC
DECODER

The decoder is designed to be used as a TV
set-top box as shown in Fig.5. Its incoming CC video
signal can come from either a videotape player or a TV
tuner. It has two control switches, one for turning
ON/OFF the CC decoding function and the other for
the selection between English/Thai languages. The
internal architecture of the decoder consists of four
blocks as shown in Fig.6. They are:

Closed Caption
Video tape
(]
- This is
Closed Caption
Closed Caption Opened Caption
Video Signal Video Signal
Vin Caption Vout
Thai On
English Off

Thai-English Closed Caption Decoder

Fig. 5 A CC receiving system

MPU 80C320 24MHz with 64kB ROM
and 32kB RAM

Mode
INT Port 1 Video/Data

Font/ Line Select

Font i
On Thai
1p, Generator - Ioff N English

Reset Dot —
Caption
+ A
Odd/ C.Sync Data
Even 2v, »{ Video
in oc
cc N v
» V. Video Clamp 3.6V . 0osD out [—»
Video "™ and Data Slicer 18V White Video
in 18Vy ! Brack out

Fig. 6 Internal architecture of the PAL CC decoder

1) Video Clamp and Data Slicer. This block is used
to extract digital information from the CC video
signal..  These are Odd/Even field indicator,
horizontal synchronizing pulse and serial CC data.
Its circuit diagram is shown in Fig.7 and uses
simple commercial chips such as the LM 1881 video
sync separator [5], the LM319 comparator and the
MAX428 operational amplifier. Note that the
incoming video signal is buffered and amplified by
two so that it can be later used as a source for
overlaying characters.
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Font/ Line Select
Odd/Even C. Sync Slice Data

& 1
Video Sync. | | \raaqs Comparator/Lu Line Select - Font
Separator Latch Patal g |Line Font ROM
Clamped Input C_.Sync = out | Select (8 KW)
%e
Video in
(Vin) = 1216 MHz | 16 Dots
~ 4-Bits — "
) 2V, ' Bl(r!,irﬁgl%%r)\ter 5(:';‘&‘:5)1
3 , ! 12 MHz ok
jfk @33pF 1k Junnnn Dlo‘
Fig. 7 Video Clamping and Data Slicing Circuit Fig. 9 Font generator circuit
2) Font Genel'“ator. This bl'OCk generates the 3) On Screen Display (OSD). Actual overlaying of
12MHz dot signal fQT displaying character fonts. dotted characters in the video program signal is
It has an 8Kx16 bit ROM, or Font ROM, for carried out in this block whose internal circuit is
storing 256 fonts, each of which is a dot matrix show in Fig.10. A fast quad analog switches chip,
of 32 rows by 1§ columns a8 ShOWH . Fig.8. i.e. 74HCT4066, is used for multiplexing the video
Its output is fed into a 16 bit shift register and signal with either 1.8 or 3.6 volts corresponding to
Shlfte,d at 12MHz as shown in Fig.9." Since the the black or white levels in the video signal. With
duration of a PAL scan line is  64us (or this design, captions will appear as a block of white
64 us x 12MHz =768 dots ) and the visual screen characters with black background as displayed in
occupies approximately 550 scan lines (out of Fig.1 and 12. ~ An operational amplifier, i.e.
625), this font generator can easily organize the MAX428, then buffers the multiplexed signal and

screen into 15 rows x 30 columns of character Dot Video/Data
positions. This character resolution is the same 5 |
as that of the NTSC CC System. The 12MHz
dot clock is generated by a simple relaxation

oscillator using a NAND with two Schmitt Video .

3.6V = White

triggered inputs. Its frequency error is not — = 5o
critical as this will only effect the character 3 W oe
width. The NAND is used because it provides a 1.8V = Black Video
free input that allows the horizontal sync pulse out
to reset/restart the oscillation. This ensures that drives the output.
the dot positions in each scan line remain the
same and thus guarantees a stable character Fig. 10 OSD circuit
display.

Font Code ( Lower Nibble ) 4) Microcontroller Unit (MCU). An 8 bit MCS-51

. 0 1234567 8 9 AUBI D EFE microcontroller with external 64KB program ROM
] ! and 32KB data RAM is used in this block (see
2| e essogal s [ D+, | —|. |~ Fig.6). The MCU is programmed to performs many
3@ 123456789 : 3 </=>% real time functions as summarized by the following
4
5 EaBcbEFGHIJIKL. MNO pseudo-code.
2 s PQRS TUNMILIXYZC NI~
Z 6 |t labcdeffghi|dk | mni< ) .
27 pAarstuvwxyg=< 1 > Initialization ;
=) POAP-AL P ARIE - g
PR e PO et o e o repeat
g o s EEE R . . ) .
B T e ead the position of the Thai/English switch
: A AT ISSET Sasceasy d the p g >
s STEERSS ST Tt DS ey Wait for line 18 ;
o S 1 o R i e e, Capture two caption codes from the CC data
E ?.g.,.z::.:,. 5 o B e input ;
e Ha= T e EE )
F s i e B R B B e If the capture codes are display codes then

convert into font codes and store them in
Fig. 8 Thai-English font table the data RAM



Else execute the controlling function as

given by them ;

Wait for line 47 ; (this is the beginning of
a visual screen)

If Caption Switch is at ON position then
Execute the OSD function to display
the codes stored in the data RAM ;

until forever ;

The MCU uses the horizontal sync pulse
(C.sync) and Odd/Even field indicator signals for
determining the scan line number of the video
input. Since this detection is crucial for its other
operations, C.sync is fed as its interupt signal with
the highest priority. The OSD function also
requires a high speed operation since, at 12MHz dot
frequency, the MCU has only 16 dots/12MHz =
1.33uSec to put out the next font code at its Port 1

output to the font generator. For a 24MHz MCU
clock with 4 clocks per instruction, this interval
corresponds to 32 clock cycles or 8 instruction
execution. The RAM is used for storing caption
codes captured from the CC data input. These
codes must be later converted into their
corresponding font codes as determined by Fig.8.
Each CC channel reserves two memory blocks,
called pages, in the RAM. Each page corresponds
to one full screen of 15 rows x 30 columns of
characters. One is used for displaying while the
other is used for capturing. Note that, due to the
special characteristic of Thai language, one
character line requires three lines of font codes to
support the upper tones, normal consonants and
lower vowels.

IV. TEST AND CONCLUSION

Fig.11 shows the actual photograph of the
PAL line 18 Thai-English CC decoder. The
decoder is tested on 4 Thai-English CC PAL
videotapes and its sampled output displays are
shown in Fig.1 for English captions and Fig.12 for
Thai captions. In conclusion, a modification of the
PAL video system to support Thai-English closed
captions is proposed and implemented. This video
system is very similar to the well know NTSC line
21 CC video system. A prototype low cost PAL
Thai-English CC decoder is constructed and. tested
successfully. It uses a high speed 8 bit MCS-51
microcontroller to perform real time functions such
as CC data extracting, decoding and displaying. A
8K Word ROM is also needed for keeping 256
Thai-English fonts, each of which is a dot matrix of
32 rows x 16 columns. The decoder can be
manufactured at a cost that is much lower than the
TV receiver. The captioned video signal can be
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recorded in a normal VHS tape and playback without

significantly distorting the data waveform.

Fig. 11 Thai-English CC decoder board

Fig. 12 Example of a program picture with Thai
captions
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