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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.
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L. g dd e A a v Ao e e
nstauAussEneari 2 dhefinandas Ae dadauniuaumanismasiriainiasesinsiaming
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wFesnenIaAILIIENY  wazdhaannddamaenenteyaiussanadadnsiaudosenuanden iy
dyunw dayaaussanafignoinevanesnliatalinunainnisinedwiuiiula - (Online
Caption) lunstlressanisan viseenaaziluniswiranaiussengld (Offine Caption) lunstindnng

TUNNIINIFRMNTNNDURANDINA

N3859A LN AMTUINENIMFTINANTAMNULN A URaNaINIA  (Offine  Caption) Ay

dsznavusing 4 Tunew [2] Auanailuuwaudadiagii 2.1 udazduneuiisneazidunsssiali

Transcribing the dialogue from the video
(Use Steno M/C or Transcribing machine)

2 -4 hr. per
1 Video hr.

Source Video

-
~—
L
-
-
N

Script File
( by production team)

(Use PC with Captioning SW)

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

717 2.1 unudsiumaunisuanAussEsuLLTau s [2]



2.1.1 AAABNAILTIILAINIATIAL (Transcribing the dialogue from the video)
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2.2 dnyey1au PAL Line 18 Closed Caption Video

Wesannsvimdszuy PAL dulifininsgiuzesssuuAussenauuudeuld Heslfifnimda

¥ 1 Y o

nseanuuLLarlszeNma9assIn ainanIninmangde aslfianelidedayanussenauuudenliuy

al

Wi 18 vesdtynyrouinaiaduuy PAL uazaneuzaesdnyninasadaiudy g A ussena LU Ltew

IHrasszunneimivuy NTSC AFanunsg1uildn PAL Line 18 Closed Caption Video

al

ftytynnu PAL Line 18 Closed Caption Video Huazinauiitdui 18 aasdtynyind
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PAL uarianwnizaagli 2.2 fedsznausae
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Waludyyroudrdsmnzunasasnanaia
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2) TmiEw (Start Bits) 3 Tm NdA1TIY “001” dmuseynisiEusudayanazniumn

o
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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
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2.3.1 siauamaua (Display Code) HANGAWA 20, AUl FF, Wity uazrldiies 1 59a slanisuanssio
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g13971 2.1 swauaaaRan I8Ny luges CC1
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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

dszim laun sWasudaEusu, sManaeussin uazsianiuAuilinean TelsneaziBn Al



1) SUABUNLNIGNA (Preamble Address Code) LHUSWANIMUARILML

i
s v

(cursor) LTHAYU

PB4UTINANFANNNUAR AT AN UL FaanesUsT e U ws fenanalunnnei 2.3

#1797 2.3 sFARLMTIB9AY (Preamble Address Code)

UssiaRussENen Wil

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
Foualusd 2
giantin 0 A0 40H | 60H | 40H | 60H [ 40H [ 60H [ 40H | 60H | 40H | 60H | 40H | 40H | 60H | 40H | 60H
giantin 0 da1q Iawduls 41H | 61H [ 41H [ 61H [ 41H [ 61H [ 41H [ 61H | 41H | 61H | 41H | 41H | 61H | 41H | 61H
giastin 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 Ay 44H | 64H | 44H | 64H | 44H | 64H | 44H | 64H | 44H | 64H | 44H | 44H | 64H | 44H | 64H
davth 0 Aviu Tauduld 45H | 65H | 45H | 65H [ 45H | 65H | 45H | 65H | 45H | 65H | 45H | 45H | 65H [ 45H | 65H
Foualusdi 1
dasdtyty1ns CC1 viza T1 11H | 11H | 12H | 12H [ 15H [ 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
Foualusd 2
glautin 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
glantin 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
giatin 0 Aviaas 4AH [ 6AH | 4AH [ 6AH | 4AH | 6AH | 4AH | 6AH [ 4AH | 6AH [ 4AH | 4AH | 6AH | 4AH | 6AH
gianin 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
gloui 0 Aune nudulst 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
gauii 0 @119 Fades Iaiduls 4FH | 6FH | 4FH | 6FH | 4FH | 6FH [ 4FH | 6FH [ 4FH | 6FH | 4FH | 4FH | 6FH | 4FH | 6FH
giauntin 0 A0 50H | 70H | 50H | 70H | 50H | 70H | 50H | 70H | 50H [ 70H [ 50H | 50H | 70H | 50H | 70H
giantin 0 du1a Iawduls 51H | 71H | 51H | 71H | 51H | 7AH | 51H | 71H [ 51H [ 71H [ 51H [ 51H [ 71H [ 51H | 71H
glantin 4 da19 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 du1n 54H | 74H | 54H | 74H | 54H | 74H | 54H | 74H | 54H | 74H | 54H | 54H | 74H | 54H | 74H
giantin 8 Aua Taduls 55H | 75H | 55H | 75H | 55H | 75H | 55H | 75H [ 55H | 75H | 55H | 55H | 75H | 55H | 75H
gianiin 12 d919 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 #2919 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
giasin 24 8919 Tauduls 5DH | 7DH | 5DH | 7DH | 5DH | 7DH | 5DH | 7DH | 5DH | 7DH [ 5DH [ 5DH [ 7DH [ 5DH | 7DH
giasiin 28 4919 5EH | 7EH | 5EH | 7EH | 5EH | 7EH | 5EH | 7EH | 5EH | 7EH | 5EH | 5EH | 7EH | 5EH | 7EH
giasin 28 8919 Taduls 5FH | 7FH | 5FH | 7FH | 5FH | 7FH | 5FH | 7FH | 5FH | 7FH [ 5FH [ 5FH [ 7FH [ 5FH | 7FH

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

wanslumnsad 2.4 TnedfudnsnizaslanduaudiAnysieii winiflusiaasuaundali
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M19N7 2.4 SHANA NI (Mid Row Code)

Tasdtyaurnidaya CC1 viga T1 Tasdtynunnidays CC2 viza T2
Fayalus 1 Fayalus 2 Fayalus 1 Fayalus 2 AuANEULFENE
11H 20H 19H 20H Fflamse #4110
11H 21H 19H 21H Fiamsa da10 Ianduls
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 Taduls
11H 26H 19H 26H Fiamse AWn
11H 27H 19H 27H Fiamsa AW Aauduls
11H 28H 19H 28H Fiama Auad
11H 29H 19H 29H fiamsa Auag Aoduls
11H 2AH 19H 2AH Famsa Aaes
11H 2BH 19H 2BH s Awaes Tauduls
11H 2CH 19H 2CH Fiamse Axna
11H 2DH 19H 2DH Fiamse Axng Taduls
11H 2EH 19H 2EH Fades lain/ded
11H 2FH 19H 2FH fades in/Aeud Taduld

3) piaAuANUIAWMAR (Miscellaneous Control Code) IUIWAAILANNITUARINABY 7] 181

LATRNDBAINE AILAAIILANT9N 2.5

A9 2.5 SFARILANITALIAN

dasdtynnidaya CC1 vida T1 dasdtynnidiaya CC2 vida T2

Fonalusn 1 Jonalusi 2 Fonalusn 1 Jonalusi 2 FVARAILANLINLAAR Anein
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 (Lamﬁa CCIR 567) “Transmission Performance of Television Circuit
Designed for Use in International Connections” [2] uitldaninuaininendasiununimaesdoyoyin

Tnavirniaaniddu 5 ngu Tiun
1) danIUUAAILERTIaLNE (Insertion Gain)
2)  dan uuaAUATIIUILNIU (Noise)
3)  danuunstunirsunudnngasdoyyind (Cross-talk form another channel)
4) FarnuuagiunaieuuLLliFadu (Non-linear Distortion)

5)  danuumAsNeLLULLELAY (Linear Distortion)
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andrynyrunauadslleedyo i@ (Intermodulation from the luminance signal to chrominance
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eiaadnyny i@ (Chrominance sub-carrier) ASTILGY ANNAFANIERAITENE AR NMNIUAEUIWATRINIUL

| = A o . = . o =
tineld; UNLANTINIDBNURNIINAT WarzAuANaIulaguAtandanldfedena

o

!
o aa o Ly al

A A LasegnIasnaasdenalin N R FAiINeen A AN A NB N8

=

NAULNLATY N

= ] k% o o =3 a d&/ 2 al =l A
aimgﬂmmLmzmmmmmummmmwmmwmmuimmﬂua LANUAZALNADN [4]

Color Burst

H Sync

R

o nuduiulafinegwanmstioudyn i



1"

v ]
o ' o A o a

ARnA N WaRINEU9999aTa bl I Taetlaudtyyaduiiulafine grasnivztion

'
I o

AryrynudanIAAeil (Modulated Staircase) Adgiln 2.3 dngaeas dnauinresninseiaadoyoyiodan
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2.4.2 wuasNiWa (Differential Phase)
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o o a
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o

agun
v o ) o = s o, A ) P
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X+ y= |CI) max— D min

= o al A o o o
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Differential Phase
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Tek
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2.4.3 ansucaNtAeAsIvE8UAIIND (Gain/Frequency Characteristic)
NMIFU ITU-T J.61 VNN AN HULANTREATVLNEAUANDINAD  ANBRAINVEINLTLIGN

dyoyrnuduazeantedisaruutamudsusAutsesiadn wldauisanudimeanaasszuy nng
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panmuraNtRgnsaeaiuaNdnlflaaileudynins CCIR 18 Al 25 udmiuiinawin
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AL et edtyey uiANseT] NWeLiuIuAentNeenTReATY Y EN9B TR (199

vy o

C1 angln 25) arlidayadnuuzaniifvesdnsaenaiuanud Geldnaisndndiudeninuasiiu
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o o A

ANty ndRTmbield lnereuinnvesdariinuaniunimnsg I ITU-T J.61 uansdagli 2.6
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v LI ¢z %
0.86 - 80
0651 0.5 MHz | 1.0 MHz [| 2.0 MHz [{4 0 MHz ff 4.8 MHZ {| 5.8 MHz {50
044 )
030 1

L | i 1 | 1 | L 1 1 Il 1 1 1 | | L 1 | 1 1 l 1 ]
0 4 8 12 18 2 30 36 42 48 50 ps

Gain (dB)

Approx Frequency (Hz) x 10
150kHz

U7 2.6 seLIImYENAN T ANLREN T TENEAUAIIND

(Gain/Frequency Characteristic) AMNNIATF ITU-T J.61

2.5 SUALIAILUL LTC (Longitudinal Time Code)
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= = o o = == nﬂl
LTRILILTENNTEURY [5] mmigmmmwmqmwmmmu LLITIUUIN

a A

HauAasianaIwLy LTC
(Longitudinal Time Code) 81A3§113%@La MUY LTC gninvualulngsis Society of Motion Picture

and Television Engineers (SMPTE) lutlszinaanigaiiinidminudaarouninuuy NTSC uaz EBU

o o

(European Broadcast Union) @MuiL&tycynaun iy PAL sWananuuy LTC danunsniiuiinasludes

aAa o o !

Aoynyrudeslideiuiasannsaldanufesiunisinseldes vizednsesaniaanARINNInsgILsNe]
\i VHS 1138 Batacam t{usiu s9anan LTC Hengaanalivindu 24 dalue Tnaudaiududamaves 40
T3 wf Aunfiuazmisetesredund Insmbeteaiaziinnnaziganai 1/25 3u1M dudunisineu

A o aa o &

AuszuUARTAILLL PALYTE 1/29.97 AU dwmidussutnanAiuuy NTSC
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k73 o

ayanussqetlusianaiuuy LTC duazudailungueian Asil

nguiiana (Time Bits) A11a1 26 1 LﬁmzqmmwmLLﬁia:LWiumw Tneuiariunnglu

—_
~

3Wa BCD 29951210151147] A falazdalug (0 -23) faiaauit (0-59) Fiavaadui (0-59)
uazsLaTwsn (0 — 24 Tunstiaed PAL waz 0 — 29 Tunstizes NTSC)

oA =

2) nquingld (User Bits) Auau 32 Tn wlnilungueienld 8 ngue az 4 O el ldunn
9 o e oA A o ~ - ° & P
foyadue i 4 hen T vive wadisesgafiaes ivaiaalszaneieaiusiu

3) nguiindaumay (Synchronization Bits) A1ua 16 16 Fanganriugn Sync Word uazipAnAd
ﬁ'ﬂ 1011 1111 1111 1100’

.o o a | a - . Yo o o Ad o o

4)  nguaw| A1 6 Un 1y Taviansn (Drop Frame Bit) ldd miudiunanludneiszuy

NTSC NR8ns89n1mniNAL 29.97 wlsn/Auwnd wardnuia wusiu

SHAIDEALATAI WL BLAA DR I Lane 1 lumn5197 2.6

A197 2.6 Taseafnisiiudayazavsianaiaus 80 dn

fagyaan Onf Hoyadun
wanMU1awWsN (Frame Units) 0-3
4-7 "ﬂgmﬂ%ﬂq’uﬁ 1 (User Group #1)
WANALUBININ (Frame Tens) 8-9
10 Savials (Drop Frame Bit)
11 TmAsN (Colour Frame Bit)
1215 | deyadlingui 2 (User Group #2)

NANUUILUBIIUNT (Seconds Units) | 16— 19

e
=
=D |

20 -23 ayaglinguN 3 (User Group #3)

PANAUIDAUN (Seconds Tens) 24 - 26

27 Imuiwa Phase Correction Bit

28-31 | Yayadldngui 4 (User Group #4)

U

nANUUNLIaIUIN (Minutes Units) | 32— 35

36-39 ﬂgafﬂ%’ﬂ@'uﬁ 5 (User Group #5)

U q

WANAUIDIUNN (Minutes Tens) | 40— 42

o

43 11m419784 Reserve Bit

4447 | Yayadldngud 6 (User Group #6)

U

waNMUagaastalug (Hours Units) 48 - 51

52-55 ymi@ ”l‘?]'ﬂzg'uﬁ 7 (User Group #7)

wanduaastalaug (Hours Tens) 56— 57

58 - 59 ¢l913d 14 (Unassigned)

60— 63 R Enaun 7 (User Group #7)

U q

°

64-79 | dmidndauay (Synchronization Bits) HAAIRAMATL 11011

1111 1111 1100’
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drynnawiazdnressianaiuuy LTC azgndadudynnaniaarludnsoe Bi-phase mask
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2000 IAAuNT siseALIANTBILAT AAENF1WINAL 1/2000 s = 0.5 ms Thaes ﬁqﬁuﬁagmﬁm LTC Tu
UL PAL ﬁ%ﬁmmﬁ@@ﬂuﬂm 1000 Hz — 2000 Hz Feanunsatiufinaslugesdoyonipnudidesls

Taedng
}—Bit "O"—| I—Bit "1"—{

L Uiy

! ! !UE:E
ho!
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1 ms
1 ms
05ms.

Uil 2.7 madhaiadtyg 0y Bi-Phase Mark

yavdtyand LTC dwsudnaaiaiaiuuy PAL

\HasannawanaIuul LTC gniiuiinuutedtyryinndes i ldaiunsnunsnisednnisiusia

o

wan lilae ldinWdny o anaimilaunnanas adelsfinsianaiuuy LTC Sldaunsnazgnauls
1 ¥ d‘ 2 o o 1 Dd’l a a 6 1 dql o 1’/
AnszganIn weinnsldsuesesdnsianussenauuudeulsd Tnennfaslifamenisaliguil Ao

SWANAIWUL LTC AUUN1aNTUNF I dautuiaginggia
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2.6 UML (Unified Modeling Language) numewmuwaﬂmwemaqmq
wlalumsiamunlusunsnidsingrenisafunudnaesdeya iunzaniutlgm suiunels
1% o ) A a a =2 o ac a Yy v o X
nsaiuuuanaesdulilagndilszAnininasiinmaimunisnisaiunalassa¥edayamaniuaumn
uwardsnilanfisniuuazindmnanaduninsgrureanisimungefuafluilaqtiufanisld UML (Unified
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UML iflun1mng iln (Graphical Language) RN TULAALNEBTLNESEAZIBEAMI] 189

|
. =

Tsunsu Adneufinieneedesine Nsznevawduldsunsy nsld UML inlianunsadniivuas

1
] = o

uaAIANANTUEENA 2aeingegetnelinnsgu annnsnian i lAvanentseenuunilsunsuiie

]

14 1
= v A

[~3 k2 dl o L2 1 $ [
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16

UML 132Nt uiunIngng] a1u9u 9 Ussiny usavdssinnuansanuduiuissndneed

dsznausine] 2eeldsunsulundyunuansinaiu g wuuldun

Use Case diagram, Class diagram, Object diagram, Sequence diagram, Collaboration

diagram, Statechart diagram, Activity diagram, Component diagram Lag Deployment diagram

v
o o o

$1Aeaziin Class diagram N185uneeALlsenauresTanmuaSANmLNTL Aeiuazeaeiune

EavIBEALRNIZA Class diagram winidi
UML Class diagram

Class diagram uamen1weanzeessuL A NdNiU189Aa 14519 Class diagram Hanflu
A o o o - o
unun i Tl asuaneor lusnellsunsuniadmineu vsadlulaun nuuy Static Wwes Class

diagram 28118 09N1TNTENNTENINIAANALA I IR LAR9T AR a AR AT INENN1TNTEAN TE NI

Class Name

+Public Attribute
-Private Attribute

+Public Operation()
-Private Operation()

o

717l 2.8 dryanualunuaaia

317 2.8 uapsdrydnmafildunuaana dry ”ﬂﬁﬂiﬂﬂizﬂ@uﬁqagﬂﬁmﬁm 3 dou dannnaud
m?imuuzgmmm%mmm %@mmlu?malﬂmﬁmmmLL@mmﬁ@m@m@mﬁﬁﬂizfﬁﬁﬁq (Attribute) f147)
YAIAAE meﬂﬁ@mqafl,u?mﬁlﬂmm\izﬁ;mmm%wqﬁmmmﬂ nelunana (UML Banwgfngsy vise
Waridu 91 Operation)

¥ A '

= = o o 9y = an A fo o 9 = py
ATANUVNNE + U7 — mquuuqsﬁ@izuﬂqﬁ‘mqﬂ\?"ﬂﬂﬂﬂ AR + LL@ﬂ\'i']q@m@ﬂumﬂiﬂﬂﬁﬂmuuumqﬂﬁiﬁ

al

[INAMEUaNAaTA (Public) uaz - wansdnAmantRseiariduiuddelfanznaluaanaies (Private)

A a o o X = e a P o a v
Watenuaaa lfaziaanau BIACTCUTOUDIATUANL ﬁma@‘wqmmamwaﬂmmumm@iﬂugﬂ
WU “Attribute @ Attribute_type” 38 “Operation : Return_type” e Attribute_type Lmuﬁjﬁmﬁmﬂmm

ARANLTR WAz Reture_type unuaiindeyailfainnishurizeanginsss
. = o o g 4 !
Class diagram NAAMNANNLT 3 wuulaun

Association A9 AIHNANWUSNHIENINIFNAINAANETIIASY 1M1 BAAIANTNABIFANesALlsznaL
= < A o ° v A = v o A Yy 4 Ha
wesanAaaniaie linsineuiullls wiseasiaassnanaiinisdedayaiu Do ladnaaansaesiis

PNANNUS UL Association 52191971 ATyAnHalmuANANRUE UL Association waAAIgU 2.9



17

Class 1 Class?2
n1..n2 n3..n4

o

7171 2.9 dryansnluansnaudniusuiy Association

o

917 2.9 aBUNBd1IRRAINARNE ClassT uslazIRRNANANAUETLIRgAINAATA Class2 AMUIU

n3 09 n4 461 warluneNALRY danainAana Class2 uiaringRANNANTUSTUIR)aINARIE Class

AW n1 T8 n2 4619

o

Aggregation Aa ANANTUTIARIANTlIEesAlsznauanBnaanailasanagfoe douanend

PNANTUSULLNUARIASZLIT 2,10

Class1 Class2

n1..n2 n3..n4
<>

7171 2.10 dryanmnludavaruduiusuLy Aggregation

Ll

971 2.10 aBunadndngaINAag Class1 wiavdngidautlszneuaesingainaaia Class2 a1uan

al

n3 fie n4 407 uwarlunanduiu dgaineAana Class2 usazingeaziiudeulsenavaesingainaana

Class1 4919t n1 114 n2 g

Generalization A8 AVNANWLENAANANTALNEA (Inherit) TaAMANTRLAT N ANITHAINGN

q
(%

AANANTaNT Arydnsniannduiusuuntuansdsgli 2.11 Tnaangdiluansliiiiuinaana

Subordinate_Class AUNBANIAN ARG Super_Class

Super_Class

Subordinate_CIassl

o

21/71 2.11 dryanealudavauduiusiuuy Generalization
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FIUIUANINANNUS (Multiplicity of an association)

o 1o v o &

Foyanmnd n1..n2, n3..n4 Mlenglugil 2.9 uay 317 2.10 FandnauanaudNRLg aauau
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0.1 T8 vize Hiies 1 dmg
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= ] 3 [ %
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Caption Studio

Serial Port
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d i o Video Signal >
WATDIAUIANAL

e . AreatiuiinAfviend
LATRILAISUAAT | Composite

Video Signal =

USTENENMNULY ———>

B
T LTC (from

- " . - -
Audio Channel) | daulavldsvd [ Audio
»  L28MUL LTC
Audio

srunsinsirdsadui FenIiaviAuiunn
17u#in LTC Time Code ALTTENELLLTRUUAD

7U71 3.1 madaidesasoudsiaAussesuLLdeulandsianal LTC

TPsagFreanfaunfuamsaadinsiaA1usse g WLLUT L leN IsianaIwUL LTC thillaneoie
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- d‘ 3| g a A A o o o dl
Philips [9] Teiflululasaaulnsaians 16 On qaiuAeddaudnnian1sdndsmas (Interrupt) 7
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64 ps) waz ADYRYIUNITRRANTULILEYNIN (NATUNN 1 ms)
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2)  dauunsniayan1ussee (Caption Data Inserter) Hlnugaunen9asinmennFudnyo1naa -
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4)  RS-232 Interface Wluvasulasdryorosmaneawus 0V -5 V ldhfludyoy IUANNIATFU

A~

RS-232 Wa5UA9iULATaIARNAILADS

5)  LED \NeUAAAN LA 2899943
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LTC In 2
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Interface RS232 R I
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| 3
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Insert vo010"
8 48 MHz
r @ v
1 =16 /LD D3-D0 thl-,(
MHz j ]
CLK< |« Q  CLK<|« Qi 4 Bit Counter
16 MHz wf Sync Reset & Load
ciR ICLR
8 Bit 4 _ 7'y
Shift
Register v
p>CLK /CLR
. I ===="
-8 ‘HC
/LD« Carry 14
d s 1/8
MHz

4 820 pF C. S}'l’lC

80,
r

Edge Detector

Data Data
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Tus» < — «<— 1 Bit Data (2us)

Shift Register Data 1010100001111

PAL 18 CC Signal

500 KHz Caption Data
Clock Run-In Bits

711 3.5 sangindayanduiinasaame fuuLdnuReaNdtyqans Clock Run-In uazdayamiusse g

AyuoynuieasnanaasiadpefiuLIauAsgnAILANtfedty s Insert  anlulasaau-

sataafteazadann “17 iatduninansstiuiudunini 18

Y . = o N PPN - = a
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\T9987 (Time Jitter) 1diAu 1 A1U299AND 48 MHz A2 20.83 ns (+/- 10.42 ns) N3 @aniNAN
Andnden1uumaTes PAL 18 Closed Caption [1] A8 +/- 0.25 us 281981 wazAInddaniuualunis

o Ha ' @l a H ~ X v A a a %
28NLUL18MASEHAD +/- 15 ns atelsfan1umdanansnianaetaiindvainade i ls

Bnianies 1w N19vaRALe9gLNTRIEN

o

3.4 295FATANATYYIUSWALIAT (LTC Interface)

o

NAIFBITONATY YNSRI IUAAIAGLIT 3.6 NIINNIUENAUAMNAYQIUITAAY LTC azgn

o
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o A

dadasasrenauuunaudaietfusunedypnlfivunzan uazitwd1aeas  Schmitt Trigger Live
Waguandtyyin LTC Miludyanoundsgianwliiudynrondese dygiandaaatiaztlowdiog

asngaaduIRLATY I NLsznaufenaeasff UL Aalfiulsvquazaeasian Exclusive-OR WA

v &

Ha o o y AT A
wianagasiiaedeyiunassnziu “1” 49anandu] N1 uienduna11aIe9de a1 LTC

15k

AN
mny

5k ‘HG14

LTC
22uF
|
LTein — —Wy - Edge
280 ——+
W o ‘ ‘ ‘ H ‘ |

C=1nF
Time Const = Sus I

< I A o
g‘ﬂ‘Vl 3.6 WATADITDNALYEY1EUTUALINT
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d 14
35 ganawaslulasaaulnsiaas
anwnuznisineusssgansuaslulasraunsaaafluiiesiu Ae esasdnsiaazindayanan

nlfannsianan LTC wisaniuliainisunin delddunresnanfiamasdouynna wninisunsna

1 v
ca o

U99eNe LATRIABNNamaiNAnAYILswNaN Caption Studio azdedayamussanenndarsasidnsia wied

o &

dnswafiaziindayamantiununsnasuudiynnfaveinIuninsgiu PAL 18 Closed Caption sig

fanfuasiignaanuuuliidunisinuuuudadanay (nterrupt) foamsuageilsznisia
wrasidnsiaseIne uauesdy inIeuenangat e nTunaN ) i Aaunisimunllsuns
' v o . = < A P vl
azggnIneaniuuliineuluuause (Poliing) wazanilsznisuilsaa lulasreuinsanaiiniaenlds
AMNAINNIn N T AN Ay udndaz 18R arunsn ldde ld i Fauiiin TiWwawnsensuasladaau
nsiaenuuanieniseanuwuugenfuifituiaaiunaldldsunsuluaesauuan (Main Loop) Htiag
Tsunsudanluginauludiuneuaeinisindaney llsunsuavgnuiauiudiusng ategaszainiu
o N g . . ¥ . 4 .
dnarantmade atnelefaniswmuiganfuafludneusiivuiziullsunsuindauuinnmisdn

o

mzlddudauvialdnanszutanalinntdn wazazfasiansunarfduaanudiAny (Priority) 299

R

o

Ul atimNNzaN

k=)

'
Y o

Tnssa¥asmensuafisiasdnaiasusstnaudaduniinfid Ay 1850 3.7 sulfun
1. daudsanBusy (nitialization)
2. dausanaduninludrygnaaviad (Video line processing)
3. @9uann1719a1 (Timing Processing)

4. doufuavinyauuUaynx (Serial Communication)

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

Initialization | | Video line processing | | Time processing | | Serial communication |

I
LTC_Interrupt

| Video_line_count ||Time_count_up_frame || Protocol_Handler |
| | |
| CC_Inserting || Time_count_LTC || TX_Interrupt |
| | 1
| Csync_Interrupt || LTC Process || RX_Interrupt |
| |

Level 3 Detailed Function

Remark : |:| Interrupt service routine

U7t 3.7 unwdsnizauundautlsenavveslisunsu nlnsmaunsanes



25

3.6 TUsunsudqauannsLaunIW

| ] A

Tsunsudausanisduninanunsoudemtiindr A 3 dou Aedaumauduessadyyiuds

¥

3
Jeuay doutiuidunin uazdauunsndayantusseneadludun 18

a8

3.6.1 lsunsuyFnisnisdnasvas Ay 1aidNrisan (Csync_Interrupt)

[
£

doulilsunsuisnisnisdadems Ay ndetsanasinanunnasanddny oy rudndsmzaingad
saridnnn Toendulnnunudagli 3.8 edesiaaudila azaautiansminauenuaesilsunauiiean
w2 Tun e Tuatng Tesiauils Prepare_insert HAflu “False” uazluaunsndaya Gesiauils

Prepare_insert pilu “True”

Tuluatng TsunsutlazFanTdsunsugaanisdudunin (Counting Video line) NNAFan a5y
yrudndazaindaian uazidalafinuinsanudndunnilaqiududunind 17 favdedoys
wateanlliaeiesnanianasinudedasnsaynss wianiussen Prepare_Insert 1flu “True” tiie

= v 1] ¥ o o i// !
wizandngiuaunandayalunisdndanzaiasialy

o o ¥

WwaunsndeyasziinauialsFudynyiudadamzaasdunini 18 lisunsuazneusuasse

v o

Fynyrnudndanazeianiiui uazdedoyarussenasanllinsasdouunsndayarussaneias 8 On

a

'
A 1

avannrewdngluat lulasraulnsamesindsmgnsedoyonudndanas Alunisneuauesainty
TudtynrunRnndannsiui nanluniseeuaussdynindadangauiatuaenadugn Aanainldld
A 1 AUty Ang 24 MHz wnnladvinduiinga nainimeuduessadyiudadimazenaia

AR IENINNGT ReRaus 3 — 24 AudtyayrouwnfnineuiuAdaniasl i

Csync_Interrupt

True
Prepare_Insert

Normal Mode Insert

Mode y I

-Update Time |

-Start Send Packets to PC Insert Caption Data |

| Y v |
| Counting Video Line Prepare_Insert=true Prepare_Insert=false |

Return Interrupt

JU1 3.8 wwwgsnasvinaseslisunsuninisnisiadanas dariron
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3.6.2 lsunsugaeniindunin (Video_Line_Counting)
TsunsutlaasiuiduninaziudunmaunnaisngniEan saaintuazfansandnyoyindaiiu

¥ &
el

£
o

§la (Vertical Sync) dnnudnderiuuasainreuenasiazfaandun in i Eusmiudun 1 v wanann

audnyaiasnimdun ludamaziisog

win1smagaun1sBNAuias dausan ldlaafasiaedy yrniadivintdu usdainnng

NAABINLIINIMNAAENFUR AR M Ay D aRA/AANALaNTITiueS LM1881 ullaauianaia

a

WNNIINIMNAaENFURaga &y yIudaiius iy dnslasunlssesdynyiuiasudlllfos lu

A7

! ai a) & o Z’/ =< A Y o a Z’/ G5 o al v Al o ' %
doaaauias seiuvasaenlddryorndaiuuasiadundnlunismaaEusuias uarazeudnyon

Wasa/A lnizdasauiad ldwinii unudanisienueesisunsneeeiidunindullfagly 3.9

a

De

Video_Line_Count

Line_no ++

True V-sync falling False

edge occur

Reset Line_No

v

Read Field

End Function

U1 3.9 unwdsnisvinesesiusunsueiosnddunan

3.6.3 [sunsugiasunsndayan1usseng (CC_inserting)

'
aa o e 3 a =

WsunsntlaeiiazgnEanidadingdui 18 sesdyynidvamduazinutihndedeyaidiaaias 8

b

dnlunauauasasunsndeyasussens deyandeluidundndtyeyins Clock Run-in uazdindeyafign
wlaslindstuilugeayinuga ‘Eﬂumiumu‘ﬁ@zﬁmﬁwmﬁuﬁuﬁﬁuﬁqm:mmmnﬁmmwmmmqwi
LNSNATLUSTENY FaTAANERIiaNTnNa NN A AT A ANz ﬂ’]ﬁ‘LﬂalF;luLLﬂ@QeLW'l fiu

Tﬂmmmﬁgﬂﬂﬁﬁﬁuﬁwmiﬁuzﬁ“tymﬁmﬁmﬁqmmuﬁqiﬂmmm’quﬁ ([}lj/\‘iLLrﬂ'émﬁuﬁ“Csync_lnterrupt”

gNFENAue “Insert Caption data” ANNuNWAFUN 3.8) avinainlidwmaznisunsndrynynslignsiasls

a
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3.7 d@ullsunsNannIsiaan
TsunsunguiinuihfineaiunisdanisAnanifaqiiuesrsesdisialraddaulsidAryae
faudlafivAanlaseenuuuliifiuaraanls 24 40T aauazidanilu 1/25 Fuii Tsunsudauiiuie

Wullsunsusiasls 4 daulaun

3.7.1 lsunsugieeniinaainaensy (Time_count_up_frame)
Tsunsutlaaiiaziinpdaulsnanauiias 1 wsuynafangnisen wazlilsunsutasilazgnizany

Wunand 17 ianemninanuetflulua ldldsianan

3.7.2 llsunsusiazdiiaaiAdeidnyqnsiainan (Time_count LTC)
Tsunsugdesiiaziieusaunuldsunsudesdmiulscutanadoyynuaianan LTC (LTC
Process) uwazllsunsuusnisnisdndannzaesdnyninsianan LTC lnadinthnawliayanuilsain

AUAANNIATYE10UINALIAN (LTC Process) 1nagfluglaasiauilsingn

3.7.3 lsunsuysnisn1sdnasuasdnyay10dssianan (LTC Interrupt)

C LTC_Interrupt )

-Save TQ to TempTO
- Reset TO

False

TempTO < 1.2 ms

TempTO < 0.6 ms

True

Shift "0" to LTC Data

A J

Half bit = 1 LTC_out_Flag = 1

| Half it = 0 |

Y

[ snt“t"toLTCData |

y

LTC out_Flag = 1 |

O O

( Return Interrupt )

U1 3.10 wrgamsiauresisunsusinanisiadamasdny g nsiamnan
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TsunsugdasilaznimtihiNansananeusdyyiusianandundilulnsaauinsanefives

ponddayafidnndude <07, Tn “17, vizelailddnynyn LTC Tnefliunudanisvinaudagii 3.10

Half bit  Bit "1" is detected Bit "0" is detected

—l-! 0.6 ms 'ﬂi—
1.2ms ; —b»l

1.2ms

= o = | e o PN <
3‘1/1’] 3.11 ﬁl’yly’lm%ﬂl’?u')d@?L"ZIT:?JJW@T?/YZVLQ@’7LLﬂ;’@ﬂ7_°fﬂJ;'ﬂ7’lTW"V’ITM’)N@UZ"]]

Tﬂﬂmﬁ‘u‘u’%ﬂwmﬁm@“ﬁmmmﬁmmﬁm?ﬁ@Lqmﬁ%ﬁﬁmm'quﬁuﬁqﬁ%\mmumﬂLm 0 (Timer0)
’Lﬂuimmu‘im@L@fﬂﬂﬁ@@”ﬂLfamﬁﬁwﬁummﬁmmﬁmﬁmﬁqmmﬁmﬁaLmeLL&i@m%\i FLEIIIATAN T
fa:ﬂﬁmﬁmimﬂdmfﬂuﬁﬂﬂﬂmmzﬁ’mmﬁm LTC Tmmﬁ"ﬂwmzﬁmmﬁmﬁ'Lﬁﬂq‘*ﬁml,mﬂﬁﬁuﬁqgﬂﬁ
3.1 Lﬁ@ﬁmim%ﬁqwud%ﬂu%w LTC a3afiaziann LTC_out_Flag Widlu 17 iteliiusunsules

svsnanasiananinll1sald

3.7.4 lsunsusiasilseuianadny1nsianan (LTC_Process)

LTC_Process

True

LTC out_Flag LTC out_Flag=0

False ¢

(LTC_Raw << 1) + LTC_out

Call Time_count_LTC

End Fucntion

U7 3.12 wevdsnisvineusesiisunsueias LTC Process
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Iﬂ?LLﬂ?NﬂﬂﬂﬁﬂtgﬂG‘Hﬂiﬁ@gﬂu’)ﬁﬂu%ﬁﬂ Sanudnfin LTC out_Flag iflu “1” Gauansnisani
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WatFutlgeanludautlsnanlinseiunsunn e unudenisinanudullsegila 3.12
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ANNANNAIT TaNFTLIFUUATRIADNNALADSAIBNATA LT ANNNANMAIRAE NN TR A NEw e 1) 1

RAEEY

3.8 HIUSUAITRYALLLAYNTH

nszuauNsRaseseudnelulasaenineg Lmﬁmuﬂ?mmuﬁqmm“zﬁ'quyﬂﬂmuﬁm%u@ﬂw
adhanemaaaneinuTausiaadna i@sﬂ@ﬁzﬁ'wnl,ﬂ?'mlfi’mﬁa Teun doyavauazinsuilaqiu
ERTERRIAEs muﬁmﬂ@ﬁi”umnm@uﬂqLfﬂfﬂﬂﬁuﬂ' fayan1LITeg LL@xﬁﬁmfauQuﬁluj Farduaziiiu

P -ﬂl ¥ o Y 1 [ ¥ 1 2 A
Iidnesasdnsviadiesnevausssianisiudedayantnatoayns msuninvie 40 ms
1 s I 1 3| 1 Y o d’l
doufudedayauuuaynsnasnsoutiaduldsunsudenlfaadl

3.8.1 lsunsugiegannisinginaea

!
¥ Ao 17

o ¥ dl o o o o e 1 Zl/ VG dl
NMIUUINNAANTITNURNALTBHNANTLLLTNT LL@ZM@‘U@H@\?Lﬂﬁ!ﬂ’lﬁ‘mm@’]u‘lﬂﬂLﬂuiﬂﬁﬂ&li‘Wﬁ‘IVlﬂ‘ﬂ@Vl

a
£ ¥

aanuuuly nslneealunisdeanstieanuuuauesnednes) Usznausaelusizusiu 1 Tusf susaalusd
a = > oA A X o = = Yy v o
uwaneriingeansdedns uasdeyadeunivaetuiulszinnienisdesns Inefilassaiedayad

917 3.13

Caption Data Packet Received from PC

Start Byte Caption data mode

OxBA 0x13 Caption byte #1 Caption byte #2

Switch Encoder Time Mode Packet Received from PC

Start Byte Switch Time Mode LTC (OxAA) !
0x5A Ox14 Frame Count (0x55)

Encoder Time Packet Transmitted to PC

Start Byte Time Sync Minute Second Frame

Ox5A 0x39 Hour byte byte byte byte Ox3A

7171 3.13 twslnmeanisdeansildnumseadisianussene
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nandeyalulnsineead 3 Uszim 1éun

¥

1) nqudeyamussane (Caption Data Packet) Hlunguda

o

YANONARINPATRIABNNIABTNAA
palisunsu Caption Studio tnediagyatiazgniinliunsniiludnynyins PAL 18 Closed Caption
NN El 1T

v
v =

2) nqudeyaadulnmnan (Switch Encoder Time Mode Packet) ngudasatigndaniann

131NN Caption Studio i an A luANIINNeLIaATadEnsalfiaan 14aanann
p

AN INNN YiTR AaNNANan LTC

3) ngudeyatlszinngainaaengudeyanaiueassesdnia (Encoder Time Packet) inntini

detayananilaqiiuaeansediaianaulildallsunsy Caption Studio

nszuaunsiudasyaaIniAsasneNRamasazEusuinsnsasaum lusiEus (5Ah) ausaelus
nuendszinnaeanisdedns lnsnnluslaienlleg luReuluvesinslnasafiaz FuAum lusiEusul

Tsunsudouiiimunauwuuaniue (State) Aauanslidoauanianiuzgla 3.14

Caption
Mode
(0x13)

do Recv
Caption

Uil 3.14 wrssanusreslisunsugiaaunisnisinasmasnsiudeyanynsu

o

3.8.2 lsunsugiagisnisnisindaazaednisavdayaaynsn

1%
o IS

lsunsntlasiiazgnEanynaianinisdedayaeynsuiaiadu nnsvinaupetiingudayanaza
aanll wu nqudayauandiaan (Time Synchronize packet) Nvaaadsaanliiazludynasangnizen
[ % :’/ ) v =< 3| ] ] dl :’/ ‘ﬂld ¥ 3 [ =
patiunszuaunsdstayasaiulietvsiaifiawnaiiniinisddoyaadalaalifasinimuseaunga

aaudnnisdedoyaaiadu (TI Flag)

3.8.3 IUsunsugiasiznisnisdndanazaevnisiudagyanynsn
TsunsutasilazgniFanynaisninisiudesyaennsuadagu nsvinaupetindayaeunsunlaiuun
flaulilisunsueasdnnisinsinaaain i ldse il uazdrealuiinfudeyaiaiadu (R Flag) 2asdousy

k73
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aynaunIn e lidniudeyanfeniudeyagasialyl
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Ausseng 3 nanudaiilunguinanilaqiiu (Current Block) ngaiaandinly (Next Block) waznguiliagn
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14 3 1 1o
9 ey o - 2oy, J
1) wiage Key In & Position MHANYFRaLNGNATLITENE AUTLNIARNTUNGNAILIINENLRAN
@u%gnﬁmmﬁmmm (Mark In Time) Wnssiunaiilaqriuaasuiiunwaaiaiiag
AR 1UIR
2) wae Mark ldtlaunaniFuuans (Mark In Time) uazinamegalans (Mark Out Time) 294

ngnAusseneiiaqtiuluianaislunsdininisdanginlinsanaiisiesnis
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Fire Tune
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CaptionDBManager

CaptionCompiler +Capt?onBIkNo . Long
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+SaveDataBaseFile()
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+MarkinTime : long
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+ThaiCaption[0..3] : String
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ThaiCaption3 d195ULALANLTIENENNEN e 4 U3s9A
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; I
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CaptionDBManager Class

I CaptionBlkNo: PreviousBlock: I

' Long CaptionBlk ‘

| l

! _|CaptionRecordCount: Currell'ltBIock: .

' Long CaptionBlk :

| |

; iCaptionCompiler: NextBlock: ‘ :

! CaptionCompiler CaptionBlk .'

! l
4—!—‘ StringOut:String NextGap:Long ——

i i

- VB Database Engine PreviousGap:Long —1—#

MS Jet Database File (*.mdb)

Ui 4.8 Tasva$19mana CaptionDBManager
2) deayaaiwdnase StingOut vinurhnfiudeyaarsdnuszdniuacliesasdisiasanguan

ysseneilaqiiu
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k7 Y o da’ =3 1 1 o d’ v o d’ ! ¥
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nanALssEnesaansadliludauils CaptionBkNo saaintiupaanaliazAumnguAILsseneNNA1ALN
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(CaptionBIkNo) lud

4.4 TAsas0TeInURdIuRAnARc 1T

Aananne) ludausaseglfvesllsunsudosai1aAusseny Caption Studio 8MN1IOUAAIAIN

o

Auiug duunuisandudueesnanalaedauatfsgla 4.9

frmMediaPlayer

1 +DisplayCaptionBlk : CaptionBlock

-FrameAttribute
-ExportChange()
+UpdatePosition()
1 +MediaControl()
frmEditing 1 MSComm
-FrameAttribute -SerialDataAttribute
+UpdatePosition()] 1 1 |+SerialDataHandle()
1 1 1
frmCaptionSeq
-CurmentBlk frmMDIMain frminsertion
-PreviousBlk -Filename
-NextBIk -FrameAttribute -FrameAttribute
-FrameAttribute 1 1 |+GlobalKeyCheck()| 1 1 [+TimeSyne()
-ExportChange() +SyncMDIChild()
+UpdatePosition()
1
1
CaptionDBManager

+CaptionBlkMNo : Long
+CaptionRecordCount . Long
+NextGap : Long
+PreviousGap : Long
+AddCaptionBIk{)
+DelCaptionBIk()
+SaveCaptionBIk()
+LoadDataBaseFile()
+SaveDataBaseFile()
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Video Out . LTC out
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namagaLATesdnaa ludufuRanisiansnndyoyio PAL 18 Closed Caption Nia51eauann
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9a uaznmua lilisunsy Caption Studio wWieudstayanussenaaanin Anssaaadalaalatiive
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A PAL LINE 18 THAI-ENGLISH CLOSED CAPTION DECODER

Ekachai Leelarasmee and Chayasorn Suansomyjit
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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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Fig.2 PAL Line 18 CC signal waveform
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Table I. Table for ASCII codes in CC1 and Thai

codes in CC2
Video Tape Player Video Tape Recorder
£\ . . £\
e = &» cc m’ —
m signal Encoder | ona with m
Time Code
Capti :
Master Video Tape g;;tl;)n RS232 CC Video Tape
Cable

Captioning
Software

Fig. 3 A CC encoding system

Block English captions Thai captions Time

1 We feel refreshed | iffosududrlluth 00:00:1
When walking in | 5195%8naas
the forest. )

2 There are many Juthiidu livarenain 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 i
v, Video Clamp 36V ' osD Vout —#
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.



Video in
(Vi)

2)

Odd/Even C. Sync Slice Data
Video Sync. LM1881 Comparator/ LM
Separator
Clamped Input

I
A

Fig. 7 Video Clamping and Data Slicing Circuit

Font Generator. This block generates the
12MHz dot signal for displaying character fonts.
It has an 8Kx16 bit ROM, or Font ROM, for
storing 256 fonts, each of which is a dot matrix
of 32 rows by 16 columns as shown in Fig.8.
Its output is fed into a 16 bit shift register and
shifted at 12MHz as shown in Fig.9. Since the
duration of a PAL scan line is 64us (or

64 us x 12MHz =768 dots ) and the visual screen

occupies approximately 550 scan lines (out of
625), this font generator can easily organize the
screen into 15 rows x 30 columns of character
positions. This character resolution is the same
as that of the NTSC CC System. The 12MHz
dot clock is generated by a simple relaxation
oscillator using a NAND with two Schmitt
triggered inputs. Its frequency error is not
critical as this will only effect the character
width. The NAND is used because it provides a
free input that allows the horizontal sync pulse
to reset/restart the oscillation. This ensures that
the dot positions in each scan line remain the
same and thus guarantees a stable character
display.
Font Code ( Lower Nibble )

012 34567 8 9 ABCDEF

0

1

2 ol mzgm 2 (€ D+, |—| - |~

3 @1 234a56789|: | 3 <=>"
_ 4 @ABCDEF GH| I JKL MNO
%5 PQRS TUNIXKYZC N1 ™ —
Z 6 | " labcdefgh ik | mni<c
27 parstuvuwsxyg=4 1| ¥l
S g cEEE L E T i = ==
§  EmEsEEs e
Ph_ PUSSSET S EanST
“- B W?ﬁﬁﬁﬁ??@&ﬁij

C AT R R SO R S e

N e 1 o e v v e i Bt e

E v eS| T T T D

F SSETw & >R

Fig. 8 Thai-English font table
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Font/ Line Select

S

Line Select Font

Data Line
Latch " P select Font ROM

C.Sync = (8 Kw)
%6
<r 12/16 MHz - 16 Dots
—
 4-Bits T
Binary Counter Shift Reg.

74HC193,
' ( ) (16 bits)
12 MHz ok
Kk Jnanan Dot

Y
1
$33pF l

Fig. 9 Font generator circuit

3) On Screen Display (OSD). Actual overlaying of
dotted characters in the video program signal is
carried out in this block whose internal circuit is
show in Fig.10. A fast quad analog switches chip,
i.e. 74HCT40066, is used for multiplexing the video
signal with either 1.8 or 3.6 volts corresponding to
the black or white levels in the video signal. With
this design, captions will appear as a block of white
characters with black background as displayed in
Fig.1 and 12. An operational amplifier, i.e.
MAX428, then buffers the multiplexed signal and

Dot Video/Data

Vidleo—— o |
3.6V = White _ | ‘

- ¢ 750
! —W——
ocC
1.8V = Black Video
out

drives the output.
Fig. 10 OSD circuit

4) Microcontroller Unit (MCU). An 8 bit MCS-51
microcontroller with external 64KB program ROM
and 32KB data RAM is used in this block (see
Fig.6). The MCU is programmed to performs many
real time functions as summarized by the following
pseudo code.

Initialization ;
repeat
Read the position of the Thai/English switch ;
Wait for line 18 ;
Capture two caption codes from the CC data
input ;
If the capture codes are display codes then
convert into font codes and store them in
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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