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# # 4570457221 : MAJOR ELECTRICAL ENGINEERING

KEY WORD : BILINEAR INTERPOLATION / DIGITAL VIDEO PROCESSING / FPGA / SIGN

LANGUAGE IMAGE / VIDEO ENLARGER
PATHEERA  UTHAICHANA : A SIGN LANGAUGE VIDEO ENLARGER FOR
HEARING-IMPARIED. THESIS ADVISOR : ASSOC. PROF. EKACHAI LEELARASMEE,
Ph.D., 71 pp. ISBN 974-17-4575-3.

A prototype TV set top box device, called sign language video enlarger for hearing-
impaired, to enhance the TV viewing of deaf people is proposed in this thesis. It used
bilinear interpolation to enlarge any screen window of size at least 128x128 pixels by 4 or
2.25 times its area. Its internal hardware consists of three main parts. The first part is a video
decoder/encoder for converting a PAL composite video signl into a 27 MByte/s ITU-R BT.656
standard digital format and vice versa. The second part is a group of three memory chips for
storing partially/fully expanded images. The third part is an FPGA programmed as an
expansion controller. The FPGA implements the bilinear interpolation of the digitized image
by splitting into horizontal and vertical expansions that can be pipelinely executed within a
two video frame delay or 80 ms. It also functions as an infrared remote control decoder
which allows the viewer to locate the sign language window and select its expansion ratio to
suit his viewing need. This controller utilizes 616 flip-flops and 959 LUTs which includes six
blocks of dual port 512 Byte ' RAM.-It is expected that this device can be highly beneficial to

the deaf community without disturbing the viewing of normal persons.
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4784

7UN 2-15 N19911AN p(m+y,n+x) AnRNEATDLT 16 NiTAAILAE [LALN

U7 2-15 wamenisdszanmiAtA N diNTesTiniEa NAn AR M T IR NIEATE LI
a ! a a v 1757 ZJ/ a o 1%
16 fina unisdszrnadnuuludaiinazsieslddayariounn 16 AnaniAwIMdae

. X
ANNITAITL
NTANIEUNIGLR AL

i=-1,0 1,2 wazlu
do= p(m+i,n-1)—p(m+i,n)
dl=p(m+i,n+1)-= p(m+i,n)
d2=p(m+i,n+2)— p(m+i,n)

a0=p(m+i,n) a1=—%d0+d1—%d2
=1d0+1d1 ; a3=—£do—1d1+1d2
2 2 6 2 6
az @I

p(m+i,n+ x)=a0+al(x)+ a2(x)2 + a3(x)3 aunnsi (2.13)
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m?ﬁmfamwml,m%\‘l
d3=p(m-1,n+ x)— p(m,n+ X)
d4=p(m+1,n+ x)— p(m,n+ Xx)
d5= p(m+2,n+ x)— p(m,n+ X)

a4 = p(m,n+ Xx) : a5=—%d3+d4—%d5
a6=£d3+1d4 ; a7=—1d3—1d4+1d5

2 2 6 2 6

alFan
p(m+ y,n+ x)=ad+a5(y)+ aG(y)2 - a7(y)3 AN (2.14)

ANANNIFT9RUAzIL LAIIN9 sz A uL L U Tina s faa a9 AU DAL

ANuATdURauNITAMINNIN - Atiusaslunisdssananaassesiin N dudeugauas 14

|
a

Ry aay o A4 o = o aal
LQ@qELuﬂqﬁ'ﬂﬁ'::NrJ@NﬂNqﬂ @mﬂqwmﬂQﬂ"IWVﬂm@’]ﬂrJﬁiﬂﬂQUﬂULNﬂquWLLﬁHULWHUﬂUQﬁ

dszannuAuuuluadiadaylfuasuanslugili 2-16

£

g7l 2-16 NNAIANIFYRNEIAEAE [UAITIN (NIWe1E97) WFeLdieunias luddas naw

1'% %
AU

nnnlsannnusnan wiut LAt na i AN ANIasIa LA W IR AN UL U
o . o - - . Cde ad d
e waznwnlaldusnidluinigawmdenuuiilszanuAiainaiingdngea e Fauiay
v oy aal ¥ aa o | aaal o = Aa o oal A aa
doh fo1de9099528M80 M9 3 ABUANLAN FBTMHNzANTLATENINERRTAINgR Ae 35
dsznnAuunluaifiasiasliguninaesninseudrabuas liduaswminenssassas

tsrinananInlalFauauTLaa luAqDn
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a o %

24  MTUENENWUURUUIUIANAULUUAANS

aa o &

\HesanndeyavedayondfiFiniunnggiu ITU-R BT.656 aziinisdudnaiuau

] '
1% a o

dayadtynoud WinasiienaTaniaasdaya iy niauadng  Asduannisn g lunng

LA Y o > A = " o ! o d o o
dsznnuAnivea¥edoyariauinasiimiloudu  wilassafsnesannisasmieuiu
nan ¥ lusindanudn satiuluilanndqausalilaznainien12ue1gn 1NN LeNA02a s L

adlafaun 2 wihuazauin 1.5 Wnuudyoy ndaimiluuRaia TeNssaziasnsnge

sapialilil

1) D17UENEAINIAWIA 2 1917

W U wudyoynu@ C, waz vV unudtynnd C, nstenanwuudty oy avied

(7

1
=

AUNA 2 WINNNULILBUANNITORAAS 1 793117 2-17

I I : : p» pixels
n n+ n+l n+ n+3 n+4
1/2 3/2
@ : original V signal B : new V signal
(: original Y signal [1:new Y signal
(O : original U signal []:new Usignal

Uil 2-17 nsgudtyy1as v, U, V ine898 9058 uuIuay 2 1w

ann19n M lun1sATuIniNeae 8 Ao TuAINNEdN (Y) Lasdtyn i (U, V) 111a

v oo

v
2 Wimanslausasaliil

1 1
Y ==Y, +-Y n=0,1,2, ..
n+1 2 "2 n+1 "
2
1 1
Un+1:§Un+§Un+2

1 1 'n=0,24, .. @Nﬂ’]ﬁ“ﬁl (2.15)
Vit =§Vn +EVn+2



21

o 1 a o

nsa¥sdnyaynurnuadneay ideyaresinmanag AatuunmAaa oI

v o

1 '
= = '

FununnsdaziinfiAaudaIngn enzdeyanagfnd

a

o

UYNAININN° 2 AnLaa

2) NI2UEILNINTUIA 1.5 1917

S T, s SRR O

n+ n+ln+ n+2 n+n+3 n+ n+4
2/3 4/3 8/3 10/3

77 2-18 mMagudtyayand Y, U, V ieagqgdeyaluuuiuey 1.5 v

N o o [

> o = - 4' X Y ° &
NN7ULUARHNARACULUUIAN AL QLL@@QIMgﬂW 2-18 Hay lfann17lun19ANUInASl
2

a

1 2 1
Y =—Y,+-=Y 'Y =— +-=Y 'n=0,24, ...
n+§ 3'nT3 n+1 n+ﬂ 3 n+1 3 n+2 ;N
1 2 2 1
U =—U,+-U U =—U +—-U 'n=0,4,8, ...
n+g 3 n 3 n+2 n § 3 n+2 3 n+4
s 3 3 n+— 3 =

= = Y v < = o
nsEnen Wi 1.5 wialaziasannlunisainsdeyariandssinnimilaniu
1A 2 Wi wideyaren mANuNdanasgnasisllddluglin 2-18 unusaagiaananind

doyanwainnuinag

AINANNTN (2.15) — (2.16) azwudnannisnldlunisuenedeyasia 3 atia Jgiluuy
wiletiu An aznaudaenisuan 1 AR Uazn1ImIT (2 938 3) 1 ATT LaZIlasRINT291aN
dayareaniidnuuavdsaantdlingiu Aa asunuiuasu Cy, v, Cy, Y Aetiungasn 4
TunnstsennuArasdnynramisanuiaunsnmuniiiusannaaiulalnainansasdoun
Tidanainismnanuaesdyonmisautssinmadld  meazidealuniseanuuuneaay

aaa s luumndalal
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25 guluuutayadunssarassinnnauinsadiusuingvia

”tyzyﬁmﬁuvdmLm@’m‘?‘mmm@u‘ﬂmm’?ﬂ%ﬁuLﬂ?‘lmﬁ*ﬂmﬁﬂﬂ%vﬁwﬁaLLam'\mﬂu
et A NBES 30 kHz Uil 60 kHz Tnegduuivesdryosidundeyausiazin
ﬁiﬁ”ummﬁﬂuﬁu%ﬁ@g 3 guuuy AD wULAeANd (Bi-phase) WULTYEIZN9TENINNAL
(pulse-distance) UATULILIANNNATBNTAE  (pulse-length)  T93MERZIBEIADINN9EN

. . mo X
Ayounnuusiazuuuinssialilil

251 ngnTRaLLLdang

TS LT

| "1" | "7 AL 0% INT0NN0 o ol s

'
= 9o v ¥ oA

717 2:19 gl navdmyayrnuiidasiasaeiaaedina

nsdsiadeyaiutaesa arlirauvesdninmunuanresdayawsiazin Tnedn
o dl | A -é( KX v 1 ' o -dlcv
nuaynaulasuann 0y 1 visaidvaeanduazuNe Dedeyaci 1 wiuindeyeyniiu

Tilwasuann 1 1flu 0 vizalussuanasiagnuiefsdayaei 0

v = A = Y v a 2 I o o |

1RTAINTAUULUADIUNE  AD LQ@’W]I‘H’&\W@N”@UW 1 %92 0 WIUNINU BATINITAN
¥ dl |d? o i ¥ dl | v aa v o a dl 1 ' dl ¥
m@gmzmwimuﬂummmmmﬂ@ TIACAWNNLUITLANINAAN 2 LLUUVI@ZT’]@'W"J[?]@iﬂVWZ%]L’J@’]

al ]

Tunsdedagyaiasuuilasmurassdaganazds

252 nisnanatulpeldszaznisznanewad (Pulse-distance modulation)

FU7 2-20 nsdviayanxagianing liseezn1sendniad

¥ dl ] 1% nl/ 173 1 o’ ¥
ﬂﬁi‘ﬁ]ﬁ‘ﬁ@@'ﬂﬂﬂl'ﬂﬂ@%@\iﬁ’)ﬂﬂqiﬂﬂ@lL@ﬁuiﬁﬂ%]izﬂtﬂﬂﬂiz%]WQW@&QZ%]T’]’]?M?"N@@U

a

danansenanedyonondsnd (@ynrneiadniande 1) drunndyoyraadsaduneis
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] | |

wnfazldadayaidu 17 uiuindndyanaminiudeauansindagyadaniy Favhunns

a

paragauAntesteyaLlszinnialdniemmaneudasnasswineiidayafidu 0 dues

u

253 N5LansualagldANNI191RINA| (Pulse-length code)

T!1 " **O\l jf1 i “1 " *\(:}'H

gulii 2-21 naainavialaglgmaaundavreaiad

mamm@mmLmimimﬂmmmmwﬂmwm‘@ﬂ dyoynoadoed 2 wuulunnegs

Waldunudayaiin 1" uazin 0 Tnadwndeyaiiu 1 doysunandsndaziaaundaaunn

o

noidryonudisndndadadeyady 0 Aslunisesaseudeyalsaldaciundtenes

d

Wadazldnnsmaaauannund Nresdny it Aa 1
2.6 nshaRaLLL I°C

Hasanwezesiefiseanuunlitulsznauaudoutsastiens] wataaas Asiunisiu
dedoyaszuins@nmaitazsesiasasusainutinaauanlilinceesgnan)  dedieyann

[ o Iy i a i dg/ i £ ! dl v A
ruiu s nasdeteyaszudeanimaidanlunjazldnisdeuuueunsngaluilaqiiui

1
¥ 1

aa P o A& v ado A 2
quiﬂqumuﬂﬂiﬁﬂquﬂﬁﬂﬂqﬂﬂ b LLMV\’%W‘LIﬂuNﬂﬂGLu“meuQmiﬂﬂﬂ N'][;”]?ﬁ’]u I"C [8]

d’ dl Aa o 6 <6 ¥ dal 1 o [ ?:/ dqj ! ! ' =X
T4l ULATRNUL AR ﬁumﬂhmm‘gmumuﬂu muuslw,uﬂmmumﬁﬂ%ﬂmqm

= o v 2
T’]F;I@ZL@EM@\‘]T]’]?@UZW]J@N“@LL‘]_H_I I'C

v
nsfudsdeyauuy I°C ilunsdedayanuuenninuarainisadedoyaléna 2 fianng
Tneldanadnynnduniadensenuives 2 a1awindu Ae dynyind SCL (Serial clock line)
dI ] o d‘ o 1 )Y Y o o o/ .
a9 lidedryayrnuunfniiietendanazniseuuasdedeya Winumaiu waz SDA (Serial data

line) Niddedayariuszndndnuwsiazsia Tunisindedearsiuszudnd@nuang’) siatlavsiaed

1
o a o o

Anatinaden 1 faniauEhfdludoud (master) ialusinAruANUAN doudniuatiuazin

wiihfiusiagn (slave)



dl 3 v dl | o Id” 3| o O o s ! 2 %
’J\‘]’Q?VIVI’]WLJ,’W]Lﬂu[ﬂqLLN‘W’Q3Lﬂuﬁ]')ﬂ’1uu®@ﬂﬂ'3$1uﬂ’]?ﬁ“]_l@Qﬂ@ﬂuﬂtﬂﬂﬂ’]?@ﬁ"\\‘]

1 ] %

foynunnininieaniiulutia SCL paaptwnIsiudedaya  dousagnaziaiudnynin

a a

1
a v %

WIRNINIUAINUAINAIENYNAMUA wanaNUAuNSTnas1edtynuauax
‘ﬁuj Wi ORENAY (start bit) DRAUNNINNNN (stop bit) z‘ﬁ”@ymﬁmu@mm?mmﬁq@ﬂﬁ
faansfnsialuilaqiiy Ay ruennsatifawin 7 Dawindy doulnd 8 dadluiis LSB
{usiainuusdienianisiuatsesdeyassnind@nisaes  lunsfudedeyaciu  1°C Azl
Y o
TURUAY

1
= s ] I % o I

dl ¥ ¥ ¥ a QI ¥ ' dl PR dl A
WBATHTNAUTUANTDYANIUUA paldazAasdednTusuaanunawna i nnwmaalu

o o

P = 1Y = % [ ' QI v ﬁ‘ ' -dl a ! %’/ o
ATUIINATHNITANTDYA HASLATENNTANTUATINALIA L] lF]‘IﬂTiJ WNRRTALNITANRNDUU £

(3 ]

wifiazdelinaunisineueansaiveriniiatnaullegluaniazdnsgnuu  gluuvaesiin

a % a

BusiuuaziinaunnainuaInisouanslagLn 2-22

_|
|
|

Gl

&

|
|
]
|
|
T
|
| B
L— — i ot et =t

START condition STOP condition

171 2-22 TAIFNFAULASTIAALNISY N 289 [C

on |/ i X \

: | |
data line | change |

[
[
| stable: | ofdata |
| data valid | allowed |

171 2-23 Anwniznsasiayarey 1'C

v 1
o ' o =

Tutineiiiadnsat dounynns SDA uaz SCL azdiAwiny 1 vivg DaBusuaziiatuile
NaneUT8919997 SDA luanugit SCL = 1" Tunwmassdudwuaananauaes SDA LHe
SCL = ‘1" aeasfiaziufdndudmaunisinan fAwiunisdsdayasie Wi Weazilaauan

! ¥ H
1a9dayaluane SDA avsiasingdosd SCL = ‘0 wihiuduanalugil 2-23 uaznisiuds
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fayatiuazdsnaniayin Wedslayansu 8 dasofunazdsdynyumauiuaanuiivauan

o

Iisindaddnliiudayansuudn

v
%

a .« | 2 N &
NIAARARRANTHNIU |'C ATHBLNUNA 3 gﬂLLLI‘LI AR

¥
1) Foldlusings (Master-transmitter) IugﬂLLuuﬁ‘ﬁﬂmwm“ﬁwmﬂmmnﬁq

wlilingdagn TnannsasazBuainsoulaielinGusuiasdiuaninIa9499a3

3 ]

AJ ¥ 4 ¥ J y ! zl/ %4 v a a ?;/
Qﬂ‘ﬂ‘ﬂﬂ1ﬂ‘ﬁ\‘iﬁ]'ﬂ\1@\ﬂ/]’]ﬁlﬁ’)ﬂﬂ’\ ‘0" Wintiu duenlatanNnuan ladntiunasds

|
;Y o A

Arynyrumausy (acknowledge) NataBNN1sFUdedayaiu adsdayansy

a
|

1 Tusl Fivgnaza¥iednynynumetsuil 1 Afaunsdetayaunnuda sious

AardalinaniIanILaanuINia

7 A .
SLAVE ADDRESS F&.u"'.-"-i'/// A DA TA/ A DATAZ| AR P v
g s

from master to slave

D from slave to master

5 e ik W A
A= \— data transferred J
0" (write] in bytes + acknowledge)

A= acknowledge (SDA LOW)
A = not acknowledge (SDA HIGH)
5= 8TART condition

P = STOP condition

]

710 2-24 grlunyaesnisasdyayrnslngavasusiiihusad

o/ [ ~1 o/ 1 . dl a % o o o
2) AaudLlusa87 (Master reading) TNANINUBITRLARLNAUNWALLLLILIN

o A

& o A ' 204 o Y
AR @ﬂﬁ@@’]ﬂmQHNWW PIN gﬂLL‘]_l‘]Juﬂ']LL@@L@?@T@QWQQHW@QNﬂ'n_lm

aaynently T T UAIRINAILNAIAIMDALAIALATAUAI AN 9Tt YRRy

! s b2 1 17 =

dl A v o 1 &
L‘Ll@ﬁluiﬂ AR ADHATAININNAIZNLNL ﬂ’ﬁ,&ﬁlqLLNﬂ@X@’]uﬁI@N@VI@ﬂUﬁ]LLﬂz

a

o =<

Waay 1 ludnazdednyonumauiy (acknowledge) TeRALIY ‘0 aanun

(g7

'
9 1 o o A

aunsziivdinyalufgaing Ardnynauneuiunsauldeieiluen 1’ ianen

nsaediayaansiagn wdasulfiazdelinaunismineuiieannisinse
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\
PN
=

- - . S
SLAVE ADDRESS /R-W A | DATA [-A- DATA

‘ I— data transferred J

{read) in bytes + acknowledge)

S

717 2-25 gilununzdedeya lngavasusiiusaey

o

. A ] :j/ ] [ o
3) Wuu9IN (combined format) e Faudavyivdsuaziudeyaaindagnaiely

| o ¥

N1IARGDLNENATIAES RIALNIFENATYEYIUATAATY 2 ULILINSN LEUALES
% dl a k2 =3 3 ] A Ql % 1 % o a
AenIazilaguiAnisesteyaiazldnisdadnFusulududanviain

4 £ v 4 1 A = 4 Y o
qavinveLanLAIa g nFednseInI g uTedsudeya il lifagn

AUNILRALHAARINNTAUNNR AR ULAYFI LA AR A9 AALNITNIIUHN

S¥SLAVE ADDRESS ¥ RAN] A | DATA | A/A kSrl SLAVE ADDRESS - RAW DATA |AA [ P
(n bytes {n bytes
‘ : L aLPJ*J J L+aL.kJ*
read or write
reac or write direction

of transfer
may change

* not shaded becaus . : g
S S e = repeated START condition at this point.

transfer direction of
data and acknowledge bits
depends on R bits.

Uil 2-26 gulununisavdiagauny combined format



unin 3

=

N15AANLULLATAIULNEIAN AL

IR receiver
IR ’ module
Remote
data
CLK k| CLK
(27 MHz) - —?
; : Expansion (27 MHz - .
Video Video F g ok nliae Video Video
in ’ decoder Hspf—o—p (FPGA) encoder out .
YiC —,8h> Y/Cin Y/Cout qg-» YIC

MR

Mem || Mem || Mem
1 2% 3

al‘ % d’ aa o '8 =
g‘ﬂi/l 3-1 lAvaTNYaNIATANTE L AAYIAIN 0

dll aNa o 6 v a ' 2’/ o o d‘ dl
Lmﬂwmmmmuﬂizﬂ@ummwmm YNUNA 7 mmumﬂugﬂ‘w 3-1 TUTIANNTD

wLngueNnIsiaeulaiiu 2 nguvan Al

= o

1) avadasdryynnmirdnazasasiudnyoyniaunaiigm

= o

¥
eardauililsznaufng J9arnenIdadunafnal (Video decoder) 29asidngia

o = %

&nyrynnuamviaid (Video encoder) wazasasiudtynnnidunaieg (IR receiver module) 9

1%

Hluneasdoniuiuuasdsdtynusing Augtnsalauniaueniasesenadfnel

o BN o c

fynynuamviFtiainaauan (Video in) axgnudasidiiiudeyadtyynnnimiiuui

o

N

3 ARTHNINTITU ITU-R BT.601 uaz ITU-R BT.656 lusslu PAL #nen4asnansia

aAa o

oyauRaiad inliladaganinandn (Y/C in) aanundaeaand 13.5 Mpixels/s wzals

2

ANHAZIBHATEINIW 720 Ainasia 1 dunIw wanandayaninudansastauandayyin

o 1 -

FelasludndnArysine eanundae Toun dynindaduuanen (HS) dyrynnsuaniaunin

o

'
=2 o

(F) wazdnyounnsun@niand 27 MHz dsazgniinld1dlussasasupunisaenaninsalil
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'
S04

doyaninuneaanainagasneanIn (Y/C out) aidayanmnimienaenaudasnegdos

o

azdeaanuineutlasdayariouna induiludyynnnisaimiaiesn (Video out) Tnendas

¥ o o aa o g dll o di o % 6 1 o o
dnaadtyyranaiadlineazin lduansnmuwasassuinsimisall dauasasiudynyio
= o a % a = ¥ | o a‘d‘ 14
SupaziilusinAnageadtyo aunsaansluarauinga  udadnyInUALLUAT 16

Tilnansaadssialilluraspaupunisaananin
2) MATATLANNITVENLNTWRATULILAIINAN

WNATAVUANNITULILNIN (Expansion controller) ﬁgﬂ’a'ﬂﬂl,mumuiuu FPGA %\1%‘1%

ﬂ?%NQ@NﬂLﬁ‘ﬂsﬂﬁﬂﬂﬂ’]Wﬂ’]‘]ﬂ’]ﬁ@ ﬁuWﬂu&Luﬂ’]ﬂlﬂ’]ﬁﬂ’]W@SLLﬂﬂ‘ﬂ‘ﬂﬂiﬁLﬂu 2 UMDY ﬁ‘ﬂ nne
v

WNENINNNLUIUAY  (Horizontal  expansion) LAZNITUL BN TNNINLUIF (Vertical

expansion) Tnanszuaunasvivaesazinauivuuuhfladiiilusdussuansluglyn 3-2

Horizontal Vertical
expansion expansion
Video ‘_> wq

Image

___

g1l 3-2 nswenen nduringy 2 duneu

Sign language
window

Ansrenan ks dunauazldaa11n191ssiaanas 1 WIunnuiFa 40 ms 39N 2

TURAAUUAININANEEE 1 IWTNAL T AU LA INTNG 2 INTHATN A9tiinINeENe

1
a0 v

i hluansuuseaziilunmiignilsyasnanlilszanns. 80 ms @anedidAHasnInwez

- =~ A o ] A o o
ﬂ']‘Wﬂ'nﬂmN‘I‘]Qgﬂﬂq?Lﬂ@ﬂuLLﬂ@\ﬁmqﬂquqﬂ ﬂ’]?VIQQQ?mﬂqﬂﬂqwm@\ﬂmL’J@’]sluﬂ']?

aAa o

dszanans 2 wsnnmilinliluesesuenedpsimifesdnia aganandsldidunin
dayaninnasdaisudn 3 fa Tuusdazdarldiiuninnimnde 1wy wenainnisueng

dayaninn1iandnneasatuANnieNan NN utinTdsunaunisineuliiuoeas

%

o 3 o o N a 61 o 2 =X o o oI/ =
DAATNALACLUNTUARTUTUNDIANAWNIULEE 1°C suDNNNTanIiaANdsaNNTiunAaUinga

.l

dl o dl o 1 dl Y v
WaLSUIaguUN19N 19 U89LATRS IMNATNN ﬁ;ﬂ‘ﬂﬁ]ﬂ\‘iﬂ’]ﬁ‘

= o &

ludlamunilaznanniuanizasasdiulanyintd An  sasnansiadnyonnanmied

Aa o L

WA INAA Y1 RATIATAZ AT UATY I UNTIEA  AIUNATATLANNITULNLNIN

1 o 1 =& dgj ]
LLZ‘]Z‘WH’]Hﬂ'ﬂll”‘\ﬂ"\]5ﬂ@WQﬂQ1uLu'ﬂMW‘LI'E]\1UVH§]'ﬂ1ﬂ
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aAa

3.1 29a5nanTNARNIANAY (Video decoder)

12C

27 MHz

CLK |

F
Decoder pg >
(SAAT113) rRTC}——"

Y [ C [l

XTAL
24.576 MHz

i

o o aAa o o

7171 8-3 mzldnuavasnansiadyg1naaviag

WAINAATWARTYILAR iemfFanies SAAT113 aesimiAldfineudnines

Tuniginanuiaulasdtynanaimdianuuineusdan liidudeyauuumaia  tnedeya

¥
a

Anynunaeni umim@@ﬂmm”mLmﬂmﬂﬂi”ﬂ@m@mﬂu 3 Arynyns Aa AtyounnAnna

aing (Y) uazdyonid 2 Ao (C) zﬁ"tytyﬁmﬁqmmzzﬁmﬁuﬁu@@ﬂmﬂhum\‘}

Aoynynu Y/C mnNNImIgIu ITU-R BT.656 $aginansn 27 MHz Winlinsassiasdainsieyd

Ay rosunfiniannad 27 - MHz  iiiseanuaseaie i iudeyatinli g szanunan

o o

(synchronize) U484 zﬁ fALsyll

o

% o Y a dyv o/ dl dl |
UANAMNATINAUUU Y/C URVTNUENLEN nvmsnmﬂi:mumm@w] Naufluaanun

-

% 4 1 o a & dl o é’ ¥ [
AL VL@LLﬂ ATUTUNDTNALLIRLAY (HS) TS AR FETRTEAABEA AR KYEX Aty Wm‘i_l'ﬂm/\l@@
=

240N (F) 9 lEpsaanuasnenaasuia faaanin ﬁmmqmﬁmmﬂ%mmiﬂﬁﬁu

WATATUANNTITULILNTN waldlunszuaunisaenaninsald  wazdeaFedty tUEUtAIUAN

o o

1nanasd (RTC: Real-time control) WitLgasidhafadity oot midiifae ieLanan1nznng

Mnauteasnadenglneludn lhun Aunuazinaase] 109dtynIunIuzses 4.43

o o

d‘ a o a2 G 1 =2 d‘ o dl ¥
MHz mmmiwmmytyﬁmmimimmw] ?QNENV’]'J’1Nﬂﬂ@ﬂ@ﬂgmﬁmuﬁﬁﬂﬁﬂ@ﬂi:uu%lﬂ]

Tunsasnansia  dayaimanilazyinlinsasidnaiaainnsntinlihlszunanaivaadedoyoynn
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vpu.vhd

# Main program #

library 1EEE;

use IEEE.STD_LOGIC 1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
library unisim;

use unisim.vcomponents.all;

entity vpu is
Port (data_in: in std_logic_vector(7 downto 0);

clk :instd_logic;
hs:instd_logic;
odd : instd_logic;
IR :in std_logic;
reset n:instd_logic;
dclk : out std_logic;
data out : out std_logic_vector(7 downto 0);
addrl : out std_logic_vector(16 downto 0);
addr2 : out std_logic_vector(16 downto 0);
addr3 : out std_logic_vector(16 downto 0);
datal : inout std_logic_vector(7 downto 0);
data2 : inout std_logic_vector(7 downto 0);
data3 : inout std_logic_vector(7 downto 0);
scl @ out std_logic;
sda: inout std_logic;
nwrl : out std_logic;
nwr2 : out std_logic;
nwr3 : out std_logic;
nenl : out std_logic;
nen2 : out std_logic;
nen3 : out std_logic);

end vpu;

architecture Behaviora of vpuis
component clk_divider is
Port ( clk : in std_logic;
clkl: out std_logic;
clk3 : out std_logic;
clk90 : out std_logic;
rs: out std_logic);
end component;
signal clk1,clk3,clk90,reset : std_logic;

component i2cis

Port ( clk3 rinstd_logic;
reset rinstd_logic;
reset n :instd logic;
scl :out std_logic;
sda inout std_logic);

end component;



component sw is
Port ( clk3,reset : in std_logic;
key : in std_logic_vector(4 downto 0);
pic_on : out std_logic;
start_line: out std_logic_vector(8 downto 0);
start_pixel : out std_logic_vector(10 downto 0));
end component;

component remote2 is
Port ( clk3: instd_logic;

reset : in std_logic;
IR :in std_logic;
pic_on : out std_logic;
mode : out std_logic;
start_pixel : out std_logic_vector(10 downto 0);
start_line: out std_logic_vector(8 downto 0);
start_pixel2 : out std_logic_vector(10 downto 0);
start_line2 : out std_logic_vector(8 downto 0));

end component;

signal pic_on,mode: std_logic;

signal start_linestart_line2 : std_logic_vector (8 downto 0);

signal start_pixel,start_pixel2: std_logic_vector (10 downto 0);

component horinter2 is
Port ( clk :instd_logic;
clk90: in std_logic;
f rinstd logic;
reset : in std_logic;
datai : in std_logic_vector(7 downto 0);
str:in std_logic;
wr:instd_logic;
mode: in std_logic;
do : out std_logic_vector(7 downto 0);
en_out : out std_logic;
addro : out std_logic_vector(16 downto 0) );
end component;
signal data_h_out : std_logic_vector(7 downto 0);
signal h_en : std_logic;
signal addr_str_h: std_logic_vector(16 downto 0);

component ver_add is
Port ( datain: in std_logic_vector(7 downto 0);
dataout : out std_logic_vector(7 downto 0);
clk1,clk90 : in std_logic;
enreset :in std_logic;
mode : in std_logic;
a: out std_logic_vector(16 downto 0);
nwr : out std_logic);
end component;
signa v_en: std_logic;
signa data v_in,data v_out : std_logic_vector(7 downto 0);
signal addr_str_v : std_logic_vector(16 downto 0);
signal nwr_v2,nwr_v3: std_logic;

component compare_block is
Port ( clkl:instd_logic;

mode: in std_logic;
start_line: in std_logic_vector(8 downto 0);
start_pixel : in std_logic_vector(10 downto 0);
start_line2: instd_logic_vector(8 downto 0);
start_pixel2: instd_logic_vector(10 downto 0);
li_ent : instd_logic_vector(8 downto 0);
pi_cnt : in std_logic_vector(10 downto 0);



HS fall : in std_logic;
str_en : out std_logic;
shw_en : out std_logic;
li_en: out std_logic;
blk_li_en: out std_logic);
end component;
signal str,shw,li_en,blk_li_en: std_logic;

component line_counter is
Port ( cnt_en:instd_logic;
reset : instd_logic;
clk : instd_logic;
q: out std_logic_vector(8 downto 0));
end component;
signal li_cnt : std_logic_vector(8 downto 0);

component pixel_counter is
Port ( clk :instd_logic;
reset : in std_logic;
go: out std_logic_vector(10 downto 0));
end component;
signal pi_cnt : std_logic_vector(10 downto 0);

component shw_ad_cnt is
Port ( clk :instd_logic;
en:instd logic;
reset : in std_logic;
f:instd_logic;
mode: in std_logic;
go: out std_logic_vector(16 downto 0));
end component;
signal addr_shw : std_logic_vector(16 downto 0);

-- VPU parameter

-- counter

signal f: std_logic;

signal edge f_l,edge f 2,edge HS 1,edge HS 2 : std logic;
signal HS fall : std logic;

signal fedge,f_fall : std_logic;

signal frame: std_logic_vector(1 downto 0);

-- enable

signal shw1,shw2,shw3,shw4,shw5,shw6,shw7,shw8,shw9,shw10,shw_en,blk_en : std_logic;
signd li_shwil,li_shw2,li_shw3,li_shw4,li_shw5,li_shw6 : std_logic;

signa a blk : std logic;

signal data_blk : std_logic_vector(7 downto 0);

--signal datal_tmp_reg,data2 tmp_reg,data3_tmp_reg : std_logic_vector(7 downto 0);
signal datal_reg,data2_reg,data3 reg: std_logic_vector(7 downto 0);

signal‘data in_reg,data_out._reg : std_logic_vector(7 downto 0);

signal addrl_reg,addr2_reg,addr3 reg : std_logic- vector(16 downto 0);

--signal ol_en,02_en,03 en: std_logic;

signal nwrl_reg,nwr2_reg,nwr3_reg : std_logic;

begin
f <=not odd;
dclk <= clk1;
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-- F edge detection
process(clk1)
begin
if rising_edge(clk1) then
edge f 2<=edge f 1,
edge f_1<=f;
end if;
end process;

f_fall <= (not edge f_1) and edge f_2;
fedge <= edge f_1 xor edge f_2;

-- HS edge detection

process(clk1)
begin
if rising_edge(clk1) then
edge HS 2 <=edge HS 1;
edge HS 1<=HS;
end if;
end process;

HS fall <= (not edge HS 1) and edge HS 2,

-- frame counter
process (reset,clkl)
begin
if reset ='1' then
frame<="10";
elsif rising_edge(clkl) then
if f_fall ='1' then
case frameis
when "10" => frame <="00";
when "00" => frame <= "01";
when others => frame <="10";
end caseg;
endif;
end if;
end process;

-- shw signal delay

process(clk1,reset)

begin

if reset ='1' then
shwil <="'0"
shw2 <="0;
shw3 <="'0;
shw4 <="'0;
shwb <="'0;
shw6 <="'0';
shw7 <="0"
shw8 <="'0";
shw9 <="0';
shw10 <="0";
elsif rising_edge(clkl) then

shw10 <= shw9;
shw9 <= shws;
shw8 <= shw7;
shw7 <= shw6;
shw6 <= shw5;
shwb <= shw4;
shw4 <= shw3;
shw3 <= shw2;
shw2 <= shwl;
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shwil <= shw;
end if;
end process;
process(reset,clkl)
begin
if reset ='1' then
li_shwl<="0%
li_shw2 <="0"
li_shw3 <="0}
li_shw4 <="0"
li_shw5 <="0";
li_shw6 <="0;
elsif rising_edge(clk1) then
li_shw6 <=1li_shw5;
li_shw5 <= li_shw4;
li_shw4 <=1li_shws3;
li_shw3 <=li_shw2;
li_shw2 <=1li_shwi;
li_shwl <= blk_li_en;
end if;
end process;

shw_en <= shw2 and shwé;
--blk_en <= shw2 xor shwl0;
blk_en <= (shw2 xor shw6) or li_shw6;

-- start component
-- clk_divider

clk_cir: clk_divider port map (clk,clkl,clk3,clk90,reset);

-i2c
i2c_cir: i2c port map (clk3,reset,reset_n,scl,sda);

-- remote
remote_cir: remote2 port map (clk3,reset,IR,pic_on,mode,start_pixel,start_line,start_pixel2,start_line2);

-- horinter

hor_int_cir: horinter2 port map(clk1,clk90,f,f_fall,data in_reg,li_en,str,mode,data_h out,h_en,addr_str_h);

-- ver_add
v _en<="1,
ver_add_cir: ver_add port map (data v_in,data v_out,clk1,clk90,v_en,reset,mode,addr_str_v,nwr_v2);

-- line counter
licnt: line_counter PORT MAP (HS_fall,fedge,clk1,li_cnt);

-- pixel counter
picnt: pixel_counter PORT MAP (clk1,HS,pi_cnt);

-- compare data partl
shw_str: compare_block port map
(clkl,mode start_line,start_pixel,start_line2,start_pixel2,li_cnt,pi_cnt,HS fall,str,shw,li_en,blk_li_en);

--create addr_shw
ad_shw: shw_ad_cnt port map (clk1,shwl,fedge,f,mode,addr_shw);

-- end component
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process(clk1)
begin
if rising_edge(clkl) then
if blk_en <="0" then

a blk <="1"
else
a blk <= not a_hlk;
end if;
end if;
end process;
data_blk <= "00010000" when a_blk ='0" else
"10000000";
process(clk1)
begin
if rising_edge(clk1) then
nwr_v3 <= nwr_v2;
end if;
end process;

datal <=data_h_out when (h_en ="'1"and frame = "00") else
data_v_out when (nwr_v3 ='0" and frame = "01") else
(others =>'Z");

data?2 <= data_h_out when (h_en="1' and frame = "01") else
data v_out when (nwr_v3 ='0" and frame = "10") else
(others=>'Z");

data3 <= data_h_out when (h_en ="'1"and frame = "10") else
data_v_out when (nwr_v3 ='0" and frame = "00") else
(others =>'2");

-- datal& 2 reg

process(clkl)

begin

if rising_edge(clk1) then

datal reg <= datal;
data2 reg <= data;
data3 reg <= data3;
data_in _reg <= data_in;

data_out <= data_out_reg;
addrl <= addrl_reg;
addr2 <= addr2_reg;
addr3 <= addr3 reg;

nwrl <=nwrl_reg;

nwr2 <= nwr2_reg;

nwr3 <= nwr3_reg;

endif;
end process;

-- data_v_in mux clk2

data v_in<= datal reg when frame="01" else
data2_reg when frame ="10" else
data3 reg;

data out_reg<= data blk when (pic_on="1"and blk_en="1") else
datal_reg when (pic_on ='1"and blk_en ="0"and shw_en ='1" and frame ="10") else
data2_reg when (pic_on ='1' and blk_en ='0" and shw_en ="'1" and frame = "00") else
data3_reg when (pic_on ='1"and blk_en ="0"and shw_en ='1" and frame ="01") else
data in_reg;
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-- addrl
addrl reg <=

-- addr2
addr2_reg <=

-- addr2
addr3_reg <=

-- nenl

nenl <="0"
nen2 <="'0";
nen3<="0";

- nwrl
nwrl reg <=

nwr2_reg <=

nwr3_reg <=

end Behaviordl;

addr_str_h when frame = "00"
addr_str_v when frame = "01"

addr_shw;

addr_str_hwhen frame ="01"
addr_str_v when frame = "10"

addr_shw;

addr_str_h when frame = "10"
addr_str_v when frame = "00"

addr_shw;

else
else

not h_en when frame = "00" else
nwr_v2 when frame = "01" else

o

not h_en when frame ="01" else
nwr_v2 when frame = "10" else

1

not h_en when frame = "10" else
nwr_v2 when frame ="00" else

1
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A 4x Video I mage M agnifier Using
Pixel Replication Technigque

Patheer a Uthaichana and Ekachai L eelarasmee

Patheera@chula.com
Ekachai.| @chula.ac.th

ABSTRACT

A 4x video image magnifier enlarges a sign language
window, inserted at the corner of main screen of TV
program, by 4 times using pixel replication technique.
The circuit has a video decoder, encoder and two
64K Byte memory chips to digitize, store and display the
window image, delayed by one video frame. lts control
unit is implemented with a small complex programmable
logic device. A microcontroller plus an infrared remote
control are also provided to facilitate viewers in locating
the stored and displayed windows.

Keywords: Video magnifier, pixel replication

1. INTRODUCTION

To assist viewers who are deaf, some TV programs
insert a sign language window at the lower right corner of
main screen as shown in the left picture of Fig.l.
Nevertheless, the sign language window is typically too
small for the viewer to recognize the movement of the
mouth or hands of the interpreter. We therefore purpose a
4x video image magnifier solves this problem by
enlarging the sign language window as shown in the right
picture of Fig.l. It comes with an infrared remote
controller for selecting the locations of the input and its
expanded windows. The enlargement is carried out
digitally and, hence, a video signal digitizer is used
within the magnifier. To ease the hardware
implementation, an enlarging mechanism based on the
pixel replication algorithm is used.

4X Video
magnifier

Fig.1: The function of a 4x video image magnifier

This algorithm copies the luminance and
chrominance of a pixel to its neighbours. For the special
case of a 4x magnification, this corresponds to
duplicating the pixel to its down-right borders, creating 4
identical pixels as shownin Fig.2.

[i 5]

pixel Pixel
duplication

Fig.2: Example of 4x enlarging process by pixel
replication algorithm
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2. IMPLEMENTATION

We choose to implement the pixel replication
agorithm to enlarge the sign language window as
illustrated in the data flow diagrams of Fig.3aand 3b.
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Fig.3a: Data flow of digital video image during the n-th
frame
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Fig.3b: Data flow of digital video image during the
(n+1)-th frame



Here P, denotes the digitized video picture at the n-th
frame and S,, its sign window. Two memory storages are
used to store the last two consecutive sign language
window, i.e. (S,, Sy1) a the n-th frame and (S;+1, S,) @
the (n+1)-th frame. A data multiplexer (Mux) is used to
generate the picture output by selecting either the current
picture input P, or its previous sign language window
S.1. By repeat inserting S.; 4 times, a 4 times
enlargement of the sign language window in P, is
achieved. Note that there is only a frame delay of the
enlarged window. This effect should not be noticeable to
the viewer.
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Fig.4: The architecture of video image magnifier

Fig.4 shows the architecture of a video image
magnifier that implements the above data flow diagrams.
The analog video input must be digitized by a video
decoder to obtain P,. Its output is an 8 bit data stream
which can be routed to either one of the two data buses
through tri-state buffers. Each bus has a 64KByte SRAM
memory connected to it to store the sign language
window S, or S..1. These two buses also feed a two-to-
one 8 hit multiplexers for generating the digital video
picture Pn that has 4S,; inserted in it. This picture is the
converted into an analog output by the video encoder.
Other blocks in the architecture are the control unit and
microcontroller. They are used to generate appropriate
controlling signals and facilitate user programming
through the infrared remote controller.

3. HARDWARE
OPERATIONS

Fig.5 shows the video decoding circuit using
SAA7113 decoder chip. It digitizes the analog video
input and generates an 8 bit data stream output at 27 MHz
in accordance with ITU-R BT.601 [1] and ITU-R BT.656
standards [2]. The chip also extracts the field (F) and
horizontal (HS) signals from the video input as well as
providing a 27 MHz clock for synchronization with other
blocks. An I°C bus interface is also used to program its
function such as selecting PAL/NTSC system and etc. Its
output data stream consists of sequences of luminance
(Y) and chrominance (Cr,Cb) in the following format Cb,

CIRCUITS "AND " THEIR
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Yn Cry Yne1. Hence a 64K Byte memory can store up to 32
K pixels while the whole screen size is 720x572 pixels.

'
Analey Chenminanss [

Cnnpa
FA.‘D c“mqu =P ¥ o | Formatier
| 7 |
| | _F
I b | Luminsrese . e .
| conirod eircui - M:Imn T
z, | 26 busa ¥ Mhidhaaic
17 Interface Decoder |
I (SAATIIE)
L I
WTAL
24.578 MHz
Fig.5: Video decoder
KTAL
27 MMz GLK
H 27 MMz
RS s 00 - ‘l ________ I
I Encoder |
[SaATIZE)
e | 12C bus Clock and |
5™ interface Symeiclock =S |
| |
| E2C bus i |
| conbrol |
i Y A
Yoo I
dataaf0]{T]| Daita Dutput VA | video
manager c o | Interface ™ convertar [T ot T
| i |

Fig.6: Video encoder

Fig.6 shows the encoding circuit which uses the
SAAT7126 chip operating at 27 MHz, e.g. PAL/NTSC, for
receiving the video data stream and generating its analog
composite video signal. Its function must also be
programmed through the I°C bus.
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Fig.7: Control Unit block diagram

Fig.7 shows the block diagram of the control unit
implemented in an Altera EPM7128L.C84 CPLD chip. Its
main use is to synthesize two 16 bit counters to generate
two sets of memory addresses. One is for storing sign
language window, i.e. S, of Fig.3a. The other is for



displaying another sign language window, i.e. S,; of
Fig.3a, which must be read out 4 times in order to
produce a 4X magnification on the output screen.

Pixel and line counter generate current position and
fed to comparator block for comparing with the set-point
window positions. The set-point positions are extracted
from starting position by decoder within register banks.
These data consist of the storage and display window
position. The comparator compares the position and
generates enable signals to start and stop the address
generation so that the locations of window storage and
display can be adjusted by changing these data.
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Fig.8: Microcontroller

Fig.8. shows the details of the microcontroller unit
together with the infrared demodulator. The MCU is XA-
G49, a 16 bit microcontroller chip using the extended
architecture of the well known MCS-51 instruction set. It
is used to decode the remote data obtained from the
infrared demodulator. Then data are user commands for
selecting the locations of the sign language window to be
stored or displayed as well as turning off the
magnification mode. The MCU then generates these
locations in terms of pixels and TV scan lines and write
them in the control registers within the comparator block
of the control unit.

During initialization, the MCU aso programs the
function of the video decoder and encoder through its I1°C
bus at 400 kHz frequency [9]. The MCU controls the bus
by generating the clock signal and sends command to
read or write register within decoder and encoder.

4. RESULTS

The prototype of a 4X video image magnifier is
shown in Fig. 9.

In testing condition, the input source is obtained from
video tape player which records TV. program and the
output is connected to a TV receiver for displaying the
image.
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Fig.10: The original image from a video tape player

Fig. 10 shows the output image in normal operation
with no magnification. Notice the display of the sign
language at the lower right corner. This is too small for
the deaf viewers. However, this window already obscures
part of the TV screen and would annoy normal viewers,
had it beenbigger.

Fig.11: The 4X enlarged image from the video image
magnifier



Fig.11 shows the output image when a 4X
magnification is activated. The sign language is now
easily seen.

Fig.12: The enlarged image which is changed the
position by remote controller

Fig.12 shows the output image when the enlarged
window is moved to the top right corner by using a
remote controller. The viewer can adjust this location to
suit his viewing purpose.

5. CONCLUSION

A simple hardware for enlarging an image window within
avideo picture frame is proposed, constructed and tested.
The main ideais to store the digitized original image and
replay it back using pixel replication algorithm. This
alows the use of a small CPLD chip for implementing
the agorithm. The addition of an infrared remote
controller and microcontroller chip enable the viewer to
turn on/off the magnification and set the locations of the
windows. This 4X video image magnifier will be highly
beneficial to deaf viewers since the original sign language
window istoo small to see by them.
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