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PP-

This thesis presents a design of device for expanding sign language images
inserted in some television programs in order to help deaf people approaching the
information without disrupting normal viewers. It is used bicubic interpolation to
enlarge sign language window by 2x2 times of its size. The 2x2 expansion simplifies
the bicubic interpolation formula to just division by two operations or right shift
operations in binary number which enables effectively implementing on hardware. The
proposed architecture is implemented on Zedbaord with programmable Zyng-7000
SoC combining dual-core ARM Cortex-A9 processors with FPGA. The processor is only
responsible to initialize the device while the programmed FPGA performs the real-time
image expansion. Using its onboard push buttons, the position and size of the
expanding area are adjustable for capturing the sign language window. In this
prototype, the expanding area size can be adjusted form 115x115 pixels to 371x371
pixels. Experimental results show that the prototype can operate well with Full-HD or
1920x1080 pixels 60 Hz HDMI video source. This means the image expansion process

can be executed within one frame or 16.7 ms with clock frequency of 148.5 MHz.
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DE (Data enable) udgaaiivendvindeyaiiasdandudoyaganinidie DE &

Andu ‘1’ FaSendn display time wagtrenldfivoyagnnin DE dandu ‘0’ wiai3onin

Y 9

blanking time
HSYNC (Horizontal synchronization) \udeyanaiiuendsliiuuansganinlunni

dalulme HSYNC onaauidulavia active high wag active low lngun@du active low

'
o a

VSYNC (Vertical synchronization) {udyaaiiventianisliisunansganinluinsy

o

dalulae VSYNC a1aauiulavia active high wag active low lngun@ilu active low

l DE
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2.2 ssuudedyauauianfiinenuazidengs (High-Definition Multimedia Interface :

HDMI)

HDMI [3, 4] \Jusnasigulunsdsninuasidessennnusiganeluaedudedly
syuuivia datlagiuldgnihunldesnaunsnarsluszuuamuasides litadulnsiemiada
vipaemeNfinned Ingunsgiu HOMI TegniiunBaldlul wa. 2545 1y HOMI Version
1.0 fisesiunnuaziBenningagai 1080p %3e Full High-Definition (FHD) fiasinisusns
A 60Hz wdsR1ntu HOMI Aldgnitmutauilagiiufie HOMI Version 2.0 fisesiuaany
a&ﬁamquqqmﬁ 4k (4096%x2160 3ANIN) %30 Ultra High-Definition (UHD) n1wanw114
¥93%2 HOMI gnuanslugudl 2.4 nihitluusiuives HOMI agsiwmihillunsazuuulaei3on

S NYoIwINsdeasinsinaeauss HOMI Fsageduisluiitedaly

d | msvien | i | sy
1 | TMDS 2+ 11 | TMDS CS
2 |TMDS 2 S 12 | TMDS C-
3 | TMDS 2- 13 CEC
4 | TMDS 1+ 14 | HEC & ARC
AERHAR A 5 |TMDS 1S 15 SCL
18 16 14 12 10 8 6 | TMDS 1- 16 SDA
7 | TMDS 0+ 17 Ground
8 | TMDSO0S 18 +5V
S = Shield 9 | TMDS 0- 19 Hot plug
C = Clock 10 | TMDS C+ Detect

UM 2.4 2MNARYINVBEIUTIYEY HOMI




2.2.1 Yaa9n1saeansinsinaoavas HDMI

1199310 HDMI H9aen19n1sdeansinsinaea (Communication channel protocol)

a o oA

vangeen1eivinluonainnsdeininuazidoands HOMI Sallaudnuusiauduiviala
Aldfuinanuazainauiglunisldaudu dldnuaunsasotenaninan mdniuuE9s
AW (Video card) #aeans HDOMI wéranansaldnvldaslnglidesddudanlag (plug and
play) 1Judu

T HDMI Version 1.4 figasnianisdeasinsinaea (Communication channel
protocol) 5 Hoenafileun

1.) DDC (Display Data Channel) 7vinlvouanina (HDMI sink) LazwHuI995AIN
(HDMI source) anansadoansiulngasuanssaazsumdeya EDID (azaduslutedaly)
Mnturgriinsuiumanuasidealfedednludfiiemnzantusewinneuaniuauas
WNUI9TNN

2.) CEC (Consumer Electronics Control) t{ugosnisnisieansiidnasinloglda
annsanuANgUnIaivatsgunsaifidenisseats HOMI lagnisldifissnaslunasulnan
flafh LU anunsamuauaIeaay DVD Isheilunneulnavestnsiiad iHusu

3.) ARC (Audio Return Channel) Wugesmsnisdoansiduavigldanuisaand iy
aesoszvingUnsaiatlngldifinsans HOMI whihilunssesswinlnsvimiuazyassuuides
nanfe ARC vlilnsrisudyarunmainyaszuuidesazsuzifeiuidsdygrades
luiynszuudedaglsidoddans S/PDIF i

4.) HEC (HDMI Ethernet Channel) iilurasmsmsdeansiviiligunsalanunsadeans
avsnaldianuiEigegn 100 Mb/sec dailsianmnsairluldauildlefidundn (P-based
application) e

5.) TMDS (Transition-minimized differential signaling) tJumnalulagnisdidoya
oynsuiifinuEge ldtunauisidnsia (Coding algorithm) fivilannisiindaya o
sunau (Electromagnetic interference: EMI) sewinsangls dlugios TMDS aedivisdoyann
foyades wazdoyaadiudu Tas TMDS Tu HOMI Suanunsoudaldiiu 3 doamedoya
(TMDS data channels) Ao TMDS data 0, TMDS data 1 wag TMDS data 2 uagdn 1 deyia
1N (TMDS clock channels) Ae TMDS clock
TuAn15¥i191uves TMDS data channels anansawuslandu 3 Tnumde Video Data period,

Data Island period tag Control period Tugasluuanisvngu Video Data period dgyeyned



Amazgnads Tugielnunnisvineu Data Island period Tayatduqnavdayalasudua gy

% v A a Y] v a @ v
Toyainsu (InfoFrames), ToyaioSunganwuzvestoyaidss iJusu azgnds wagluluunans
° . ° & 1A MY v v = v a
U Control period agvinuisawle lilddoyanin Jeyaidusuaztoyaasudus lag
ududesliviarululuun Control period 9u5¥1314 Data Island period wag Video Data
period taye Msgramvhaululyunvesnnvilansumennuaziden 720x480 3an1nla
wanelilugui 2.5

w1n31g7u HOMI Wildgneenuuulvlidiuiaiuisaiiudiussenenin (closed
caption) AUATUTIYIEAMALABIYNNBATIE (decode) NOU LaNAIUTTIIEATNLNINLN
Tlunmidnandueisudiiiuany HOMI 3vaganinsagAiussengn nlulnsimiaaviale

2.2.2 Extended Display Identification Data (EDID)

eoiD (ulassairedoyangniiulilngvouaninanin (HDMI sink) LiteoSuneliiy
wigsidadaaaunimadoulna (HDMI source) 19y n1iauaniua TV-set top box LT
vsuisnruasBennmilteuansuanmiugannsnsesiuldnmieditoyaduggnifv
13lu EDID Bnsheitiu Feudtuay ueudlinanvesaeuansuanin idudy

lngundinaltemislunisdsdaya EDID naauansnwludunasniiiindayayio
amiedeulmazdsrty 12C Ta uaznsifudeya EDID azgnifiulilumieannudiligayme

Gl (non-volatile memory) 1 EEPROM tJudiu

2.3 4m5131u ITU-R BT.656

aa o 6 £33

11951574 ITU-R BT.656 [5] 1unnmsigiumsuansdygianimineilussuunia

'
=

Alasuauilon Fananineguuunisdsdyrannligsuuasddeaunsadilalansaiu

druluglusfinuinsngiu ITU-R BT.656 axgnldgiu ITU-R BT.601 [6] Aina1afisnsuuas

€

aa v L4 [ [ aa o I v & A Y] ¢ 1 1 &
ayaaviAdLuUkauzdonuwduluuAIa witulagUuduillnsiaddulvgidunuy

[

ARTENIMIIgIU ITU-R BT.656 tufdagnianldidusuuuunnasgiulunisuanadayainnin
fmog1adu ADV7611 Fudududsudey

Y18 HDMI siaUszanu (HDMI interface receiver)
ansnsnsaa iy nmeondulumusnasgiu TU-R BT.656 LHusu
Toyagan1mluuins1gu ITU-R BT.656 Useneulume Auiduveduas (Luminance
1Y) WagAUNYesEdn 2 89AUsENaU (Chrominance : Cg, Cp) 1AENISUAAITDLATANIN
wgnuanfiazesAusenevaduiulufedandi 4:2:2 Judusnsdimves Y:CeCy Inonis

Seadayanmgnuandlugui 2.6



| |_HSYNC

P
-

OZzZ<n<g

Active Video

-._|‘
-1

45 lines
| “vertical blanking

480 active lines

.

525 total lines

‘horizontal blanking‘_
[ 138 pixels |

720 active pixels

v

A

858 total pixels

739n1591197UU89 TMDS

Control period
Data Island period
Video Data period

U 2.5 Tvuansvinusinanues TOMS Tundlamsuainuagiden 720x480 ganm
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Last sample Sample data First sample
of digital active line for Oy mstant of digital active line
— _ J - P ~
Lununance ) 736 857 .
o T | 718|719 |720 | 721 732 gex| 0| 1 2
k) - - - - |
R S - — |
Chrommance 368
data, Cr | 359 1| 360 (366) o I| 0 |J 1
| | : |
Chrominance | f T 368 T '
data. Cp 359 360 | @es ] o | 1

g - %‘ ~ =A==
P —=| S ea [3e)
e | pm | £ £ -+ % =+ |2
o |= (== 2| z|8|=| =
7217 22|22 5 alE|= 2= EE|Ele| o
IS e P e Y g I = e G e e
| L ] R e R ) ] = e R R et A e )
Replaced by  Replaced by Replaced by
timing reference digital blanking data timing reference
signal signal
T T 1 - I
20| R
| El| 2 = _|=
el e =| 2= O
—_— L
End of Start of
active video active video
* Tinung reference signals #

JUN 2.6 sUnvunsdadayayIunmenusInsgu ITU.R BT656

[

TunsastdudyrunimazdsenoulUarsdygruasardygiralinim Tutag

e

a

Fryaanaseliudeyavzgndtesnuniiazesdusenauduadiunall Cg, Y, Gy, Y, Cg, Y, Cr, Y 919
U Y 718 Fudu

[y

OF muiusﬂm 7 198 Cg 359 way Cy 359 aztussdusenounnududn @'

serUsznauAudLastiues dnlutisdyaalinmasiivasfiGenindyyiawa (Timing

reference signal) 8¢ 2 ¥33A YIAUAYYIUAN (End of active video: EAV) uazaiai3asiu

dy UMW (Start of active video: SAV) GZNVNEIEN“U?Qﬁ]”ﬂ'llﬂﬁﬂ'ﬁ”UvLﬂﬂﬂ LaumwaﬂuWam

G 4

vi3on agiumqsmmmmmalm waziludrnsuiudidyaunimdeduraaudygiunim

ed._

5okl
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IngUnfinIns13 U ITU.R BT656 aggnuuulvsessuiudygianimaiiuasiden 480i
way 5761 Juduaruandonvesdyaiaueurdon uilu ADV7611 fisesudymianinany
avldun 720p way 1080p wsidansdaguiuudnaanInu1eenlanui1nggIu ITU.R BT656
Suazmnefieiiinisdedyana EAV uay SAV AUNINIIFI ITU.R BT656 ueiaavzlileds

dyuniniiazesrusenaugmlounnsgu ITU.R BT656

2.4 A3A15VILAMN

TunsvEIEn IR kxk WIN9EHNNeAIUEINITIENETUIANTNRINGYN MxN 00N
Wuruin kMxkN @eluiasesvesdfminiwiilotdazlden k = 2 dunuieainuinsiazle

AN WIRETUAT 2Mx2N AN MTDIAIFIeE19FUT 2.7

200 pixels ,

A

100 pixels

»

P
<«

expansion

2x2 I

s1exid 00z

(K=2)

100 pixels

g‘dﬁ 2.7 M98 NNISVLIYATNVUIN 2x2 LI

nsrnenndiren stz ALY sindieg s (resampling) defn
#n31N5TNMBENe (sample rate) 1nAagidunisvenenmusintesfazidunisanvuinnin
dmsumsvenen g k = 2 Tuazuansluguil 2.8 Tagnsnanddazuanafaganimifuuay
Anavdmdegandldanmsdndiedie mnnsdndegenmasstuganimAuganin
fazlsiasundas widnstamedsnmlinssfuganmiduazdosdinisduialunsmen

Tneldign1sUszanumilugig (interpolation method)
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resamptmg

o 9 0 = eveceve

N N+1 N+2 N+3 N N+1/k N+1 N+3/kN+2 N+5/k N+3

.: original pixel

D : interpolated pixel

E‘U 2 8 ﬂ’]isﬁﬂﬁn’e}EJ’N“’U’]LW@SUEJWEJQ’]WIULLU’JUEJWUU’]@ k=2

FBnsmalagldignisussunadlugie (interpolation method) Hegnaeisnas

v 1

‘?N’Jﬁﬂ’]iGUEJ’]EJﬂ’]W‘VluWﬁ‘LﬂQLLaulﬂﬁUﬂ’Niﬂu*&JﬁJWU’m%?{u fatlAe I8UTEUIUANNATTIDY

Y

L3

1ﬂ§ﬁ€jfﬂ (Nearest neighborhood) [7] 35Uszunuatuuludfies (Bilinear interpolation) [8]
33Uszanuatuuulu@idn (Bicubic interpolation) [9] wagdsn1sueneaImLUUBLY B

a aa :’I IS ! dy
S1vavidunuesIsulinwmelull

2.4.1 FBUszamaanaiieglnddign (Nearest neighborhood)

N15vgIEAMLUUUTEINANA1INAIRg InaTan azasisgannlvdlagnisidentden
NN INANAAN 4 IaseugNazUsEanue duansluguin 2.9 lnenaudiniae

ANINALAAIINNITUTEUIULAZINAUFAIABIAN TGN
1

I I
L e I
i A o
| ‘ - original pixel
1 I 1 . .
I x T i : interpolated pixel
I
I
I
I
T S
121 122

g"dﬁ 2.9 msmmwmwmmms T mmmmmﬂammmam 4 90f9 114, [12, [1ua

I, Lmammam‘wmEJ’Jﬁ‘tJiz:mmmmﬂmmgiﬂawqm

e 11, [12, [ uae 55 \Judeyagaduiisesnismeanganinlud T Jainsain

gann I 0uszez x Tunuiueu wez y Tuwnas T azawnsarwinldanaunisaeluil
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([,;0<x<050<y<05
[, 0<x<050<y<1
[,1;0<x<1,0<5y<05
\ [, 0<x<1,0<y<1

AunST (2.1)

a0 1

a i N 1Y o a a Yo
INNFUNITN 2.1 WU ﬂ]ﬂﬂﬂWﬂUizﬂJﬂﬂﬂﬂﬁ]zmmL‘I/l’m‘ufqmﬂWWLmJ‘l/lagﬂﬂaﬂ‘U

[ o
ada U

wmwwmaqmiﬂivmmmmam Fatunnsvenen e stz e gmavintulalgedld

ﬂ’]iﬂ']‘l(mﬂfﬂ"] WQUUF\’]?UEJ’]EJﬂ'WWQS?ﬂiJ’]iﬂVﬁIW@EJ’Ni’JWLi’liﬂﬂ LLG]IE\IaL?lEJ ABAUNTNUBDN

(%
1w

awaziinusngmsalunniluiniens) wsizdninainnisuansganingvitdulifinisan
N a cs' N
‘Vﬁ@LWS‘JGU‘U’]@ﬂ’]WV]“LJﬁgllr]mLLﬂ@Eﬂ\ﬂﬂ

2.4.2 Fnsuszanaanuuludiies (Bilinear interpolation method)

n1svgnenInLuuUszanaLuuluallesasiganmlndleanisdenldaganimiud

q

aﬁliﬂa‘ﬂﬂfﬂ%?ﬂ a4 ﬂﬂiﬁ]U‘]V]ﬂuUiull’]iuﬂ']LM@J@UﬂU’Jﬁﬂ’]‘iUﬁu‘M’]ﬂJﬂW‘\]’]ﬂ m EJEJSLﬂﬁ‘VlﬁW f14

Y

LLamﬂugﬂw 2.10 Tganay@ninegnnIng HARINMTUTTIN LAY 9NN AR ADINA LAY

9

<& 1 >
L@ @ !
1 Lo
(@@l
I y -
. :" — - : . : original pixel
: : : interpolated pixel
1
1
'@
121 122

gﬂﬁ 2.10 mimmﬁ;mmwﬁﬁmmi T %qﬁﬂuammﬂﬁmmwsauq 4 9000 114, 12, [ uaz
L, dlovnennsneSuszanaawuuludides
Tnesmsuszmnauuulvdidesasiiinmsussnanuuidadusziimad 4 e
I11 , 115, I1uax I, deiinnsussanuauouidadussningaria 4 9eaglduszanmen
Tugaewuu 2 i (2-D interpolation) Favzuvasidifunsuszanaeilugiawuu 1 35 (1D
interpolation) 2 wwsknuAevilukIueULATMIR BTN STRINTUsTanaAUU lUALTeS

LWUU 1 J5fAe
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A=(1_S)X11+SX12 .
aun1si (2.2)
F1 A AognnmideanisUszunan Iiuaz [ \Juganimifunas S Aesvazving
5113119 A wazly duanslugui 2.11

P 1 [

<« »

.4—5_> . . : original pixel

14 A I, : interpolated pixel

JUN 2.11 msUssanaewuuludies 1 96

lunismiganan T Tusu 2.10 azsedddisnsussunaruuuludides 2 AT

919zlalpenisvinisussanamwuuluddesuuy 1 Galukursineudazlan Aquay

A, ntduvinisussuanisuuluddeseuu 1 SaluwuirueuduaiUssauild dagu

Y

212

I11 ”'""""”, I, 111’---------. [17
N
/ N\

I A
7 N\
[ A, | Az 1> I
| © | ®
12 1 1-D vertical interpolation 22 12 1 1-D horizontal interpolation 22

6 ¥ s

JUN 2.12 wanenisussanaauuludilles 2 Samenisinisussanasuuludiles 188

2 WUILNY

PMnaun1sveInsUsznuawuuludidesisiiuinaeiinisdin 4 aseuquedgad

lea YV

ADINISUTLUIUANLUULT AU FILVNA AN NNV S UTULANT UL AL ARV A NS

LAZUINAITUALTA
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2.4.3 A5nsUszanasauuulu@atn (Bicubic interpolation method)

n1sveennlaensUszanaAuuluAIdniasAuingan mnneInsUsEuInaeIn
& @ = = ] ax R aa
ANINTBUAVINUA 16 IANNGIFUN 2.13 99uAni1931nT5NI5UTEUIUAING 2 ToroU

wihddl4dies 4 ganm
. . ]
: original pixel
: interpolated pixel '.' - .' 3% -
]

31 132 133

JUT 2.13 Msmenganmiisiednts T B4A1naennnInseus 16 3nileveen1neieds
UszanauAwuubuAitn
FSn1sUsEnnue Ul dnauisanvadunisuszanaanlugae 1 838 2 wuawnule

LVﬁQUﬂqﬁﬂﬁgﬂqmﬂlquaLﬁﬂﬂﬂﬂaﬂﬂqimaﬂﬂqﬁﬂﬁgmqﬂﬂﬂlqLL‘U‘UVL‘Ua'Jﬁﬂﬁ'EJ
A=C0X10+C1X11+C2X12+C3XI3
co=—[(1—5)%X(1—5)Xs]

ci=0-5)+[(1—-5s)x (1 —5)Xs]
c; =S+ [(1—5)XsXs]
C3 = —[(1—5) XSXS] aunnsi (2.3)

lng A Aaganmiidesnisuszanaen Iy, I, [zuaz [ {duganimfuuas S fie

szeeiesedn A uae [ dwandlugui 2.14

JUN 2.14 nsUssanaawuulufadn 1 4@
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dmsunisuszanamiuuludadn 2 Sasnavilaleenisldnisussanaawuuluftn
1 fifluuadanon anduisinsssanuauuuludatn 1 Sfluuiveumiioutuizng
Uszanuanuvludidesiuandugudl 9 fimsussnasuuuluiides 1 Ghudazadaasld
ANMAY 2 30 usidmSunisussanamuwuuluAitnnsyiseanaelufitn 1 dAud
avasaazldannimiu 4 ganm

amildannisversnmuuulufifnazldnmiidauninndiis 2 F3deuntd
iesnnsldinudeyanmifumnniuegldaunsifinnududousnnnit Taenwitldas

o ! aa s 1 S & v am 1 al v
autandludiies wasnmliwanduamasunieuiuiznisussnaenlngian

2.4.4 AFNSVYIYANUUUDU

~ v a . v o ¢ & aa

WBN152818 AN EALUUNIULI81959 (real time) waslinaawsiJun nvengnd

a Y Y Y aa a v a v ' a aa
Aunmegluszaugausuls FnsvenennaunldgnAndulugimeadssuiiaiug Ing3snns
vegreidraulanlawn 35nsusuruanmeuuIvana (Winscale) Wuwignisusuiuasuaunn

a 2 & A o [ A aa aa o
alagfiarsanduiiungluununazfiaduganin [10] Fnsverenmlagidnisaeuligdu
a Y A . ’ A & ada ‘:4' a aa
LYALHUNYNVYY (extended linear convolution) NMUUATAITNNYIYIULAYULUUITNT
UszanauAwuulufdnuanegruvilvaunisnduiaganinindeglugaunisindanile
[11] FBnsvenennninisiinisusulseunnanld (12, 13]

aal a a v oo Y] \ YAy a o A

Wn1sverennLuUdLa e mummn sTaunssusenanladdeidnvuineiiufe
ANANYDINNTIVEBUAIVEAUNMTBYNIMTBLVINAUAMNNYBIN NIV IBUAIVBIITNNT
granmwuUluAItn F935n1581enmwuuluAIinaunsaanANtutaUYRINISAUINLA
Feazasureluundesdnld IneagulainisnisverenmuwuuluAidniananududousanis
° & daa a vl Y ~ v A ~ Y]
Aadunisnsvereamininlenga isgldaunimainiiveneudinaauasziinislenis

o dl -7 v
A g udau

2.4.5 350159818070 2 WinA2835n15UsTuuAT luAUNn

o 4 ! ¥ aa ! a a 1
d1rSun1svenenIn 2 wnseisn1suseanaanluAidnan S Tuaunisnisussunu

@

ANUAITNLUUNTINANI2aUN1TA 2.3 aziAvnnU 0.5 F9a1u1saRIazauIsavinliaunis

(% (%
v v A

\WiReLiEaN13AMAIY 0.5 ©38NTMIMY 2 Hudisll
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A=C0X10+C1X11+C2X12+C3X13
co = —[0.5 x 0.5 x 0.5]

¢, =05+ [(05) %X (1—5)Xs5]
c; =054+ [(1—5)XsXs]
c3 = —[0.5 X% 0.5 X 0.5] aunsil (2.4)

Felunismgaunig 0.5 viensaae 2 TussuuAsnisideudnluniawin (shift right
arithmetic) Aatiulunsirluldiuensawisazaunsaeenuuulmdussuumsihauuuuane
Vieaudunou (three-state pipeline) laRagun 2.15 %031 1-D Interpolation Unit 138

1DIU Faggninluldlunisesnuuuisasvenenmniwiileluund 4

[—»==3
Reg T
" _-:5_1
I >
Reg
>>3 > P Regl—» A
—MBeg—
"'.:::‘:-3
I
: ——|Reg
=]
Reg|——
I3 —»>=3

JUN 2.15 39a3msuseanaAniglufdnuildd (1DIV)

2.4.6 NM1TIAAIAUAINYDINITVEININAIY PSNR

AMTUNITIATIEVAMAINYDINITVE8TUALUIA1YBY PSNR (peak signal-to-noise
ratio) [12] swUSeuiisuiulunmazisnisvenenin tlneal PSNR NiAtdsgazuanieusuna

o PN Y A a ° %
ﬁiy}iyﬂmﬁ‘Uﬂ'JuGU@Qﬂ']WWQﬂsUﬂqﬂLLa’Jllﬂ']ll']ﬂ PSNR ad1u7g dB LLazmmmmmmlmmﬂ



18

MAX?

PSNR = 101 —_—
0810( MSE)

aunsi (2.5)
Ing MAX zvunefsaruingalunsiazgnnin dwsuganin 8 n MAX aziien
Wity 255 dau MSE aznunefernadsidaeninunainnden (mean square error) &
Aulaan
YiXiAGH =1I'3)))°

MSE =
M XN

AUNSN (2.6)
d v v ! . 3 = d' ¥ d’ o 1 - .
die 1(i,j) Aeganwauatu I (i,j) Aeganmiignuensuad Asunids (I, 7) M
way N AannnuninaiarAugavesnmauaty
Tun15%11n15%1A7 PSNR 4890150818010 2 Wintuagyinn1sanuuinn waadusuie

0.5 IMFIINTULYINNTVLILAIN 2 IIINFULTVUIANWANAIFUR 2.16

M N
half size — X —
2 2

7

:

original image M X N (I) scaled image M X N (')

gﬂﬁ 2.16 N15Y11A1591AT PSNR d@SUnIS8180IN 2 b1

\enfeg19N1TUTHHUMAMAMYBINITIYIEAIN 2 ilngdgnaaeuiuisnis
Uszanae 3 38R0 MsuszanuAnafieglndiian nisussanadwuuludiles uazns
Ussanaurwuuluditn mwauniwniie 3 o (wandlugui 2.17) tagnudauniiienidn PSNR

lng 3 38dsnan Ingran1symal PSNR lagnuanslunisied 2.1



19

N PR ) ! & A ! A A
AMNAUATWIUBN 1 AMNAUNIYIUDN 2 ANNAUNTUDN 3

162 x 178 pixels 146 x 164 pixels 158 x 165 pixels

JUN 2.17 nwaiun1wilens 3 amduiumien PSNR

M1599 2.1 WIguiigua1 PSNR Augunaimaidniwiile 3 nneigisn1suszunumeieeg

Nearest Bilinear Bicubic

neighbor

AMWaIUATYIEe 1 22.9869 28.6168 29.0772

AwaunT¥de 2 28.4742 34.8368 35.9638

awaun wde 3 28.4608 32.2183 32.4962

NANSNN 2.1 wandlmiiuindsnsussunuaiseluAdnanuisaliial PSNR A1u1n

a1 [ 4

gaTenneANIINMTgnUeneaigisn1sUssanaamsluminiimdyausuniutdesds

nngianmngnueneiandlndifisaiunnaLauigaiues
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unN 3

UasANAang

TUN1509NLUVLALNAFDUNITUINIUTDIINITVLIEAIN AT BB NTuADITiuase

aa ' o a a1 | = ' % Ao w
NARADINI NUILANUILNLIZEN TdIUTDUTONRD HDMI VIUIIMAZ V100N kazNdAgy
Aol FPGA M ii0YinN1508nNwUU99508180 N EILUU real-time

3.1 vasannaay Zedboard

Zedboard [14] \uuefamaassiiiidn XC72020 Zyng-7000 device uandlugui 3.1

!
=< o a

Fashdnilazusznouludne 2 @umdnde Processing System (PS) WumireUszanana dual-
core ARM Cortex-A9 uae Programmable Logic (PL) Faufleuiinfu FPGA thues Zedboard
&TﬂLﬂuua%ﬂﬁsﬁﬂﬂajqqmﬂLLazﬁm'ﬂ%a'fmLL‘ws'umaamwa%uﬁuéf’m&iwlﬁdwEJ

Ps azduduiivhauminvhaudulnfidng vie/wazszuuufiRng dau L agld
'v’hmsﬁﬁmmmsﬂzﬁ%’mmL%’Jqm%amiﬁwmlﬂmmwmu Msdoanstiusewing PL uas

PS 2zl 1un1ansails AXI (Advanced extensible Interface) ﬁ'ﬁg‘dﬁ 3.2

VAYIEI |

e

3.1 UasANAaad Zedborad

CaN
.
=)



AXI
Interfaces

Zynq

Programmable
Logic

Ui 3.2 lumaegneneues Zyng architecture

Y

Tarwvvieen (VO)a1unsalulslauinunefae:

- GPIO: 9 x LEDs, 8 x switches, 7 x push buttons
- Audio codec

- Video (HDMI out)

- Video (VGA)

- OLED display

- Pmod interfaces x 5

- Ethernet

- USB-OTG (peripherals)

- USB-JTAG (programming)

- USB-UART (communication)
- SD card slot

- FMC interface

- XADC header

- Xilinx JTAG header

- 256 Mbit flash memory

- 512 MB DDR3 memory

21
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n 2C72020 Zynq T Zedboard Tudiuwes FPGA tiuasiininensiianunsatiluly
1§i#a 13,300 logic slices, 220 DSPA48ELs, waz 140 BlockRAMs F9ifiesnaran1soenuuy
2993981801 Bn1s Zedboard &l 512 MB DDR3 fiunaggnialdifudaiudeyanin
Hansmlél azifiudn Zedboard Wangitazthumageulsasversnmiteginisnianislédy
ﬁ'ﬂﬁiudamaqmsﬁwﬁmmmmwLﬁz’J”wm HDMI input FusnJudesivesmasuiiossn
Zedboard fifies HDMI output whitu Faaznanisvedmasylunends

3.1.1 nM1sAndadea1suuy AXI

1 a o

11194970 DDR3 v04 Zedboard agludiuves PS uadiutdgyayisnimunviinis
Awazegludiuves PL vilvinisldaru DDR3 azdeaiinisdeanstiuiusening PS uag PL

FINTEDANTAINA1IVLADIPAMBNIUNIG AX] [15]

]
v A

mMs3udsdoyaninu AXl interface aziFondafiniuauin Master wagfafignaruauin
Slave il n1sfoansves AXI xitsdrutusevinediu address Auduvestoyaosnadiay
LazseeTuNsaetayatiazieaz s (burst-based transactions) laglAseasneves AXI 1130
Wiy 2 diufie d9u289n151T8U (wiite transaction) wag @3UBIN1581U (read
transaction)

doulaseadevesmsidisy asUseneudie 3 Yomnanisioans Ae Write address

channel, Write data channel lLag Write response channel ﬁﬂ‘gﬂﬁ 33

Write address channel

Address
and control
—_—
Write data channel
Master Write Write Write Write Slave
interface data data data bata interface

_— e —> —» —P

Write response channel

Write
response

e

JUN 3.3 Iaseainannsyesnen1siden
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drulasead19veanisenu asUsenauluaie 2 ¥9an19nT15d@9ans Ao Read address

channel Wwag Read data channel éfﬂg‘d‘ﬁ 3.4

Master
interface

Read address channel

Address
and control

—

Read data channel

Slave
interface

Read
data

Read
data

Read
data

Read
data

PDIN19N580815V99 AXI

 — —— — —

JUN 3.4 1a59a519M3Yean1eniseny

] ! M 1 o [ = ! ° [ ! @ a
719 5 ¥9INN9NNTADENT (3 VRIANUIUNTIVYU A 2 VRIEINTUNTTEU) Az UDaTY

AanuTIzldyy1audoyainya VALID uar READY NvinlAlAAnN15d@0a15Wuy two-way

handshake 1¢ f1eun19azld deyeyreu VALID tiouwanein address, data %58 control

information a@unsaunlulgla anntulatenisazlddygia READY iauansinaiunsanag

o

Y

Y

Feyeyau LAST Lieuenindudeyadgaiing

UUUAUULAINIFIBE19TUN 3.5 kazile read data channel wag write data channel agdl

1.) Read and write address channels ¥9N15L78ULAZN159 UL T address

channel 1uva3RI109 address channel a2di119 address wazdeyg1aAIUANT

ALYNNNTE

2.) Read data channel agilviadayaguiun1sneuaueinisey (the read data

and the read response information) 311 slave LU master lngUateyaas

Anuniadeyalailu 8, 16, 32, 64, 128, 256, 512 w5 1024 bits d@udayayo

NINBUALBINITBUILUBNTIANTUZNTEUTOYAINATILEN
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3.) Write data channel ﬂsﬁ%’ayaL%aumﬂ master LU slave Imaﬁ’a%’aga%ﬁ

a o

Auniadeyalaidu 8, 16, 32, 64, 128, 256, 512 %5 1024 bits wazddayayas
byte lane strobe d1w3unne 8 bits deyaLiteuandn bytes lvuvestadoyaldls
4.) Write response channel slave 214 write response channel lonauaues

nssudSalunsazass

T1 T2 T3
ACLK | | | |
INFORMATION ) }
VALID | Wi A\
READY' | | A\

'
=

sU7 3.5 $1@814 handshake VALID riou READY :#ibian T1 diumsagly VALID 1 ‘1’

NTUNIEY T2 Yaten1eazlien READY Wy ‘17 a1ntiuduniaazaaa INFORMATION 1o

= |, a & 4
LENYTAUNTAWAAYUNLIAN T3

3.1.2 @9UN1SENININY1an HDMI va9 Zedboard

HDMI output 983 Zedboard fifiw ADV7511 [16] ¥89U3EW Analog device 1Judn
asdeyeyrunIm HOMI Viﬁaq%’UmmazLﬁamé’mﬁgmmwgqqmﬁ 1080p 1 60 Hz Tn8a3eudn
ADV7511 gnunsaudasdyaavidilanatssuuuuitu 24 bit RGB w38 24 bit YChCr 1y
Fu uikiles9n Zedboard fin1siAuaneann ADVT511 wies 16 ma?ﬁﬁﬂﬁmi&y’qé’@@ﬁmmﬂ
difuananso¥uiinnueziBenasaniiion 16 bits

[

eI dIes ADV7511 anansausuilisuguiuulaainnisiiumia 12C 1w

G
2 7 7
v v A o
U

Aermalidmiviasvetenmnrwletiazldgunuuyndl ADV7511 Wy 16 bit YCbCr 4:2:2

sperated syncs Inedyaanmaziinisasdeyanimludaguil 3.6
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1 pixels
Video data Y,Cby Y,Cro Y,Cb, Cb,Cr : 8 bits

gﬂﬁ 3.6 SULUUVRHIMAM 16 bit YCbCr 4:2:2

ADV7511 2gfegnaaanu 12C Tivineuegegniesmiudenis lagaiunsausu
TnuAn151191uU99 ADV7511 lasganainuansirulidsdyyianin HDMI finauaziden
1080p 71 60 Hz, Sudtygrau g 16 bits YCbCr 4:2:2 seperated syncs, AAluiANaU

wioldldu Wudu

3.2 UasawEsy FMC-HDMI

U7 3.7 vasaasy FMC-HDMI

Y

Winaanilananiluinagly Zedboard tuvasannassasudn anduazdeani

v o v

vesmasuiivhvi i usisudyaiandn HOMI (HDMI input) Tneiden FMC-HDMI [17] gﬂ‘ﬁ"
3.7 wisztaunsarivinfidld Tnsagtn FMC-HOMI Tsefiuaiuaes FMC interface ve1

Y

U9$9 Zedboard fanunsaldaulaviud
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LNUAINUEBNTDY FMC-HDMI LLamaguiiugﬂﬁ 3.8 lngniglu FMC-HDMI 9eidn
ADV7611 [18] 740391141 HDMI IN 1 wag AD8195 figasunidn HOMI IN 2 sisapadnidudn
109U3W Analog device 3 AD8195 azvuthilu buffer vasdayayias HOMI v1d1viTTy

& [

Laildvinsudasenduaausedidda nanAesunndudyyi TMDS 91eenuas ADS195 A

A

YY)

aziJudeyeyrau TMDS ﬁuq drufa ADV7611 LHudSudygrunin HOMI léfqaq@ﬁmm
azldunnn 1080p 7 60 Hz Iasazannsauiuildsudyaraniweieenanlivalsguuuy
Wulietu ADVT511 seiliitenuaenndesiu HOMI adn ADVT611 azdesieraniu 12C
dieldyanunmaesnidusuuuuideniufie 16 bits YCbCr 4:2:2 seperated syncs ety

N5l uUesaEsy FMC HDMI tiuagldeuludiuues HDMI IN 1 3afdedn ADV7611 e

HDMI IN 1 HDMI IN 2
HDMI HDMI
connector connector
A\ 4 A\ 4
HDMI HDMI
receiver buffer
ADV7611 ADB8195

FMC connector

U7 3.8 WNUAWUEDNYBI FMC-HDMI

wBNIINNITAIAT ADV7611 TuiTeavasgunuudygianinuieeniaiiuniuasiden
AINLAD ADV7611 §3a11150U5UAAINNANITVINULETuBU lADNRAINAINADINIT
fog1aau anansansIvdeulaindinisdeans HDMI WIswa wseanunsniindeya HOMI 9

v = I~ ] Id ¥
Wi uazdeannyinla WWuau
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U 4

ATVYIIATNATENHD

4.1 N15M9U9RTVEEAINARIUINIAINNT YD

295V MATeafadadclusruunInsrdiduduaanin HOMI 7
Aaziden 1920x1080 9anm TasieFusunsldougldazamsatvruevesnsounis
verglanaraiunsaiieniwniinisveteninle neniun1alunauy Zedboard lngnsay
yosmsvesaziisuiradunsevdindey Weudusuniinseuiidesnsveneiaiaudliaen

dip switch FUWBISUA1IVEIUANIUNTOURUBBUAINGTITU 2 191

unsUuAIUANULUESA Zedboard

ARATISATLND A TULLIARY

P1
i -
P4 Dip switch

JUT 4.1 uanenisldnuiasvgngnmnaiwile

ERUNTHI6) O NHEIWTEET6] (LENW

93U 4.1 Tulnuau3urnanseunsvenenisnata P3 uay P4 agsihnisuivuuia
yesnsouUNsveaiitlunauazasEsudIiy waznisnaty P1 wag P2 iiteyinsuiu
YIATDINTOUNTVEIEanaslUIFUUULaE AL EnuE U (GnasAung) Snifunata PO
WevhnsuSudumisesnsounisaenelaena P1, P2, P3 uag P4 iieldeulunisuu 1o
121 819 puddu (@nasiider) gdauannsanatu PO eiAsulnuadunsuiudums

wseUsunseunsvenelavnille wagdu dip switch JuLilABINISITUNITVENENITVEY 2 Wi
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4.2 N1599NKUUNITVYIUAMNATEILUD

Tun1seonuuuTmunziluvesanaaes Zedboard wazuasawdu FMC-HDMI Tag
Fyaanmisudnnazidiamisteanns HDMI input 18 FMC-HDMI anduagyinsvens
awludiureaninarwiloudiinmsunsnanaiunilod U ludyganmanandud
AUYIUNINHINAIIDDNNINYBINIS HDMI output U89 Zedboard ﬁagﬂﬁ 4.2 Tngazanunsn
wUsdlsEnevTenastenenmadeulmauneiioldilu 3 dundngde ssudmyain
HDMI (HDMI receiver) 3435A3UANNNSVENEAIN (Expansion controller) wagfaadyayno

1Y

HDMI (HDMI transmitter) faguf 4.3 laganunsaesurgnisinuluidagaiulacsil

HDMI
signal
] HOMI
(ADVT511) ’j
DMI
signal
Video signal Expansion
with enlarged controller
sign language
Zedboard
U7 4.2 uansmsiudsdryganmmiedeulvenaasvensnmiiioginisnienislady
Zedboard
[ e— 1
i push E
! DDR3 buttons :
i ' ” : 1
i t - 31 dip switcl i
1 1
e e < R !
HDMI Lobit YEher, | ——t HDMI
signal FMC hsyne FXpﬂIlSiDIl hsyne > signal
— HDMI vevne . . vsyne HDMI _
D! »| controller f—="r— Y m—
(H:DIVH data_enable | (Zynq) data_enable transmitter H
receiver) | mpmlclk | HDMI clk _ :
- i
[ 1 1
v = t I2C bus : I
L o o o o =1

JUM 4.3 1A5983190899995U8180 NN 9138
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1

4.2.1 f25udsysyrau HDMI (HDMI receiver)

12C
16-bit YCbCr
h
sync
HDMI vsyne

receiver
de (data gpable)
(FMC-HDMI) | ck

———»

'
=

UM 4.4 nslaudsudygias HOMI

Y

Frsuduenas HDOMI BeRouasn FMC-HDMI 339z1d%n ADVT611 Tagazvinniswlad

[ A

Foyeyrau HOMI L udygaunmiiiiesausznaures 3 03AUsznoudse dygiunnuaing (Y)

A

A% o

1 feyayrou uasdyayrauddn 2 dyayras (Co,Cr) Feazasdusznavdasnaniusaninluguuuy
4:2:2 fauansluguunneuntingun 23 Faziinswdsudeyaninmieninud 148.5 MHz

'
= o

Fedyaaunmaziinnuazidenlusziunuandengafingusuy (Full-HD) Fedayayiaining

Taa1ndsudyeyias HDOMI azunanudgyeraandslann dyenu hsync Nagusndanmzns

QU o

e

Y]

YuuTTintrlvesdygrunin Fyau vsync vandsmznstusilndvesdygianin uay

A

[

doyeyrad data_enable Nivandrsaanndyyralugilnuiideyaninedlaun1svinaiuves

oo

v v o

Fr3udayayras HOMI 9zuanseglugud 4.4
Tus3udnyayias HOMI Sadl EDID w5y (EDID RAM) aganlusneifioriinsifiude
waA" EDID faviuald dantidives EDID Aldnanluudaluund 2 Ssaganunsnsinisdaen
EDID RAM #28 12C 17 uenand 12 ﬁ’aé’agﬂﬁm'ﬂ%’lﬁa%&ﬁwmsﬁwmuﬁgﬂummaq ADV7611
Sney feogenall
- mif?\gmﬁayjamw%yjamaaﬂL*f]u Toyey1aun1n 16-bit YCbCr 4:2:2 #if
Fouadaa (hsync, vsyen Wag data_enable) hanuinig

- asebildeuludiuues HDCP (High-bandwidth Digital Content Protection)
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I2|C _Control 16-bitIYCbCr
interface |« L >
< > 12C e hsync R
Backend Output vshe v
CEC CEC color space | formatter >
< controller conversion de
clk
SV Detect T "
HDMI 5v| and HPD | |
» controller HDMI
processor Data
EDID preprocessor
HDMI_I2C|  repeater and color Component
< controller | space »| processor
conversion
HDMI_(iLIS PLL _|_,
I Sampler
HDMI_TDMS | - Equalizer >
] ADV7611

U7 4.5 WNUAMUSDAYD92995 ADVT611

LHUAWUABAYDI99T ADVT611 anansauandldsud 4.5 Tasdrudseneumeluas
4111505095UN I UNLAYYBY HDMI AadiaiuAu CEC (CEC controller) 9gvinly HDMI
anusaldarussuy CEC Lo damsaanbil 5 laduazdiniuan Hot-plug detector (5V
Detect and HPD controller) a@111509%1113935a10150d3@0U318n151991u HDMI g
videluaranmnsalivihnuldunfiilenanuazideuans HOMI Tyal faauau EIDID repeater
(EDID repeater controller) azdudafivivanunsavinls EDID ansluvhaulduniuazanunse
Frangudayaldaintesnia HOMI 12C Tnsnisdaainisinautugagldisasaiuguee
Useas 12C (Control interface 12C)

ludruvesdygraiidutoyanmuuasid1u1n199em1a HDOMI_TDMS N19gR1uA7

Y A

Equalizer feagyimthiivaensgmevestayaniiinainmsdedygiuniungilagianig

o

ag198aiun1sidany HOMI g1 anduazdwvinisulasdeyeia TMDS unlveglugy

g7

ToyarasdnmMPRzaTaferlaa RGB YUV uag YChCr uaganansausu color sampling

YV

lednmedslunifagasalifinisianuiideyadnindu 16-bit YCbCr 71 color sampling

o o

4:2:2 dnevinsassdeygaiian (Hsync, Vsync uag Data_enable) fignunsludamiznis

2 ¥ =

wananlamsatudygradeyadnim nisulasdeyanvunaziinluluneuseaindiud on

A7} U

Sampler
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4.2.2 fdedgyeyrad HDMI (HDMI transmitter)

12C

16-bit YCbCr
——>

hsync HDMI
—YSYC f  transmitter

de (data_enable) (Zedboard)

clk

o

JUN 4.6 Msldanusidsdysyias HOMI

o P~

dsdeyeyras HOMI 9z@eagldgn ADV7511 Mlegjuu Zedboard lngagSudayanainin
75U119112993AIUANNITVEIEAIN LowUa9In YChCr 1udyayras HOMI tiloaunsai

ayad HOMI danandlglaiulnsvimininuazidengs Jagunmvesdiuntwiisasiivuin

o

Tnefau 2 wihvawandlugun 4.6

o

ANSFIAINNS LTI URIdId I HDMI 22@111509 o lagni1stushnsuruda 12C

g

wiloudunssisrnsldausitdsdaygiu HDMI Ly

Y

- sernsiudeyanmilviegluguuuy 16-bit YCbCr wialvidisuiuurasindayayo

Y Y

psauFITUd Y Iu HOMI

(%
Y

- aeatdldeuludiures HDCP (High-bandwidth Digital Content Protection)

[
Y

- peenbeunsasudygraailinsenudnuaevesdyaunnaLazdeng

WWngULUY (Full-HD)

LHUANUABNTBII9AS ADVT511 ansnsauanalanagud 4.7 Tudiuvesdyaiaunind

Fuuazidn Mmdudgyruniniafeulna (Video data capture) F9az@1u19a5045UAU
ToyannlavategUwuua RGB way YChCr M3 4:2:2 uay 444 vidagludiuiiasgnaslvsy

Fey 1N INSULUU 16-bit YCbCr 4:2:2 tieolvidonnassnudlsudygyiu HDMI #asanniy

S TMDS @eag

A7}

N agvinsasuguiuudgananinneuszgnulaaniy

Juduvesdyaunmuss HDMI Hules
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16-bit YCbCr Color
e S B CEC | 5C
sync Video space < >
vsync data » converter controller
d t
e capture
k t
i HDMI_TMDS
Registers TMDS )
and » outputs
<2 ] 12Cslave |« Conflg.
logic
v
12C HDMI_I2C
. EDID Master "
Microcontroller
ADV7511

SU# 4.7 ununwudienveeeas ADVT511

iall ADV7511 fadidiaaruau CEC Mvilanunsaldenu CEC lauiu uaziilaain

A1592IUSWNSU ADV7511 22@adkt 12C 395id@1unad 12C slave N1Aag3un1siUshNSUAILLNALE

[ YY)

w049 12C 8ns & EDID lulasasulnsatass fiAveyinn1581UAY EDID 91nda5udygiu

HDMI &1 12C Uauag HDMI (HDMI_120)

4.2.3 2993AIAIVANNITVEIEAIN (Expansion controller)

111999710 Zedboard 3TN ZYNQ Naunsnvinnsiusunsulivinguandangesnisia
TuNI300NKUVNITAIVANNITVENEATNTUTI9ZaNLUULY ZYNQ Taanielu ZYNQ 9y

Usznauluaae 2 d@i1u Av Processing System (PS) Wag Programmable Logic (PL) lag PS

a [

o t4 dIQJ d‘ gj ! U s ! o
yIUNNSURATeUTUNTIUSLATULNDFIA11995A 5 Uy 1w HDMI LA INVTAIANEEY 16U

A

HDMI @ued PL agviminfivgisniniazyinnisassesudgarunimaasulniliunisain

DDR3 IAgUHUNMNUSINTDIINAIUANNITVE I8 NATLANSRE TUFUN 4.8 Taedayaaiuniind

o

(clock) Al amumazlanainug 148.5 MHz MduanunseiumnuddouaduuIuannIn

Q v o ]
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T 1
: PS i
I AXI|GPO port AQQIHPQ port  AXI HPI port i
i PL - 4 i
: ‘ AXI | axt :
Lol [ Write [|[Ml Read i
+—=7—» AXIIIC [ ) i
' I v i
: size F[FO :F]:FO :
I
pushﬂiﬂ," Buttons tion (BRAM) (BRAM) :
I [Interface 1 4 YCbCs YCbCr E

dip swiich > wr_en || : YCbCr
video tihing signals Image || (to PIDM] rransmilrcr)

A 4

rd_e
VELCy Expander T
( from F_[EC' HDMI.) I

SUT 4.8 WNUANUBDNYBNFIAIUALNNTEIA TN

PS uflmihifiesedraiendenisusunsudniusaysdsdaaas HOMI vinldlaenns
T4 AXI IIC interface IP [19] %3a AXI IIC &dlugud 33 Gaduufon IP ves Xillink T 1P Has
ilanunsavinsWgunsesuavegunsalnteuanlanIumig 1IC Janienseulusinsy
191 C namfadauniw Ciielduniieyuszanana ARM lunsdenisdeansuuy IC
Hues Feliiresdonisdeian ADV7511 uaz ADVT611 fidesiinismersin 12C Taluil
address aaqLdudiuauunn

nelu PL %139 FPGA azUsenaulunieeasdiegae 1935Usearuduna (button
interface) 299561v81807% (Image Expander) 299361 08u AXI (AXI Write) 299567871 AX|
(AXI Read) azda multiplexer Laning Tneazaeaiunusazdiudil

1.) 2993Uszauduna (button interface)

wasUszaulunatuaryhmauastoyamsldaudunn (push buttons) veeldann
wgnulauduteyadumisazanavesnmauniwnilelnglasiidedn wasdszaruluna
(button interface) fiflassairsdaguil 4.9 Tnetunaagluyhnisaslimtuinunagins
Uiuasuduvisidevunavesanuaunieiilenatiuulufeszegnilinaneiilesiuiien
wifuaaafiAmis (threshold : th) 29959z¥n1Sifind MM oanduniveInIna 1y
muilendeenvanfunisuiudsuaunaresnmessdunuiletuiulnusl sy

03U 26 Nedulnuanisusudumrdenisnadu P2 azilunis -1 lusiumis X (position_X)
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waznady P4 az18un1s +1 Tusums Y (position Y) visednmeuililulnualunisusuiuaeu
PIATBININwITen1snaly P2 azilunsannseunisuenenn uag P4 audunisiiiunu

BUNITUVYIYATIN L?Juéfu

" Adder | resteny
-1,1 —b g > OS.ItIOI']_ ,

> ><J Size_X,

e Size_Y

switch_Pn —]eN
Counter
Pn ' =
CLK1 —p> —Pb

th

sUN 4.9 TAs9a519109995MmaUszansUuna (button interface)

Y 9

2.) 299301 W8U AXI (AXI Write) #1811 AXI (AXI Read) taz multiplexer
WEAIKE

sUnmusiaziisivesaunwilefigndadunazgminunuens 2 windewesvens
A (Image Expander) anifuaggniinluifiulflumisanudniieluuandumsudaly

TufiansauvtisanuiNdedldlun1sAun N IATIIVDINTVEBAINANE DL UYL

a =)

finrsananamaiwdenveneudaniiauaziden 742x742 ganm Faudusuianiniilng

ANTI9ATVIIBNINATBANNTYIINNTVEe e asisazannInaziiveuany 16 Unaziduln

9 9 Y Y

R

AT NUIIAIUINNANUA T742xT742x 16 = 8,809,024 U% taen1aLly block rams 19%3e
n8lu FPGA 989 zedboard siluuna 36 Kb flagvianaa 140 e sunduniiennusii
505Ul#v LA 36x1000x140 = 5,040,000 Tn Fedausinsionsanisldsaudensld block

rams Naz11unlglunisvidudmiieiiuaiusntinsnlun1siinseuunITveIen N A

= o Cch ¥ =

<@ J v = 1 al A v & v 1
QwLARINNTI block rams LWEJQ@EJ'NL@IEJ’JI&JLWENW@ fatuendusesiinisldnuioniy

DDR3 571778

o A

Al AXI (AXI write) agviminileuteyantasuunluiiviigai1udn DDR3 e

v A

Naueias AXI4 Faazdudsndesdinissedyaudulle (handshaking signal) datiudafiudeya

o

L4

a5 uulili (FIFO buffer) 3sdndudidesunsnliiiievinnisiiudeyaninlitinsineu

n1svinduilonuuesdyyianadadu waznmivetetuiargneIueenuINLIEAIINT

'
[ LY

DDR3 fa86181u AXI (AXI read) Adidiiudeyatansiuuulniviguiudmemeanaiieniv

[

o I

Fleu AXI 21n1U Display multiplexer 9811918 0NF U1 UNTNITEWINNF YU TIUATN

'
LY YY) a

AuatuRudY U NINUENEUAT
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N"15W3158U1N15989 address YBIMUIBANTT DDR3 azaunsadwulanail Tun1s
Gouusiaz 1 Unved address 0eaeA1d1 DDR3 auiudoyals 8 Un wiu inudeyatias

16 Tn wHouAUT address x“00000000” waz x“00000001” uazaztfudeya 16 Sndaly

1#7 address x“00000002” FsHuffiansmuinisifiunmiivereudaillngfianiddoya
8,809,024 m 9zfesiin1sideu address tieazlfifudoyadnalufl address 8,809,024/8 =
x“0010CD48” urn15ldnuasA21us1 DOR3 iileLAudonaldduazi3ud address
x“00100000” FauansinmsizafvdeyanmdnaluliazFui x“00100000”+ x“0010CD48”
= x“0020CD48” Litevilsilaiinnsidond1vea address agsntuouisazveiFuiivdoya
finluit x*00300000”

Fefumitsawd DOR3 Ssazgnuuadiu 2 uden Taeudenisn (DDR3 block 1) 13
970 address #1 x“00100000” uazuanies (DDR3 block 2) 15y address  x“00300000”
Fadud 32 99 n1swsndaeaatusy DOR3 WJu 2 vdeniiiediazaiunsaiiniseu
wiauA313s1 DDR3 fivdenwilaqldnendunisinisieunineanus DDR3 Snudenld
Tnsmsideunaznssumizoniudn DOR3 waaslilugud 4.10 nanfsluvaziinnnwie
flugnoudrvesnimsuil n (£, Mdsgnileuasudeniivils nmawislefiveneudiveanim
wsudl n-1 (E,) aggnerunnuieniiaeaiievnluuaninw ndsaniudeawarnfives
W& 0INWNTUT n+1 (E,..) i ”wﬁwm%gﬂﬁﬂﬂL%uﬁuﬁaﬂﬁaamammzLﬁmﬁumw
awnileRvensudasuil n (€, fazgnetusenuinainudeniinis vdendivilauazudent
aosazaduiuihmifignetuuasgnileuludesquasasituinnmiignianuansiuaziinig

11290 MUNT NS UL

VAU N YuTAWNTUT N1
DDR3 1 DDR3
DDR3 block 1 1 . DDR3 block 1
it i Reading
Writing ) '
En : EI]
1
1
Reading DDR.3 block 2 1 Writing DDR3 block 2
«— I 2y
En—l ! E11+1

E, = ﬂ']Wﬂ'ﬁﬂ']i@ﬁQﬂ‘UEJTFJLLé/'JGU@ﬂJWWLWﬁJﬁ n
JUN 4.10 n15ldauniignudn DDR3 vauetiabia1nmisudl n wagnaiminlsuil n+1

1A39a$1999939351U address ¥0939950WTeU AXI Wazsiau AXI uansaglusui

4.11 Ta8A1 mem ELanI89 DDR3 UABATIAT mem = ‘0’ 2e1UN88IUd0A 1 Way mem =
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Y Y 1

(4 = 13 A Y ° v v A LY
1’ Qzuansieuaen? 2 lnadatuaziuan wr_en e rd_en @1niualueu AXI Lagnae1u

=2 1 A &

AXI anuddiu Wediutiumdsmiidurunassnmasaiudrasyinisadunisldudonves
DDR3 @saziiiuladniiorsasiuiudavinfusunnuenmaasyiiungdin mem aznduainie
not gate sagyinisaduAnsuduve address o I@s;lﬁhmwﬁimgﬁqmﬁmmaaﬂ%’uléf
fio 371x371 Y mBsvanefanmilvensudn 742x742 e Ve 550,564 AN N BTN

agluy9 20 UndatiuArvuianmaeavindededly 20 Ua

(13 2 32
x*00100000 232 I \l 3\2 X
x“00300000” N >
address
mer, _L > for DDR3
' wr_en/ 20
rd en counter N
2_ximage 20 o
Size » —

U7 4.11 299590 address Y83 AXI Write uaz AXI Read
3.) 299598182 (Image Expander)
2995981800 (Image Expanden) g1uasasndnlurasvensnimaunivilofns
wihfirensvgremmuruinaesvitisisnsussnaduuuluddn Tnsununinuden
¥99299598 80 mgnuandlusudl 4.12 anansouddldifu 2 dwdediunisvesvensnnuay

daupuau tngdzanunsnesuiglanal

size _ !
—P] display:
position | P
1
I rd ent
= | unit —>
d'p—m en | YChCJ |
| Image 16 !
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unN 5

NanN1IVAaBILazaIUNE

5.1 N5ILATITHIATVYIYATNATEN3ID

Tun1seenuuuiasaely Zedboard Aldinalulad ZYNQ dulaldmeniua? Vivado
2016.2 1nga113090NKUURITHIMIUALNITVEIEAN (Expansion controller) {UUNUATN
udenlu Vivado lé@aguil 5.1 ’N*’\]i‘ﬁlgﬂﬁaﬂLL“U‘UL@ﬂﬁlﬁﬂuﬁﬂfufwa@ﬂuuﬁaﬂ‘ﬁl“?ﬁl@’i’]
sign_image_expander 0 dauudonfimaessdu IP 9as Xillink siavan

Tnonislddyarauninitoun 3 fygraie 1dygrauiRnives AX IC
(digilent_IIC way zedboard IIC) Msuvasdayanamniing clk_foga 0 7 100 MHz 2.&ayaya

¥

YIRN1VDIAIUNT N TDUADTLMININUIBAINUTY DDR3 (AXI Write wag AX| Read) N4

[

€

au1iEnT clk fpga 1% 150 MHz way 3. dggrauridnivesdiunisveisnin 14
Hoygy1adunidni hdmi clk 91 148.5 MHz

TudiunisRiansandurendunieiifinismiag (delay path) wngn wiadu 3 dau
audeuaauRnife clk fpea 1 ludauwes AXIIC clk fpea 1 Tudwuiifinisideusesening
U28AUA1 DDR3 way hdmi clk Tudiuvesnisvensnin Fauandlusmaad 5.2

AmuigegailusdazduasesannsavhnuldlagaiunsamAaingunduue wan

MIYBUAUNNNUINTFAVDIIATUUGAIANNTT

1

fmax —

td max auns (5.1)

118 finay ADANNDNEIEANIATHUNENTYINNUIINEE Ty ey ABLIAMUIVBLHUNINT
ALNTIER

a dl dl U 1 o Y d’l 1 dl

31NENNIT 5.1 @1unsaAnANEInanfiudazaIuIsamsavinnulanal Tudiun

1 davasdyarauiing clk fpga 1 @wnsavinaulananiuiiasand 1/7.07 = 141.44 MHz

Faludnilidndudedduininiinudgunnildiesndudiuvesnisaansuduriby

duil 2 dauvesdyqraunini ck_fpga 1 awnsavihnulanaiudgeiagn 1/5.71 = 175.13

MHz @avangauindawsivigisanudn DDR3 Tu zedboard annsavieuledasdis 533 MHz

1 o [

20] walunasasdygrudoyasuain/ludinuisniiudn DDR3AADIINDET

Y Y

v 1 =

axi_mem_intercon Fudu IP AsuTudesldlunisly protocol AXI wazdruanvinedun 3

doyeyrauuniing hdmi_clk vinaulanaudgean 1/6.03 = 165.83 MHz ludquilfisdiuns
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Yenenmyinaulafiaudawnsile Adududediinuianudsesnsiudyaianing

g5usnanu (pixel clock) agf

M1519 5.1 dun1elunasiiinsnuunga

AU 210 1Uds Delay (ns)
clk fpga 0 processing system7 0 digilent_IIC 7.07
clk fpga 1 axi_mem_intercon axi_mem_intercon 571

hdmi_clk inst blk mem gen YCbCrr_interpol_unit 6.03

nsldninensves FPGA %38 PL 9943199308180 NN WdeQNULaRteE U199 5.2
A UlAI1HD991NNNTARAMUTULDUVBINTVENE 2 WINRIsNIsUSEINUA L UUluA TN
Tilddndudesdddnumisuuifelidndudesdd DSPAsE Falursasdmsunisiiuinmig

ANAANEATI1995 FPGA

AN5197 5.2 M1stanswensniely FPGA

Fo9as Registers LUTs Block RAMs

(36 Kb)
AXI IIC 736 768 0
Button interface 217 276 0
Image Expander 167 281 4
AXI Write 390 248 2
AXI| Read 225 158 1
29959U 1464 1047 0

334 3199(3%) | 2778(5%) 7(5%)
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lassasndludiuresisnisvenen nvensueignmnwilelagniiuussuiiey
fulpssadanisvenenmdildisnsussanaalugiswuuluAmdniianansariauldmanaan
339 (real time ) 1WA Bafundiniseonuuuludnvaslassadeduqldunves Nuno-
Maganda [21], Mahale [22] uag Lin [9] Insuansoglunsiedl 5.3 Sstefvesisasvensnm
fitiauefidefinisld Block RAMs fitfeenituagluifinisldauiiasildlunismuanmis
adinmanslag druludosvesrnudalunisiwiniainsoilduuunueaiass (real
time ) YosdRANANMANNAZIBEAN ELANTULUY AFsnsAuRinIsiay 1485 MHz

WATLARININAEANURSY 60 Hz (lsnanAwiumawsy 16.7 ms)

A151991 5.3 MsiUSeuiisulaseastneasvetenmgIsnsuseanaalugiswuuluditnues

WATVEIUAINAMA NN DAUIATIATINDUS)

1Asase | walulag A anud | vailunis | Scale | Block | DSPASEs
azdennn | 9ann | Usvanawa | factor | RAMs
vean il | (MHz)
YUYW
9UITY FPGA 742x742 148.5 16.7 ms 2 (ﬂﬂ‘ﬁl) 7 0
5 Zynag-
7000
Nuno- FPGA 640x480 100 3.5 ms GRERR 28 0
Magan | Virtex-Il Usuen
da[21] | PRo o
Mahale FPGA 2560x1920 75 17 ms GRFMPR 78 64
[22] | Virtex-6 Usuen
a
Lin [9] TSMC N/A 279 N/A d@usn | N/A N/A
0.13-um Usuan
a

Tun15lUsnIuNI991197U989 processing system (PS) #30 dual-core ARM cortex

A9 1 #ldmensduas Xilinx Software Development Kit (XSDK) Faifushlusunsuiifiugiu
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113nlUkAsY Eclipse wag COT Tdn1wn C lunisi@suldsunsy wazainnsaldausiunu
Vivado 1@ vilin1seenuuusiuiusening PS uay FPGA viladnedy

Taeluunsui@suliiu PS agvivthnasasuauliiu dasudeygia HOMI wag #7

dvdeyeyred HDMI e 1IC U

5.2 N1SNAABY LYIIULATBIVINIATNNT1EIUD

‘:4' a o di ! a
E‘IJ“VI 5.2 ANINAMNINITNAADILATDIVYYANUNIYIUD

N13AARINITNAADIATBIYENEA NN T WHBLandeglusUN 5.2 Fedsenauluaiy
Inseinseasunmanuasidengaduzuuuy (FUll-HD) Mimihfiuseuaniua set-top

box ﬁuaﬂmﬁﬂﬁﬁmﬁﬂﬁL“f]ul,ma'qfﬁ’ﬁLﬁmmwmﬁaulmﬁiﬁmmazLﬁammwﬁmmasLﬁamgq

¥
v 1 [y

WLFULUU wazUesavnael zedboard fiRnAI3INAY FMC HDMI
dmursasvenenmauntwiiesunaassil gnesnuuulinseunisvenenmaiy
awilousuldiann 115x115 gan1w f1 371x371 gannlasanunsauusunalifiuvieanls
FuuouLaskLaRildTiar 16 0w uazdlFnuanninudunseunwnsveeindeulUly
shatarenmingvied
29598 maunwisleldgnneassiusensinsviaiifinwamawdesistu

lusenisinsyimifdieiu lnenmaiuniwdefivuinaall 187x243 3an1n 219x243 0NN
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A Design of Sign Video Image Expander for HDMI
Source using Bicubic Interpolation

Auangkun Rangsikunpum, Ekachai Leclarasmee, Surce Pumrin
Embedded System and IC Design (ESID) Research Laboratory,
Department of Electrical Engineering, Chulalongkorn University,
Bangkok, Thailand
auangkun.ri@gmail.com, ekachai.l@chula.ac.th, suree.p@chula.ac.th

Abstract— This paper describes a device for real-time expanding
sign language images inserted in any TV programs by 2x2 scale
factor. Bicubic interpolation is used as an image expansion
method. The 2x2 scale factor simplifies the bicubic interpolation
formula to just division by two operations which enables an
cfficient hardware implementation. As a prototype version, the
proposed architecture is implemented on a Xilinx Zynq board with
a Zynq-7020 SoC. The location and sizc of the expanding arca can
be adjusted to capture the sign language images using its onboard
push buttons. Experimental results show that the proposed
impl ation can be ible with 1080p (1920x1080) 60 Hz
HDMI video source. Target users are the deaf people who cannot
clearly see the existing sign language images because of its small
size.

Keywords—sign language, HDMI, Zynq, bicubic interpoaltion,
deaf person, image expander

I INTRODUCTION

Over 360 million people in the world [1] suffer from hearing
loss. 280.000 of them are in Thailand [2]. These people usc sign
language for their daily communications. Thailand’s regulation
slates that some (clevision programs, such as news, must
provide a sign language window to help their understanding.
This sign language is usually inserted in a small square on one
comer of the screen in order to avoid disrupting with normal
viewers. Unfortunately, for many deafl people. this is still a
problem in approaching the information as the sign language is
too small (o view.

The first attempt to alleviate this deaf problem was proposed
|3] with a development of a TV set top box called Sign Image
Expander that can enlarge the sign language image. It provides
9 selectable image scaling factors ranging from 1x1 to 2x2
using a combination of bilincar interpolation and nearest
neighborhood techniques. However, it is only compatible with
analog video signal which normally supports only low
resolution video source.

Several image scaling methods can be found or proposed in
the literature. For hardware-based real-time application, a trade-
off between computation complexity and the quality of
interpolation must be considered. The simplest method which
results in an acceptable scaled image should be chosen.
Although nearest neighbor [4] and bilinear interpolation [5]
used in [3] are simple methods. they return resized image with

978-1-5386-0449-6/17/$31.00 ©2017 IEEE

full of blocking and blurring effects. Bicubic interpolation [6]
gives high quality images but takes lots of computation. To
meet real-time requirements. some interpolation methods [7]-
[9] have been proposed for VLST implementations. However,
they obtain worse image quality than bicubic method.

Therefore, this paper presents an attempt to improve the Sign
Image Expander to get better results by using bicubic
interpolation for 2x2 image expansion and be suitable with
HDMI TV system. In this paper, the Sign Image Expander is an
auxiliary device that enlarges only fixed 2x2 times of the
original images and can be attached to any HDMI TV system
using HDMI cable as shown in Fig. 1. The position and size of
cnlarging image window can be adjusted to support the varicty
of the sign language window on each television program. A
prototype design is compatible with Full-HD (1080p) stcaming
source at 60 Hz frame rate.

The remainder of this paper is structured as follows: Section
1T describes the bicubic interpolation method and its
implementation. Section III presents the design of Sign Image
Expander which arc application dcsign and hardwarc
implementation. Section IV and V shows the experimental
results and concludes the work, respectively.

Source with
normal sized sign
language window

In the lower left
corner

HDMI signal
input

Sign Image
Expandcr

HDMI signal

Output with
2%2 expanded
sign language

Figure 1. Conceptual design of the sign image expander.



II.  BICUBIC INTERPOLATION METHOD
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Figure 2. Bicubic interpolation at a pixel T can be carried out by 4 horizontal
interpolations followed by one vertical interpolation

A method of reducing computation of bicubic interpolation
[10] is sclected as a 2x2 image expansion because it needs low
computation cost and also produce high quality resized images.
Bicubic interpolation uses 16 adjacent source pixels to generate
an interpolated pixel. Each interpolated pixel requires five 1-
dimensional bicubic interpolations consisting of four horizontal
interpolations followed by onc vertical interpolation. The
interpolated pixel T is calculated using its 4x4 neighbor source
pixcls as shown in Fig. 2. Four horizontal interpolations, given
in (1), are executed first to produce four artifact pixels Ao, A1,
A», and A; according (o the following formula

A =Tholy Xochy ©=10,1,2,3 )

where ¢h; arc a horizontal cocfTicient of 7;. Thesc artifact pixcls
are used to calculate T using vertical interpolation given as
T=Y304 Xcy; 2)

where cv; are a vertical coefficient of 4.

In 1-dimention interpolation, the calculating method of
horizontal coefficients and vertical coefficients are identical.
According to Fig. 3. 1-dimension bicubic interpolation equation
can be written as

A=co X+ XL+ XL+ ¢c3%Is 3)

where ¢y, ¢;. ¢z, and ¢;, which are weighting coefficients of the
sourcc pixcls 7o, 1o, Iy, and I, arc dcfined in (4).

= —-[1-5s)x @A —-s)xs]

cg=A=-5)+[A1-5)x([1—-5)x%x5s] (€))]
G=s+[1-5s)xsxs]
3= —[(1=5)xsXs]

where s is the distance between the source pixel /; and the
interpolated pixel 4.

Figure 3. One-dimension bicubic interpolation

Fora 2x2 enlarge factor, s and /-s in (4) cqual to 0.5 and the
formulac in (3) reduces to (5) indicating that only division by 2
or multiplication by 0.5 are involved.

A=—(05x05x05)p + (0.5 + (0.5 x 0.5 x 0.5))];
+(0.5 + (0.5 % 0.5 x 0.5))1, = (0.5 X 0.5 X 0.5)I5
e

In binary number, multiplying by 0.5 is cquivalent to right
shift opcration. Therefore, its hardware implementation, called
the 1-D Interpolation Unit (1DIU), can be simply designed as
three-state pipelined architecture without any multipliers as
shown in Fig. 4.

Figure 4. The 1-D Interpolation Unit (1DIU)

III.  THE SIGN IMAGE EXPANDER PROTOTYPE

The design of the prototype aims to be compatible with
HDMI interface Full-HD video sources. Morcover, the
designed prototype can support the sign language originally
displayed in various sizes and locations but the scalc factor
always remain the same at 2x2.

A. Application Design

After the Sign Image Expander is installed in television
system, a grey square window will be displayed on the top-left
of the screen in order to show the boundary of the captured area
for expansion as shown in Fig. 5. To adjust the size of the
window, users can use the push button PO. Moreover, pushing
push buttons P1. P2. P3 and P4 are to move the window up. left,
right and down, respectively. Then, uscrs can turn on dip switch
to start enlarging the sign language images.

B. Hardware Implement

Zedboard is chosen for a main board of the Sign Image
Expander prototype because its onboard Zyng-7020 SoC device
which consists of a Dual ARM Cortex-A9 CPU based processor
system (PS) and Artix-7 programmable logic (PL) or FPGA can
enable real-time image enlargement. The PS which also
includes memory controller for 512 MB DDR3 memory access
can communicate with the PL through AXI bus interface. A
FMC HDMI module is used for streaming the video data from
the HDMI input port to the Zedboard.

55



Set-top box

(Video source |———» [Sign Image Expander
1080p)

opoOo0O0

PO P1 P2 P3 P4

Figure 5. Application of the Sign Image Expander using push buttons

As shown in Fig. 6, there are mainly two parts in the Sign
Image Expander. The first part is FMC HDMI module used as
a HDMI receiver. It decodes HDMI signal into 16-bit YCbCr
with video timing signals hsync, vsync and data enable signals.
The second part is the Zedboard which is programmed to
function as Expansion controller, HDMI transmitter, DDR3
memory interface and 1/O interfaces for push buttons and dip
switches. The functions of the Expansion controller are
enlarging the sign language image using DDR3 memory as an
expanded image buffer and programming the HDMI receiver
and HDMI transmitter through IIC bus. The HDMI transmitter
converts the video signal (16-bit YCbCr and video timing
signals) back into HDMI signal.

Zedboard
push
s
J dip switch}
wwm | gy 16 YOO, e HOMI
sl | yomr heync E hsyne HDMI signal
yeyne controller —=1¢ (N
(HDMI' ["daa cnable (Zynq) | data_cnable
Teceiver) | HDMI clk ‘ HDM1clk |
: ¥ DChus v

Figure 6. Block diagram of the Sign Image Expander

PS
R
AXI[GPO port axilipo pont  AXTHPI port
R AXI
" Write
<+« AXIIIC
FIFO
push butidng] Buttons | posiionsize LBRAM)
g YCber
dip swilch Yober
video tifning signals Image DMI transmitcr)
Expander [ ¥
Figure 7. The archi of the Expansion ¢ 11

The architecture of Expansion controller on Zynq is shown
in Fig. 7. The PS is only responsible to initializc the FMC
HDMI (HDMI receiver) and HDMI transmitter. Besides, the PL
or FGPA performs the image cxpansion and fecds/receives the
enlarged images to/from DDR3 memory.

Inside the PL, the images arc first expanded by Image
Expander and stored in DDR3 memory. The DDR3 memory is
allocated into two scparate blocks and the data flow is shown in
Fig. 8. As the expanded image of the n" video frame (E,) is
being written into one DDR3 block. the previous expanded
image (En.). which has alrcady been stored in the another
DDR3 block, is read and inserted in the current video frame.
Therefore, the expanded image is displayed onc frame dclay
compared to original video frame. The image data transmission
to/from DDR3 is performed by AXIT Writc and AXT Read which
act as an AXI master for AXI bus protocol. Since the AXI bus
protocol uscs handshaking signal in cach transaction, FIFO data
buffers (BRAM) are added to temporarily store incoming pixel
data whilc handshaking proccss occurs. A display mux. which
is a 2:1 data multiplexer, selects when the expanded pixel data
or the incoming vidco data should bc fcd to the HDMI
transmittcr.

The hardwarc architecture of the image cxpansion of the
Image Expander is shown in Fig.9. It implements the algorithm
described in Fig. 2. Inside the Image Expander. the source pixel
data stream from FMC HDMI module is received line by line
and stored in four registers serially in a 4-pixel buffer block.
These 4 pixel data arc fed simultancously into 1DIU to perform
horizontal interpolation according to Fig. 4, the result of which
is called artifact pixel and is stored in the 4-line buffer block
(BRAMs). To perform vertical interpolation according to (2),
the artifact pixel data arc read into another IDIU. The
interpolated output as well as the 4 artifact data go into a 5:1
multiplexer to select appropriate data associated with the 2x2
enlarged image and store in the DDR3 memory. This expansion
mechanism is executed separately with each color component
(8-bit Y and 8-bit CbCr).

DDR3 | DDR3
3 k 3 »
— DDR3 block 1 ! Reading DDR3 block 1
|
i
iji,.g DDR3 block 2 1 Writin; DDR3 block 2
i _S_>

Figure 8. Data flow diagram for DDR3 usage during the n® and (n+1)" video

frame
4-pixel buffer
Y or CbCr 3 8
from FMC Reg| Reg|
HDMI
¢ ¢ ¢ g
Source pixel |ID]U (Horizontal interpolalion)l
8 | Artifact pixel
To FIFO
[ BrRam |} (AXI
Write)
BRAM
=
BRAM Z
I BRAM ]
4-line buffer

Figure 9. The architecture of the image expansion of the Image Expander
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IV. EXPERIMENTAL RESULTS

The experimental setup, shown in Fig. 10, consists of
Zedboard, FMC HDMI module, a sct-lop box and HDMI
interface TV. The prototype Sign Image Expander is tested with
four different TV channels where its enlarging sign arca arc of
diffcrent sizes, i.c. 187 x 243,219 x 243, 235 x 251 and 259 x
299, and locate at different position on the screen. Here the push
buttons arc used (o correctly identify the sign window (o the
expander and the screen outputs are shown in Fig. 11. It can
operate well with 1080p 60 Hz video source. Obviously, the
expanded sign language windows are much easier to see.

Table I highlights resource utilization of cach unit inside the
Sign Image Expander.

TABLE L RESOURCE UTILZATION

Unit name i LUTs BRAMSs
AXTIIC 736 768 -
Buttons Interface 133 248 -
Image Expander 285 401 4
AXI Write 372 247 2
AXI Read 207 157 1
Others 1464 1042 -

V.  CONCLUSION

In this paper. the design and hardware implementation of
the Sign Image Expander that enlarges the sign language
window in any TV programs is proposcd. Because a scale
factor of 22 is used with bicubic interpolation, the hardware
implementation of an image cxpansion mcthod can be
significantly simplificd. The prototype design is implemented
on Xilinx Zynq board. It can operate in real-time with Full-HD
at 60 frame per sccond videco source. Users can locate and
resize the expanding area as their needs. This device can
benefit TV deaf viewer without interfacing with normal
people.
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Figure 11. The output images with 2x2 sign language image expansion in four
news programs having different sign language image sizes and displayed at

different locations.
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