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# # 4270448321 : MAJOR ELECTRICAL ENGINEERING
KEY WORD : GHOST CANCELLER / GCR SIGNAL / Adaptive FIR FILTERS / FPGA /
RESOURCE SHARING
PAHOL SIRILUANGTONG : A TV GHOST CANCELLER USING FPGA-BASED FIR
FILTERS. THESIS ADVISOR : WANCHALERM PORA, Ph.D., 129 pp. ISBN 974-03-
1138-5.

This thesis presents a PAL TV ghost canceller that employs a ghost cancellation
reference signal (GCR Signal) recommended by the ITU-R BT.1124 standard. The ghost
canceller consists of an adaptive FIR filter, which is developed on a Xilinx FPGA,
XCV300E-6. The resource sharing technique is exploited. It reduces required hardware
resource by six times. A DSP chip, TMS320C6211, is chosen to optimize the parameters of
the filter according to the LMS (Least Mean Square) algorithm. We also developed a ghost
generator using delay line for testing the TV ghost canceller. Experiments show that the
ghost canceller can visually cancel the ghost in 4 seconds if the ghost power is not more

than -6 dB and its delays are not more than 10 pys, compared to that of the main signal.
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ADC5_8 21 | | 10uF| oifuF 151
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L oS |3
= THS1031
CON3
AVDD
41 IA 135 134
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421  goiszananadtyoindderd (Sync Processor)
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911990 MINUAANTN 48 s UL 4 psstull wanadnflugasiadiliuiiey was
PINNINNTIT 48 ps wamain ldlgdaevadusuiey AN TH AN D999V
Wl

4. FasnmuANEINAINTIINLeal (Horzontal Sync Stabilizer) MNATATIRTLIAL

o o

asBasd Ry taiaon DA uiadniszazvinsanduiadgniuga
lug94 63 14 65 ps 19asuilazaienad ‘1’ aanu1ndne 1 Audtyoyiieafng
] dl Yo i da} Il o a & 1
AINTEATUNNT LAY walun s ldnuaaua1asaadnyyrudeisonludas
srEZNANAINGNT DadAanTsIIanNe llaaed o1t a9asazninisaie
Ay unadnaunuaiunNazazing 65 us wazaaseAniaviulududaly 1 ps
wsi laliiu 3 AfeRinsany wazazairnadaanunluitilanuaavanasaasdyoynon
Farimiesiali iNeanmaulanaalun sdudunan

A

5. Fauindunan (Line Counter) \lusastiudayayrninadaesdariiuauau Ingazgn

% |

= 1 ?/ dl o | o 1 A o &
slaAnLilu 0 lumnﬂmwwumummmmmgqpmﬂm NANIARATUTUITULAY

'
a v o/ 2 a o o o o

(Line) a¥l3uiiLAT 0 mmmﬁ\laﬁr; (Even Field) ia9annd iy 1tuansaedniunian
~ ~

Hgnunsnn dun 1w 318 vzaldunani 5 sasilanie AsHulasIA1Gusul

v v 1

o

dl v = & 1 dl :% o/ % a a = d?
NAUNAR A Wwalinsmgasy UMD NENHNLADETATNHINTU

4.2.2  Fonaavn&Un1Ug19898uTuN1aaR (GCR Data Detector)

'
v A

Fma Ay uANBed i nARE Autihnlunisszysiumidaaesdnonndnegs
waaiNn9ai1edrynynisian (Reset) wazdnynyrnsdey waldlunisiiudeyadoynyiu
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1%

AL 4.5 TIHUANNNININLALE

9 A 1% v o a & = =K a ¥ 17 A ¥ o© ¥
LAUN 2 WIANNUATU U UTNNLRIUD Y TIUDNANAALTHAULRILAUN 3 LAININI1TATIS

q

Frutunndaenm (Reset) Wia ldimdaaainuaiuuuidinausennawdng (Empty) a1niuninng
widnanaly 54.17 ps wdavinnisadedouauinadisn (Write) iwellaudayasiuon 768 lus
asg A NAawuudnfeneaniey Inandeuaiannnazuiiaiy 2 gane 256 TU way

a q

512 Uyt Feazlanannnesigaziaanluund 5

GCR
Enable

- /A0S [

Horizontal
Sync.

= o

Reset

Write

———-54.17 us —296 — 512 ;
Samples Samples

Composite
Video

il J J

21171 4.5 A1y IUAANNITINILYBNFIATIRUIA LYY 1UB NBIAUTLNIAAR

aq

423 wdlsANNABLLNnawaaniay (FIFO Memory)

4 a

udagANa kULl iaueannaugninnn i lunsiAudeyadny oy saneaedniu

u

AraaRanua 768 lud inawmsan13ldiudadscunanadyyunanaatilldlunis
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Auausalld MdagAI NA LU Naueannautla NiTnase e lae ldaanyiuag Core

Generator [26] RN NFauTuganiLag Xilinx Foundation @analudansiuag Core

Generator #7:8170nuUA T dudanuiaa A NaRTasine luaninaLaLuas XCV300E-6

u

lunsafreussaanuatuuudinawsannauld aznnlildaunlaeaienludounaay

(LUT) 2esieniiaie tnesaazidean1sniunAnsinee] wanalilunianuan n

4.2.4  fauwlasruindeya 8 Tnflu 32 1in (8-to-32 bits Data Converter)

iHasanndnlssunanadyuhanaaszauAN anuLazlaudeyauule WA

gty (Data Bus) 1u1a 32 Un (T9aznaifierigazidan luiade 4.5) uaziiaaniiaily

o 4

nnsanudayadryniudinasaessalssunanadnyninunanas a9feiin1sulasdaya

al o

1
a @

dyoyraugsdeiiiulumitaannauuuidineveaniauauin 8 m 1y 32 Om Tefinng

NULAAQ AR 4.6 LazAINIsaRUNENIINIWIAASH

Reset Empty

Read Empty / Write ByteO

Read
Empty

m / Write Byte3 Empty / Write Byte1

Empty

Empty /
Write Byte2

Empty
d’ o o’ ¥ a | a
g‘iﬁ/l 4.6 LLEJuﬂ’)Wﬂﬂ’m:ﬁﬂ’?i‘i/)’7\7’71&1/@\7&70LLU2\7\7°ZIN’WH/@J;/@ 8 1Ll 32 1im

Foutlasaunadayaazgnamnianiunissanuiagacuanuuudineusannauli
919 (@n1U Wait Empty) LL&Qﬁ@ﬂ@uﬂ?ZﬁL\‘lﬁ%@y’@L%WNWIMM%Q&@QWN‘%W RININTBIU
fagaanuszanudreanunfuldfiug o WiAsmesauna 32 Tn (an1us Write Byteo)
Lmzﬂﬁuiﬂﬂ@ﬂ%’@gahmaﬂﬂfrmﬁmﬁﬂ@"mmﬂmLﬁuvl,f’iﬁiuﬁ1 (0112 Write Byte1) 91N

] o 4

ad1eilinFanldaunsy 4 Tusf (32 Om) udrAsdednyrunnundan (GCR Ready) Llu ‘1" uay
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Y o o aa J 1 aa e a
AagliAaUssuaaNg tymgﬁmmmmmmwumﬂalm@mmeﬁumm 32 Uﬁ]ﬂ‘ﬂfﬂﬂ (AnU

Wait Read) iHadayagnauasnliudafisunaunianudeyaainuagaaiuanan

43 q9asnsawanlans

B3N 4.1 Use@nsnmaasanasnsasian laatsaum 32 wiidl

wAlAN E niwens 4y fR19115970994aT
WNATATULLLTTINA 54% 75.7 MHz
sasgnanuy i iTland 5 seal 60% 144.4 MHz
Write
Reset Coef. Coefficient
! e\
SCLR o
] Data T Timing Res_en
12 MHz Synchronizer e Control
IZEASE Dy
//3 n
\ A / \ A | \ 4
Y
256- Ta,o 17-bit signed Video
Resull /! to 8-bit unsigned ~;® Data
FIR Filter 1 Converter Output
A
96 MHz l 2

Video Data Input

717 4.7 dautlszneyrevasasnsevianleans

ysasnsasenleanfidudiudssnaunUaanudAnyundaunilanialumseaniani

I AU - o 44 o .
waziiudaunldninginsneludinenialeniniign Wasaindesflsznauainasasgu
LAZANATLINATUIUNIN UATAINNIINARBIATI999aTnIaden laanfaune 32 uitl 1iie
wWiauwaudusendneldasasaniuuusssunn dusvasansuuuliillad [27] (Pipeline
Multiplier) 18HAAIBN3199 4.1 wudsasanuuuthTladl 5 seauldninansnieluanina-

2 X g 9 a = @ Py | =
L@meumﬂuaﬂmmwa@mﬂﬂm LLW@WNW‘J‘QL‘WNV’W’]QJL?Qﬂ“ﬂ\‘lfN"]?@vaﬂéﬂﬂ'ﬂ 140 MHz 3
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ganindmadudeyad 12 &rustednedeiuniieduin adldinumeiianisldninanssas
(Resource Sharing Technique) linu1gaelunsdszudianineans nanqae 29a3gMuAY
wasuaneteas 1 9a arldlunisaiuandeys 8 gausauazioan nanalidninislsznda
piwenslfifeuudauin Tassa¥reesmeasnsetenleanfuandldiegLlii 4.7 Taannsvinau

3
al

mmmuﬁhﬂ nelungasasunalasail

431 a9asnsavanleanfaunm 256 will (256-Tap FIR Filter)

nnsumatAnig NS wangsanan ldiunsasnsasanlaanfiu 1 lalaanising
wasdafwandidnlil ialdiaandeyaainisasaauinnialuoases waziiiesann

Tasea¥raneluaasennaemiunuuneag (LUT : Look-Up Table) 1410 4 BUnN6 A

[ %

annsneanuuuin e luieagfidnsnininsuiiuasasaeuindaya (Shift Register)

Aiusassiasnand (Multiplexer) TiTatiadn SRL16x1E 1iaegila 4.8 Iag 1 uaagiazld

©

1
3 ¥ = = v

p Iy P = o BN o o ol
udeyandaoiundng 1 da wazdaaiuants 16 14 d1uiussasnsasianloanld
nINeNTIIN 8 ATIH AaIN19aTiaeLIANIAINNAS 8 TR LazlANan 8 414 41190
a5 19lalaatinngas SRL16XTE A1uon 8 Fansanuuiu atlawd 0 Iiudnuugaues

Arynyrouiaendaya (Sel) rand SRL8XSE

DI —16-bit Shift Register———

DI, DO >

_> % TP
Ck » SRL16X1E = we, 2 [P ] P B
%’ (1 LUT) Y VvV Vv Y Y VY
A Selem MUX /

*DO [0]D Flip-Flop

717 4.8 avaguaagluanmnig SRL16x1E

SndatmieiidnAny lunsaiissasnsenenleeniiidninuanssan 8 AfiAe 29asgn,
wuulaliTlasd LLa:q\i%mﬂ‘ﬁ'mmmﬁﬁmu%’ﬁmmﬁqx‘mdﬁ 96 MHz (Lﬁ@qmnﬁmﬂzﬁu
Fayaatlf 12 Krusnethasiodund wazldninenaion 8 aq) a9lilae 14 maniyinag 1P
Core Generator fisn¥auifugansiuag Xilink Foundation 3.3i Tnenarnuunasing lunis

v 1
aisasgninuuliillad uazasasuantiu asnsnauneazi@eaivaEn i luniAnuwan n

q9arnraaanlaanfanunsoudeld 2 nuumnanEuslasai19e89999IN09AR

TATIAFIULLAILAN WAz TATAFILULNTIUE NG (Transposed Form) [28] 29AsNgagLULU
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v
o

puaNAldninenedan 8 AFe A wea 8 wid HlaseaFraiusegiin 4.9 Taldasas

s v -
SRL8XSE 2 galun1siiudeyadtysyininin wazAdulss@nazedisasnsed aniduenfnm

a

e

2999949 SRL8XSE Tivaavavasgnilauliiussasgiliilla nviannsguszndinadaya

Aruunnsninauwns 8 dauuuldfimrasuung fuAduilsednsaesneansas 8 dauuul
dl o N v o 'S 1 a a dl dl Y o
wsasinng TR lAuadnsaassasgaiiluan 16 dauuudinresunng Seazgnilawliny

¥ A LN ! dl o ¥ dl o Y v
MNATUINTRYHA Tagaunsniaan W RAINaaNEn A ‘ﬂ‘ﬂﬂvL‘]JVI‘W@?V]?.IW@‘ﬂﬂ Q 1@ M3l

A o

1 v
AYRUNIUALANNITENUINATIN (Sum_en) WFNINITLINANKNARAMALNATINATINBUNTI

%

16 M ldaunsnunasanaasnisgudayans 8 e ld

o

Sum_en
. WX _out B¢
X_inXx—{D 7 8UX8S / - P
8 xi7.o] G A | S Qg A 16sx178
State ?:\ - Sel Pipeline Add » Sum
er
X_en—m|en (SRLEXEE) B Multiplier ’—> B i
g\ p X_out
W_Iﬂ A - \ [
g Lol sel WI[7..0] Q 8\ » \W_out
e
W_en En (SRL8X8E)

7171 4.9 wasnsaaanlaa i laninenssaunue 8 uitl

State 3
X_en
W_en
Sum_en
\ \ A Y vy VY Y Yy Y VY Y ¢ \ A \ 4
Video Data ) ) . )

(In) +>8 X_in 8-Tap X_out - X_in 8-Tap X_out - X_in 8-Tap X_out - X_in 8-Tap X_out
o . FIR Filter . FIR Filter , FIR Filter . FIR Filter
Coeﬁlment#W_m sum W_out —{W-in sum X_out —m=W_in sum W_out —m{W_in sum W_out
17
Result

g7 4.10 a9asnsaviawloansi ldninenssauaaing1a 32 uvil
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A 9 el ) = o
LL@:Luﬂmmmm\‘l@?m@\‘]LﬂWi@ﬂﬂﬁ‘V}NWMNEWMﬂﬂQ’] 8 wny ﬁqﬂq?ﬂ@?qﬂ1mﬁﬂﬂq?

o

tagasnsasianleasaanueng 8 witlfinane NnseiuwuUeuNINAIgUn 4.10 1uoeas
nsavianleanfaanueng 32 wil RedeyadynruninuazaAnduilss@nsrneanaesnas

nsavganau azilausalilfiudeyauazAdulszdnsandvesasasnsasgatnlyl dusu

HATINTBINAINIDIUAAZTAALUNNIEIUINATLIN LNBMIHATINTIUNABNATINT

Mux
Sum.in 17 - » Sum
N 8Ux8S WX _out ,
Xinx AT BUXE Sl -+ A0 pejay Ql»sum_d
Pipeline
W_Ingﬁ» D W[7..0] Q 3 - B Multiplier (SRL6X1 7E)
W_en—w|En (SRL8X8E) » W _out

717 4.11 a9asnsevian lpanfuuumsanudnan laninenssanaa1uen9 8 uvil

ngaznsasianlaansuuunsudinain ldnineaandsan 8 AF9 ANe10 8 L X

Tnseairafludsgn 4.11 @9lda9a7 SRLEXEE iNengAmLn wiazilaeas SRL6x17E ldlunis

q

v Ao o a o

1 ¥ v 1
miqm@ﬁwﬁrmmqw@mmLﬁﬁumwu %ﬂﬁ\‘]ﬁl\iﬁﬁ]’]ﬂ@ﬁlLW@ﬂsﬁﬁﬁlﬁLaﬂﬂN@ﬁ‘rJNﬂJ@Q')\W?
! ¥ o o QI d? dl o Y o @ dl
NIANPANBUNUN ﬂUN@?QNﬂ@QUHLWNﬂHN’] 792z 198 FI1152270999290AAY LHAYAIN

Wunnalugauesasastaniiug1a1u

W_en
X_in—\—>8 D X[7..0] Q
(SRL8X8E)
A Y ) 4 \ 4 \ A \d Y
Xn"W_en Xin ~W_en Xin W_en Xin  W_en Result
"""~/ Sum_in Sum_d | SUM_in Sum_d —={ Sum_in Sum_d —=| Sum_in Sum
17 8-Tap 8-Tap 8-Tap 8-Tap 7
Coefﬂcient# W_in FIR FI‘terW,out - \W_in FIR F'Ite"WJ)ut W _in FIR F'lte"WJ)ut W _in FIR F'lte"WJ)ut

7171 4.12 a9asnsavian lpaFfusmsud Inan 1 amine 1nssana1e9-32 uitl

Tun1745199929N309NHAMNLNE9TU 1 1H AN 911993 9NFRULLINI AT AN
219 8 ufilAsnanannseiuaegly 4.12 Wluasnsesenleaanfuuumsudinaniinainena
32 uil azdunmdnasasnsasuuunaudinall Alasea¥endrenduuudaman naname

HATINTD99NIB9T A azgndshlAunsalugadalil vinTilifesa¥ssasuaniiiy
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Tun1svnuamuyianATe9eaTnraamiauiulasnsauuuaAin andudenaasddaseadne

LLUMV]?WHZ{IW@ﬁQ"Wﬂﬁi@ﬂ’]ﬁ‘LﬁNﬂ’l'ﬁﬂﬁl’]’)ﬁlﬂﬂﬁﬂ@ﬁ‘ﬂﬁ"ﬂ\i

NANTTLTHUI AU ANENINURII99 N FAILLLALAN FULULNI WA ING LTTuA

dl =& L2 dl 1 o % Y o
AN319N 4.2 DALEIINANNNENIUD99929078991 71 TATedF1anLunIudnaas ldnsneannsg
TANINULUANAN LATHATIUFIUDINATNIAILLLNTIUR ITNAA AN TN IAIULLLAILAN
1 o z’/ o <K K dl ?:/ aa % v o v o degj dl
aguN AITUMINA DA NTINWATTIuN AN e WRALa I Ade TuuAY Az TiNun
19078 lulanNALeTatae LarenIEaaad9asnaranaIny lulfqe F9nilHlATeaF 9L
NIUAINA I AIN170NUNANDNINNGT 96 MHz ANNRFaIN17LA Aatiiluanuddsiiag

Hipseadeuuusaanlunisasiansansasuuuianlaans

A3 N 4.2 1138 sE ANFAINUDIINATNIAIULLAUANA LML LNV UA WA

ANINTIGIAANUD
. ANINENY | N
ANTUTUDINGATNTDY ’ NEWENNIN LT 3
(i) WATNIBY NTgNTIRYA
(MHz) (MSamples/sec)
1ATAFLLLAILAN 32 60% 144.4 144.4
TAT9AF1LLILAGLAN
o | . 32 9% 147.1 18.3
Iagldninengsan 8 AT
TAT9A519L LN IUA N
o | . 32 9% 124.3 15.6
Tae NS NENIIIN 8 AT
TATAFIULLLAILAN
o | . | 256 73% 141.9 17.7
Tae NI NeNIIIN 8 AT
TATAFL LN UG NG
L | . | 256 68% 112.8 14.1
Tae NI NeNIIIN 8 AT
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v

lun1snanR ludty o nayiFddu Annuanteesansasenlaafidusiiuanis

' |
A

ANHNUNIIANURIENAINNTINA A 1E uAatiesasnsadanlaaflaniua1aNInlL Aay

%
=S

ANNITDNIRARNNHAINNNUINIAININTULS TaaWNALaLLaF XCV300E-6 & a1N1904514

n9asnsevenleansliannealigegnia 256 wid Andluaaiumiasaan 21.33 ps uas

1%

FaAsaNNIINNUNERTdudaya liNINNGT 12 Ausnetesadund Aamnsen 4.2

432 waswlasdaya 17 Dauuudesaavaneu 8 Taunylidesasmane (17-bit

signed to 8-bit unsigned converter)

iesanndayadnynanninsesiaunaii 8 dawuulddipsesnuig neuasliiy
% aa % 2// ¥ a = dl
sasilasdryyrufanaaiduneniaen Auiuesasudasdaya 17 dauuuiiasesunnsy
8 DauuuldfiirTasuung fudnnen 7 dnansaeswaansnaanainasasnsadienlaans o9
udaya 17 dalfvasiies 10 dauu aantduaziarsanilaliivaae 8 On Tnawinedidas
1 0 arliuadnsidy 0, MINANeEsEndn 0 0 255 Az A ANSHANA NI LaznInAn

YNNI 255 aLluaansmely 255

433 wandrdsvevdaya (Data Synchronizer)

asannasasudasdtyindiauiaenidufanaannauaud o iniaanud 12

14 £3

MHz yinlidasmasannaavaauaesdnyyinmiing 12 MHz 1 dayalulazgndsaanunmin

WA luanedrynyraliiiiafasninesidaanannils ASUMINAIANNUE (State) iRILANNNT

] 1
3 ¥ = ] P o

udayaaasavasnsesianlaansnaniusi 7 asenunudasideyadyoyrnnlad

a u

¥ 1
& = 17

a A @ o L2 Yo aa [ % 2’/ =KX v [ % 1
LADRITNATNU ﬂ"‘ﬂiﬁ‘ﬂ’]slﬁ’)ﬂ@?ﬂ?‘ﬂ\ﬂﬂ?U‘I.I’r]&lﬂ@‘i/]l?lﬂ‘Wﬂqﬁﬁ,ﬂ PNLRRANADININATLINNNISTRH R

nunaiednynios SCLR lilsimiananuglindaunnlu 0 Tudsandeyadtyauinining

@

D

A 1 o

LADESNINNINTAA ABTNTBLTIAUBIA YT IUUIRNNAIND 12 MHZ Tasneasidndsuny

dayatiavdsdoyryins SCLR 1 ‘1 eenliillasnilszsnanadnynaifaneadednynyos
= 2 1 ?/ ¥ o 2 o [ o dl 1% 1%
FuENNIRIIWNTIU aga v dayalAnwuziiuaegn 4.13 uazdneuzaesdnyniu

o

1 ! 1
51197 NANATYwanel3AsgLN 4.14 anunsnaiunanisinanulasal

o

oAU IUTRSATY I IUUIRNIAIND 12 MHZ Atynyatu Q1 azdlA il 17 uag

S

Walfnraua1Iua9d Yy iIRnIAND 96 MHz - dtyrynod Q2 uaz Q3 aziladlu 1

paLiasiu dulednynnn Q3 e 1’ dwalidynins Q1 grindasanauiy 0’ an

4
=S

ATS wazluanuresdtyeunnnRniAun 96 MHz Sann dtyryroe SCLR Aazaiuidu 17 (61
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o =

29 TY Y IUUIRNIAIND 12 MHz Aadasidayadtyaunamniniliadasniniinign

k1)

Reset
v

ACLR L>
o ol ol a2l ol a >J—»SCLR
12 MHz — ’/ ’/ ]
96 MHz : :
717 4.13 99asdndamazdinya

e U HHHU YU EHEY U U UL

CLK
12 MHz

Y

Reset

o F [
= [T A
o = [ A
SCLR /—\

swe o) o) rfof tfzfsfo frfefafefsfe 7)ol kekake ) le)
Video >< >< ><

Data (In)

I

d‘ o % a o o Y o ¥
gﬂ‘Vl 4.14 aNHUSUNA LYY 1MUNAVAY YN NATLUTNNISUDY A

I E

4.3.4  2992AUANAINIZNI9911971U (Timing Control)

'
a9y

2929ALANAINIZNNINNU NI uNaF1edtyyrouacuaNsne) duldun doyoy

polS
=

o <

AILANADNTIUE (State), AoyeyrnsmauANNITALdayanIW (X_en), AiyayInuAduANNIgiL

[

s
a

ANANUsTANT (W_en), AEUaUNUAILIANNNTENIINATIN (Sum_en) UazATyeyNtuAILANNISG
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[ % [ %

AUNAANS (Res_en) WiaAduAxnIsnIuAnelusasnsasienlaans lnaldnuuzaes

o—

Y o

Aryrynusinge) NEATYASILIN 4.15 UaTaINITRETLNENIIINUlA R

1. dgmueluananiue (State) Wudynyraipauanauia 3 O ldlunisiaan
dayanis 8 gaviiveglu SRL8XSE deatinaluasasnsasienlaanslieanuinii
NNIATUIUNALTA

|
=

2. frugamiuanniniudayanin (X en) dludtyaunanacunnlingas SRL8XSE

nsdaudayganinly 1 4u nauduiudayan wluddnanluaniuen 7 a9
NNIaLNIIIe Wedtuanaiauaunafivdeyanin dandu

3. dyaaaduaNnasiiuA1dntlscans (W en) udynnnasuanliegas

SRL8X8E N1nN19saauAdntsz@nalll 1 41 wiauiuiuaA1dulssana lndidiun

< N

TUADIULN 7 BB990LNIINNIUNAY 1 TBUAdNL 52 AN (Write Coef.) HAN
Wl 1
YA UANNI 2B NVIAATIN (Sum en) udtynyrunaauAnliiIuAN

[ q

nadnsaasn1sgnieenliidaianiy 0 warlinasuszudnsuadniaainisgns
o Z’/ { L2 1 dl a | dl o dgj ISP |
AunasauafnaundiiueanliifladAndu 1" Gednyyruatuauiazilagy
s i 4 WL A - ,
0’ NADUEN 5 INENADUEIAEIWNEL 1He93INasARaIUEN (Latency time)
5 AUATYEYIUWIRNT AtukadnsuedIn1sAudayatai 0 Asdsngianiusi 5
Y B X 4.
wazHazINTestayaris 8 40 Aaziaangianiugi 5 diduiu

[ 6

5. An0AIANNINTLNAANS (Res en) \TUATIINaAIUAN AL ATHAANE YRS

1%

wasnsadienlaeanfudsanguliimvae 8 Tauas lihiEaawmesaneen Gednynyin
N — o o4
ARLANTAZHANTIY 1’ NADIUEN 2 INENANIUZIR YN LHA9AIN29323N 789
wwil-laansninasralinaaneng 256 wid Aefesldiaasnsaanqnueng 8 widl
VKA 32 g4a 391 1Heeasuan i 1 N1 9MINaIINT999999N 98919 32 1A Hi9an
weld (Latency time) 19 5 AMUIATYEUNUUNRAY AITUNATINTBIINATNIANNI 32 1A

Astlsngfimnaued 2
44  WNATATNRYYIUUIRNMUIBITELL

NEEYEK] Aty U ANIUR992 UL (System Clock Generator) iuqgasnazaing

o/ aa dl 1 o dl YV o 1 dl 1 al A
mamanmmﬁm NUAINALANFANNNY 3 AN IﬁﬂUQQ@TﬁHQ“] m@gmﬂumﬂmmm
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SCLR —‘ [AII Data Value is Hexadecimal]

CLK
96 MHz
State 0 ~1 213 4X5 6 72 35 6 7XO 1 24 50 1 24 5 6(

Video
Data 00 X 70 X 80 X 90 X 80
(In)

W28 g

Write
Coef.

Coeffient 00 X 70 X FO

W_en /_\ /_\
03100 1F800 03100 1F700_ 03800

WX_out 00000 X_—(X 00000 m 00000 m
we o U U

1F800 1F700
Sum 00000 X 03100 02900
1F800
Result 00000 X 03100 02900
1 I § R A W
Video
Data 00 X 62
(Out)
7UN 4.15 Fyayr0usineg NAIATYINNATAILANIINIZNITTINY
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Aud 12 MHz Wuaanudnldtleuldiuasasudasdynnneunaaniufanaa

wazavasulasdyyrunaneaiuueuiaan e ldluntsgdudeyadynyin

a

NINTIN

'
Y o
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53.1  aeussenglilswnsuszay 1 (PDL Level 1)

MODULE : Main
System Initialization
REPEAT
Get GCR Data
Calculate Coefficient for 256-Tap FIR Filter
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Program Coefficient to 256-Tap FIR Filter in FPGA
UNTIL Forever
END Main

wuaAHNAAUANYaallsunsNAAe TUsunsnarnnenwily 2 dq9 ludaausnazninig
AMUUAAENFULELTZLL (System Initialization) asainiiuazidudaenisniauiazausey
pataudayadtyougdadinn udain il ldlunsaruanmnaAndul sy@nsnmuncas
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53.2 aeussenalilsunsuszay 2 (PDL Level 2)

MODULE : Main
System Initialization :

Setup EMIF CE Space Control Register

Setup Xilinx part

Setup Parameters for calculation

REPEAT

Get GCR Data :
Enable GCR
Wait until GCR Data Ready is true
Disable GCR
Read GCR Data 256 Bytes for Initial Xi
Read GCR Data 512 Bytes for Calculation

Calculate Coefficient of 256-Tap FIR Filter :
IF (GCR Data exist) THEN

Check GCR Data Style
Adjust Coefficient by LMS Algorithm

END IF

Program Coefficient to 256-Tap FIR Filter in FPGA :
Set Bypass is true
Write Coefficient to 256-Tap FIR Filter
Set Bypass is false

UNTIL Forever
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END Main
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5.3.3 paeussenglilsunsuszau 3 (PDL Level 3)

MODULE : Main
System Initialization :
Set EMIF CE Space Control Register:
EMIF_CE2 = 0x23D2CF21 (32-bit-wide asynchronous interface)
Setup Xilinx part :
REPEAT
Reset Xilinx
Check Locked
UNTIL Locked is true
Set Bypass is true

Disable GCR



Setup Parameters for calculation :

Initial Coefficient Wi[0-255] =[000000000000000 127 0..

Initial Mean Square Error (MSE) =0
Adjust Flag (AFlag) is false
REPEAT
Get GCR Data :
Enable GCR
Wait until GCR Data Ready is true
Disable GCR
Read GCR Data 256 Bytes for Initial Xi :
FORi=0 to 63 LOOP
Read GCR Data 1 word (4 bytes)
Write GCR Data each byte to Xi
END LOOP
Read GCR Data 512 Bytes for Calculation :
FOR i=0 to 128 LOOP
Read GCR Data 1 word (4 bytes)
Write GCR Data each byte to GData
END LOOP
Calculate Coefficient of 256-Tap FIR Filter :
IF (GCR Data exist) THEN
Check GCR-Data Style :
IF (plus style) THEN
Set Index to plus style
ELSE
Set Index to minus style
END IF
Adjust Coefficient by LMS Algorithm :
Sum of Square Error (SSE) = 0
FORi=0to 511 LOOP
Find output of FIR Filter (Yi) by Equation 5.1

50

.0]
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Find Error = Ref[Index][i] - Yi by Equation 5.2
Find SSE = SSE + (Error * Error)
IF (AFlag = true) THEN Adjust Coefficient by Equation 5.3
Shift Xi 1 byte and Load Xi[0] = GDatali]
END LOOP
Find MSE = SSE / 512
IF (MSE more than Upper Bound) THEN
AFlag = true
ELSE IF (MSE less than Lower Bound) THEN
AFlag = false
END [F
END IF
Program Coefficient to 256-Tap FIR Filter in FPGA :
Wait until Line No. more than 610
Set Bypass is true
Write Coefficient to 256-Tap FIR Filter :
FOR i=0to 255 LOOP
Program Coefficient = Wi[255-i]
END LOOP
Set Bypass is false
UNTIL Forever
END Main
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MAIN.UCF

R R R R R
# I/F DSP #
R R R AR
NET "addr_bus<2>"LOC = "P220",
NET "addr_bus<3>" LOC ="P218";
NET "addr_bus<4>"LOC ="P216",
NET "addr_bus<5>"LOC ="P215";
NET "addr_bus<6>" LOC = "P206";
NET "addr_bus<7>" LOC ="P205";
NET "addr_bus<8>" LOC ="P203";
NET "addr_bus<9>" LOC = "P202";
NET "addr_bus<10>" LOC = "P201";
NET "addr_bus<11>" LOC ="P200";
NET "addr_bus<12>"LOC ="P199";
NET "addr_bus<13>"LOC ="P195";
NET "addr_bus<14>" LOC = "P194";
NET "addr_bus<15>" LOC = "P193";
NET "addr_bus<16>"LOC = "P192";
NET "addr_bus<17>"LOC ="P191";
NET "addr_bus<18>" LOC ="P189";
NET "addr_bus<19>"LOC = "P188";
NET "addr_bus<20>" LOC = "P187";
NET "addr_bus<21>" LOC = "P186";
NET "data_bus<0>" LOC = "P49";
NET "data_bus<I>" LOC = "P48";
NET "data_bus<2>" LOC = "P47";
NET "data_bus<3>" LOC ="P46";
NET "data_bus<4>"LOC = "P42";
NET "data_bus<5>" LOC = "P41";
NET "data_bus<6>" LOC = "P40";
NET "data_bus<7>" LOC = "P39";
NET "data_bus<8>" LOC = "P36";
NET "data_bus<9>" LOC ="P35";
NET "data_bus<10>" LOC = "P34";
NET "data_bus<11>" LOC = "P33";
NET "data_bus<12>" LOC ="P28";
NET "data_bus<13>"LOC = "P27";
NET "data_bus<14>"LOC = "P26";
NET "data bus<15>" LOC = "P24";
NET "data ‘bus<16>" LOC ="P23";
NET "data_bus<17>" LOC ="P21";
NET "data_bus<18>"LOC = "P20";
NET "data_bus<19>"LOC ="P19";
NET "data_bus<20>"LOC ="P18";
NET "data bus<21>"LOC ="P17";
NET "data_bus<22>" LOC ="P13";
NET "data_bus<23>" LOC ="P12";
NET "data_bus<24>"LOC ="PI1";
NET "data_bus<25>"LOC ="P10";
NET "data_bus<26>" LOC = "P9";
NET "data_bus<27>" LOC ="P7";
NET "data_bus<28>" LOC ="P6";
NET "data_bus<29>" LOC ="P5";
NET "data_bus<30>"LOC = "P4";



NET "data_bus<31>" LOC = "P3";

NET "n_ce" LOC = "P54";

NET "n_oe" LOC ="P53";

NET "n_rd" LOC ="P50";

NET "n_wr" LOC ="P52";
A
# I/F Demo Board #
R R
NET "n_sw2<0>" LOC ="P238";

NET "n_sw2<1>"LOC ="P237";

NET "n_sw2<2>"LOC ="P236";

NET "n_sw2<3>"LOC ="P235";

NET "n_sw2<4>" LOC ="P234";

NET "n_sw2<5>"LOC ="P231";

NET "n_sw2<6>" LOC ="P230";

NET "n_sw2<7>" LOC ="P229";

#NET "n_sw2<8>" LOC ="P228";

NET "n_SW<0>"LOC ="P145";

NET "n_SW<1>"LOC ="P138";

NET "n_SW<2>"LOC ="P134";

NET "n_SW<3>"LOC ="P124";

NET "n_LED<0>"LOC = "P177";

NET "n_LED<1>"LOC ="P167";

NET "n_LED<2>"LOC = "P163";

NET "n_LED<3>"LOC ="P156";

NET "n_SEG<0>"LOC ="P160";

NET "n_SEG<I>"LOC = "P153";

NET "n_SEG<2>"LOC ="P141";

NET "n_SEG<3>"LOC ="P149";

NET "n_SEG<4>"LOC ="P155";

NET "n_SEG<5>"LOC ="P162";

NET "n_SEG<6>"LOC ="P142";

NET "n_SEG<7>"LOC ="P152";

NET "SEG_EN<0>"LOC ="P128";

NET "SEG_EN<1>"LOC ="P125";

NET "SEG_EN<2>"LOC ="P139";

NET "SEG_EN<3>"LOC = "P127";

R R
# Clock #

R AR
#NET "clk_p" LOC ="P92";

#NET "adc_clk p" LOC ="P89";

NET "clkdv_p" LOC = "P94";

INST "div2_mul4_1/dlI2x" LOC ="DLL2S";

INST "div2_mul4_1/dll4x" LOC = "DLL2P";

INST "div2_mul4_1/dlldv" LOC = "DLLOS";

#INST "div2 mul4 1 clkdvg" LOC = "GCLKBUF1";

INST "div2_mul4 1/clk0g" LOC = "GCLKBUF0";

INST"'div2_mul4 1/clkdxg" LOC = "GCLKBUF3";

INST "div2_mul4_1/clk2xg" LOC = "GCLKBUF2";

INST "div2_mul4_1/clkpad" LOC = "GCLKPADQ";

INST "div2_mul4_1/adc_clk_bufg" LOC = "GCLKBUF1";

INST "div2_ mul4 1/adc_clk_ibufg" LOC = "GCLKPAD1";

NET "adc_clk p" TNM_NET = "adc_clk p";

TIMESPEC "TS_adc_clk p" =PERIOD "adc_clk p" 80 ns HIGH 50 %;
NET "clk_p" TNM_NET ="clk p";

TIMESPEC "TS_clk_p" = PERIOD "clk_p" 40 ns HIGH 50 %;
R R R R R
# I/F Analog Board #
R
NET "comp sync p" LOC ="P84";

NET "dac_data p<9>"LOC ="P70";

NET "dac_data p<8>"LOC ="P71";



NET "dac_data p<7>"LOC ="P72";
NET "dac data p<6>" LOC ="P73";
NET "dac_data p<5>"LOC ="P74";
NET "dac_data_p<4>"LOC = "P78";
NET "dac_data_p<3>"LOC ="P79";
NET "dac_data p<2>"LOC = "P80";
#NET "dac_data p<1>"LOC ="P81";
#NET "dac_data p<0>"LOC = "P82";
NET "adc_data p<9>"LOC = "P99";
NET "adc_data_p<8>"LOC ="P100";
NET "adc_data p<7>"LOC ="P101";
NET "adc_data_p<6>" LOC ="P102";
NET "adc_data_p<5>"LOC ="P103";
NET "adc_data p<4>"LOC ="P107";
NET "adc_data_p<3>"LOC ="P108";
NET "adc_data_p<2>"LOC ="P109";
#NET "adc_data p<1>"LOC="P110";
#NET "adc_data p<0>"LOC="P111";
HHHHH R A A R
# Debug #
R R R ) L ] s e e e
NET "debug<0>"LOC ="P174";

NET "debug<1>"LOC ="P173";

NET "debug<2>"LOC ="P171";

NET "debug<3>"LOC ="P170";

NET "debug<4>"LOC ="P169";

NET "debug<5>"LOC ="P168";

69
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p_ghost.vhd

Library ieee;
use ieee.std_logic 1164.all;
use ieee.std logic_arith.all;

Package P GHOST is
-- Demo Board
type HEX4 is array(3 downto 0) of std_logic vector(3 downto 0);-- L =>R

-- Filter

Constant WordSize : integer := §;
Constant TapSize : integer = 128;
Constant ShareSize : integer = 3;

Constant SharingFactor : integer := 2**ShareSize;
Constant ComponentSize : integer := TapSize/SharingFactor;
Constant PipeLineLevel : integer :=2;

subtype UnsignedShareType is unsigned(ShareSize-1 downto 0);

subtype UnsignedWordType is unsigned(WordSize-1 downto 0);

subtype UnsignedDWordType is unsigned(2*WordSize-1 downto 0);

type UnsignedPipeLineType is array(PipeLineLevel-1 downto 0) of UnsignedDWordType;

type ArrayUnsignedWordType is array(ComponentSize-1 downto 0) of UnsignedWordType;

type ArrayUnsignedDWordType is array(ComponentSize-1 downto 0) of UnsignedDWordType;-- 256
type ArrayUnsignedDWordType2 is array(ComponentSize/2-1 downto 0) of UnsignedDWordType;-- 128
type ArrayUnsignedDWordType4 is array(ComponentSize/4-1 downto 0) of UnsignedDWordType;-- 64
type ArrayUnsignedDWordType8 is array(ComponentSize/8-1 downto 0) of UnsignedDWordType;-- 32
subtype SignedShareType is signed(ShareSize-1 downto 0);

subtype SignedWordType is signed(WordSize-1 downto 0);

subtype SignedWordType 1 is signed(WordSize downto 0);

subtype SignedWordType 3 is signed(WordSize+2 downto 0);

subtype SignedDWordType is signed(2*WordSize-1 downto 0);

subtype SignedDWordType 1 is signed(2*WordSize downto 0);

subtype SignedDWordType 3 is signed(2*WordSize+2 downto 0);

type SignedPipeLineType is array(PipeLineLevel-1 downto 0) of SignedDWordType;

type SignedPipeLineType 1 is array(PipeLineLevel-1 downto 0) of SignedDWordType 1;

type SignedPipeLineType 3 is array(PipeLineLevel-1 downto 0) of SignedDWordType 3;

type ArraySignedWordType is array(ComponentSize-1 downto.0) of SignedWordType;

type ArraySignedDWordType is array(ComponentSize-1 downto 0) of SignedDWordType;  -- 256
type ArraySignedDWordType 3 is array(ComponentSize-1 downto 0) of SignedDWordType 3;-- 256
type ArraySignedDWordType? is array(ComponentSize/2-1 downto 0) of SignedDWordType;-- 128
type ArraySignedDWordType2 3'is array(ComponentSize/2-1 downto 0) of SignedDWordType 3;-- 128
type ArraySignedDWordType4 is array(ComponentSize/4-1 downto 0) of SignedDWordType; -- 64
type ArraySignedDWordType4 3 is array(ComponentSize/4-1 downto 0) of SignedDWordType 3;-- 64
type ArraySignedDWordType8 is array(ComponentSize/8-1 downto 0) of SignedDWordType; -- 32
type ArraySignedDWordType8 3 is array(ComponentSize/8-1 downto 0) of SignedDWordType 3;-- 32
subtype ShareType is std_logic vector(ShareSize-1 downto 0);

subtype WordType is std_logic_vector(WordSize-1 downto 0);

subtype WordType 1 is std_logic_vector(WordSize downto 0);

subtype WordType 3 is std_logic_vector(WordSize+2 downto 0);

subtype DWordType is std_logic vector(2*WordSize-1 downto 0);

subtype DWordType 1 is std logic_vector(2*WordSize downto 0);

subtype DWordType 3 is std_logic vector(2*WordSize+2 downto 0);

type ArrayWordType is array(ComponentSize-1 downto 0) of WordType;

type ArrayDWordType is array(ComponentSize-1 downto 0) of DWordType;-- 256

type ArrayDWordType_3 is array(ComponentSize-1 downto 0) of DWordType 3; -- 256
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type ArrayDWordType2 is array(ComponentSize/2-1 downto 0) of DWordType; -- 128

type ArrayDWordType2 3 is array(ComponentSize/2-1 downto 0) of DWordType 3;-- 128

type ArrayDWordType4 is array(ComponentSize/4-1 downto 0) of DWordType; - 64

type ArrayDWordType4 3 is array(ComponentSize/4-1 downto 0) of DWordType 3;-- 64

type ArrayDWordType8 is array(ComponentSize/8-1 downto 0) of DWordType; --32

type ArrayDWordType8_3 is array(ComponentSize/8-1 downto 0) of DWordType 3;-- 32
End P_ GHOST;

Package body P_ GHOST is
--Body Part
End P_GHOST;



show7seg.vhd

Library ieee;

use ieee.std_logic 1164.all;
use ieee.std_logic_arith.all;
use work.p_ghost.all;

Entity SHOW7SEG is

-- generic parameters

-- port list

port( clk

-- In Chip
HEX :in HEX4;
DOT  :instd logic vector(3 downto 0);
LED :in std_logic vector(3 downto 0);

:in std_logic;

SW :out std logic vector(3 downto 0);
sw2 : out std_logic_vector(7 downto 0);
-- Out Chip

SEG_EN: out std logic vector(3 downto 0);

n SEG :outstd logic vector(7 downto 0); -- ABCEDFG.
n LED :outstd logic vector(3 downto 0);
n_SW :instd logic_ vector(3 downto 0);
n_sw2 :instd logic vector(7 downto 0)
)i
end SHOW7SEG;
Architecture Behavior of SHOW7SEG is
-- declarations
signal state : unsigned(1 downto 0);
signal HEX1 : std_logic_vector(3 downto 0);
signal SEG1 :std_logic_vector(6 downto 0);
signal cnt10b : unsigned(9 downto 0);
signal mDOT : std_logic;
begin
-- concurrent statements
Process(clk)
begin
if rising_edge(clk) then
cntlOb <= cnt10b+1;
end if;
end process;
Process(clk)
begin
if rising_edge(clk) then
if cnt10b=1023 then
state <= state+1;
n SEG(6 downto 0) G SEG1;
case state is
when "00" =>
SEG_EN <= "0001";
mDOT <= DOT(0);
when "01" =
SEG_EN <= "0010";
mDOT <= DOT(1);
when "10" =>
SEG_EN <= "0100";
mDOT <= DOT(2);
when others =
SEG_EN <= "1000";
mDOT <= DOT(3);

end case;



end if}
end process;

n_SEG(7)

with state select
HEX1

with HEX1 select

SEG1
n LED <=
SW
sw2

end Behavior;

end if;

<= not mDOT;

<= HEX(0) when "00",
HEX(1) when "01",
HEX(2) when "10",
HEX(3) when others;

<= "1000000" when "0000",
"1111001" when "0001",
"0100100" when "0010",
"0110000" when "0011",
"0011001" when "0100",
"0010010" when "0101",
"0000010" when "0110",
"1111000" when "0111",
"0000000" when "1000",
"0010000" when "1001",
"0001000" when "1010",
"0000011" when "1011",
"0100111" when "1100",
"0100001" when "1101",
"0000110" when "1110",
"0001110" when others;

not LED;
= notn SW;
<= notn sw2;

73



div2_mul4.vhd

-- XAPP132

-- DLL 2X and 4X Example
library ieee;

use ieee.std_logic 1164.all;
use ieee.std_logic_arith.all;
-- pragma translate off
library unisim;

use unisim.vcomponents.all;
-- pragma translate_on
entity DIV2 MULA4 is

port (  CLKIN :in std_logic;
RESET :in std_logic;
CLK : out std_logic;
CLKDV : out std_logic;
CLK2X : out std logic;
CLK4X - out std logic;
LOCKED1 :out std logic;
LOCKED2 : out std_logic;
adc clk p :in std_logic;
adc_clk : out std_logic );

end DIV2_ MUL4;
architecture structural of DIV2_MULA4 is

component IBUFG
-- synopsys translate _off
generic(
TimingChecksOn: Boolean := DefaultTimingChecksOn;
InstancePath: STRING :="*";
Xon: Boolean := DefaultXon;
MsgOn: Boolean := DefaultMsgOn;

tpd 1 O : VitalDelayTypeO1 = (0.100 ns, 0.100 ns);
tipd 1 : VitalDelayType01 := (0.000 ns, 0.000 ns));
-- synopsys translate _on
port( O :out STD ULOGIC;
I :in  STD_ULOGIC);

end component;

component IBUF
-- synopsys translate off
generic(

TimingChecksOn: Boolean := DefaultTimingChecksOn;
InstancePath: STRING :="*";
Xon: Boolean := DefaultXon;
MsgOn: Boolean := DefaultMsgOn;
tpd 1O : VitalDelayTypeO1 := (0.100 ns, 0.100 ns);

tipd_I : VitalDelayType01 := (0.000 ns, 0.000 ns));

-- synopsys translate_on
port( O :out STD ULOGIC;
1 :in  STD _ULOGIC);
end component;

component CLKDLL
-- synopsys translate _off
generic ( TimingChecksOn : Boolean := DefaultTimingChecksOn;
InstancePath : STRING :="*";
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Xon : Boolean := DefaultXon;
MsgOn : Boolean := DefaultMsgOn;

tipd CLKIN : VitalDelayType01 := (0.000 ns, 0.000 ns);
tipd CLKFB : VitalDelayType01 := (0.000 ns, 0.000 ns);
tipd RST : VitalDelayType0O1 := (0.000 ns, 0.000 ns);
tpd CLKIN LOCKED : VitalDelayType01 := (0.100 ns, 0.100 ns);

tperiod CLKIN POSEDGE : VitalDelayType :=0.010 ns;
MAXPERCLKIN : time := 100 ns;

tpw_CLKIN posedge : VitalDelayType := 0.010 ns;
tpw_CLKIN negedge : VitalDelayType :=0.010 ns;

tpw_RST posedge : VitalDelayType :=0.010 ns;

DUTY_CYCLE_CORRECTION : Boolean := TRUE;
CLKDV_DIVIDE : real := 2.0);

-- synopsys translate_on
port (CLKIN  :in std ulogic :='0";
CLKFB :in std_ulogic :='0";

RST :in std_ulogic :="0';
CLKO : out std_ulogic :='0";
CLK90 : out std_ulogic :='0";

CLK180 : out std_ulogic :='0";

CLK270  :outstd ulogic :="0';

CLK2X : out std_ulogic :='0";

CLKDV : out std_ulogic :='0";

LOCKED : out std_ulogic :='0");
end component;

component BUFG
-- synopsys translate off
generic(
TimingChecksOn: Boolean := DefaultTimingChecksOn;
InstancePath: STRING = "*";
Xon: Boolean := DefaultXon;
MsgOn: Boolean := DefaultMsgOn;

tpd 1 O : VitalDelayTypeO1 := (0.100 ns, 0.100 ns);
tipd 1 : VitalDelayType01 := (0.000 ns, 0.000 ns));
-- synopsys translate_on
port( O sout STD. ULOGIC;
I :in . STD ULOGIC);
end component;
component OBUF
-- synopsys translate off
generic(

TimingChecksOn: Boolean := DefaultTimingChecksOn;
InstancePath: STRING := "*";

Xon: Boolean := DefaultXon;

MsgOn: Boolean := DefaultMsgOn;

tpd I O : VitalDelayTypeO1 := (0.100 ns, 0.100 ns);
tipd 1 : VitalDelayType01 := (0.000 ns, 0.000 ns));
-- synopsys translate_on
port(
O :out STD _ULOGIC;
I :in  STD_ULOGIC);

end component;



component SRL16
-- synopsys translate _off
generic (
TimingChecksOn: Boolean := DefaultTimingChecksOn;
InstancePath: STRING := "*";
Xon: Boolean := DefaultXon,;
MsgOn: Boolean := DefaultMsgOn;

-- VITAL input wire delays

tipd AQ : VitalDelayTypeO1 := (0.0 ns, 0.0 ns);
tipd_A1l : VitalDelayTypeO1 := (0.0 ns, 0.0 ns);
tipd A2 : VitalDelayTypeO1 := (0.0 ns, 0.0 ns);
tipd A3 : VitalDelayTypeOl := (0.0 ns, 0.0 ns);

tipd D : VitalDelayTypeO1 := (0.0 ns, 0.0 ns);
tipd CLK : VitalDelayType01 := (0.0 ns, 0.0 ns);

-- VITAL pin-to-pin propagation delays

tpd A0 _Q : VitalDelayTypeOl := (0.1 ns, 0.1 ns);
tpd Al Q : VitalDelayTypeOl := (0.1 ns, 0.1 ns);
tpd_A2 Q : VitalDelayTypeOl := (0.1 ns, 0.1 ns);
tpd_A3_Q : VitalDelayTypeOl := (0.1 ns, 0.1 ns);
tpd_CLK_Q : VitalDelayType0O1 := (0.1 ns, 0.1 ns);

-- VITAL setup and hold times

tsetup D CLK posedge posedge : VitalDelayType := 0.01 ns;
tsetup_D_CLK_negedge posedge : VitalDelayType := 0.01 ns;

thold D CLK posedge posedge : VitalDelayType :=0.01 ns;
thold D CLK negedge posedge : VitalDelayType := 0.01 ns;

-- VITAL minimum pulse width

tpw_CLK posedge : VitalDelayType = 0.01 ns;
tpw_CLK negedge : VitalDelayType := 0.01 ns;

INIT : bit_vector := X"0000");

-- synopsys translate_on
port (D :in STD ULOGIC;

CLK :in STD _ULOGIC;
A0 :in STD ULOGIC;
Al :in STD ULOGIC;
A2 :in STD ULOGIC;
A3 :in STD ULOGIC;
Q :out STD ULOGIC);

end component;

-- RESET w,

signal CLKO dll, CLKO g, CLKIN_w, CLK2X dll, CLK2X g, CLK4X dll, CLK4X g : std_logic;
signal LOCKEDDV _dll, LOCKED2X, LOCKED2X delay, RESET4X, LOCKED4X dll : std_logic;
signal logicl : std_logic;

--signal count : unsigned(3 downto 0);

signal DIVCLK std_logic;

signal adc_clk _g,adc clk in : std_logic;

begin
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logicl <="'1";
clkpad : IBUFG port map (I=>CLKIN, O=>CLKIN_w);

dlldv : CLKDLL port map ( CLKIN=>CLKIN w, CLKFB=>CLKO0 g, RST=>RESET,
CLKO0=>CLKO0 dll, CLK90=>open, CLK180=>open, CLK270=>open,
CLK2X=>open, CLKDV=>0pen, LOCKED=>LOCKEDDV _dll);

LOCKED1 <= LOCKEDDV _dlI;

clkOg : BUFG port map (I=>CLKO0 dll, O=>CLKO_g);
CLK <= CLKO g;

dli2x : CLKDLL port map ( CLKIN=>CLKO g, CLKFB=>CLK2X g, RST=>RESET,
CLKO=>o0pen, CLK90=>open, CLK180=>open, CLK270=>open,
CLK2X=>CLK2X dll, CLKDV=>0pen, LOCKED=>LOCKED2X);

clk2xg : BUFG port map (I=>CLK2X dll, O=>CLK2X g);
CLK2X <= CLK2X_g;

rstsrl : SRL16 port map (  D=>LOCKED2X, CLK=>CLK2X g, Q=>LOCKED2X_delay,
A3=>logicl, A2=>logicl, Al=>logicl, A0=>logicl);

RESET4X <=not LOCKED2X_delay;

dll4x : CLKDLL port map ( CLKIN=>CLK2X g, CLKFB=>CLK4X g, RST=>RESET4X,
CLKO=>open, CLK90=>open, CLK180=>open, CLK270=>open,
CLK2X=>CLK4X dll, CLKDV=>open, LOCKED=>LOCKED4X_ dIl);

LOCKED2 <= LOCKEDA4X_dll;

clk4xg : BUFG port map (I=>CLK4X dll, O=>CLK4X g);
CLK4X <= CLK4X g;

DivClockProcess:
Process(CLKO g)
begin
if rising_edge(CLKO g) then
DIVCLK <= not DIVCLK;
end if}
end process DivClockProcess;

CLKDV <= DIVCLK;
adc_clk_ibufg : IBUFG port map (I=>adc clk p, O=>adc clk in);
adc_clk bufg :BUFG port map (I=>adc clk in, O =>adc clk g);
adc clk <= adc clk g;

end structural;
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Library ieee;

use ieee.std_logic 1164.all;
use ieee.std_logic_arith.all;

Entity FIFOSTODSP32 is
-- generic parameters

-- port list
port(

reset
clk

fifo8todsp32.vhd

:in std_logic;
:in std_logic;

-- Read 8-bit data from FIFO

fifo rd
fifo_dout
fifo_empty

: out std_logic;

:in std_logic_vector(7 downto 0);

:in std_logic;

-- Send 32-bit data to DSP

data rd
data_ready
data_out

)

end FIFO8TODSP32;

Architecture rtl of FIFOSTODSP32 is

-- declarations

signal rstate
constant rs00
constant rs01
constant rs02
constant rs03
constant rs04
constant rs05
constant rs06
constant rsQ7
constant rs08
constant rs09
signal rsdelay
signal dout

begin

-- concurrent statements
Read8to32StateProcess:
Process(reset,clk)

begin

if reset='1"then
rstate

:in std_logic;
:out std_logic;

: out std_logic vector(31 downto 0)

<= rs00;

elsif rising_edge(clk) then
case rstate is

when 1s00 =>

s std_logic vector(3 downto 0);
: std_logic_vector(3 downto 0) := "0000";
: std_logic_vector(3 downto 0) :="0001";
: std_logic vector(3 downto 0) :="0010";
: std_logic vector(3 downto 0) :="0101";
:std_logic vector(3 downto 0) :="0110";
: std_logic_vector(3 downto 0) :="1101";
: std_logic vector(3 downto 0) :="1110";
: std_logic_vector(3 downto 0) :="1001";
: std_logic vector(3 downto 0) :="1010";
: std_logic vector(3 downto 0) :="1000";
. std logic vector(1 downto 0);

:std_logic_vector(31 downto 0);

if fifo_empty='0' then

else

end if;

when rs01 =>

rstate

rstate

<=

<=

if rsdelay(1)='1" then

else

end if;

when rs02 =>

rstate

rstate

<=

<=

rs01;

1s00;

rs02;

rs01;
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if fifo_empty="0' then

rstate
else

rstate
end if;

when rs03 =>

<= rs03;

<= rs02;

if rsdelay(1)='1" then

rstate
else

rstate
end if;

when rs04 =>

<= rs04;

<= rs03;

if fifo_empty='0" then

rstate
else

rstate
end if;

when rs05 =>

<= rs05;

<= rs04;

if rsdelay(1)="1' then

rstate
else

rstate
end if;

when rs06 =>

<= rs06;

<= 1s05;

if fifo_empty='0" then

rstate
else

rstate
end if;

whenrs07 =>

<= rs07;

<= 1s06;

if rsdelay(1)='1' then

rstate
else

rstate
end if}

when rs08 =>
if data_rd='1" then
rstate
else
rstate
end if;

when rs09 =>
if data rd='0" then

rstate
else
rstate
end if;
when others =>
rstate <=

end case;
end if}
end process Read8to32StateProcess;

ReadDelayProcess:
Process(clk)

<= rs08;

<= 1s07;

<= rs09;

<= 1s08;

<= 1s00;
<= rs09;
rs00;
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end rtl;

begin
if rising_edge(clk) then
rsdelay(0) <=
rsdelay(1) <=

end if;
end process ReadDelayProcess;

OutputProcess:
Process(clk)
begin
if rising_edge(clk) then

rstate(0);
rsdelay(0) and rstate(0);

if rstate(3 downto 1)="001" then

dout(7 downto 0) <= fifo_dout;
else

dout(7 downto 0) <= dout(7 downto 0);
end if}
if rstate(3 downto 1)="011" then

dout(15 downto 8) <= fifo dout;
else

dout(15 downto 8) <= dout(15 downto 8);
end if;

if rstate(3 downto 1)="111" then
dout(23 downto 16)<= fifo_dout;

else

dout(23 downto 16)<=

end if;

dout(23 downto 16);

if rstate(3 downto 1)="101" then
dout(31 downto 24)<= fifo_dout;

else

dout(31 downto 24)<=

end if;
end if}
end process OutputProcess;

fifo rd <=
data_ready <=
data out <= dout;

dout(31 downto 24);

rstate(0) and not(rsdelay(1));
'1" when rstate=rs08 else '0";
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Library ieee;

use ieee.std_logic 1164.all;
use ieee.std_logic_arith.all;

Entity IFDSP is

-- generic parameters

-- port list
port(

end IFDSP;

ifdsp.vhd

-- Inner XilinX Side

clk

locked
reset
dsp_bypass
-- DDLL
ver_sync
oddeven

:in std_logic;
:in std_logic;

: out std_logic;

. out std logic;

:in std_logic;
:in std_logic;

line no :instd logic vector(9 downto 0);

-- FIFO I/F
fifo rst
fifo rd
fifo_dout
fifo_empty
fifo_full

-- Filter Side
wi_wr
wi_in
select_wi
wi_out

-- A/D D/A Side
gcr_en

-- DSP Side
n_ce

n_oe

n rd

n_wr

addr bus
data bus

Architecture Behavior of IEDSP is

-- declarations

signal addr_lat
signal datain_lat,dataout lat
signal wr_lat,rd lat

signal rst

signal bypass

signal bypass_1

signal f rd

signal f wr
signal ger en 1
signal select_wi_1

component FIFO8§TODSP32

:in std_logic;

: out std_logic;

:1in std_logic vector(7 downto 0);
:instd logic;

: in std. logic;

: out std logic;

: out std_logic_vector(7 downto 0);
: out std_logic_vector(7 downto 0);
:in std_logic vector(7 downto 0);

: out std_logic;

:1in std logic;

: in'stdlogic;

in std_logic;

:in std_logic;

:in std logic vector(21 downto 2);

s inout std_logic_vector(31 downto 0));

: stdlogic_vector(21 downto 2);
: std logic. vector(3 1~ downto-0);
: std_logic;

: std_logic_vector(2 downto 0);

: std_logic;

:std logic;

: std_logic;

std_logic_vector(2 downto 0);

: std_logic;

: std_logic_vector(7 downto 0);

-- LocalGenericClause
-- LocalPortClause
port( reset :in std_logic;
clk :in std_logic;
-- Read 8-bit data from FIFO
fifo rd :out std_logic;
fifo_dout :in std_logic vector(7 downto 0);

fifo_empty :in std_logic;
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-- Send 32-bit data to DSP

data rd :in std_logic;
data_ready : out std_logic;
data out :out std_logic_vector(31 downto 0));
end component;
signal data32_ready : std_logic;
signal data32 out :std_logic_vector(31 downto 0);
begin
clk => clk,
fifo rd = fifo_rd,
fifo_dout => fifo_dout,
fifo_empty = fifo_empty,
data rd => f rd,
data_ready => data32 ready,
data out => data32 out);
RdWrProcess:
Process(clk)
begin

if rising_edge(clk) then
ifn wr='0'and n_ce='0' and n_rd='l' then
wr lat <= i
else
wr lat <= '0';
end if;

ifn rd='0' andn_ce='0' and n_wr='1l' then
rd lat <= "1
else
rd lat <= '0';
end if;
end if;
end process RdWrProcess;

AddrDataProcess:
Process(clk)
begin
if rising_edge(clk) then
if n_ce='0' then

addr lat <= addr_bus;

datain_lat<= data_bus;
else

addr lat <= addr_lat;

datain_lat<= datain lat;
end if}

end if;
end process AddrDataProcess;

RstProcess:
Process(clk)
begin
if rising_edge(clk) then
rst(2) <= rst(1);
rst(1) <= rst(0);
if addr_1at="00000000000000000000" and wr_lat="1" then
rst(0) <= "1
else
rst(0) <= '0'
end if}
if addr_1at="00000000000000000001" and wr_lat='1" then
bypass <= 'l";

else
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bypass <= '0';
end if}

if (bypass='1' and wr_lat="1") then
bypass | <= datain_lat(0);
else
bypass | <= bypass_l;
end if}
end if}
end process RstProcess;

WrProcess:
Process(clk)
begin
if rising_edge(clk) then
f wr(2) <= f wr(1);
f wr(l) <= f wr(0);
if addr_1at="00000000000000001000" and wr_lat='1" then
f wr(0) <= "1
else
f wr(0) <= '0';
end if;

if addr_1at="00000000000000001001" and wr_lat="1" then
select wi_1 H3 datain_lat(7 downto 0);
else
select wi 1 <= select wi_1;
end if;
end if}
end process WrProcess;

RdProcess:
Process(clk)
begin
if rising_edge(clk) then
if addr_1at="00000000000000000100" and rd lat='1' then
frd <= '
else
frd <= '0';
end if;
end if}
end process RdProcess;

GCRProcess:
Process(clk)
begin
if rising_edge(clk) then
if addr_1at="00000000000000000101" and wr_lat="1" then
gereen | <= datain lat(0);
else
ger en | <= ger en l;
end if}
end if}
end process GCRProcess;

DataOutProcess:

Process(clk)

begin

if rising_edge(clk) then
case addr_lat is
when "00000000000000000000" =>

dataout_lat(31) <= locked;
dataout_lat(30 downto 24) <="1110000";



end if;

end case;

end process DataOutProcess;

dataout lat(23 downto 16)
dataout_lat(15 downto 8)
dataout_lat( 7 downto 0)

when "00000000000000000001"

dataout_lat(31 downto 24)
dataout_lat(23 downto 16)
dataout lat(15 downto 12)
dataout lat(11)
dataout_lat(10)
dataout_lat( 9 downto 0)

when "00000000000000000100"

dataout_lat(31 downto 0)

when "00000000000000000101"

dataout lat(31 downto 24)
dataout lat(23 downto 16)
dataout lat(15 downto 8)
dataout lat( 7 downto 3)
dataout_lat(2)

dataout lat(1)
dataout_lat(0)

when "00000000000000001001"

dataout _lat(31 downto 24)
dataout lat(23 downto 16)
dataout_lat(15 downto 8)
dataout_lat( 7 downto 0)

when others =>

dataout lat(31 downto 24)
dataout _lat(23 downto 16)
dataout_lat(15 downto 8)
dataout_lat( 7 downto 0)

data_bus <= dataout lat when (n_ce='0' and n_oe='0") else

"77777777777777777777777777777777",

reset

dsp_bypass

Wi_Wr
wi_in
select wi
gcr_en

end Behavior;

<="11000011";
<="10100101";
<="10010110";
=
<="00000000";
<="00000000";
<="0000";

<= ver_sync;
<= oddeven;
<=line_no;

=

<= data32 out;
=
<="00000000";
<="00000000";
<="00000000";
<="00000";

<= data32 ready;
<= fifo_full;

<= fifo_empty;
=>
<="00000000";
<="00000000";
<="00000000";
<=wi_out;

<="00000000";
<="00000000";
<="00000000";
<="00000000";

<="1"when (rst(0)="1" or rst(1)="1") and rst(2)='0' else '0';

<=bypass_I;

<='1'" when (f wr(0)='1' or f wr(1)='1") and f wr(2)='0"else '0';
<= datain_lat(7 downto 0);

<=select wi_l;
<=ger en_J;
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ddll.vhd

Library ieee;
use ieee.std_logic 1164.all;
use ieee.std_logic_arith.all;

Entity DDLL is

-- generic parameters

-- port list

port(

clk :in std_logic;
comp_sync :in std_logic;
line pulse : out std_logic;
line_no : out std_logic vector(9 downto 0);
oddeven : out std logic;
ver_sync : out std logic;
lost_sync : out std_logic);

end DDLL;

Architecture Behevioral of DDLL is

-- declarations
signal comp_sync 1 :std_logic vector(1 downto 0);
signal fall edge,fall edgel :std logic;
signal 1_pulse : std_logic;
signal div24r : unsigned(5 downto 0);
signal div64r : unsigned(5 downto 0);
signal clrl,clr2,clr3 : std_logic;
signal lost_sync_d : unsigned(2 downto 0);
signal ¢_cnt : unsigned(3 downto 0);
signal ¢c_cnt_full : std_logic;
signal ¢_cnt_empty : std_logic;
signal v_sync,v_sync 1 : std logic;
signal 1 no : unsigned(9 downto 0);
signal I no 625 :std logic;
signal oe_toggle : std_logic;
signal oe_latch : std_logic;
signal oe_latch 1 - std_logic;
signal hl_cnt : unsigned(6 downto 0);
signal halfline : std_logic;
signal fullline : std_logic;

begin

-- concurrent statements
LinePulseProcess:
Process(clk)
begin

if rising_edge(clk) then
comp sync 1(0). = <=comp_sync;
comp_sync 1(1) = <=comp sync 1(0);

if comp_sync 1="10" then
fall _edge <="'1";
else
fall edge <='0";
end if}
fall edgel <= fall edge;
end if}
end process LinePulseProcess;

DivProcess:
Process(clk)
begin



if rising_edge(clk) then
if clr1="1" or clr2="1" or clr3="1" then
div24r  <="000000";
else
div24r  <=div24r+1;
end if;

if clr2='1" then

dive4r  <="000000";
elsif clr3="1" then

divedr  <="000001";
elsif clr1="1" then

divedr <= divbdrtl;
else

divedr <= div64r;
end if}

if (div64r/=63 and div24r=22) then
clrl <='l"

else
clrl <='0";

end if;

if (div64r=63 and fall edge='1") then
clr2 <='l";

else
clr2 <='0";

end if;

if (div64r=63 and div24r=46 and lost_sync_d(2)='0") then
clr3 <='1"

else
clr3 <='0"

end if;

if (div64r=63 and fall_edge='1") then
if clr2='1" then
lost sync d <= "000";
elsif clr3="1" then
lost sync d <= lost sync d+1;

else

lost_sync_d <= lost_sync d;
end if;
1 pulse <= clr2 orclr3;

if fall_edge='1" then

hl cnt  <="0000000";
elsif clr1='1" then

hl cnt = <=hl cnt+l;
else

hl ent  <=hl cnt;
end if}

if fall_edge='1" then
if (hl_cnt(6 downto 4)=1 or hl_cnt(6 downto 4)=2) then
halfline <='I";
else
halfline <='0";
end if}
else
halfline <= halfline;
end if;
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if fall_edge='1l" then
if hl_cnt(5 downto 4)=3 or hl_cnt(6 downto 4)=4 then
fullline <='1";

else
fullline <='0";
end if;
else
halfline <= halfline;
end if}

if fall edgel='1" then
if fullline='1" then
oe_toggle<="1";
elsif halfline='1' then
oe _toggle<=not oe_toggle;

else
oe_toggle<= oe_toggle;
end if;
else
oe toggle<= oe toggle;
end if;

if v_sync='0' and v_sync_1='1" then
oe latch <=oe_toggle;

else
oe_latch <=oe_latch;

end if;

oe latch | <= oe_latch;

end if}
end process DivProcess;

CountProcess:
Process(clk)
begin
if rising_edge(clk) then
if clr1="1" or clr2='1" then
if comp sync 1(0)="1" then
if c_cnt full='0' then

c_cnt <= c cnttl;
else
c_cnt <= c_cnt,
end if;
else
if ¢_cnt_empty='0' then
c cnt <= c cnt-1;
else
c_cnt <= c_cnt;
end if;
end if;
else
c_cnt <= c_cnt;
end if}
if ¢_cnt=15 then
¢ _cnt_full <= '
else
c cnt_full <= '0';
end if}
if c_cnt=0 then
c_cnt_empty <= '

else
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c_cnt_empty <= '0';
end if}

if fall edge='1" then

v_sync <= std_logic(c_cnt(3));
else

v_sync <= V_syngc;
end if}
v_sync | <= V_sync;

if 1 no=625 then

1 no 625<= '
else

1 no 625<= '0';
end if}

if (oe_latch='0" and oe_latch 1="1") or (1 no_625='1'and 1_pulse='1") then -- Even

1 no <= "0000000000";
elsif 1 pulse='1' then
1 no <= 1 no+l;
else
1 no <5 1 no;
end if;
end if}
end process CountProcess;
line_pulse <= 1 pulse;
ver_sync <= V_sync;
oddeven <= oc_latch;
line_no <= std_logic vector(l no);

lost_sync <= lost_sync_d(2);

end Behevioral;



capturegcr.vhd

Library ieee;
use ieee.std_logic 1164.all;
use ieee.std_logic_arith.all;

Entity CAPTUREGCR is

-- generic parameters

-- port list

port(

reset :in std_logic;
clk :in std_logic;
-- Sync
line pulse : in std_logic;
line_no :in std_logic_vector(9 downto 0);
-- GCR
ger_en s in std_logic;
ger_rst :out std_logic;
ger wr :out std_logic);

end CAPTUREGCR;

Architecture rtl of CAPTUREGCR is

-- declarations
type ger_state is (s0,s1,82,53);
signal s_gcr : ger state;
signal cnt_delay : unsigned(8 downto 0);
signal cnt_wr : unsigned(10 downto 0);
signal delay to ger : std_logic;
signal cnt_ wr 1023 - std_logic;
begin
-- concurrent statements
StateProcess:
Process(reset,clk)
begin

if reset="1" then
s gcr <= s0;
elsif rising_edge(clk) then
case s_gcr is
when s0 =>
if ger_en="1" and line no="0000001101" then
s ger <= sl;
else
s ger <= s0;
end if;

when sl -=>
if line_pulse='1' then
s_ger <= s2;
else
s_gcr <= sl;
end if;

when s2 =>
if delay to gcr='1' then
s _gcr <= s3;
else
s_gcr <= s2;
end if;

when s3 =>
if ent wr 1023='1" then



end rtl;

s ger <= s0;
else
s ger <= s3;
end if}
end case;
end if;
end process StateProcess;
CountProcess:
Process(clk)
begin
if rising_edge(clk) then
if s_ger=s3 then
cnt wr <= cnt wr+l;
else
cnt wr <= "00000000000";
end if;
if cnt wr=1278 then
cnt wr 1023 = 1"
else
cnt wr_ 1023 <= Ok
end if;
if s_ger=s2 then
cnt_delay S cnt_delay+1;
else
cnt_delay <= "000000000";
end if;
if cnt_delay=21 then
delay to ger == '
else
delay to ger <= '0';
end if}

end if;
end process CountProcess;

ger wr <= '"l"when s_ger=s3 else '0';
ger 1t <= 'l'"when s_ger=sl1 else '0';
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ifadda.vhd

Library ieee;
use ieee.std_logic 1164.all;
use ieee.std_logic_arith.all;

Entity IFADDA is
-- generic parameters
-- port list
port(-- Inner Side
clkdx :in std_logic;
adc_clk :in std_logic;
adc_data : out std_logic_vector(7 downto 0);
dac_data :in std_logic vector(7 downto 0);
comp_sync : out std_logic;
filter_sync : out std_logic;
-- A/D D/A Side
adc_data p :in std_logic_vector(9 downto 2);
dac_data p :out std_logic_vector(9 downto 2);
comp_sync_p :in std_logic);
end IFADDA;
Architecture Behavior of IFADDA is
-- declarations
signal adc_data_lat :std_logic vector(9 downto 2);
signal adc_exist, logicl : std_logic;
signal adc_sync : std_logic vector(2 downto 0);
signal adc_data_sync : std_logic vector(7 downto 0);
begin
-- concurrent statements
logicl <= '
Clk12Process:
Process(adc_clk)
begin
if rising_edge(adc_clk) then
adc_data_lat <= adc data p;
end if;
end process Clk12Process;
Clk12Process1:
Process(adc_sync,adc _clk)
begin
if adc_sync(1)="1" then
adc_exist <= '0';
elsif rising_edge(adc_clk) then
adc exist <= logicl;
end if;
end process Clk12Processl;
CIk96Process:
Process(clk4x)
begin
if rising_edge(clk4x) then
adc_sync(0) <= adc_exist;
adc_sync(1) <= adc_sync(0);
adc_sync(2) <= adc_sync(1);
filter sync <= adc_sync(2);
if adc_sync(1 downto 0)="01" then
adc_data_sync <= adc_data_lat(9 downto 2);
end if;
end if}
end process Clk96Process;
adc_data <= adc_data_sync;
comp_sync <= comp_sync_p;
dac_data p <= dac_data;

end Behavior;



firvhd

Library ieee;

use ieee.std_logic 1164.all;

use ieee.std_logic arith.all;

Entity FIR is

-- generic parameters

--port list

port( reset :1in std_logic;

clkdx :in std_logic;
-- Wi
Wi_wr :in std_logic;
Wi_in :in std_logic_vector(7 downto 0);
select_ wi :in std_logic_vector(7 downto 0);
wi_out : out std logic vector(7 downto 0);
- Xi
Xi_in :in std_logic_vector(7 downto 0);
xi_out :out std_logic vector(7 downto 0);
xi_delay 16 : out std logic vector(7 downto 0);
-- Result
sum :out std logic vector(7 downto 0));

end FIR;

Architecture structural of FIR is
-- declarations
component MACS
-- LocalGenericClause
-- LocalPortClause
port( sclr
clk
W_WrI
w_in
X_in
w_out
X_out
sum
end component;

component ADD_S17S17

-- LocalGenericClause
-- LocalPortClause
port( clk
a
b
q
end component;
component CNT3DEC8
-- LocalGenericClause
-- LocalPortClause
port( clk
sclr
select wi :
X_en
wi_enl
wi_en2
sum_en
state

end component;

component MUX8X4TO1CE

in std_logic;

in std_logic;

in std_logic;

in std logic vector(7 downto 0);

in std_logic_vector(7 downto 0);
out std_logic_vector(7 downto 0);
out std logic vector(7 downto 0);
out std logic vector(16 downto 0));

in std_logic;

in std logic. vector(16-downto 0);
in std_logic_vector(16 downto 0);
out std logic vector(16 downto 0));

in std_logic;

in std_logic;

in std_logic_vector(2 downto 0);
out std_logic;

out std_logic;

out std_logic;

out std_logic;

out std_logic_vector(2 downto 0));
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port( ce in std_logic;
clk in std_logic;
] in std_logic_vector(1 downto 0);
ma in std_logic_vector(7 downto 0);
mb in std_logic_vector(7 downto 0);
mc in std_logic_vector(7 downto 0);
md in std_logic_vector(7 downto 0);
q out std_logic_vector(7 downto 0));

end component;
component MUX8X8TO1CE

port( ce in std_logic;
clk in std_logic;
] in std logic_vector(2 downto 0);
ma in std_logic_vector(7 downto 0);
mb in std logic vector(7 downto 0);
mc in std_logic vector(7 downto 0);
md in std_logic_vector(7 downto 0);
me in std_logic vector(7 downto 0);
mf in std_logic_vector(7 downto 0);
mg in std_logic_vector(7 downto 0);
mh in std logic vector(7 downto 0);
q out std_logic vector(7 downto 0));

end component;

subtype std8 is
type arr32_std§

std_logic_vector(7 downto 0);
is array(31 downto 0) of std8;

type arr8 std8 is array(7 downto 0) of std8;

subtype std17 is std logic vector(16 downto 0);
type arr32_std17 is array(31 downto 0) of std17;
type arrl6_std17 is array(15 downto 0) of std17;

type arr8 std17
type arr4_std17

is array(7 downto 0) of std17;
is array(3 downto 0) of std17;

type arr2_std17  is array(1 dewnto 0) of std17;
signal x_in_i : arr32 stdg;
signal x_out i arr32 std8;

signal xi_delay 16 1 std8;
signal w_in i arr32 std8;
signal w_out 1 arr32 stdS;
signal sum_i arr32 std17;
signal sum16_i arrl6_std17;
signal sum8 i arr8 std17;
signal sum4_i arrd_std17;
signal sum2 i arr2 std17;
signal suml i std17;

signal sum_out std8;

signal x_en std_logic;
signal sum_en std_logic;

signal state
signal w_out 1
signal x_out 1
signal w_mux i
signal w_enl
signal w_en2

begin

-- concurrent statements

stdlogic_vector(2 downto 0);
std_logic vector(7 downto 0);
std_logic_vector(7 downto 0);
arr8 stds8;
std_logic;
std_logic;

CNT3DECS 1 : CNT3DECS port map(clk
sclr
select wi
X_en
wi_enl
wi_en2

clk4x,

reset,

select_ wi(2 downto 0),
x_en,

w_enl,

w_en2,
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sum_en
state

x_in_i(0) <= xi_in;

w_in_i(0) <= wi_in;

Process(x_out_i,w_out i)
begin
for i in 31downto 1 loop
x_in_i(i) <=x_out_i(i-1);
w_in_i(i) <=w_out i(i-1);
end loop;
end process;

FIR16: Foriin 31 downto O generate

FIR16 1 : MACS port map( sclr 2
clk =>
w_wr =
w_in =
X_in =>>
w_out =>
X_out =
sum ==

end generate;
ADD16: foriin 15 downto 0 generate
ADDI16_1: ADD_S17S17 port map(  clk

end generate;
ADDS&: foriin 7 downto 0 generate
ADDS_1: ADD_S17S17 port map( clk

(o

end generate;
ADD#4: for i in 3 downto 0 generate
ADD4 1:ADD S17S17 port map(  clk

(on

end generate;
ADD?2: foriin 1 downto 0 generate
ADD2 _1: ADD_S17S17 port map( clk

a
b
q
end enerate;
ADDI1 : ADD S17S17 port map( clk
a
b
q
SumProcess:
Process(clk4x)
begin

if rising_edge(clk4x) then
if sum_en='1' then
if suml_i(16)="1" then

sum_out <=
elsif suml_i(15)='1" then

sum_out <=
else

sum_out <=

end if;

=> sum_en,

=> state);

reset,

clk4x,

Wi_Wwr,

w_in_i(i),

x_in_i(i),

w_out i(i),

x_out_i(i),

sum_i(i));

=> clk4x,

=> sum_i(2*1),
=> sum_i(2*i+1),
= suml16_i(i));
=> clk4x,

=> suml16_i(2*i),
=> suml6_i(2*i+1),
= sum8_i(i));
=> clk4x,

=> sum8_i(2*i),
= sum8_i(2*i+1),
= sum4_i(i));
=> clk4x,

=> sum4_i(2*i),
=> sum4_i(2*i+1),
=> sum?2_i(i));
=> clk4x,

== sum?2_i(0),
=> sum2 _i(1),

= suml 1);
"00000000";

"11111111"

suml_i(14 downto 7);
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else

end if}

end if}

end process SumProcess;

sum_out <=

MUX4: for i in 7 downto 0 generate

sum_out;

MUX4 1: MUX8X4TO1CE port map(ce > w_enl,
clk => clk4x,
s => select_ wi(4 downto 3),
ma = w_out_i(4*i),
mb => w_out_i(4*i+1),
mc = w_out_i(4*i+2),
md = w_out_i(4*i+3),
q => w_mux_i(i));
end generate;
MUX8X8TO1 1 : MUX8X8TOI1CE port map(ce => w_en2,
clk => clk4x,
S => select wi(7 downto 5),
ma = w_mux_i(0),
mb => w_mux_i(1),
mc = w_mux_i(2),
md = w_mux_i(3),
me = w_mux_i(4),
mf = w_mux_i(5),
mg = w_mux_i(6),
mh = w_mux_i(7),
q => w_out _1);
ReadWiProcess:
Process(clk4x)
begin
if rising_edge(clk4x) then
if x_en='l' then
x outl <= x_out i(31);
else
x out | <= x_out |;
end if;
if x_en='l" then
xi_delay 16 1 <= x_out_i(1);
else
xi_delay 16 1 <= xi_delay 16 1;
end if;

end if;

end process ReadWiProcess;

wi out - <=
xi out <=
sum <=
xi_delay 16 <=

end structural;

w_out_l;
X _out I;
sum_out;

xi_delay 16 1;



Library ieee;

use ieee.std_logic 1164.all;
use ieee.std_logic_arith.all;
--use work.P GHOST .all;

Entity TESTLED is
port( reset
clk

clkdv
clk2x
clk4x
locked

LED
end TESTLED;

Architecture Behavior of TESTLED is

signal Cnt4ba
signal div24a
signal divima
signal Cnt4bb
signal div24b
signal divimb
signal Cnt4bc
signal div24c
signal divlme
signal Cnt4bd
signal div24d
signal divimd
begin
aDivProcess:
Process(clk)
begin

testled.vhd

in std_logic;
in std_logic;
in std_logic;
in std_logic;
in std_logic;
in std_logic;

out std logic vector(3 downto 0));

unsigned(3 downto 0);
unsigned(4 downto 0);
unsigned(15 downto 0);
unsigned(3 downto 0);
unsigned(4 downto 0);
unsigned(15 downto 0);
unsigned(3 downto 0);
unsigned(4 downto 0);
unsigned(15 downto 0);
unsigned(3 downto 0);
unsigned(4 downto 0);
unsigned(15 downto 0);

if rising_edge(clk) then

if reset="1" then

div2da <= "00000";
divima <= "0000000000000000";
elsif div24a=31 then
div24a <= "00000";
divlma <= divima+l1;
else
div24a. <= div24a+1;
divima <= divima;
end if;
if reset="1" then
Cntdba <= "0000";
elsif (divlma=65535 and div24a=31) then
Cntdba <= Cnt4ba+1;
end if}
end if}
end process aDivProcess;
bDivProcess:
Process(clkdv)
begin
if rising_edge(clkdv) then
if reset="1" then
div24b <= "00000";
divimb <= "0000000000000000";
elsif div24b=31 then
div2db <= "00000";
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divimb <=
else
div24b <=
divimb <=
end if;
if reset="1" then
Cnt4bb <=

divimb+1;

div24b+1;
divimb;

"0000";

elsif (divimb=65535 and div24b=31) then

Cntdbb <=
end if}
end if}
end process bDivProcess;

cDivProcess:
Process(clk2x)
begin
if rising_edge(clk2x) then
if reset='1' then
div24c <=
divime <=
elsif div24c=31 then
div24c <=
divime <=
else
div24c <=
divimec <=
end if;,

if reset="1" then
Cntdbc <=

Cnt4bb+1;

"00000";
"0000000000000000";

"00000";
divlime+1;

div24ct+1;
divime;

"0000";

elsif (divlmc=65535 and div24c=31) then

Cnt4bc <=
end if;
end if;
end process cDivProcess;

dDivProcess:
Process(clk4x)
begin
if rising_edge(clk4x) then
if reset="1" then
div24d <=
divimd <=
elsif'div24d=31then
div24d. <=
divimd <=
else
div24d <=
divimd <=
end if}

if reset="1" then

Cntdbc+1;

"00000";
""0000000000000000";

"00000";
divimd+I;

div24d+1;
divimd;

"0000";

elsif (divlmd=65535 and div24d=31) then

Cntdbd <=
Cntdbd <=
end if}
end if}
end process dDivProcess;
LED(3) <= locked;
LED(2) <= Cnt4bd(3);
LED(1) <= Cntdba(3);
LED(0) <= Cntdbb(3);

end Behavior;

Cntdbd+1;
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main.vhd

in std_logic;

in std_logic;

in std_logic;

in std logic;

in std_logic;

in std_logic_vector(21 downto 2);
inout std logic vector(31 downto 0);

out std_logic;

in std_logic;

in std_logic_vector(9 downto 2);
out std_logic_vector(9 downto 2);
in std_logic;

in std_logic_vector(7 downto 0);
in std_logic_vector(3 downto 0);
out std_logic_vector(3 downto 0);
out std_logic_vector(3 downto 0);
out std_logic_vector(7 downto 0);

out std_logic vector(5 downto 0));

std_logic_vector(3 downto 0);
std_logic_vector(3 downto 0);
std_logic_vector(3 downto 0);
std_logic_vector(7 downto 0);

Library ieee;
use ieee.std_logic 1164.all;
use ieee.std_logic arith.all;
use work.p_ghost.all;
Entity MAIN is
-- generic parameters
--port list
port( clk p
-- DSP Side
n_ce
n_oe
n rd
n_wr
addr_bus
data_bus
-- A/D D/A Side
clkdv_p
adc_clk p
adc_data p
dac_data_p
comp_sync_p 4
-- 7-Segment Side
n_sw2
n SW
n_LED
SEG_EN
n SEG
-- Debug
debug
end MAIN;
Architecture Structural of MAIN is
-- declarations
signal HEX HEX4;
signal DOT
signal LED
signal SW
signal sw2
component SHOW7SEG
port( clk
-- In Chip
HEX
DOT
LED
SW
sw2 :
-- Out Chip
SEG_EN:
n SEG
n_LED
n SW
n sw2

end component;

signal clk,clk2x,clk4x,locked,locked1,locked2

signal adc_clk

in std_logic;

in HEX4;

in'std logic vector(3 downto 0);
in std logic vector(3 downto 0);
out std_logic_vector(3 downto 0);
out std_logic_vector(7 downto 0);

out std_logic vector(3 downto 0);
out std_logic vector(7 downto 0);
out std_logic_vector(3 downto 0);
in std_logic_vector(3 downto 0);

in std_logic_vector(7 downto 0));

std_logic;
std_logic;

-- ABCEDFG.
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component DIV2 MUL4

port (

end component;

CLKIN
RESET

:in std_logic;
in std_logic;

CLK : out std_logic;
CLKDV : out std_logic;

CLK2X
CLK4X

: out std_logic;
: out std_logic;

LOCKEDI : out std_logic;
LOCKED? : out std_logic;
adc_clk p:in std_logic;
adc clk :outstd logic);

component FIFO1024X8DC
-- LocalGenericClause
-- LocalPortClause

port(

end component;

sinit

clk

rd en
WI_en

din

dout

full

empty
data_count:

in std_logic;

in std_logic;

in std_logic;

in std_logic;

in std_logic_vector(7 downto 0);
out std_logic vector(7 downto 0);
out std_logic;

out std_logic;

out std_logic_vector(9 downto 0));

std_logic;

signal dsp_bypass std logic;
signal reset,fifo_rd,fifo full,fifo empty :
signal fifo rst std_logic;

signal fifo dout
signal fifo n

component [FDSP
port(--

std_logic_vector(7 downto 0);
std_logic vector(9 downto 0);

Inner XilinX Side
clk

locked

reset
dsp_bypass
-- DDLL
ver_sync
oddeven
line no

-- FIFO I/F
fifo rst
fifo rd
fifo_dout
fifo_empty
fifo_full

-- Filter Side
Wi Wr
wi_in
select wi
wi_out

-- A/D D/A Side
gcr_en

-- DSP Side
n_ce

n_oe

n rd

n_wr
addr_bus
data_bus

in std logic;
in std_logic;
out std_logic;
out std logic;

in std_logic;
in std_logic;
in std_logic_vector(9 downto 0);

in std logic;

out std_logic;

in std_logic_vector(7 downto 0);
in std_logic;

in std_logic;

out std_logic;

out std_logic vector(7 downto 0);
out std_logic_vector(7 downto 0);
in std_logic_vector(7 downto 0);

out std_logic;

in std_logic;

in std_logic;

in std_logic;

in std_logic;

in std_logic_vector(21 downto 2);
inout std_logic_vector(31 downto 0));
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end component;
component FIR
-- LocalGenericClause
-- LocalPortClause
port(
reset
clk4x
-- Wi
Wi_wr
wi_in

:1in std_logic;
:in std_logic;

:in std_logic;
:in std_logic_vector(7 downto 0);

select wi : in std logic vector(7 downto 0);

wi_out :out std_logic_vector(7 downto 0);
- Xi
Xi_in : in std_logic_vector(7 downto 0);
xi_out : out std_logic vector(7 downto 0);
xi_delay 16 : out std logic vector(7 downto 0);
-- Result
sum : out std logic vector(7 downto 0));

end component;

signal fir_reset : std logic;

signal xi_delay 16 : std logic vector(7 downto 0);

signal wi_wr ; std_logic;

signal wi_in 3 std_logic vector(7 downto 0);

signal wi_out : std_logic_vector(7 downto 0);

signal select_wi
signal dsp_sel wi

std_logic vector(7 downto 0);
std logic_vector(7 downto 0);

signal xi_out - std logic vector(7 downto 0);

signal filter sum

component IFADDA

port(--  Inner Side
clk4x
adc clk
adc_data
dac_data
comp_sync
filter sync

-- A/D D/A Side

adc_data p

dac_data p

comp_sync_p
end component;

signal filter syne

signal adc data,dac_data
signal ger en,ger wr,ger rst :
signal comp_sync,line pulse :
signal line_no

signal ver_sync,oddeven
signal lost_sync

component DDLL
port( clk

comp_sync
line_pulse
line no
oddeven
ver_sync
lost_sync
);

end component;

std_logic vector(7 downto 0);

:in std_logic;

:in std_logic;

s out std_logic vector(7 downto 0);
:in std_logic vector(7 downto 0);
: out std_logic;

: out std logic;

:in std_logic_vector(9 downto 2);
:out std_logic_vector(9 downto 2);
:in std_logic);

std_logic;
std_logic vector(7 downto 0);
std_logic;
std_logic;
std logic_vector(9 downto 0);
std logic;
std_logic;

:in std_logic;

:in std_logic;

: out std_logic;

:out std_logic_vector(9 downto 0);
: out std_logic;

: out std_logic;

: out std_logic
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component CAPTUREGCR
port( reset

clk
-- Sync
line_pulse
line_no
-- GCR
gcr_en
gerrst
ger wr

end component;

component TESTLED
port(

reset
clk
clkdv
clk2x
clk4x
locked
LED

end component;

:in std_logic;
:in std_logic;

:1in std_logic;
:in std_logic_vector(9 downto 0);

:in std_logic;
: out std_logic;
:out std_logic);

in std_logic;
in std_logic;
in std_logic;
in std_logic;
in std_logic;
in std_logic;
out std_logic vector(3 downto 0));

begin
-- concurrent statements

SHOW7SEG 1 : SHOW7SEG port map( clk => clk,
HEX = HEX,
DOT = DOT,
LED =% LED,
SW = SW,
sw2 => SW2,
SEG_EN => SEG_EN,
n SEG => n_SEG,
n LED => n_LED,
n SW = n SW,
n sw2 => n_sw2);

DIV2 MUL4 1 : DIV2 MUL4 port map( CLKIN = clk p,
RESEI== SW(3),
CLK => clk,
CLKDV => clkdv_p,
CLK2X => clk2x,
CLK4X => clk4x,
LOCKEDI1 => locked]l,
LOCKED2 => locked2,
adc_clk p => adc_clk_p,
adc clk => adc_clk);

locked <= lockedland locked2;

fifo rst” <= reset or ger_rst;

FIFO_1 : FIFO1024X8DC port map(  sinit = fifo_rst,
clk => adc_clk,
rd_en = fifo rd,
Wr_en => gcr_wr,
din = adc_data,
dout = fifo_dout,
full = fifo_full,
empty => fifo_empty,
data_count => fifo_n);

IFDSP 1 :IFDSP port map(-- Innet XilinX Side

clk => clk,
locked => locked,
reset => reset,
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dsp_bypass,

ver_sync,

oddeven,
line no,

fifo rst,
fifo_rd,

fifo_dout,

fifo_empty,

fifo_full,

Wi_Wr,
wi_in,

dsp_sel wi,

wi_out,
ger_en,

n_ce,
n_oe,
n rd,
n wr,

addr_bus,

data_bus);

clk,

comp_sync,
line_pulse,

line no,
oddeven,

ver_sync,

lost_sync);

dsp_bypass =
--DDLL
Ver_sync ==
oddeven =>
line no =
--FIFO IF
fifo rst =
fifo_rd =>
fifo_dout =>
fifo_empty =
fifo full >
-- Filter Side
Wi_Wr =>
wi_in =>
select wi >
wi_out &
-- A/D D/A Side
gcr en =
-- DSP Side
n_ce =
n_oe =3
n_rd ==
n_wr =>
addr bus =>
data_bus ==

DDLL 1 : DDLL port map( clk 57
comp_sync =
line pulse ==
line_no i
oddeven —
ver_sync =>
lost_sync =

debug(0) <= lost_sync when sw(1)='1"else line pulse;

debug(l) <= ver_sync;

debug(2) <= oddeven;

debug(3) <= wi_wr when sw(1)="1" else dsp bypass;

debug(4) <= ger wr;

debug(5) <= fifo rd when sw(1)='1" elsegcr en;

CAPTUREGCR 1 : CAPTUREGCR port map( reset

IFADDA 1 : IFADDA port map(

clk

line pulse

line no

ger_en

ger_rst

gcr wr
-~ Inner Side
clkdx =>
adc clk =>
adc_data => adc_data,
dac_data => dac_data,
comp_sync =
filter _sync =
-- A/D D/A Side
adc data p =>
dac_data p =>
comp_sync_p =>

= reset,

=> clk,

= line pulse,
= line no,
=> ger_en,

== gerrst,
= ger_wr);
clk4x,

adc_clk,
comp_sync,

filter _sync,

adc_data p,
dac_data p,

comp_sync_p);

dac_data <=xi_delay 16 when (SW(2)="1" or dsp_bypass="'1") else filter sum;

fir_reset <=reset and filter sync;
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Process(clk)
begin
if rising_edge(clk) then
if SW(0)="1" then
select wi <=
else
select wi<=
end if}
end if}
end process;

FIR 1: FIR port map( reset
clk4x
-- Wi
wi_wr
wi_in
select wi

Xi_out
xi_delay 16
sum

TESTLED 1 : TESTLED port map(  reset

clk
clkdv
clk2x
clkdx
locked
LED
HEX(0) <= wi_out(3 downto 0);
HEX(1) <= wi_out(7 downto 4);
HEX(2) <= select wi(3 downto 0);
HEX(3) <= select wi(7 downto 4);

DOT <= "0000";

end Structural;
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SW2;

dsp_sel wi;

= fir_reset,
=> clk4x,

=> wi_wr,

> wi_in,

= select_wi,
=>= wi_out,

=> adc_data,
= xi_out,

=% xi_delay 16,
= filter_sum);
Y SW(3),

=> clk,

=> adc_clk,

=> clk2x,

=> clk4x,

=> locked,

=> LED);
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MANUIN 3

Tswnsuniani

c6211dsk.h

3 e st s st ke st ke s st s st sk st ke s st s st s st stestste s st s st e st s st stk stk skt sttt skt sk sttt sk sekoskolkskolkoskolokookoskok solokoskokokokokok

* FILENAME

* c6211dsk.h

%

* DESCRIPTION

* DSK Header File
k

*******************************************************************************/

/* Register definitions for C6211 chip on DSK */

/* Define EMIF Registers */

#define EMIF_GCR 0x1800000 /* Address of EMIF global control */
#define EMIF_CEO 0x1800008 /* Address of EMIF CEQ control */
#define EMIF_CE1 0x1800004 /* Address of EMIF CEI control */
#define EMIF_CE2 0x1800010 /* Address of EMIF SDRAM extension */
#define EMIF_CE3 0x1800014 /* Address of EMIF SDRAM extension */
#define EMIF_SDCTRL 0x1800018 /* Address of EMIF SDRAM control */
#define EMIF_SDRP 0x180001¢c /* Address of EMIF SDRM refresh period */
#define EMIF_SDEXT 0x1800020 /* Address of EMIF SDRAM extension */

/* Define McBSPO Registers */

#define McBSPO_DRR 0x18c0000 /* Address of data receive reg. */
#define McBSPO_DXR 0x18c0004 /* Address of data transmit reg. */
#define McBSPO_SPCR 0x18c0008 /* Address of serial port contl. reg. */
#define McBSPO_RCR 0x18c000C /* Address of receive control reg. */
#define McBSPO_XCR 0x18c0010 /* Address of transmit control reg. */
#define McBSPO_SRGR 0x18c0014 /* Address of sample rate generator ~ */
#define McBSPO_ MCR 0x18c0018 /* Address of multichannel reg. */
#define McBSPO_RCER 0x18c001C /* Address of receive channel enable. */
#define McBSPO_XCER 0x18c0020 /* Address of transmit channel enable. */
#define McBSPO_PCR 0x18c0024 /* Address of pin control reg. */
/* Define McBSP1 Registers */

#define McBSP1_DRR 0x1900000 /* Address of data receive reg. */
#define McBSP1 DXR 0x1900004 /* Address of data transmit reg: */
#define McBSP1_SPCR 0x1900008 /* Address of serial port contl. reg. */
#define McBSP1_RCR 0x190000C /* Address of receive control reg. */
#define McBSP1_XCR 0x1900010 /* Address of transmit control reg. */
#define McBSP1 ‘SRGR 0x1900014 /* Address of sample rate generator =~ */
#define McBSP1_MCR 0x1900018 /* Address of multichannel reg. %
#define McBSP1_RCER 0x190001C /* Address of receive channel enable. */
#define McBSP1_XCER 0x1900020 /* Address of transmit channel enable. */
#define McBSP1_PCR 0x1900024 /* Address of pin control reg. */
/* Define L2 Cache Registers */

#define L2CFG 0x1840000 /* Address of L2 config reg */
#define MARO 0x1848200 /* Address of mem attribute reg */

/* Define Interrupt Registers */
#define IMH 0x19¢0000 /* Address of Interrupt Multiplexer High*/
#define IML 0x19¢0004 /* Address of Interrupt Multiplexer Low */

/* Define Timer0 Registers */



#define TIMERO CTRL 0x1940000 /* Address of timer0 control reg. */
#define TIMERO PRD 0x1940004 /* Address of timerQ period reg. */
#define TIMERO_COUNT  0x1940008 /* Address of timer0O counter reg. */
/* Define Timerl Registers */

#define TIMER1 CTRL 0x1980000 /* Address of timer1 control reg. */
#define TIMER1 PRD 0x1980004 /* Address of timer] period reg. */
#define TIMER1 COUNT  0x1980008 /* Address of timer] counter reg */
/* Define EDMA Registers */

#define PQSR 0x01AOFFEO /* Address of priority queue status */
#define CIPR 0x01AOFFE4 /* Address of channel interrupt pending */
#define CIER 0x01AOFFES /* Address of channel interrupt enable */
#define CCER 0x01AOFFEC /* Address of channel chain enable */
#define ER 0x01AOFFFO /* Address of event register */
#define EER 0x01AOFFF4 /* Address of event enable register */
#define ECR 0x01AOFFF8 /* Address of event clear register */
#define ESR 0x01AOFFFC /* Address of event set register */

/* Define EDMA Transfer Parameter Entry Fields */

#define OPT 0*4 /* Options Parameter */
#define SRC 1*4 /* SRC Address Parameter  */
#define CNT 2*4 /* Count Parameter */
#tdefine DST 3*4 /* DST Address Parameter — */
#define IDX 4*4 /* IDX Parameter */
#define LNK 5*4 /* LNK Parameter */

/* Define EDMA Parameter RAM Addresses */

#define EVENTO _PARAMS 0x01A00000

#define EVENT1_PARAMS EVENT0O PARAMS + 0x18

#define EVENT2 PARAMS EVENT1 PARAMS + 0x18

#define EVENT3 PARAMS EVENT2 PARAMS + 0x18

#define EVENT4 PARAMS EVENT3 PARAMS + 0x18

#define EVENTS PARAMS EVENT4 PARAMS + 0x18

#define EVENT6_PARAMS EVENTS5 PARAMS + 0x18

#define EVENT7 PARAMS EVENT6 PARAMS + 0x18

#define EVENTS PARAMS EVENT7 PARAMS + 0x18

#define EVENT9 PARAMS EVENT8 PARAMS + 0x18

#define EVENTA PARAMS EVENT9 PARAMS + 0x18
#define EVENTB_PARAMS EVENTA PARAMS + 0x18
#define EVENTC_PARAMS EVENTB PARAMS + 0x18
#define EVENTD PARAMS EVENTC PARAMS + 0x18
#define EVENTE_PARAMS EVENTD PARAMS + 0x18
#define EVENTF_PARAMS EVENTE PARAMS + 0x18
#define EVENTN_PARAMS EVENTF. PARAMS + 0x18
#define EVENTO_PARAMS EVENTN_PARAMS + 0x18

/* Define QDMA Memory Mapped Registers */

#define QDMA_OPT 0x02000000
#define QDMA_SRC 0x02000004
#define QDMA_CNT 0x02000008
#define QDMA_DST 0x0200000C
#define QDMA_IDX 0x02000010

/* Define QDMA Pseudo Registers */

#define QDMA_S_OPT 0x02000020
#define QDMA_S_SRC 0x02000024
#define QDMA_S_CNT 0x02000028
#define QDMA_S_DST 0x0200002C
#define QDMA_S_IDX 0x02000030

/* Definitions for the DSK Board and SW */
3.1415926

#define PI

/% Address of QDMA options register

/* Address of QDMA SRC address register
/* Address of QDMA counts register

/* Address of QDMA DST address register
/* Address of QDMA index register

/* Address of QDMA options register

/* Address of QDMA SRC address register
/* Address of QDMA counts register

/* Address of QDMA DST address register
/* Address of QDMA index register

*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
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#define [O_PORT
#define CE2_PORT
#define INTERNAL_MEM_SIZE

#define EXTERNAL MEM SIZE

#define FLASH_SIZE
#define POST_SIZE
#define FLASH WRITE_SIZE

#define INTERNAL_MEM_START
#define EXTERNAL_MEM_START

#define FLASH START
#define POST_END
#define FLASH _ADRI1
#define FLASH ADR2
#define FLASH KEY1
#define FLASH KEY2
#define FLASH KEY3
#define ALL_A
#define ALL 5

#define CE1_8

#define CE1_32

/* GHOST */

#define GHOST RESET
#define GHOST GCRDATA
#define GHOST_GCRSTATUS
#define GHOST Wi Wr
#define GHOST_Wi_Rd
#define GHOST TEMP
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0x90080000
0xA0000000
(0x4000)>>2
(0x400000)>>2
0x20000
0x10000
0x80

0xc000
0x80000000
0x90000000
0x90010000
0x90005555
0x90002AAA
0xAA

0x55

0xA0
Oxaaaaaaaa
0x55555555
Oxffffr03
Oxffffff23

/* 1/O port Address,top byte valid data */
/* CE2 Port at address A0000000 */

/* reg to set CE1 as 8bit async */
/* reg to set CE1 as 32bit async */

0xA 0000000
0xA0000010
0xA 0000014
0xA0000020
0xA 0000024
0xA0000100



main.c

#include <stdio.h>
#include <c6x.h>
#include "c6211dsk.h"

/**********************************************************************
skoksk My Declaration sfe sk sk sk sfe sfe sk ke sk sfe sk sk sk sfe sk sk sk sk sieske sk sk sk sk sk sk stk sk sk sk sk sk st sk sk sk steskeoske sk steokosk sk skeokokosk skokok sk
**********************************************************************/

#define n Wi 256
#define nw_Wi 64
#define n_Wi2 128
#define nw_Wi2 32
#define n_fifo 640
#define nw_fifo 160
#define n_ger 512
#define nw_ger 128
#define MaxWi 32767
#define MinWi -32768
#define WiGain 256
#define WiGainl 128
#define WiGainL 8
#define WiGainL1 7
#define beta 64

void delay msec(short msec);
unsigned int timer0_read();
void timerQ_start();

void timer0_init();

void ClearXi(void);

void InitXi(int);

void LMSTwoFrame(void);
void LMSOneSample(int data,int ger,int N);
void DelayOneFrame(void);
int CheckGCRSign(void);

int CheckGCREXxist(int idata);
void ProgWi(void);

void ClearWi(void);

void SetWi(void);

void PackGCRData(void);
void AvgGCRData(int);

void WaitGCRData(void);

int WaitGCRData2(void);

int CheckXilinX(void);

void InitDSP(void);

void delay 4nop(short nop);

/**********************************************************************
skeksk My Variables st st e she sfe sfe s she sfe sfe sk she sfe sfe e she she sfe e she she sfe s she sk sfe sk she she sfe sk she she sfe sk she she sfe st ske she sfe st ke she sfe stk sk sieosteoskeoskeseokok
**********************************************************************/

unsigned int datal[2][nw_fifo],data2[2][n_fifo];
signed int Wi[n_Wi],Ei[n_fifo],Yi[n fifo],Xi[n Wi];

signed int ger_ref[2][n_fifo] = {
{0x2E,0x2E,0x2F,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x 2E,
0x2E,0x2F,0x2E,0x2E,0x2F,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2F,0x2E,0x2E,0x2E,0x2E,
0x2E,0x2E,0x2E,0x2F,0x2E,0x2E,0x2F,0x2F,0x2F,0x2F,0x2F,0x36,0x43,0x54,0x 5E,0x60,
0x60,0x60,0x60,0x60,0x61,0x60,0x60,0x60,0x60,0x60,0x60,0x60,0x60,0x60,0x61,0x61,
0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,
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0x61,0x61,0x62,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x60,0x60,0x60,0x60,0x60,
0x60,0x60,0x60,0x61,0x60,0x61,0x61,0x60,0x60,0x61,0x60,0x61,0x60,0x60,0x60,0x61,
0x62,0x6E,0x83,0x95,0x9B,0x9B,0x9B,0x9B,0x9C,0x9C,0x9B,0x9B,0x9C,0x9D,0x9C,0x9C,
0x9C,0x9D,0x9D,0x9C,0x9C,0x9D,0x9C,0x9C,0x9D,0x9D,0x9C,0x9C,0x9C,0x9D,0x9D,0x9C,
0x9D,0x9D,0x9D,0x9D,0x9D,0x9E,0x9E,0x9E,0x9E,0x9F,0x9F ,0x A0,0x A0,0x A 1,0x A 1,0x A2,
0xA3,0xA4,0xA6,0xA7,0xA9,0xAB,0xAD,0xB0,0xB2,0xB6,0xB9,0xBB,0xBE,0xC1,0xC5,0xCS,
0xCB,0xCD,0xCE,0xCE,0xCD,0xCA,0xC5,0xBE,0xB5,0xAA,0x9E,0x92,0x85,0x79,0x6E,0x 68,
0x66,0x6B,0x70,0x7D,0x8E,0xA2,0xB6,0xC5,0xCE,0xD0,0xC9,0xB8,0xA2,0x88,0x74,0x68,
0x67,0x75,0x8D,0xAA,0xC3,0xD1,0xCE,0xBB,0x9D,0x7E,0x69,0x67,0x7B,0x9C,0xBE,0xD2,
0xCC,0xB0,0x8A,0x6D,0x68,0x7E,0xA6,0xC8,0xD1,0xB9,0x8E,0x6C,0x6B,0x8 A,0xB5,0x D0,
0xC4,0x9A,0x70,0x6A,0x8D,0xBB,0xD0,0xB6,0x86,0x69,0x7B,0xAE,0xCE,0x BC,0x8 A,0x69,
0x7F,0xB5,0xCF,0xAF,0x79,0x6C,0x98,0xC9,0xC2,0x8B,0x69,0x89,0xC3,0xC8,0x8F,0x68,
0x8B,0xC5,0xC3,0x85,0x6A,0x9B,0xCD,0xB2,0x72,0x77,0xB9,0xC9,0x8C,0x6A,0xA1,0xCE,
0xA2,0x6A,0x8F,0xCB,0xAD,0x6D,0x88,0xC9,0xAE,0x6E,0x8B,0xCB,0xA7,0x6C,0x97,0xCC,
0x96,0x6D,0xAC,0xC5,0x7E,0x7C,0xC3,0xAC,0x6E,0x9F,0xC7,0x83,0x7C,0xC3,0x A6,0x6E,
0xAD,0xBE,0x74,0x94,0xC8,0x84,0x80,0xC6,0x95,0x76,0xC1,0xA1,0x71,0xBB,0xA9,0x6F,
0xB8,0xAC,0x6F,0xB8,0xAA,0x6F,0xBC,0xA4,0x72,0xC1,0x99,0x7A,0xC6,0x89,0x87,0xC7,
0x7A,0x9B,0xBD,0x6E,0xB6,0xA3,0x75,0xCA,0x7F,0x97,0xBE,0x6E,0xBE,0x93,0x87,0xC1,
0x75,0xB3,0x9B,0x86,0xBB,0x7E,0xAD,0x9B,0x8D,0xB2,0x85,0x A A,0x98,0x94,0x A A ,0x8B,
0xA8,0x95,0x9A,0xA2,0x92,0xA5,0x95,0x9E,0x9D,0x96,0xA2,0x96,0x9E,0x9C,0x9A ,0x9E,
0x99,0x9E,0x9A,0x9D,0x9C,0x9A.,0x9E,0x99,0x9D,0x9B,0x9A,0x9D,0x9B,0x9B,0x9C,0x9B,
0x9C,0x9C,0x9B,0x9C,0x9B,0x9B,0x9C,0x9B,0x9C,0x9C,0x9B,0x9C,0x9B,0x9C,0x9B,0x9B,
0x9C,0x9B,0x9B,0x9B,0x9B,0x9C,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9A ,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9A,,0x9B,
0x9B,0x9B,0x9A,0x9B,0x9B,0x9B,0x9B,0x9B,0x9A,0x9B,0x9A,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9A,0x9B,0x9B,0x9B,0x9A,0x9A,0x9B,0x9B,0x9B,0x9B,0x9A,0x9B,0x9B,0x9A,0x9B,0x9A,
0x9A,0x9A,0x9B,0x9B,0x9B,0x9B,0x9A,0x9A,0x9A,0x9A,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9B,0x9B,0x9A,0x9A,0x9A,0x9A,0x9B,0x9B,0x9A ,0x9A,0x9A,0x9A,,0x9A ,0x9A,0x9A ,0x9A,
0x9A,0x9A,0x9A,0x9B,0x9A,0x9A,0x9A ,0x9A ,0x9A,0x9B,0x9A,,0x9A,0x9A,0x9A ,0x9A,0x9A,
0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,
0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,
0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,
0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,,0x9A  },

{0x2E,0x2E,0x2F,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E ,0x2E,0x2E,0x2E,0x2E,0x 2E,
0x2E,0x2F,0x2E,0x2E.0x2E,0x2E,0x2E,0x2E. 0x2E ,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,0x2E,
0x2E,0x2F,0x2F,0x2F,0x2E,0x2E,0x2E,0x2F,0x2F ,0x2F,0x2F,0x3 6,0x43,0x54,0x5E,0x 60,
0x60,0x60,0x60,0x61,0x61,0x60,0x60,0x60,0x60,0x60,0x60,0x60,0x60,0x61,0x61,0x61,
0x61,0x61,0x62,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,
0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x61,0x60,0x60,0x60,0x60,0x60,
0x60,0x60,0x60,0x61,0x61,0x61,0x61,0x60,0x60,0x61,0x60,0x61,0x60,0x60,0x60,0x61,
0x62,0x6D,0x83,0x95,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9C,0x9C,0x9C,0x9B,
0x9C,0x9C,0x9C,0x9B,0x9C,0x9C,0x9C,0x9C,0x9C,0x9C,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9B,0x9B,0x9A,0x9A,0x9A,0x9A,0x9A,0x99,0x99,0x99,0x99,0x98,0x97,0x97,0x96,0x95,
0x94,0x93,0x92,0x90,0x8E,0x8D,0x8B,0x88,0x86,0x83,0x7F,0x7C,0x79,0x76,0x73,0x 70,
0x6C,0x6B,0x69,0x69,0x6B,0x6D,0x72,0x79,0x82,0x8C,0x98,0xA5,0xB1,0xBE,0xC9,0xDO0,
0xD3,0xD0,0xC7,0xBA,0xAA,0x96,0x82,0x72,0x68,0x67,0x6F ,0x81,0x97,0xAE,0xC4,0xDO0,
0xD0,0xC3,0xAC,0x90,0x75,0x67,0x69,0x7C,0x9B,0xBA ,0xCF,0xD0,0xBD,0x9C,0x7B,0x67,
0x6B,0x87,0xAD,0xCB,0xD1,0xBA,0x92,0x6F,0x68,0x7E,0xA9,0xCB,0xCE,0xB0,0x83,0x68,
0x74,0x9E,0xC6,0xCE,0xAD,0x7D,0x67,0x80,0xB3,0xCF,0xBD,0x8B,0x69,0x7A,0xAE,0xCE,
0xBA,0x84,0x69,0x87,0xBE,0xCD,0xA1,0x6F,0x74,0x AC,0xD0,0xAF,0x76,0x70,0xA6,0xCF,
0xAE,0x73,0x74,0xB1,0xCE,0x9E,0x6B,0x85,0xC4,0xC1,0x80,0x6E,0x AB,0xCD,0x99,0x69,
0x95,0xCD,0xAA,0x6D,0x88,0xCA,0xB0,0x6E,0x87,0xCA,0xAD,0x6E,0x8E,0xCC,0xA1,0x6C,
0xA0,0xCB,0x8B,0x71,0xB8,0xBC,0x74,0x8B,0xC9,0x99,0x6F,0xB2,0xBD,0x74,0x91,0xC8,
0x8C,0x78,0xC2,0xA5,0x6F,0xB2,0xB8,0x71,0xA1,0xC2,0x77,0x94,0xC7,0x7D,0x8B,0xC8,
0x81,0x89,0xC8,0x80,0x8B,0xC8,0x7C,0x92,0xC6,0x76,0x9D,0xBE,0x71,0xAC,0xB2,0x70,
0xBC,0x9E,0x78,0xC8,0x82,0x92,0xC3,0x6D,0xB6,0xA3,0x78,0xC9,0x7A,0xA2,0xB2,0x75,
0xC2,0x85,0x99,0xB2,0x7B,0xB9,0x8B,0x9B,0xAB,0x84,0xB2,0x8D,0x9E,0xA4,0x8C,0xAC,
0x8F,0xA1,0x9D,0x95,0xA5,0x93,0xA3,0x99,0x99,0xA1,0x95,0xA1,0x99,0x9C,0x9D,0x99,
0x9E,0x9A,0x9E,0x9A,0x9C,0x9D,0x99,0x9D,0x9A,0x9B,0x9D,0x9B,0x9C,0x9B,0x9B,0x9C,
0x9C,0x9B,0x9C,0x9B,0x9C,0x9C,0x9B,0x9D,0x9B,0x9B,0x9C,0x9B,0x9C,0x9B,0x9C,0x9B,



0x9B,0x9C,0x9B,0x9B,0x9B,0x9B,0x9C,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9A,0x9A,0x9A,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9B,0x9B,0x9A,0x9B,0x9A,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9A,0x9B,
0x9A,0x9A,0x9B,0x9B,0x9B,0x9A,0x9A,0x9A,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,0x9B,
0x9A,0x9A,0x9A,0x9A,0x9B,0x9B,0x9B,0x9B,0x9A ,0x9A ,,0x9A,0x9A,,0x9A ,0x9A,0x9A,0x9A,,
0x9B,0x9A,0x9B,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A ,0x9A ,0x9A,
x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9B,0x9A,
0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9B,0x9B,0x9A,0x9A ,0x9A ,0x9A,
0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,,0x9A,
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0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A,0x9A } };

/**********************************************************************

skeksk My Main sfe st s she sfe sfe s she sfe sfe s she she sfe s sie she sfe sfe e she sfe sfe s she sfe sfe s sie sfe she 3 sfe she sfe s sie she she s e she she sfe s she she sfe s sie she sfe sfesieshe sk skeske sk

**********************************************************************/

void main(void)

{

int 1,sw,imain,init;
/* DP = 0x0980;*/
InitDSP();
if(CheckXilinX())

{

AvgGCRData(0x2);
if(CheckGCRSign())

{
}

nit=0;
ClearWi();

DelayOneFrame();

imain=0;
for(i=0;i<256;i++)
{

sw = *(unsigned volatile int *)IO_PORT;
sw =sw & 0x07000000;

switch(sw)

{

case 0x07000000:

default:

if(init)

{

/* AvgGCRData(0x10);*/
if(CheckGCRSign())
{

}

nit=0;

DelayOneFrame();

}
LMSTwoFrame();

ProgWi();
break;

*(unsigned volatile int *)IO_PORT = 0x08000000; /* Turn on all LED */
delay msec(400);
*(unsigned volatile int *)IO_PORT = 0x07000000; /* Turn off all LED */

*(unsigned volatile int *)GHOST_Wi_Rd = imain;

delay_msec(400);

imaint++;

if(imain>=n_Wi)
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{
imain=0;
§
init=1;
break;
}
¥

}

/*ClearWi();*/

ProgWi();

while(1);

}

/*******************************************************************************
ek My Functions sfe st s she sfe sfe s she sfe sfe s she she sfe s sfe she sfe s e she sfe s e she sfe s s sfe she sfe s she sfe S s sie she sfe st sie she she sfe e she she sfe s she she sfe sk she she sfe sk sk sk sk skeske sk
*******************************************************************************/

/* Variable Changed : Xi, i, temp */
void ReadFifo(int idata)
{

int 1,j,k;

unsigned int temp;

for(j=n_Wi; j>=n_Wi2; j--)

{
Xi[j]1=0;
h
/**(unsigned volatile int *)GHOST GCRSTATUS = 1;*/
k=0;
for(i=0;i<nw_Wi2;i++)
{
if( WaitGCRData2())
{
temp = *(unsigned volatile int *)GHOST GCRDATA;
datal[idata][i] = temp;
data2[idata][k] = temp & Oxff;
k++;
Xi[j] = temp & Oxff;
1
temp = temp >> §;
data2[idata][k] = temp & 0xff;
k++;
Xi[j] =temp & Oxff;
)7
temp = temp >> §;
data2[idata][k] = temp & Oxff;
kt++;
Xi[j] = temp & Oxff;
)=
temp = temp >> 8§;
data2[idata][k] = temp & Oxff;
k++;
Xi[j] = temp & Oxff;
i
}
b

/**(unsigned volatile int *)GHOST GCRSTATUS = 0;*/

for(i=nw_Wi2;i<nw_fifo;i++)

{
if(WaitGCRData2())



temp = *(unsigned volatile int *)GHOST GCRDATA,;
datal[idata][i] = temp;

data2[idata][k] = temp & Oxff;

k++;

temp = temp >> §;

data2[idata][k] = temp & O0xff;

k++;

temp = temp >> 8§;

data2[idata][k] = temp & Oxff;

k++;
temp = temp >> §;
data2[idata][k] = temp & Oxff;

k++;
H
}
for(i=0;i<128;i++)
{
Ei[i] = 0;
Yi[i] = 0;
H
}
/* Variable Changed : Xi, 1, temp */
void InitXi(int idata)
int i,j;

unsigned int temp;

for(j=n_Wi; j>=n_Wi2; j--)
{

H
/*j=n_Wi2-1;*/
for(i=0;i<nw_Wi2-1;i++)

{

Xi[j]=0;

temp = datal[idata][i];
Xi[j] = temp & Oxff;
i
temp = temp >> &;
Xi[j] =temp & Oxff;
J=
temp = temp >>§;
Xi[j] = temp & Oxff;
J=s
temp = temp >> §;
Xi[j] = temp & Oxff;
=3

}

/*for(i=0;1<128;i++)
{
Ei[i]=0;
Yi[i] = 0;
¥/
}

int CheckGCREXxist(int idata)
{

}

return(1);
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void LMSTwoFrame(void)

{
int i,j;
int tempdatal,tempdata2;
/*unsigned temp;*/

for(j=0;j<25j++)

{
*(unsigned volatile int *)GHOST RESET = 0; /* Reset XilinX */
*(unsigned volatile int *)GHOST _GCRSTATUS =1; /* Start Get GCR */

WaitGCRData();
*(unsigned volatile int *)GHOST _GCRSTATUS = 0; /* End Get GCR */

ReadFifo(j);
CheckGCREXxist(j);
/**(unsigned volatile int *)GHOST GCRSTATUS = 1;*/
for(i=n_Wi2;i<n_fifo;i++)
{
tempdatal = data2[j][i];
tempdata2 = ger_ref]j][i-16];
LMSOneSample(tempdatal,tempdata2,i);

[*if(i==256)
{
*(unsigned volatile int *) GHOST GCRSTATUS =0;

j

clse if(i==384)

{

}

else if(i==512)

{

¥/

*(unsigned volatile int ¥)GHOST _GCRSTATUS =1;

*(unsigned volatile int *)GHOST GCRSTATUS =0;

}

/* Variable Changed : i, */
void LMSOneSample(int data,int gcr,int N)
{

int Y,E,x;

int BETA E;

Y=0;

for(x=0; x<n_Wi; x++)

{ Y =Y + ((Wilx)/WiGain) * Xi[x] );
i}f(Y >32767)

{ Y =32767;

ilse if(Y < 0)

{ Y =0;

}

Yi[N] = Y/128;

E = ger - (Y/128);
BETA_E = (beta*E);
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Ei[N] = E;

for(x=n_Wi-1;x>0;x--)
{
Wi[x] = Wi[x] + ( (BETA_E*Xi[x]) / 65536 );
Xi[x] = Xi[x-1];
b
Wi[x] = Wi[x] + ((BETA_E*Xi[x]) / 65536 );
Xi[0] = data;
for(x=0;x<n_Wi;x++)
{
if( Wi[x]>MaxWi )
{

}

Wi[x]=MaxWi;

}

for(x=0;x<n_Wi;x++)

{
i Wilx]<MinWi )
{

}

Wi[x]=MinWi;

}

void DelayOneFrame(void)

{
*(unsigned volatile int *)GHOST RESET = 0; /* Reset XilinX */
*(unsigned volatile int *) GHOST _GCRSTATUS = 1; /* Start Get GCR */

WaitGCRData();
*(unsigned volatile int *)GHOST_GCRSTATUS = 0; /* End Get GCR */

delay 4nop(2400);
*(unsigned volatile int *)GHOST RESET = 0; /* Reset XilinX */
}

/* Sign=1 when GCR(-) */
int CheckGCRSign(void)

{
int i,al,a2,sign;
al=0;
a2=0;
for(i=0x80;1<0x98;i++)
{
al =al + data2[O][i];
a2 = a2 + data2[0][i+0x18];
}
if(al>a2)
{
sign=1;
}
else
{
sign=0;
H
return(sign);
}

/* Variable Changed : i, j */



void ProgWi(void)
{

int i;

for(i=0;i<n_Wi;i++)

{

*(unsigned volatile int *)GHOST _Wi_Wr = (Wi[(n_Wi-1)-i]/WiGain);
delay 4nop(7);

}

/* Variable Changed : Wi, i */

void ClearWi(void)
{

int i;

for(i=0;i<n_Wi;i++)

{
Wi[i] = 0x0;

H

Wi[15] = 0x7f<<WiGainL;
H
/* Variable Changed : datal, i, j */
void PackGCRData(void)
{

int 1,j;

for(j=05j<2;j++)
{

for(i=0;i<nw_{fifo;i++)

{

}

delay _msec(200);

*(unsigned volatile int *)IO_PORT = 0x0E000000; /* Turn on 1st LED */

delay msec(200);

*(unsigned volatile int *)IO_PORT = 0x0D000000; /* Turn on 2nd LED */

delay _msec(200);

*(unsigned volatile int *)IO_PORT = 0x0B000000; /* Turn on 3rd LED */

delay _msec(200);

*(unsigned volatile int *)I0_ PORT = 0x0E000000; /* Turn on 1st LED */

delay msec(200);

*(unsigned volatile int *)IO_PORT = 0x0D000000; /* Turn on 2nd LED */

delay _msec(200);

*(unsigned volatile int *)IO 'PORT = 0x0B000000; /* Turn on 3rd LED */

delay _msec(200);

*(unsigned volatile int *)IO_PORT = 0x0E000000; /* Turn on 1st LED */

delay msec(200);

*(unsigned volatile int *)IO_PORT = 0x0D000000; /* Turn on 2nd LED */

delay _msec(200);

*(unsigned volatile int *)IO_PORT = 0x0B000000; /* Turn on 3rd LED */

delay _msec(200);

*(unsigned volatile int ¥*)IO_PORT = 0x0E000000; /* Turn on 1st LED */

delay msec(200);

*(unsigned volatile int *)IO_PORT = 0x0D000000; /* Turn on 2nd LED */

delay _msec(200);

*(unsigned volatile int *)IO_PORT = 0x0B000000; /* Turn on 3rd LED */

delay _msec(200);
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/* Write Wi */

datal[j][i] = data2[j][(4*1)] | (data2[j][(4*1)+1]<<8) | (data2[j][(4*1)+2]<<16) |
(data2[j][(4*1)+3]<<24);
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/* Variable Used : data2, i, j, k */
void AvgGCRData(int n_frame)

{
int 1,j,k;
unsigned int temp;
for(j=0;j<2;j++)
{
for(i=0;i<nw_fifo;i++)
{
data2[j][(4*1)+0] = 0x00;
data2[j][(4*i)+1] = 0x00;
data2[j][(4*i)+2] = 0x00;
data2[j][(4*1)+3] = 0x00;
}
}
for(k=0;k<n_frame;k++)
{
*(unsigned volatile int *)IO_PORT = ( ((k<<3)/n_frame) & 0x07) << 24;
for(j=03j<2;j++)
{
*(unsigned volatile int *) GHOST RESET = 0; /* Reset XilinX */
*(unsigned volatile int *)GHOST GCRSTATUS = 1; /* Start Get GCR */
WaitGCRData();
*(unsigned volatile int *)GHOST GCRSTATUS = 0; /* End Get GCR */
for(i=0;i<nw_fifo;i++)
{
if(WaitGCRData2())
{
temp = *(unsigned volatile int *)GHOST _GCRDATA;
data2[j][(4*1)+0] = data2[j][(4*1)+0] + ( temp & Oxff);
data2[j][(4*i)+1]= data2[j][(4*i)+1] + ( (temp >> 8) & Oxff);
data2[j][(4*i)+2] = data2[j][(4*1)+2] + ( (temp >> 16) & Oxff);
data2[j][(4*1)+3] = data2[j][(4*1)+3] + ( (temp >> 24) & OxfT);
}
}
}
}
for(j=0;j<2;j++)
{
for(i=0;i<(4*nw_fifo);i++)
{
data2[j][i] = ( (data2[j][i]/n_frame) + ((data2[j][i]/(n_frame/2))%?2) ) & Oxff;
}
}
}
void WaitGCRData(void)
{
unsigned int Xtmp;
do
{

xtmp = *(unsigned volatile int *)GHOST GCRSTATUS;
xtmp = xtmp & 0x04;
+ while(xtmp!=0x04);



}
int WaitGCRData2(void)
{
unsigned int Xtmp,Xi;
x1=0;
do
{
xtmp = *(unsigned volatile int *)GHOST GCRSTATUS;
xtmp = xtmp & 0x04;
Xi++;
} while(xtmp!=0x04 && xi<100);
if(xi<100)
{
return 1;
}
return 0;
}
int CheckXilinX(void)
{
*(unsigned volatile int ¥)GHOST RESET = 0; /* Reset XilinX */
*(unsigned volatile int *) GHOST GCRSTATUS = 0; /* End Get GCR */
if(*(unsigned volatile int *) GHOST RESET==0xf0c3a596)
{
delay _msec(200);
*(unsigned volatile int *)IO_PORT = 0x07000000; /* Turn off all LED */
delay _msec(200);
*(unsigned volatile int *)IO_PORT = (~(0x01) & 0x0f) << 24;
delay _msec(200);
*(unsigned volatile int *)IO__PORT = (~(0x02) & 0x0f) << 24;
delay _msec(200);
*(unsigned volatile int *)IO_PORT = (~(0x03) & 0x0f) << 24;
delay _msec(200);
*(unsigned volatile int *)IO PORT = (~(0x04) & 0x0f) << 24;
delay msec(200);
*(unsigned volatile int *)IO PORT = (~(0x05) & 0x0f) << 24;
delay msec(200);
*(unsigned volatile int *)IO_PORT = (~(0x06) & 0x0f) << 24;
delay _msec(200);
*(unsigned volatile int *)IO_PORT = 0x08000000; /* Turn on all LED */
delay _msec(200);
*(unsigned volatile int ¥)IO. PORT = 0x07000000; /* Turn off all LED */
delay msec(200);
return 1;
}
return 0;
}
void InitDSP(void)
{
*(unsigned volatile int *)EMIF_CE2 = 0x23D2CF21;
/**(unsigned volatile int *)EMIF_CE2 = 0x8828E022;*/
timer(_start();
}

/*******************************************************************************
***(hhersFunCﬁOnS*************************************************************
*******************************************************************************/

/*******************************************************************************

* FUNCTION : timerO_read
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*

* ARGUMENTS :
* VOID

*

* DESCRIPTION :

* Read and return the count in timer 0.
%

* OUTPUTS :

* INT <-- Returns the count in timer 0
*

*******************************************************************************/

unsigned int timerQ_read()

{

unsigned int z;

z = *(unsigned volatile int ¥)TIMERO COUNT;
return z;

}

/*******************************************************************************

* FUNCTION : timer(_start
*

* ARGUMENTS :

* VOID

%

* DESCRIPTION :

*  Start timer 0 after initializing it for 32-bit count and no interrupt.
*

* OUTPUTS :
* VOID

*
*******************************************************************************/

void timerQ_start()
{
/* Hold the timer */
*(unsigned volatile int *)TIMERO_CTRL &= 0x{f3f;

/* Use CPU CLK/4 */
*(unsigned volatile int *)TIMERO_CTRL |= 0x200;

/* Set for 32 bit counter */
*(unsigned volatile int *)TIMERO_PRD |= Oxffffffff;

/* Start the timer */
*(unsigned volatile int *)TIMERO_CTRL |= 0xCO0;

}

/*******************************************************************************

*******************************************************************************/

void timer0_hold()

/* Hold the timer */
*(unsigned volatile int *)TIMERO CTRL &= 0x{f3f;
}

/*******************************************************************************

* FUNCTION : timer0_init

*

* ARGUMENTS :

* VOID

%

* DESCRIPTION :

*  Start timer 0 after initializing it for a short period (~13.7 micro seconds)
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*  with interrupt.
*

* OUTPUTS :

* VOID

%
*******************************************************************************/
void timer(_init()
{

/* Hold the timer */

*(unsigned volatile int *)TIMERO CTRL &= 0xff3f;

/* Use CPU CLK/4 */
*(unsigned volatile int *)TIMERO_CTRL |= 0x200;

/* Set for a short period */
*(unsigned volatile int *)TIMERO PRD = 0x200;

/* Start the timer, enable timer0 int */
*(unsigned volatile int *)TIMERO CTRL |= 0x3CO0;

}

sk sk kst ks ks ks sk ks sk ko kR R ko ok ok sk stk ok sk ks sk sk ot ok okt sk ok sk skt skt sk sk sk sk ok ok

* FUNCTION : delay _msec

*

* ARGUMENTS :

* SHORT msec <-- Period to delay in milliseconds
*

* DESCRIPTION :

.

* OUTPUTS :
* VOID

*
ootk otk sk kR ks R sk Rk Rk kol s sl otk ksl R sk Rk R sk R ok ok /

void delay msec(short msec)

{
/* Assume 150 MHz CPU, timer peirod = 4/150 MHz */
unsigned int timer_limit = (msec*9375)<<2;
unsigned int time_start;

/* timer(_start();*/

time_start = timer(_read();

while ((timer0_read()-time_start) < timer limit);
/* timer0_hold();*/
}

void delay 4nop(short nop)

{
/* Assume 150 MHz CPU, timer peirod =4/150 MHz */
unsigned int time_start;

/* timer(_ start();*/

time_start = timer0_read();

while ((timer0_read()-time_start) < nop);
/* timer0_hold();*/
}
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Abstract

This paper presents a PAL TV ghost canceller that exploits
a ghost cancellation reference signal (GCR Signal) of a ITU standard.
The Ghost canceller is composed of an adaptive FIR filter, which
developed on a Xilinx FPGA, XCV300E-6. The resource sharing
technique is employed in order to reduce the size of the circuit.
TMS320C6211, a DSP chip, optimizes the coefficients of the filtering
accords to the LMS (Least Mean Square) algorithm. We also developed
a ghost generator using delay line for testing the TV ghost canceller.
From our experimentation, the ghost canceller can visually cancel the

ghost that its delay range is from —1 ps to +20 ps.

Keyword: TV Ghost Canceller, Ghost Cancellation Reference
(GCR) Signal, Adaptive FIR filter, Field-Programmable

Gate Array (FPGA), Resource Sharing
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ABSTRACT

This paper presents a PAL TV ghost canceller that
employs a ghost cancellation reference signal (GCR
signal) recommended in an ITU standard. The LMS
algorithm is chosen to find the channel inverse, which is
estimated by a 256-tap FIR filter. The emphasis is upon
resource sharing technique, which increases utilization of
multipliers by eight times. To test the canceller, a TV
ghost emulator is constructed. From subjective tests, the
canceller can remove the ghost whose power is lower than
-6 dB compared to that of the main signal, providing its
delay is lower than 10 ps.

1. INTRODUCTION

Even though the home theater concept has driven TV
technologies a long way off, the most popular source of
TV applications is still via analog broadcasting, which is
subject to multipath propagation [1]. The signal from each
path reaches TV receivers with different delays and
powers; hence the duplicate horizontally-shifted pictures
on the TV screens. This phenomenon is well-known as
“ghost.”

The ghost cannot be removed from the main picture
using only conventional electronics. Signal processing
must be incorporated, channel equalization in particular.
Note that there were many attempts to implement ghost
cancellers in the past twenty years [2]. However, they
were very costly due to the cost of high performance
signal processors.  Ghost cancellation _systems._ have,
therefore, never been popular.

Advanced technologies have  greatly increased the
performance-cost of digital ICs. It is now worth
reexamining the structure’ of a. ghost canceller. The
purpose of this paper is to propose a ghost cancellation
system, which may be included within mid-range to high-
end TV receivers. © Its main components are a DSP
processor and an FPGA that functions as a high-speed,
long filter.  Since DSP chip and FPGA are both
reprogrammable, this combination provide other features,
when equalization is not needed, such as noise
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cancellation, DTS decoder, etc.

2. GHOST CANCELLATION REFERENCE (GCR)
SIGNAL

In a ghost cancellation system, a GCR signal must be
inserted onto a TV signal during its vertical blanking
interval [3] at a TV broadcaster. The ghost cancellers at
the TV receivers exploit the knowledge of how the known
GCR signal responds to the effect of the channel. They
can then find an inverse of such effect that essentially
removes the ghost from TV signals.

There were also many attempts to find “good” GCR
patterns.  Eventually, ITU gathered a few good GCR
patterns in the Recommend ITU-R BT.1124 [4].

umglived 74}

Ty W ogqy % 0 20

Time. i)
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(b) Negative polarity
Figure 1 Patterns of the GCR-C Signal

In this research, we adopt an ITU standard GCR-C
signal whose patterns are shown in Figure 1. The positive
and negative polarity signals are alternately inserted onto



line 318 of the composite video signal (CVS). Its figure
looks alike that of a sinusoidal signal whose frequency
increases temporally. This GCR signal has flat frequency
response and smooth phase characteristic within a TV
signal bandwidth. Moreover, its spectral characteristic is
not sensitive to selections of sampling frequency and word
length of A/D converters [5].

Algorithm

multipath ghost
propagation canceller

Figure 2 Signal propagates through channel and equalizer

3. EQUALIATION SCHEME

It is well known that a received signal, x(7) traveled
through a multipath propagation channel, as shown in
Figure 2, can be estimated in discrete-time domain as

x(m) = Y estn=0)+g(m) ()

wherec,, 1 =0,..., N are parameters of the channel,
s(n) is the transmitted signal and g(#) is the additive
noise. The channel length (No. of taps) is denoted by V.

Without equalization, the received signal, x(n)will
cause ghost image on TV screens, i.e., X(71)is a ghosted
signal. Intuitively, the desired response of the equalizer
(or ghost canceller in this case) shall reverse the channel
effect without amplifying noise.

If an FIR filter is used to estimate the inverse of the
channel then, the equalized (deghosted) signal, y(n) is

y(n) =2 wx(n=j) @

wherew,, j = 0,...,M are parameters of the filter and
M denotes the filter length.

The LMS algorithm is chosen to find such parameters
due to its computational complexity and robustness [6].
The LMS adjust the parameters in a way that the equalizer
output approaches the reference signal (only) when x(7)
is the result of the channel on the GCR signal. In other
words, the filter cancels the channel effect.

4. PROPOSED TV GHOST CANCELLER

A TV ghost canceller, as shown in Figure 3, consists of
a sync separator, an A/D and a D/A converters, a digital
signal processor and an FPGA which functions as an FIR
filter and a GCR separator. Each part will be described as
follows:

DSP
Chip
Sync CSS
Sep. r GCR Sep.
. CVS
CVS" A/D » FIR Filter —» D/A —>

Figure 3 Structure of the proposed ghost canceller

4.1 Sync Separator (LM1881)

LM1881 separates composite sync. signal (CSS) from
CVS input (CVS;). Moreover, its internal clamp circuit
always keeps DC voltage of the sync. tip level, the lowest
voltage level, of the CVS;at 1.5 V.

4.2 A/D converter (THS1031)

Typically, a CVS signal is 1V, so the clamped CVS;
may vary within a range of 1.5-2.5V. The converter is,
therefore, set to convert an analog input signal to 8-bit
unsigned data with middle reference voltage at 2V. To
maximize the length of the filter in continuous-time
domain, whilst avoiding the alias effect, the sampling rate
is chosen to be 12 Msamples/s.

4.3 GCR data separator

Implemented in a Xilinx FPGA [7], GCR data separator
prepares GCR sequence for the DSP chip. It synchronizes
the horizontal and vertical time bases with the CSS signal
[2]. Tt then keeps the effect of the channel on the GCR by
storing some parts of line 317 and 319 and the whole line
of 318 in its FIFO. Recall that the transmitter inserts the
GCR signal onto line 318 of the CVS signal.

4.4 Digital signal processor (TMS320C6211)

The DSP Chip performs the LMS algorithm. It gets the
channel effect on GCR sequence by reading FIFO inside
the GCR separator, searches the optimized parameters, and
then readjusts the FIR parameters.

To improve picture stability, DSP chip will stop
searching/if summation of squared error [6] is greater than
a threshold, and will start searching again when such value
is higher than another higher threshold.

4.5 D/A converter (THS5641)

After equalization or ghost. cancellation, deghosted
digital data will be converted back to analog domain.
THS5641 with an I-to-V amplifier converts 8-bit digital
data to 1V, analog CVS, signal.

4.6 FIR Filter with Resource Sharing Technique

It is desirable to have an FIR filter whose length is as
long as possible in order to cancel the ghost that has long



delay. In fact, to estimate the channel inverse with an FIR
filter very well, the length of that FIR should be doubly
longer than that of the channel [6], i.e., M (in Eq. (2))
should be greater than 2V (in Eq. (1)).

Since the filter operation is in a form of sum of
products (see (2)), so each filter tap invokes multiplication
and accumulation (MAC). If one wants to implement a
long filter running at high speed only by DSP processors
one would require lots of them. For example to
implement a 256-tap filter running at 12 Msamples/s (3-
billion MACs/s), one would need at least 20
TMS320C6211s, hi-end DSP processors. This is
obviously not feasible.

Dedicated hardware such as FPGA seems to be a better
choice. From its implementation report shown in Table 1,
Xilinx XCV300E spends 54% of its hardware resource
(about 160,000 gates) to construct a 32-tap FIR filter.
This filter can process data up to 75.7 Msamples/s.
However, if pipeline multipliers [8] are employed, it will
spend a bit more resource but it can work almost doubly
faster than the conventional one.

Table 1 Resource- performance of 32-tap FIR filter,

implemented on XCV300E
Technique Resource Speed
Conventional Multiplier 54% 75.7 MHz
Pipeline Multiplier 60% 144.4 MHz

Since the speed of the filter implemented on the FPGA
is much faster than 12 Msamples/s required. It is therefore
possible to redesign the filter such that every 12 MHz
multiple filter taps access the same multiplier and
accumulator at different time, i.e., time multiplex. This is
a concept of resource sharing. It will lengthen the filter
significantly with small additional resource.

DI 16-bit Shift Register

&D|D|D

DD|D
vy oy

Y vy
Selzy\ MUX /

4
‘DO IE, D Flip-Flop

Figure 4 Structure of SRL16x1E, a primitive
component of XCV300E

4.6.1 8-bit 8-to-1 Data Multiplexer and Shifter

We decide to reuse the MAC unit eight times over
12MHz cycle, so there must be a circuit that select 1-0f-8
pair k, k =38,...,1 in order to prepare a pair of sampled
data, x(n—8j+k) and a filter parameter Wy k>
j=12,... and 8j—k €[0,M] for the MAC unit

number J.

A primitive component, SRL16X1E, of the selected
FPGA perfectly satisfies this requirement. Illustrated in
Figure 4, it is composed of a 16-bit shift register and a
multiplexer. However, only lower eight bits are used in
this design. A group of eight SRL16x1E, SRL16x8E, can
then represent 8-bit of eight x(n —8j + k) or We -

| 3 aa~ g e "= b
| MAC Unit I
| i \
.8 g 16,
X710 orL16xsE Q[ 171 7]* Pipeline @ S }
) +»{p Multiplier Muxf. Sum
\
| |
(I “GUN
5 - X _out
.8 8,
b .-
W_in 7| SRLI()XSEQ W_out
W_ld/—{En (W)

Figure 5 8-tap FIR filter using resource sharing

4.6.2 8-tap FIR Filters

An 8-tap filter j shown in Figure 5 is composed of
two SRL16x8E and a MAC unit. One SRL16x8E is to
keep x(n—8j+/k)and another is to keep Wy, ;.
Intuitively, after alternating k eight times the accumulator
output shall have the value of o Way  X(n =8+ k).
Hence, by this configuration an 8-tap ‘of an FIR filter can
be achieved using only one MAC unit.

After changing k seven times, upon the last time when
n increases (m=n+1), the eight registers inside
SRL16x8E will be shifted once (every 12MHz), so that
the new x(7—8; +8) comes in from the (j+1)" 8-tap
filter and its x(n —8j +1) will become x(n —8j + &)
of (j-1)™ 8-bit filter.

8-Tap FIR Filter ~ 8-Tap FIR Filter = 8-Tap FIR Filter = 8-Tap FIR Filter

\)il_> X_in x_out X_in x_out —x_in X_out —»X_in x_out
T w_in w_out w_in w_out — w_in w_out —»w_in w_out
b e W - -

WId Gim WId g W gum W gum

Figure 6 32-tap FIR filter

Value of W, Jj=0..M can be updated by shifting
too. When DSP chip wants to adjust filter parameters, it
will activate W_Id signal and send w,, first and w, last,
at each rising edge clock, w; will propagate via shift
register and seat in its designated position eventually after
M +1 clocks.

To complete the whole filter, each 8-tap FIR filter is
connected sequentially. Shown in Figure 6 is an example



of'a 32-tap FIR filter

A design of filters using resource sharing technique can
save lots of resource of FPGA. As shown in Table 2, a
256-tap filter consumes only 73% of resource in
XCV300E or about 219,000 gates and the speed of the
filter can run up to 141.9 MHz. Since the resource is
reused eight times, the data rate can be up to 17.7
Msamples/s.

Table 2 Resource-performance comparison between
conventional FIR filter and FIR filter using resource
sharing implemented on XCV300E

Technique Length |Resource | Speed (MHz)
(taps) Circuit | Data

Conventional 32 54% ToNA N
Pipeline Multiplier 32 9% 147.1 | 18.3

and Resource sharing

Pipeline Multiplier 256 73% 141.9 | 17.7
and Resource sharing

Finally, after synthesized and implemented together
with the GCR separator, Xilinx Foundation 3.31 software
reports that these circuits use up 99% of slices (a slice is a
group of primitive components of Xilinx FPGA.)

5. PERFORMANCES

The effect of ghost can vary in many patterns
depending upon the terrain of TV broadcasters and that of
TV receivers. Hence we developed a ghost generator
which consists of 64 270ns-delay-lines,
amplifiers/attenuators and a combiner in order to emulate
such effect thoroughly. However, the longest delay this
emulator can generate is 17.3 ps. In unusual terrain, the
ghost can have longer delay than this.

Figure 7 shows a deghosted TV screen, which
demonstrates a visual test. In this example, we used two
ghosts, whose delays are 1.08 pus and 4.05 ps, and powers
are -12dB and -20dB, compared to the main signal
respectively.

Thorough subjective tests have been conducted. The
results are categorized according to the range of ghost
delays as follows:

Delays between -1.3us to 16us: The canceller can
visually remove the ghost completely within a few
seconds when the total power of all delays is less than -
12dB (1/4), compared to that of the main signal.

Delay between 0-10ps: Limitation of the range helps
the filter to estimate the channel inverse better. The total
ghost power can be up to -3dB. However, if the ghost is
stronger than -6dB, it may distort sync. signal too much
such that sometimes the GCR separator cannot
synchronize with the CVS signal, so it may take a few
more seconds to find the optimal parameters

If the ghost is stronger or its delays are longer than
stated above, the canceller may not remove the ghost
completely; it may be able to remove strong ghost but
induces ghost at another position. If the ghost is too much
strong, TV receivers will lose sync.

Figure 7 TV screen after ghost has been removed

6. CONCLUSIONS

We developed A PAL TV ghost canceller using a DSP
chip and an FPGA. Resource sharing technique was
employed. From our experiments, the ghost canceller can
visually cancel the ghost within a few seconds if the total
ghost power is not more than -6 dB compared to the main
signal and the delays are within a specific range.

7. FUTURE WORKS

We are developing DSP processors on FPGA so that the
new system will consist only one or two FPGA and some
technique that may lengthen the filter responses.
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