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THUC HIEN LOC SO THOI GIAN THUC DUNG FPGA
GIAO TIEP VOI MAY TINH QUA BUS PCI
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(Bai nh@n ngay 17 thdng 8 nam 2005, hoan chinh sita chita n gay 29 thang 11 ndm 2005)

TOM TAT: Pé xit [y thoi gian thie tin hi¢u (Gm thanh, hinh dnh ...) trén mdy tinh ta
phdi két hop nhiéu yéu 16 nhu phdi thém mach xit Iy (tién xit ly) & bén ngoai, nhdp dit ligu
vao mdy tinh qua Bus t6c d¢ cao (USB va nhdt la PCI), chon ngén ngit va k¥ thudt ldp trinh
phi hop, ding xit Iy song song (mdy da bé xit [y)..Trong bai bdo nay, chiing téi trinh bay
hai khdu: (1) Loc s6 thoi gian thuc cé hé sé loc thay ddi tiry ¥ thuc hién trén FPGA, thay vi
ditng b DSP nhu mach tién xit ly, (2) tao giao tiép qua Bus PCI gita bo mach va mdy tinh.
Chiing t6i da thu dugc cdc két qud 161,

1. GIOI THIEU

DE xit 1y cdc tin hiéu clia the gidi bén ngodi mdy tinh nhu ti€ng néi, hinh 4nh, do
ludng ... thudng ta nhip ching vao mdy tinh théng qua mét bo mach A/D hodc DAQ. Cic
bo mach nay ¢6 t6¢ d tir thip dén rdt cao dugc lua chon lua phit hgp véi dic tinh tin s6
cia tin hiéu. Tuy nhién khi x{ 1y thoi gian thyc cdc tin hiéu ta phdi két hgp thém nhiéu
bi€n phdp khdc [1], rong d6 c6 hai vin dé chiing t6i inh bay trong bai bdo nay:

— Trong nhitng nim gén nay, ngudi ta ¢6 khuynh huéng diing cdc linh kién (thi€t bi)
khd trinh CPLD va nhit la FPGA [2), [3] cho cic xit ly chinh bén ngoai thay vi diing cdc bd
DSP hay ASIC, dé dudc chi dong, linh hoat hon. Cho muc dich nay, chiing t6i da cai dat
loc 56 FIR, IR thai gian thuc ¢6 cdc hé s6 thay ddi duge tay y trén Kit FPGA Altera Stratix
EP1510 (hodc EP1S25) [4]. Chon loc s6 1a dé minh hoa va cho nhu cau sit dung & phong
thi nghi€m ciia ching t6i. Viéc thém cdc mach chuyén déi A/D, D/A hay cai mét gidi thuat
X(r 1y nao khdc (cho 4m thanh, hinh 4nh...) chi y&u 12 do nhu ciu.

— Mach ta ty thi€t k&€ va 1dp rdp va nhiéu Kit hoic bo phdt trién (Development
Board) mua khéng c6 sdn giao ti€p Bus PCI [5], [6] rit cin thi&t cho viéc trao ddi dir liéu
tdc do cao (k€ cd co ché DMA). Trudng hop Kit Stratix néu trude ciing viy. Do dé ching
t6i phdi thuc hién truyén thong nay, ddng thdi ciing thio ludn mét s& van dé vé PCI (rat it
dugc dé cdp dén trén cdc tap chi KH-CN trong nudc).
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2. CO SO THIET KF
2.1 Thié't k& Card PCI

Giao ti€p PCI doi hdi t5i thi€u 47 chin cho cdc thi€t bi Target (hay Slave — 1a cdc
thi€t bi dugc ddnh dia chi bdi bd khdi tao qud tinh truyén dif liéu, lic dé bd khdi tao quéd
trinh truyén dir liéu goi 1a Master) va 47 chan cho cdc thi€t bi Master dé€ diéu khién qud
trinh truyén dit liéu, diéu khi€n viéc giao ti€p va cdc chifc ning hé thdng khdc. Cdc chin
tin hiéu PCI dudc trinh bay theo tiing nhém trong Hinh 1. Qud trinh doc, ghi dif liéu trén
Bus PCI dugc trinh bay trong Hinh 2 va Hinh 3 tudng tng.
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Hinh 2: Hoat ddng doc trén Bus PCIL Hinh 3: Hoat déng ghi trén Bus PCL

Chiing t6i di phdt trién mét 16i giao ti€p vdi Bus PCI, 16i dugc viét bing ngdn ngit
md ta phin ciing va ¢6 thé dudce nhing vio bit k§ FPGA ndo. Cau tric cda 16i ndy dudc
trinh bay trong Hinh 4.
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Hinh 4: Ciu tric cda m6t PCI Target.

Céc thanh ghi cdu hinh cho phép phin mém do tim, khéi tao va cdu hinh thi€t bi
PCI. Ngoai ra, cic thanh ghi trong khéng gian cau hinh nay c¢dn hd trg cdc chifc ning diéu
khién 18i. Kh&i PCI Target Control diéu khién toan bd hoat dong clia hé thong gém: Pép
ting vdi cdc 1€nh trén Bus PCI (thdng qua cdc tin hi€u cben[3::0]) va thuc hién viéc tao ra
cdc tin hiéu bit tay tuong ing theo quy dinh cla chuin PCI [5]. Ngoai ra, khdi nay con tao
ra cdc Logic bit tay v6i phan ting dung trong kh&i Address/ Data/ Byte Enable. Khai Parity
Checker & Generator thuc hién qud trinh ki€m tra/ tao Pariry, tao ra tin hiéu bdo 15i khi
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phdt hién sai. Lai dugc md phdng trén FPGA Stratix EP1S10F672C6ES véi tai nguyén s
dung: 450/10.570 Logic Element, 0/920.448 memory bits, 0/48 DSP Block 9-bit. Cdc két
qui m6 phdng cho hoat dong doc cdu hinh (trong tinh huéng nay 1a doc Vendor ID va
Device ID) dugc trinh bay & Hinh 5 va ghi dit liéu ra bd nhé & Hinh 6. Hoat dong doc/ ghi
nay c6 thé so sanh véi chuin PCI & Hinh 2 va Hinh 3.

Simulation Waveforms
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Hinh 5: K&t qud md phdng hoat dong doc Hinh 6: K&t qud md phéng hoat dong ghi dir
cAu hinh trén Bus PCI thuc hién trén Altera liéu ra bd nhd thuc hién trén Altera FPGA
FPGA EP1S10F672C6ES. EP1S10F672C6ES.

D& sit dung thi&t k& trén hé diéu hanh Windows 2000 (hoic Windows XP) thi Driver
cho Card ciing phdi dugc phdt trién. Chifc ning ciia Driver trong cdc ng dung dudc trinh
bay & Hinh 7. VO Manager nhin cdc théng diép tf cic chudng trinh Ung dung (&
Application Layer) & dang cdc mi diéu khién (c6 thé kem theo dif liéu tham s6 hodc
khong) va né xdc dinh noi dén cla cdc yéu ciu (trong trudng hgp nay la Driver cla thiét bi
PCI), kiém tra tinh hgp 1€ clia chiing va chuyén dén Driver thiét bi. Driver thi€t bi ddp Lrng
v6i mdi yéu ciu bing viéc khdi tgo cdc tin hiéu tudng dng trén giao ti€p PCI va trd vé
trang thdi tuong ng vdi tiing yéu cdu cho I/O Manager va sau ciing dua dén chuong trinh
ing dung.

Application Layer ] Chudng trinh ¥ng dung ]

P
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>
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Hinh 7: Chidc ning cta Driver [7].
2.2. Thiét k& loc s& 6 hé s6 thay ddi

Thi€t k&€ Loc FIR: Phuong trinh cda loc FIR tuy€n tinh, bat bi€n thdi gian va nhén
qua cho bdi (1):

N-1
y(my=)_h(k)x(n—k) 1)
k=0

Trang 14



TAP CHi PHAT TRIEN KH&CN, TAP 8, S0 12-2005

va ¢6 cdu tao nhu Hinh 8.
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Hinh 8: Cau tao cia mdt loc Hinh 9: Thuc hién loc FIR thdi gian thyc v6i N hé s6 18,
FIR N hé s6. ddi xing va thay ddi dudc.
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Hinh 10: Thuit todn SDA dua trén LUT Hinh 11: Thuét todn PDA hai bit dua trén LUT
cho MAC gbém bén tich s6 [8]. cho MAC gbém bén tich s& [8].

Uu diém cilia loc FIR 1a sy 8n dinh khoéng diéu kién va ddp ng pha tuyén tinh
nhung bat 1gi ra't 16n 1a chi€m nhiéu tai nguyén FPGA nén mot s6 k§ thuit tinh todn phin
bd dd dudc nghién citu nhim gidm s6 tai nguyén t5i thi€u thy theo hiéu suit mong mudn
[8], ddng ké nhit 1 hai thudt todn SDA (Serial Distributed Arithmetic) dudc trinh bay trong
Hinh 10 va thudt todn PDA (Parallel Distributed Arithmetic) & Hinh 11. Tuy nhién, cdc
thudt todn nay phu thudc nhi€u vao kién tric dic thi clia FPGA, hon nita, viéc thyc hién
cdc phép todn dua vao cdc LUT lam cho thut todn nay khong phd hgp véi hé théng c6 cic
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hé s6 loc thay d8i khi dang hoat dong. Thuét todn dudc sit dung trong bai bdo nay dugc
trinh bay trong Hinh 9, trong d6 cdc bd nhian va cdng cé thé dugc thuc hién biing cdc DSP
Block trong FPGA Stratix dé dat dudc hiéu sudlt rit cao (khodng 250 MHz [3]) hodc c6 thé
thuc hién ti¥ cic bé cdng, nhin duge phdt trién r cdc thudt todn Booth, Baugh -
Woodley...vdi tdc do dén vai trim MHz [9]. Cdc phép todn nhin va cong dudc thuc hién
song song dé cé hiéu sudt cao nhat. Cdc hé so dugc nap vao cdc thanh ghi théng qua bd
gidi ma dia chi, tin hiéu ghi (Wren), va dit li€u nap vao hé¢ s (co_value).
Thi&t k€ loc IIR: Xem loc IIR cho bdi phudng trinh (2):

y(n) = zN:ak y(n-k)+ Aszmx(n —m) (2)
k=1

m=0
Dang thuc hién truc ti€p tir phuong trinh (2) cé thé giy ra mot s6 van dé do sy
lugng tf hda cdc hé s6 va tin hiéu, nhat 1a khi bac cda loc ting 1én. Do d6, mdt céch dé
gidm thi€u dnh hudng ciia su lugng tir héa 1a tdch loc ra thanh cdc loc bic hai ghép ndi ti€p

3):

H(z)::ﬁb"" +b,z7 +b,z7 3)

-1 -2
il 1t+auz" tayz

Dang thuc hién cla phuong trinh nay duge trinh bay trong Hinh 12. Loc bdc hai diu
tién c¢6 chita s& hang bg; khdc 1 do d6 hé s6 nhin ndy dugc thuc hién song song vdi cdc
phép nhin tuong ing vaGi cdc hé sO by, bay. Tir loc béc hai thit hai trd di, hé s6 nhin bgg = 1
nén phép nhin nay dugc loai bd. Cdc hé s loc dudc nap thdng qua bd gidi ma dia chi, tin
hiéu Wren va co_value chifa tri gid can nap cho hé s8 tuong ng, nhu da néi & trudc.
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Hinh 12: Thuc hién loc IIR thdi gian thuc véi cdc hé sb thay ddi duac.

3. THUC NGHIEM VA KET QUA
3.1 Thyc hién Card PCI

C6 nhiéu gidi phdp dé thuc hién giao ti€p FPGA vdi PCI Bus nhu ding mét s6 vi
mach giao tiép vi du PLX PCI 9052, 9054 . . . hodc dung cdc Card trén thi trudng. Ching
tdi cling da s dung thanh cdng Card PCI-DIO24 clia hing Measurement Computing (My)
ma khong dung Driver va thu vién lap trinh kém theo cia Kit (vi duge bin riéng). Pé c6
hiéu sud't cao hon va linh hoat hon, mét gidi phdp khdc 1a sit dung FPGA véi 16i giao ti€p
PCI nhu dda mé td & muc 2.1 hodc cdc 16i PCI phdt trién bdi cdc hing sin suit FPGA
(Xilinx, Altera[11], Quicklogic...) rdi sau dé viét Driver. Ching t6i ciing di thuc hién
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thanh céng thi€t k€ trén PCI Development Board clia hing Memec [10] hoat d6ng & tdn s6
33MHz, 32 bit. Driver st dung cho bo mach dugc phat trién bing Windows 2000 DDK
(Driver Development Kit) va Visual C 6.0 clia hang Microsoft. Bén canh dé, chiing tdi con
thit nghiém Driver tao ra bdi phin mém Windriver va két qua hoat dong t8t trén c hai hé
diéu hinh Windows 2000 va Windows XP.

3.2. Thuc hién loc s6

Loc FIR 15 hé s&, théng thap, tin s& cdt 1KHz & tdn s8 14y miu 32KHz dudc thuc
hién dya trén cdc cd s6 di trinh bay & trudc. Pdp ng tan sd clia loc v6i do chinh xdc 13 bit
dudc trinh bay & Hinh 13. Sd dé khdi thit nghiém cho hé théng dudc trinh bay & Hinh 14,
cdc tin hiéu diéu khién, dif liéu vao, két qua sau khi loc, cdc hé s6 loc...déu dugc diéu
khi€n théng qua card PCI. Ngoai ra, dé ting hiéu sudt thuc hién cda loc, ngd ra clia cdc b
cdng va nhin dugc dém biing thanh ghi dé thyc hién Pipeline.

Magnitude (dB) and Phase Responses
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Hinh 13: Pdp itng bién do va pha cda loc FIR thi nghiém véi 15 hé s3.
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Hinh 14: Sd d3 kh&i thit nghiém loc FIR va TIR.

K&t qua sau khi tdng hdp thi€t k& trén FPGA EP1S10F672C6ES:

— Tainguyén s dung: 466/10.570 Logic Element, 0/920.448 memory bits, 16/48

— DSP Block 9-bit.

— Hiéu suat: 201.69 MHz.

— Latency: 4 Clock Cycles.

Hinh 15 trinh by k&t qué trong trudng hdp tin hiéu vao, x, 12 tin hiéu t6ng hdp cla
hai tin hiéu sin x1 c¢6 tdn s6 500Hz, x2 c6 tin s& 6KHz (vdi tin s& 14y miu déu la 32 KHz).
K&t qua rat t6t khi tin hiéu 6 KHz bj loai bd hodn toan.
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Hinh 15: K€t qué thit nghiém loc FIR 15 hé s6.

350

Loc s8 IIR ciing dudc thit nghiém véi loc Elip bic sdu, thdng thap, tan sd cdt 5KHz
& tan s6 1dy miu 24 KHz c6 phuong trinh cho bdi (4):

(0.03005+0.04759z ' +0.03045z72)(1+0.36319z" +1.00000z % )(1-0.05738z"" +1.00000z )
(1-100021z"" +0.35730z 2)(1-0.66647z " +0.68654z7%)(1-0.48167z"" +0.91928z7%)
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Hinh 16: Pdp ting tdn s va pha clia loc Elip bic 6 thit nghiém trong hé théng.

Pdp ting bién dd va pha ciia loc IIR nay véi d6 chinh xdc 10 bit dugc trinh bay &
Hinh 16. So db khdi thit nghiém hé théng dugc thuc hién tudng ty nhu Hinh 14.KEt qua sau
khi t6ng hgp thi€t k&€ trén FPGA EP1S10F672C6ES:

— Tai nguyén sit dung: 455/10.570 Logic Element, 0/920.448 memory bits, 36/48

DSP Block 9-bit.

— Hiéu suit: 63.22 MHz.

— Latency: 6 Clock Cycles.

Hinh 17 trinh bay k&t qua trong trudng hgp tin hiéu vao, x, 12 tin hiéu téng hgp cla
hai tin hiéu sin x1 ¢6 tan s6 1KHz, x2 c6 tin s& 8KHz (vdi tin s 14y miu 24 KHz). K&t
qua rat t&t khi tin hiéu 8 KHz bi loai bd hoan toan.
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Hinh 17: K&t qué thit nghiém loc TIR, Elip bac 6, thif nghiém trong h¢ thong.

4. KET LUAN

Ching t6i da trinh bay hai vin dé lién quan dén cdc ng dung xi 1y thdi gian thuc
tin hiéu trén mdy tinh: Lap trinh FPGA, thay vi ding DSP hay ASIC, dé xi 1y tin hiéu trén
cd s& phén ciing, va giao ti€p FPGA vdi mdy tinh qua Bus PCL V& ndi dung dau ching t6i
da tao loc FIR va IIR thdi gian thuc c6 cdc hé s6 loc thay ddi thy y. Trén co sd thanh cong
nay chiing 16i ¢ thé thay ddi loai loc hodc nhing gidi thudt xi¥ 1y nao khic. V& giao ti€p
PCI chiing t6i da thuc hién theo nhidu cdch, tit cd da thanh céng, d€ cung cap cdc tai liéu
tham khdo cho ai cin sy trao ddi di ligu ¢ do cao v4i mdy tinh.

IMPLEMENTING REAL-TIME FILTERS ON FPGA AND COMMUNICATING
WITH PERSONAL COMPUTER USING PCI BUS

Huynh Huu Thuan, Nguyen Huu Phuong
Faculty of Physics, University of Natural Sciences, VNU-HCM

ABSTRACT: To process digital signals (representing sound, image...) efficiently in
real time on a PC we must combine several measures: adding an external preprocessing
board, inputting data into the PC through high speed Bus (USB or, especially, PCI),
choosing appropriate programming language and technique, using parallel processing (on
multiprocessor computers. In this paper,two problems are presented: implementing real time
digital filters on FPGA (instead of using a DSP) as a preprocessor, and then interfacing it to
PC using PCI Bus. Good results have been obtained.
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