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Toém tat - May tinh nhing da va dang lam nén lan séng di mai trong
linh virc cdng nghé théng tin va dac biét la trong linh ve tw ddng
héa. V&i wu thé nhd gon, linh hoat va gia thanh ré; may tinh nhing
da va dang déng vai tro cbt 16i trong hau hét cac hé théng tw dong.
Tuy nhién, do han ché vé tbc d6 xt ly, né gép nhiéu khé khan trong
viéc x( ly cac bai toan can téc d6 xtr ly nhanh nhw cac tng dung thoi
gian thiee, x& ly anh, xt ly video... Trong bai bao nay chung t6i aé
xuét giai phap thiét ké may tinh nhung co6 tich hop FPGA nham giai
quyet han ché trén. Vi thiét ké nay cac cong viéc phirc tap can téc
dd xt ly cé thé dwoc chuyén sang thuc thi trén FPGA. Mot hé xtr ly
truyén théng thoi gian thuc cling dwoc thuc thi thlr nghiém trén may
tinh nhing dé danh gia hiéu nang cla thiét ké.

Tl khéa - May tinh nhung; hé théng thai gian thuc; FPGA; PCB
toc dd cao; vi xt ly.

1. Gi6i thi¢u

Nhitng nim gan day, su phat trién nhanh chong cia
thong tin vo tuyén d3 va dang anh huong ngay cang to 16n
dén nhiéu linh luc khéc nhau trong doi song kinh té xa hoi.
Diéu nay dan dén van dé bao mat trong thong tin vo tuyén
lai tr& thanh tim diém ctia nhiéu nha nghién ctru trong va
ngoai nudc, dic biét 1a trong cac linh vuc quan trong doi
hoi tinh bao mét cao nhu an ninh, quc phong, tai chinh. .

Ngay nay, cong nghé hé thong nhung di phat trién
manh mg, thiét ké dong vai tro quan trong trong viéc phat
trién hé thong. Su phd bién ngay cang ting cuia cac hé thong
nhiing da 1am cho nhiéu nha khoa hoc quan tim nghién ctru
cai thién, t6i wu héa kién tric ciia cac hé thong nhung. Ti
wu hoa cac hé thong nhiing bao gdm cac khia canh nhu hiéu
suét [1], [2], [3], tiéu thu dién nang [4], [5], [6], [7], chi phi,
kich thudce [8], [9], [10], ...

Cac hé théng thoi gian thuc ma dién hinh 1a cac hé
thong xtr 1y nhan thirc hd trg b vi xtr 1y cho céc cong nghé
¢6 thé cho phép cac may tinh cam nhan thé gidi theo céch
con nguoi. N6 nhdm muc tiéu cac linh vue nhu phat hién
dbi tugng, nhan dang va theo doi, nhdn dang giong ndi va
ctr chi va kha ning da phuong thirc nhu doc méi dé hd tro
nhan dang giong ndi. Cac tng dung cho vi¢c xu 1y nhan
thirc déu rat 16n va da dang. Ngdy cang c6 nhiéu thiét bj
may tinh dang dwoc nhung vao v6 hinh trong moéi truong
song cuia ching ta va chung ta nhan thiy sy ton tai cua
ching chi khi chung ngirng phuc vu ching ta. Cac méoi
truong nhung di dong trong tuong lai can it nhét hd trg cac
ung dung tinh vi nhu nhan dang giong néi, nhan dang tinh
nang truc quan, két néi mang khong diy an toan va xir Iy
phuong tién noéi chung.

Bo&i cac Gmg dung thoi gian thuc rit phong phu trong

Abstract - Embedded computers are making waves in innovation
in the field of information technology and automation. It is playing
a core role in most automated systems because of the compact,
flexibility and low cost. However, due to limitations in processing
speed, it is difficult to handle problems that need fast processing
speed such as real-time applications, image processing, video
processing ... To solve this limitation, we propose an embedded
computer design which has an integrated FPGA. As such, complex
tasks can be built on FPGA. A real-time information transmission
system has been implemented on our embedded computer to
assess its performance.

Key words - Embedded computer; realtime system; FPGA; high
speed PCB; microprocesor.

céc hé thong nhung di dong nhu PDA thong minh, robot
khong nguoi 1ai va cac thiét bi gia cho nguoi khiém thi va
khiém thinh. Mot van dé co ban giy ra cac ing dung nay
1a chiing yéu cau hiéu ning dang ké hon so véi cac b xir
Iy nhing hién tai c6 thé phan phoi. Hau hét cac bo vi xir Iy
nhiing va cong sut thap, chang han nhu Intel XScale,
khong co tai nguyén phan cting va hiéu suit can thiét dé hd
trg trinh nhan dang giong néi diy du tinh ning. Ngay ca
cac bd vi xir Iy hiéu nang cao hién dai ciing hau nhu khong
thé theo kip cac yéu ciu thoi gian thyuc cia cac ing dung
nhan thirc tinh vi.

Véi tbe @6 phat trién vi xtr 1y theo dinh luat Moore, van
dé hiéu suat khong phai 1 van dé quan trong. Tuy nhién
hai van dé quan trong van con. Tht nhét, muc tiéu thy ning
lwong di kém v6i mue hiéu suit yéu ciu thudng co cuong
do vuot qua mic nang lugng nhing dién hinh. Hon nira,
céc yéu cau vé ning luong cua cac b vi xur ly hiéu nang
ca0 mdi ngay cang tang. Ket ludn 1a quy m6 cong ngh¢ mot
minh khong thé giai quyét van dé nay. Thir hai, nhan thirc
va giao di¢n bao mat 1a do ty nhién luén hoat dong. biéu
nay gidi han tinh kha dung ctia bo xtr Iy ddi véi cac tac vu
tinh toan khéc, ching han nhu hiéu dugc nhiing gi da dugc
nhan thirc. Giai phap thong thuong dé giam tiéu thy dién
trong khi tang hiéu suét 1a st dung ASIC. V&i sy phire tap
v luon luon vé ban chit ciia nhiém vu nhan thirc, mét cach
tiép can co lién quan hon s€ 1a sit dung ASIC nhu mét bo
xir 1y két hop véi bo xtr Iy may chu cong sut thip.

Trong giai doan dau cta nghién ctru nay, mot bo xur 1y
ASIC cho mét trong nhitng giai doan théng tri ctia hé thong
nhan dang giong ndi Sphinx CMU da duoc nghién ctru
[11]. N& lyc nay cing cd quan diém cho rang ASIC 1a tén
kém va khong linh hoat. Chi phi ché tao cao cua ho cing


mailto:vanthodn@gmail.com
mailto:baongocdt@gmail.com
mailto:phat.nguyenhuu@hust.edu.vn

98 Tran Hoang Vi, Nguyén Van Tho, D& Thanh Bao Ngoc, Chir Birc Hoang

voi cac chi phi lién quan dén mot chu ky thiét ké kéo dai
rat kho dé khau hao trir truong hop san xut v6i quy mo rat
16n. Chuyén mén ASIC von ¢6 lam cho n6 vo cung kho
khan dé hd tro nhiéu ung dung, phuong phap mai, hodc
tham chi cai tién thuat toan tién hoa.

Céc g dung nhtng phat trién nhanh chéng va cac h¢
thong nhung la cuc ky nhay cam v6i chi phi, nhing van dé
nay thic day viéc tim kiém mot cach tiép can muc dich
chung hon. Viéc su dung cac thiét bi logic va c4u hinh lai
¢6 thé cau hinh lai 1a mot cach tiép can phd bién khac [12].
Kha ning cau hinh lai von c¢6 cia FPGA cung cip mot mirc
d6 chuyén mon hoa trong khi van giit dugc tinh tong quat
dang ké. Tuy nhién, FPGA c6 mot bat lgi dang ké ca vé
hiéu ning va cong suat khi so sanh véi cac chirc ning logic
ASIC hodc CPU.

Xuat phat tir cac phan tich trén, nham muc dich can
bang giira cAc muyc tiéu vé hiéu ning, chi phi va tinh linh
hoat; chung toi dé xuat giai phap thiét ké h¢ thong méay
tinh nhang tich hop FPGA. Khéi FPGA tich hop vao glup
may tinh nhdng khac phuc cac nhuoc diém vé hiéu suat
tinh toan trong khi van gitr duoc tinh linh hoat va bao dam
chi phi thap.

Phan con lai ctia bai bao dwoc sip xép nhu sau: Phan 2
gi6i thidu kién tric hé théng may tinh nhung dé xuét. Phan
3 trinh bay cac két qua vé thiét ké layout. Phan 4 trinh bay
ket qua thyc nghiém va danh gia hiéu qua cua thiét ké dé
xudt. Cudi cung phan 5 1 phan két luan.

2. Kién triic hé thong

Memory Host _ Results
DRAM | Controller |~} "I Processor |
Bus
DMA u-Code
Data SRAM
v 3
Input Execution Output
SRAM Cluster SRAM
Scratch
SRAM

Hinh 1. 76 chite thue hién ciia vi xik Iy

Hinh 1 thé hién t6 chirc thuc hién ciia mot hé vi xir Iy.
Bo xtr Iy dua dit liéu vao hodc ra bd xir Iy thong qua cac bd
dém SRAM. Céc thudt toan xu ly thoi gian thuc cé xu
huéng duge dinh huéng ludng, tirc 13, chung xir 1y mot
chudi cac ban ghi dir lidu twong tw, noi cac ban ghi dir liéu
¢6 thé 1a cac goi hodc khéi tin hiéu 161 noi, khung video
hodc diu ra cia cic quy trinh xtr 1y ludng khac. Mdi goi dit
lidu dau vao dugc xtr 1y boi mot thuat toan tuong dbi don
gian va thudng xuyén thudng dé cap dén mot sé bang trang
thai hodc lich st cuc bd han ché dé tao ra mot goi dau ra.
Céc thuat toan thuong dugc dinh hudng vong lap véi cac
thanh phan chi phdi dugc 10ng vao nhau cho cac vong véi
céc co quan phu thudc vao dong chay. Mot sb cac nghién
clru da dé xuat kién trac vi xir 1y dugc tdi uu héa cho kiéu
tinh toan nay dugc goi 1a bo xir 1y ludng [13].

Data in Logic

Processor -
Function

Data out

Hinh 2. Luong xir Iy diF liéu

Thay vi thiét ké mot kién tric vi xir Iy chuyén biét dé
t6i wru hoa viéc xir ly cac ung dyung thoi gian thyc, ching
t61 thém vao mot khdi chirc ning logic tity blen Ludng xir
1y duoc thé hién ¢ Hinh 2. Cac goi dir liu can xir 1y s&
duoc chuyen sang cho khoi Logic Funtion. Khéi nay duoc
tiy bién dé co thé giai quyet cac thuat toan xu ly dir li¢u
khac nhau bang mo ta phan cing HDL, dir liéu sau khi
dugc xir 1y s& duoc tra lai cho vi xir 1y ra quyét dinh.

Trong thyc té, c6 rat nhiéu cau hinh tuong rng véi klen
trac cua hé thdng nhang. Céc ciu hinh nay khac nhau vé
téc do CPU, kich thude bo nhé, chiéu rong Bus, cong 1/0..
[1], [2]. Ching tdi xay dyng cac chirc nang khach quan de
danh gia cau hinh cua kién trac hé thong nhung trén co s&
can bang gitia cac muc ti€u t6i wu.

Hinh 3 13 kién trac may tinh nhing dugc ching toi thiét
ké dé danh gia hiéu nang cua thiét k&, vi xir Iy ARM duoc
lya chon cho may tinh nhung va khdi chtic nang tily bién
1a FPGA. Chung t6i lwa chon dong Spartan 3E cho hé thong
thtr nghiém cta minh.
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Hinh 3. So do khdi ciia may tinh nhiing thoi gian thuc

Trong kién triic nay, chung téi tich hop vao may tinh
nhing mot khéi FPGA nhim tiy bién phan cimg va thuc
thi nhitng nhi¢ém vy doi hoi hiéu nidng cao va vi xtr Iy khong
du tai nguyén dé giai quyét. Khdi FPGA duoc két ndi truc
tiép dé d& dang diéu khién va tuy bién.

Mat khac mot giao dién tuy bién FPGA véi ngoai vi
duoc t6 chirc riéng biét va cong nap JTAG cho FPGA doc
1ap hoan toan cho phép trong trudng hop can thiét hé thong
¢6 thé 1am viéc nhu mot kit phat trién FPGA don thudn,
ddc 1ap voi vi xt ly cia may tinh nhing.

3. Két qua md phong PCB

Cac ung dung thoi gian thuc nhu xtr Iy anh, xu 1y video
thuong ¢ khdi luong dir liéu rat 1on, dong dir lidu giita vi
xir Iy va FPGA thuong c6 toe do rat cao, do do viéc thiét ké
bo mach in ciia may tinh nhing dé dam bao chat luong tin
hiéu 14 van dé rat quan trong trong thiét ké méy tinh nhing.

Thiét ké mach in toe d0 cao trén datra nhiéu thach thuc
d6i voi nguoi thiét ké trong viée dam bao chat lugng tin
hiéu truyén dan nhu nhiéu xuyén am, birc xa truong dién
tir, phdi hop tro khang va dam béo can bang d¢ tré truyén
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dan giita cac duong tin hiéu. Cac khé khan thach thirc nay
duoc goi theo mét khai niém tiéu chuén 14 tich hop tin hiéu
(SI: Signal Integrity). Néu qua trinh thiét ké khong c6 sw
hd trg mo phong va phan tich bsi cac cong cu md phong
tiéu chuan cong nghiép, thi viée kiém tra chét luong tin
hiéu sau khi ché tao mach in PCB (Printed Circuit Board)
s& vo ciing kho khan, dong thoi chét lugng tin hiéu truyén
dan s& khong duge dam bao (hay con goi 1a kha ning tich
hop tin hi¢u khong dwgc dam bao), dan dén phai lam lai
mach in nhiéu 1an ma khong tim dwoc ra nguyén nhan
chinh xac. Piéu nay khong chi lam ting chi phi, ma con
kéo dai thoi gian dua san pham ra thi trudng.

Khi mot duong dan truyén dan tin higu, gitra no va cac
duong truyén dan ké can s& xuat hién dung khang tuong ho
két hop va cam khang tuong hd két hop. Ly thuyét vé tuong
hé két hop cho thiy rang, cac dong dién tin hiu tr¢ vé cua
mot dudng dan truyén dan tin hiéu sé tao ra cac truong tir.
Céc truong tir ndy tiép tuc cam ung ra cac dién ap trong cac
duong dan khac ndm trong ving truong tir nay. Cac dién
ap cam ung ti 1€ thuan véi su bién ddi cua tin hiéu truyén.
Céc dién ap nay anh hudng cang lon khi thoi gian ting (rise
time) ctia tin hiu cang ngan (tan sd cang cao), ¢6 nghia la
khi tbc do truyén dan cang cao. Pién 4p cam ung ndy goi
1a nhidu xuyén am.

Trong cac mach sb, ddc biét 1a cac mach toc do cao trén
1 GHz, xuyén 4m do cam khang lu6n 16n hon nhiéu xuyén
am do dung khang. Vi vay, cac phuong phap giam xuyén
am ludn tép trung vao viéc giam xuyén am do cam khang.

a. Dang song dau phdt

két qua md phong ta thiy mat mé to, khong thay anh huong
ctia nhidu giita 2 duong truyén. Bién d6 nhidu rét thép.

4. Két qua thye thi va thir nghiém
4.1. Thi cong phén cirng mdy tinh nhiing

ARM Nezuén
) '

Céng LAN

Cong COM

Chin tiy
" bien FPGA
USB Host

USB

Reset « » VGA

FPGA Led Nitnhin  Cong tic SW

Hinh 5. May tinh nhiing thoi gian thuc thir ngiém

Chung t6i di thiét ké va thi cong thir nghiém may tinh
nhung véi vi xu ly dugc lya chon 18 AT91SAM9260, bd
nhé SRAM 256MB, khbi FPGA dugc chon 1a XC3S500E
cua Xilinx. DPay 1a chip FPGA dugc st dung trong cac Kit
Spartan no6i tiéng cua Xilinx. XC3S500E c6 mat dg tich
hop cong tuong dbi cao va du cac dic tinh cho thiét ké phan
clng nhleu chirc nang. N6 dugce ho trg boi cac cong cu
phin mém cua Xilinx. Cac thong s6 k¥ thuat cu thé cua
XC3S500E dugc mo ta 6 Bang 1.

Bdng 1. Théng s ky thudt ciia XC3S500E

b. Dang song dau thu

Hinh 4. Két qué mé phong dnh hudng nhiéu xuyén dm
Dé danh gia chat lugng thiét ké mach in PCB chiing t6i
sir dung cong cu HyperLynx cta MentorGraphics dé danh
gia anh hudng ciia nhidu xuyén am dén chat lugng tin hi¢u
ké vai toe do truyén dir liéu 1GHz. Két qua mo phong anh
huéng cua nhidu xuyén 4m duoc thé hién ¢ Hinh 4. Theo

System| Logic | Total | Total |Maximum|Maximum

Gate cells | CLBs | Slices | User I/O |Diffrential
1/0 pairs

500.000| 10.476 | 1164 4656 232 92

Hinh 5 14 san phim hoan thién. Ngoai khdi phan cimg
tuy bién FPGA, may tinh nhing c6 day du cac cong chiic
nang co ban nhu VGA, USB, Ethenet....

4.2. Nap hé diéu hanh

Sau khi da thi cong hoan chinh phin cimg may tinh
nhung, ching t6i tién hanh nap hé diéu hanh Linux cho may
tinh nhing.

Trinh tu Bootloader cua AT91SAM9260 duoc thé hiép
¢ Hinh 6. Dau tién, n6 khai tao cac cong don vi g& 16i noi
tiép (DBGU) va cong thiet bi USB.

Sau d6 chuong trinh DataFlash Boot dugc thyc thi. N6
tim kiém mot chuoi tam vecto ARM hop 1€ trong mét
DataFlash két n6i voi SPI. Tat ca cac vecto phai la nhanh
B hodc LDR lay gia tri thanh ghi trir vector thir sau. vector
nay duge sir dung d¢€ luu trir cac kich thudc cua hinh anh
de téj ve. Néu mot chuoi ho“p’lé duoc tim thay, code dugc
tai vé vao SRAM noi bo. Tiép theo la remap va nhay toi
dia chi dau tién cia SRAM.

Néu khong c6 chudi vector ARM hop 18 dugc tim théy,
cac chuong trinh DataFlash Boot dugc thyc thi trén chip
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thir hai luya chon.

Néu khong c6 trinh tir vector ARM hop 18 dwoc tim thdy,
chuong trinh NAND Flash Boot sau d6 dugc thyc hién.

Céc chuong trinh NAND Flash Boot s& tim kiém chudi
tam vecto ARM hop €. Néu mét trinh tu nhw vay duoc tim
théy, code duoc tai vé vao SRAM ndi bo. Tiép theo 1a
remap va nhay tdi dia chi dau tién cia SRAM.

Néu khong cé trinh tu vector ARM hgp 1€ dugc tim
théy, Man hinh SAM-BA sau d6 dugc thuc hién. N6 cho
doi cho cac giao doi giira cac thiét bi USB, hodc trén cong
ndi tiép DBGU.

Start

Internal RC Oscillator

Maln Osclllator Bypass

Na

Large Reduced

Input Fraguency
Crystal Table Crystal Table Table

DataFlash Boot

Yes Download from
&Rl Dm@—' DataFlash (NPCSD) Run

No =+
Yes Download from
< SRl Daw@—» DataFlash (NPCS1) Run DataFlash Boot
Ne —+
: Yas Download fram
IMAND Flash Boot NAND Flash Run NandFlash Boat
No -+
No
USB Enumeration Character(s) recaived SAMBA Monitoe

Suecassful ? an DBGU ?

[Run SAM-BA Moitor |

|Run SAM-BA Mnm!nrl

Hinh 6. Trinh tw BootLoader ciia mdy tinh nhing

Hinh 7 thé hién qua trinh Boot Linux cta may tinh
nhing. M4y tinh nhung cua ching t6i thiét ké thuc thi
ROM  Dboot, load AT91AT91BootStrap.bin  tu
AT45DB041D-SU (SPI NPCS1) vao SRAM, thuc hién
1énh nhay va thyc thi chuong trinh AT91BootStrap. Sau d6
no thyc hién khoi ddng PLL cho system clock, khdi dong
SDRAM controller, load u-boot.bin tir AT45DB041D-SU
tai offset 0x8400 vao dia chi 0x21F00000 cua SDRAM.
Sau d6 thuc hién 1énh nhay viao ving SDRAM dé chay
chuong trinh U-Boot.

U-Boot load kernel ulmage tir nhiéu ngudn khac nhau
(TFTP,NAND FLASH...) chép vao dia chi 0x20000000 trén
SDRAM, sau d6 thuc hién 1énh boot hé diéu hanh Linux.

Boot Media(s)*

Kemel
U-Boot
AT91Bootstrap

Check if
AT21Bootstrap is present
on FLASH Boot Media(s)*

Load it from FLASH

to SRAM & start it {1)

SDRAM, Clock Iinitialisation
Load U-Boot from FLASH
to SDRAM & start it (2)

SRAM
ATA1Bootstrap

U-Boot
Load kernel image
fiom FLASH to SDRAM SDRAM /
& start it 3) WBoot

Kemel /

Starting kemal

Uncompressing Linux

Hinh 7. Trinh tw Boot kernel Linux cia mdy tinh nhing
4.3. Thir nghiém

Pé danh gia hiéu ning cta may tinh nhung thoi gian
thuc chung t6i thyc thi thir nghiém mot hé théng truyén
thong thoi gian thyc gitra 2 may tinh theo mé hinh nhu
Hinh 8. Trong md hinh ndy, bén phat la mot may tinh
nhdng c6 nhiém vu diéu ché PSK tin hiéu s trude khi dua
1én kénh truyén. Bén thu ciing 1a mot may tinh nhung thuc
hién giai diéu ché dé nhén lai dir liéu. Trong thir nghiém
nay chung toi xay duyng mot phan mém chay trén méy tinh
nhiing bén phat ¢6 nhiém vu sinh dit liéu va chuyén sang
khéi FPGA. Mot HDL duoc nap vao khéi FPGA thuc hién
diéu ché PSK va dua ra DAC. Mot chuong trinh khac dugc
nap 1én may tinh nhing bén thu ¢6 nhiém vy nhan dir li¢u
tir khéi FPGA. Mot HDL giai diéu ché duoc nap vao khéi
FPGA. M6t may dao dong ky dugc st dung dé do dac va
so sanh dang song bén thu va bén phat.

Trong mé hinh nay cong viéc thuc hién diéu ché/ giai
diéu ché PSK - doi hoi dap umg thoi gian thuc do khdi
FPGA thyc hién. Pay 1a cong viéc va vi xu ly trong cac
may tinh nhung khong thé thyc hién duge.

May tinh . DAC
. " o -~
nhing / i
o =
Oscilloscope Kénh
Fd truyén
May tinh | ADC
nhing

Hinh 8. M6 hinh thir nghiém mdy tinh nhing

Hinh 9 1 hinh anh két ni thir nghiém thuc té ctia chung
t0i. Chung t6i str dung 2 may tinh nhing tich hop FPGA do
chung t6i thiét ké va 1 module AD/DA. Kénh truyén 1a cap
ddng truc két ndi ddu ra cia DAC véi dau vao ADC. Hinh
10 1a két qua do dac tir Ossciloscope s6. Két qua thir
nghiém cho thdy hé thong truyén thong thuc hién chinh xac
va dam bao chét luong thoi gian thue. Két qua do trén dao
dong ky cho thdy hé théng dam bao ca vé sy dung dan cua
dit liéu truyén va yéu tb thoi gian thyc.
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Hinh 9. Hinh anh thir nghiém thuc té

Tin hiéu phat Tinhiéuthy  Tin hiéu trén kénh truyén

Hinh 10. Két qud do tin hiéu trén mdy dao déng ky.

5. Két luan

Trong bai bao nay ching toi dé xuat mot kién tric may
tinh nhing phuc vu cho cac tng dung thoi gian thuc trén
co s6 tich hgp mot khdéi FPGA vao dé c6 thé thuc hién cac
cong viéc co do phirc tap cao va can toc do xir 1y nhanh.
Kién triic dé xuat vira dam bao can bang giira hiéu ning
cho cac ung dung thoi gian thuc va cac yéu té mirc ning
lwong ciing nhu gia thanh caa hé théng. Mot phién ban thir
nghiém da dugc ché tao va thu nghiém thanh cong mot trng
dung truyén thong thoi gian thyc chimg to hiéu qua cua
thiét ké.

Loi cam on

“Nghién ctru nay duoc tai tro boi Quy Phét‘trie;n Khoa
hoc va Cong nghé Pai hoc Pa Nang trong dé tai ma so
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