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TOM TAT

Ung dung cdng nghé FPGA vao thiét ké, ché tao céc thiét bi dién tir kha ldp trinh cho phép
khai thac thé manh cia A7 thugt Idp trinh, tzo s mém déo linh hoat va hiéu qua cho thiét ké phan
cing. Bai bao ndy trinh bay thiét ké mach truyén, nhan di liéu 8 bit giza FPGA (siz dung bdn
mach DE1 cia hdng Altera) va may tinh theo chuan giao tiép UART chuyén cong USB. San pham
thiét ké itng dung hiéu qud trong diéu khién tu déng.

Tur khoa: DE1-Altera, FPGA, UART, USB.
ABSTRACT

Application of FPGA technology in design of data transfer-receive devices interfacing to PC
in DE1 board via UART

Application of FPGA technology in design and construction of programmable electronics
devices enables the exploitation of the advantages of programming techniques, creating flexibility
effectively for hardware design as well as control of peripheral devices. This work presents an 8-bit
data transfer-receive circuit design between FPGAs (using Altera's DE1 board) and computer via
UART standard to USB cable. Designed products can be used effectively for control of specialized
automation.

Keywords: DE1_Altera, FPGA, UART, USB.

1.  Patvan dé

Ki thuat diéu khién tu dong hoéa duoc coi 1a mét trong nhitng nganh miii nhon, then
chét caa cac truong dai hoc. Vi vay, cac truong can dau tu xay dung nhiéu mé hinh, thi
nghiém thuc hanh vé chuyén nganh tu dong hoa. Véi sy phat trién manh mé caa cong nghé
dién tir dwong dai, nhitng vi mach ban dan c6 thé 1ap trinh duoc dap tng kich thuéc nho,
cong suat tiéu thu thap, tao ra cac hé thong diéu khién ty dong ngay cang thong minh hon
va giai quyét duoc nhiéu bai toan phac tap hon, trong d6 viéc tng dung FPGA (Field
Programmable Gate Array) la thiét bi lap trinh duoc, va la cdng nghé dot pha méi nhat
hién nay. FPGA c6 kha ning tai 1ap trinh nén dat d6 linh hoat cao, dap ung nhiéu thuat
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toan hay céac yéu cau khac nhau vé phan cang, do d6 thich hop véi cac mach diéu khién tu
dong thdng minh, giao tiép PC, truyén nhan va xt |i di liéu ¢ téc do cao. Tur do, st dung
FPGA dé thiét ké, xay dung mét sb bai thi nghiém thuc hanh ding trong chuyén nganh tu
dong hda 1a can thiét. Bé cd bai thi nghiém thuc hanh trén chip FPGA, quy trinh thiét ké
hoan chinh tir Xy dung phan cang dén phan mém phai duoc chl trong. Muc tiéu cua bai
b4o 1a dung ban mach DE1, hang Altera st dung ngdn ngit md ta phan cing VHDL
(Very high speed integrated circuit Hardware Description Language) dé thiét ké mach
truyén, nhan dir liéu 8 bit giira ngoai vi véi may tinh qua cong giao tiép RS 232 chuyén
USB. San pham thiét ké ung dung hiéu qua trong diéu khién tu dong.
2. Khai quat vé giao tiép UART

UART (Universal Asynchronous Receiver Transmitter) goi la bo thu, phat dr liéu
khong dong bo ndi tiép [2]. Truyén, nhan dit liéu theo chuan UART c6 thé thyuc hién theo
phuong thirc song cong, hay ban song cong. Bo truyén UART lam nhiém vy phat ting bit
trong byte dir liéu mot cach tuan ty. Bo thu UART chiu trach nhiém ldp ghép cac bit nay
lai thanh cac byte hoan chinh. M&i UART gom c¢6 hai thanh ghi dich, dugc ding l1am thanh
phan co ban trong viéc chuyén giita ndi tiép sang song song va nguoc lai, nghia 1a bo phat
¢6 nhiém vu chuyén d6i 1 byte dit liéu tir song song sang ndi tiép va thém vao cac bit start,
stop dé tao thanh khung truyén (frame). D liéu truyén di duoc diéu khién bang mot xung
clock goi 1 toc do baud, ¢ bo thu s& l1dy mau cac tin hiéu, tap hop lai va khéi phuc tin hiéu
gbc. Co ché 1y mau tin hiéu: mot bit thong tin duoc chia thanh 16 diém Iy mau [2], diém
ldy mau tin hiéu la diém giira caa bit thong tin.
3. Thiét ké bd truyén, nhan trén FPGA
3.1. So dé khéi tong thé cia thiét ké

So d6 khéi ciu tric tong thé cua mach truyén, nhan dit liéu gitta FPGA va may tinh
duoc trinh bay ¢ Hinh 1. Mdi khdi c6 mét chirc ning hoat dong riéng, trong d6 FPGA 1a
khdi trung tam két ndi tat ca cac khdi chirc ning con lai. Céc khéi d6 co nhiém vu cu thé
nhu sau: Khéi led 7 doan — hién thi dir liéu tir FPGA gui di, dit liéu FPGA nhan tir may
tinh va hién thi tham sb cdu hinh téc do baud; khdi led don — hién thi trang thai céc bit dix
lieu tir FPGA guri 18n may tinh, hién thi trang thai khi cac nat diéu khién tich cuc; khéi dir
liéu vao — 1a cac cong tic co thé ‘on’ hoac ‘off’ thé hién cac bit dir liéu vao Ia ‘1’ hoac “0’;
khéi nut diéu khién — 1a cac ndt nhan cho phép bo truyén, nhan hoat dong, cho phép truyén
dir liéu, reset va nap tham sé cau hinh toc ¢ baud; may tinh — thuc hién qua trinh truyén
nhan dit liéu. Dé két ndi véi FPGA, tin hiéu tir cong RS232 cua may tinh phai qua mot
mach chuyén d6i MAX232 [4] d tro thanh tin hiéu theo chuan UART; FPGA — 1a mang
cac phan tir logic lap trinh dugc va duogc thiét ké bang ngon ngi lap trinh VHDL.
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Hinh 1. So d6 khéi tong thé cua thiét ké

3.2. Thuc hign thiét ké trén ban mach DE1 ciia Altera
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Hinh 2. Bdn mach DE1

Ban mach DEI dugc trinh bay & Hinh 2, st dung nhitng cdng nghé mai nhit ca vé
phan cung va céng cu CAD (Computer Aid Design) [5], cung cip mot phuong tién téi uu
dé nghién ciru va phat trién vé& cac linh vuc logic sé [4]. COng trinh nghién ciu nay sir
dung 10 nat chuyén mach (switch), 4 ndt nhan (button), 10 led don d6 (led red), 4 led don
xanh (green led), 4 led 7 doan (7-seg display) va cong RS232 dé thiét ké. Sir dung ngén
ngi 1ap trinh phan cing VHDL [1], [2], [6] dé thiét ké cac khéi chirc niang cua bo truyén,
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nhan UART trén chip FPGA — Cyclone Il EP2C20F484C7. CAu tric chuong trinh viét theo
md hinh gdm bébn phan tir con (Hinh 3): Khéi tao téc do baud, khdi diéu khién — hién thi,
khéi truyén dit liéu ndi tiép va khdi nhan dit liéu noi tiép. Trong cac khdi con tac vu xir i
ddng thoi (process) duoc sir dung dé thuc hién cac doan chuong trinh nhé xir 1i song song
nhu: Tao ra cac bo dém; bo chia tan; bo phat bit; bo 1dy mau tung bit.

brg in_sta
tx_in_sta
tx_in l led1_data_in[6:0] :
: ' led2 data in[6:0)
beg in 2 ]

CONTROL ledl_rc dau[s:oi'?
data_in[8:0]_ | DISPLAY led2_rc d.au[s;o];
rc_data[7:0] 1x_enable

———— db'?‘!s'c" data_in[7:0] 3| TRANSMITTER v = .
brg 1x clk

BAUD RATE o

uan rx
1k re_data[7:0] RECEIVER |« -
LS
S data_in_sta[§:0] _
uart_en >
itch uart_en_sta
= resel sta
UART-FPGA switch_sta
y F

Hinh 3. So d6 thiét ké céc khei chize ndng ciia bg truyén nhdgn UART

3.2.2. Nguyén tdc hoat dong tieng khoi
Khéi diéu khién — hién thi (Control - Display)

1
/')“k— -
- = ~ switch= ‘1 “_‘;?:»
) ‘_I’D-/
—""’)//,q‘i_-‘-"“—-‘ b I . .
< brg_in='0" = lo_lnlcger(data_m)l
——
| data_in_ledl = data_in(3 downto 0) | it
1 [ binary to bed 1
l data_in led2 = data_in(7 downto 4) j )|
‘ data_in_ledl=unit |
[ rc_data_ledl = rc_data(3 downto 0) :
J l data_in_led2 = tens ]
I rc_data_led2 =rc_data(7 downto4) | 1

[ rc_data_led1=hundreds ]
I

L 4
[rc_dala_lcdz thousands]

'
Hinh 4. Luwru do thugt toan cua khoi hién thi
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Khdi nay (Hinh 4) thuc hién hai chtrc nang: diéu khién va hién thi. Tiép nhan tin hiéu
diéu khién tx_in (muc thap) dé tao ra tin hiéu tx_enable (muc cao) cho phép khdi truyén di
lieu hoat dong, mot 1an nhan nat tx_in (co thé gitr nat kéo dai vai xung clock) chi c6 mot
xung tin hiéu tx_enable cho phép bo truyén hoat dong va truyén mot khung dit liéu. Chirc
nang thir hai 14 hién thi dix liéu truyén, nhan va hién thi gia tri tham sé brg. Hinh 7 trinh
bay luu d6 thuat toan cua khéi hién thi. Khi switch = *1°, néu nhan nat brg_in xudng mac
thap (brg_in = “0°), dix liéu vao data_in s& chuyén sang sb integer (to_integer (dat_in)) nap
vao tham sé brg cua khdi baud rate, dong thoi dir liéu data in ciing chuyén sang sé BCD
(Binary Coded Decimal). Sau d6 chuyén ddi va tach thanh 4 sé thap phan twong Gng Voi
hang ngan, tram, chuc, don vi, hién thi 4 sb thap d6 1én 4 led 7 doan. Néu switch = ‘0’ dir
liéu vao data_in va dir liéu nhan rc_data duoc hién thi trén 4 led 7 doan.

e Khéi truyén dix liéu ndi tiép (Transmitter)

Khdi truyén dir liéu (Hinh 5) nhan
duoc tin hiéu cho phép truyén tx_enable,
khdi truyén s& nhan 8 bit dix liéu tir ngd vao
data_in [7:0], sau d6 chuyén dit liéu tir dang
song song sang dang ndi tiép va phat di ting
bit dit liéu ndi tiép qua chan tin hiéu uart_tx
dua trén toc d6 baud da duoc tinh trong khéi
baud rate. Qua trinh truyén dit liéu dugc thé
hién cu thé ¢ luu d thuat toan (Hinh 8). Bit
dau, thanh ghi truyén tsr duoc gan 10 bit
trang thai ‘1’ (tsr = “1111111111”), ngd ra
bo truyén uart_tx géan bit *1’ (uart_tx = ‘1°);
bo dém bit dir liu phat di tx_count gan
bang 0 (tx_count = “0000”). Khi chua c6 tin
hiéu cho phép truyén (tx_enable), bo truyén
dang & trang thai cho; khi co tin hiéu cho
phép truyén, 8 bit dir liéu vao s& ghép vai bit
start (trang thai ‘0’) va bit stop (trang thai
‘1’) tao thanh khung truyén 10 bit. Bo
truyén cho canh 1én canh Ién cua xung
truyén brg_tx_clk (brg_tx_clk = 1), néu c6
canh 18n caa xung truyén brg_tx_clk thi bit
dau tién, bit start (co trong sb thap nhat) cua
thanh ghi tsr duoc truyén di, nghia 1a di liéu
mot bit nay s€ gan cho ngd ra uart_tx cua bo
truyén; dong thoi bo dém bit dir lieu phat
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tx_count ting 1én mot don vi. Néu sb luong bit phat di chua du 10 bit thi bo phat cr tiép
tuc phat bit dir liéu 1én duong truyén theo xung nhip brg_tx_clk; néu dua 10 bit (tx_count
= “1001”) thi doi cta xung nhip brg tx clk (brg tx_clk = 1°) dé két thic qua trinh
truyén 1 byte dit liéu va bo truyén tré vé trang théi cho, chuan bi cho qua trinh truyén dix
lidu tiép theo.

e Khéi nhan dix liéu ndi tiép (Receiver) l
Khéi nhan di liéu néi tiép (Hinh 6), for - TOTo0Y.

phét hién bit start (muc “0°), s& lay mau di samp com;t “0000"
liéu tir chan nhan tin higu ndi tiép uart_rx; e
sau d6 chuyén dir liéu tir dang ndi tiép sang I
dang song song. Qua trinh nhan dix liéu < wart_rx_sync="0" s
duoc trinh bay cu thé ¢ luu dd thuat toan =
Hinh 9. Bét dau, thanh ghi nhan dit liéu rsr P e
duoc gan 8 bit ‘0’ (rsr = “000000007); bd I
dém bit lay mau samp_count dwoc gan bang | e seang comat

0 (samp_count = “0000”); bo dém bit di
lieu nhan rx_count ciing dugc gan bing 0
(rx_count = “0000”). Khi bit ldy miu chua
bang ‘0’ (uart_rx_sync = ‘1°), tic 1a bo

s
samp count="0111" —

| ®
v

e

uart_rx_sync = '0’

nhan chua phat hién duoc bit start nén bo _ i :'L_lk —
nhan dir liéu dang & trang thai cho; khi phéat — s

hién duoc bit start, b nhan cho canh 1én ep———

cuaa xung nhan brg_rx_clk (brg_rx_clk = l

“1”), néu c6 canh Ién cua xung brg_rx_clk ——Samp_count=-0111" =
thi bo dém mau samp_count ting 1én 1 don : .

vi; tiép theo, néu b dém miu dém chua du e _mount

8 bit thi van tiép tuc dém lén, khi bo dém | s "

dém du 8 bit ma tin hiéu ldy mau van 1a =

muc thap thi bit start nay hop i va chap uart_rx_syne & rsr(7 downio 1)

nhan chu trinh tiép theo 1a thu nhan cac bit
dix liéu, con néu bit start khong hop Ii thi bo
truyén quay lai trang thai chd ban dau. Chu trinh tiép theo thu cac bit di liéu, trong khi bit
ldy mau start vin & muc thap, bo nhan cho canh 1én caa xung nhan brg_rx_clk, néu cé
canh Ién cua xung brg_rx_clk thi bo ¢ém mau samp_count ting 1én 1 don vi, néu bo dém
mau dém chua du 8 bit thi van tiép tuc dém 1én dén khi bo dém dém du 8 bit thi bo dém bit
dir liéu nhan rx_count ting 1én 1 don vi, nghia 1a bo nhan di 1dy mau (thu) duoc 1 bit dir

Hinh 6: Luu dé thudt toan ctia khoi nhan die liéu

liéu va dich bit dir liéu do vao thanh ghi rsr (uart rx_sync & rsr (7 downto 1)). Tuong tu
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nhu vay qué trinh dém mau (samp_count) lay mau (rx_count) va dich bit dit liéu vao thanh
ghi rsr cr tiép tuc cho dén khi bo nhan, nhan du 9 bit con lai. Két thdc qué trinh nhan 1
byte dit liéu va bo nhan tro vé trang thai ch, chuan bi cho qua trinh nhan dix liéu tiép theo.
4. Thuc nghiém va binh luan két qua

Str dung phan mém Quartus 11 9.0 cua hing Altera [4] dé soan thao va bién dich thiét
ké. Gan céc tin hiéu vao, ra cua thiét ké véi cac chan 1/0 cua chip FPGA (Cyclone |1
EP2C20F484C7) trén ban mach DE1, nap thiét ké 1&n ban mach DEI. So do két ndi giira
ban mach DEI va may tinh dwoc trinh bay ¢ Hinh 7. Ding céc switch (tir SWO0 dén SW9)
dé thiét lap téc do baud va dua dir liéu vao cho bo truyén; cac KEY lam tin hiéu diéu
khién, KEYO: tin hiéu cho phép truyén, KEY1: cho phép bo truyén hoat dong, KEY2: reset
va KEY3: nap tham sé brg; bén Led 7 doan dé hién thi dit liéu truyén va nhan giita FPGA
may tinh, va hién thi tham s brg, thach anh dao dong cap cho hé théng 50MHz. Sir dung
phan mém Advanced Serial Port Terminal 5.5 dé thuc hién va quan sat qua trinh truyén,
nhan di liéu (Hinh 8).

Hinh 7. Két noi ~_ Hinh 8. Giao di¢n
gitta Ban mach DEI va may tinh phan mém Advanced Serial Port Terminal 5.5

4.1. FPGA truyén di liéu 1én may tinh

Dé thuc hién truyén, nhan dit liéu thi phai chuyén SW9 xudng muac <0’. Dua dit liéu
vao dudng truyén bang cach thay doi trang théi 8 bit cua cac switch (tir SWO0 dén SW7), dir
liéu duoc hién thi ma nhi phan trén 8 led don (tir LEDRO dén LEDR?7) va mé thap luc phan
trén 2 led 7 doan (HEXO0 va HEX1). Nhan nit cho phép truyén dit liéu (KEYO0), mot byte
dix liéu (vi du: 9C) hién trén 2 led 7 doan HEX0, HEX1 s& truyén sang may tinh (Hinh 9).
Phan mém Advanced Serial Port Terminal s& nhan di liéu nay va hién thi trén caa s6 phan
mém (Hinh 10). Tuong tu cd thé tiép tuc truyén nhiéu byte dit liéu khac nhau véi nhiéu toc
d6 baud khac nhau dé kiém tra do chinh xac caa bo truyén.
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_ Hinh 9. Ban mach DEI Hinh 10. Mdy tinh nhén byte dit liéu (9C)
truyén byte dir lieu (9C) lén may tinh tw ban mach DEI truyén dén

4.2. FPGA nhdn di ligu tir may tinh truyén d@én

Van gitt SW9 muac ‘0’, tir ctra s6 phan mém Advanced Serial Port Terminal
(Hinh 11), thuc hién giri “send” mot byte dir liéu (vi du: A4) thi ban mach DE1 nhan gia tri
nay va hién thi trén hai led 7 doan HEX2 va HEX3 (Hinh 12). Tuong tu c6 thé tiép tuc guri
nhiéu byte dit liéu khac nhau véi nhiéu tc d6 baud khac nhau dé kiém tra d chinh xac cua
bo nhan di liéu. Thuc nghiém véi nhiéu tdc d6 baud khac nhau ¢ Bang 1, thuc hién nhiéu
lan qud trinh truyén, nhan di liéu, nham kiém tra d6 hoat déng 6n dinh cua bé truyén va bo
nhan, két qua qua trinh truyén, nhan hoat dong tét, tuy nhién ¢ téc d6 baud qua Ién thinh
thoang xay ra 16i.

—

Al (T
W L ke

T T a4 e
ot 4 bt
=
. Hinh 11. My tinh Hinh 10. Bdn mach DEI nhq‘in by{e dir liéu
truyén byte dir lieu (A4) lén Ban mach DEI (A4) tir may tinh truyén xuong

4.3. Sai sé cia bé truyén, nhan die ligu
Sai s6 cua qué trinh truyén, nhan duoc tinh [3] theo cong thic (1). Dva vao cong
thirc nay, tinh dugc sai s6 cua mot sb tée do baud thuc nghiém trinh bay trong Bang 1.

BaudRate
Closest Match _1 ><100 (1)
BaudRate

Error(%) :[
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Bdng 1. Sai 6 ciia mét s6 téc dé baud thuc nghiém

, BRG
Sthirty  Baud Rate —— — — (CE)";‘SS‘: &?fch) ERROR (%)
1 9600  324,5208 325 9586 0.1
2 14400 216,0139 216 14401 0
3 19200  161,7604 162 19172 0,1
4 38400 80,3802 80 38580 0,5
5 56000 54,8036 55 55804 0,4
6 57600 53,2535 53 57870 0,5
7 115200 26,1267 26 115741 0,5
8 128000 23,4141 23 130208 17
9 230400 12,5634 13 223214 31
10 256000 11,2070 11 260417 17
11 460800 57817 6 446429 31
12 921600  2,3908 2 1041667 13,0

Dua vao bang s liéu cho thay, voi tan s thach anh 50MHz (trén ban mach DE1)
hau hét déu c6 sai s6 khi thiét ké bo truyén, nhan UART. Sai s6 chap nhan dugc tir tbe do
truyén 9600bps dén 115200bps. O tdc d6 truyén tir 128000bps dén 921600bps thi sai s6
l6n, qué trinh truyén, nhan dix liéu & cac téc do nay s& xay ra 18i. Téc do truyén 14400bps
c6 sai sb thip nhat nén qué trinh truyén, nhan dir liéu & téc d6 nay Ia chinh xac nhit va
khong bi 16i. O téc do 921600bps c6 sai s6 16n nhat nén qua trinh truyén, nhan xay ra 15i
nhiéu nhét.

5.  Kétluan

Bai bo di trinh bay duoc mach thiét ké trén FPGA ghép ndi voi may tinh, phan
cting sir dung 1a ban mach DE1 cua Altera va phan mém 1a chuong trinh viét bang ngon
ngit VHDL. Két qua thiét ké thuc hién duoc su truyén, nhan dit liéu gitra FPGA va may
tinh qua céng RS 232 véi sai s6 nho hon 1% thi qua trinh truyén, nhan tét nhat va khong
bi 16i. San pham thiét ké lam tai liéu tham khao, giang day va hoc tap chuyén nganh
diéu khién ty dong. Qua san pham thiét ké giup ngudi thuc hién nam rd ban chat caa lap
trinh phan cimg, ngudi hoc ¢6 thé thiét ké dwoc cac hé thdng logic sb, hiéu dugc céc
mén hoc lién quan ki thuat sd, vi diéu khién, ki thuat vi xir Ili. Day 1a phuong phéap day
hoc tich cuc mai giGp sinh vién tiép can cong nghé ché tao phan cung trén FPGA va
FPGA c6 thé thay thé moi hé théng sb tir cac IC (Intergrated Circuit) sé don gian dén
cac bo vi diéu khién phirc tap vai ki vong phat trién thiét ké phong phu va da dang vé
chuyén nganh ty dong hoa.
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Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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