I o = TRUONG PAI HOC SU PHAM TP HO CHIi MINH HO CHI MINH CITY UNIVERSITY OF EDUCATION

& A
.SF.] TAP CHi KHOA HQC JOURNAL OF SCIENCE
IssN:  KHOA HOC TU NHIEN VA CONG NGHE NATURAL SCIENCES AND TECHNOLOGY
1859-3100 Tap 15, S6 12 (2018): 176-185 Vol. 15, No. 12 (2018): 176-185

Email: tapchikhoahoc@hcmue.edu.vn; Website: http://tckh.hcmue.edu.vn

UNG DUNG CONG NGHE FPGA PE THIET KE
BO TRUYEN, NHAN DU LIEU GIAO TIEP VOI MAY TINH
TREN THIET BI DE1 QUA PUONG TRUYEN UART
Dang Lanh®, Pham Xuan Hai?, Truwong Truwong Son®
! Truong Pai hoc Da Lat
2Vign Nghién cizu Hgt nhan — Da Lat

8 Truong Pai hoc Sur pham Thanh phé Hé Chi Minh
Ngay nhén bai: 23-7-2018; ngay nhan bai sira: 03-12-2018; ngay duyét dang: 21-12-2018

TOM TAT

Ung dung cong nghé FPGA vao thiét ké, ché tao cac thiét bi dién tit kha ldp trinh cho phép
khai thac thé manh cia ki thugt ldp trinh, tao s mém déo linh hoat va hiéu qua cho thiét ké phan
cing. Bai bao nay trinh bay thiét ké mach truyén, nhan dir ligu 8 bit giza FPGA (sir dung ban
mach DE1 cua héng Altera) va may tinh theo chudn giao tiép UART chuyén cong USB. San pham
thiét ké 1ng dung hiéu qua trong diéu khién ti dong.

Tar 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.  Ditvén dé

Ki thuat diéu khién tu dong hoéa dugc coi la mot trong nhitng nganh mii nhon, then
chdt cua cac truong dai hoc. Vi vay, cac truong can dau tu xay dung nhiéu md hinh, thi
nghiém thuc hanh vé chuyén nganh tu dong héa. V&i su phét trién manh mé caa cong nghé
dién tir duong dai, nhitng vi mach béan dan cé thé 1ap trinh duoc dap ung kich thudc nho,
cOng suat tiéu thy thip, tao ra cac hé thong diéu khién ty dong ngay cang théng minh hon
va giai quyét duoc nhiéu bai toan phirc tap hon, trong d6 viéc tng dung FPGA (Field
Programmable Gate Array) la thiét bi lap trinh duoc, va 1a cong nghé dot pha mai nhat
hién nay. FPGA c6 kha ning tai 1ap trinh nén dat d6 linh hoat cao, dap ¢ng nhiéu thuat
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toan hay cac yéu cau khac nhau vé phan cing, do d6 thich hop véi cac mach diéu khién tu
dong thong minh, giao tiép PC, truyén nhan va xir Ii dix liéu ¢ tdc d6 cao. Tir d6, sir dung
FPGA dé thiét ké, xay dung mot sb bai thi nghiém thuc hanh ding trong chuyén nganh tu
dong hoa la can thiét. Bé c6 bai thi nghiém thyc hanh trén chip FPGA, quy trinh thiét ké
hoan chinh tir xay dung phan cimg dén phan mém phai dugc chd trong. Muc tiéu cia bai
bdo 1a ding ban mach DE1, hang Altera sir dung ngdn ngir md ta phan cang VHDL
(Very high speed integrated circuit Hardware Description Language) dé thiét ké mach
truyén, nhan di liéu 8 bit giira ngoai vi vdi may tinh qua cong giao tiép RS 232 chuyén
USB. San pham thiét ké ang 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 da ligu
khong dong bo ndi tiép [2]. Truyén, nhan dit liéu theo chuan UART cd thé thyc hién theo
phuong thirc song cong, hay ban song cong. Bo truyén UART lam nhiém vu phét tung bit
trong byte dir liéu mot cach tuan ty. Bo thu UART chiju trach nhiém Idp ghép cac bit nay
lai thanh céc byte hoan chinh. M&i UART gom c6 hai thanh ghi dich, dugc ding lam thanh
phan co ban trong viéc chuyén giita ndi tiép sang song song va nguoc lai, nghia 1a by phat
¢6 nhiém vu chuyén di 1 byte dir liéu tir song song sang ndi tiép va thém vao cac bit start,
stop dé tao thanh khung truyén (frame). Dir liéu truyén di duoc didu khién bang mot xung
clock goi 1a toc do baud, & bo thu s& ldy mau céc tin hiéu, tap hop lai va khoi phuc tin hiéu
gdc. Co ché ldy mau tin higu: mot bit théng tin dugc chia thanh 16 diém ldy mau [2], diém
lay mau tin hiéu 1a diém giira cua bit thong tin,
3. Thiét ké by truyén, nhan trén FPGA
3.1. So do khéi tong thé ciia thiét ké

So db khdi cau trdc tong thé caa mach truyén, nhan dir liéu gitta FPGA va may tinh
dugc trinh bay ¢ Hinh 1. Mdi khdi c6 mot chirc ning hoat dong riéng, trong d6 FPGA 1a
khéi trung tdm két ndi tat ca cac khéi chire ning con lai. Cac khdi d6 c6 nhiém vu cu thé
nhu sau: Khdi led 7 doan — hién thi dir liéu tir FPGA guri di, dir liégu FPGA nhan tir may
tinh va hién thi tham sé céu hinh téc do baud; khdi led don — hién thi trang théi céc bit dit
liéu tir FPGA guri 18n may tinh, hién thi trang thai khi cac nut diéu khién tich cuc; khéi dix
liéu vao — Ia cac cong tic co thé ‘on’ hodc “off’ thé hién cac bit dix liéu vao 1a ‘1’ hoic “0’;
khéi nut diéu khién — 1a cac nat nhan cho phép bo truyén, nhan hoat dong, cho phép truyén
dir liéu, reset va nap tham sé cau hinh toc d6 baud; may tinh — thuc hién qua trinh truyén
nhan dir ligu. D& két ndi vai FPGA, tin hiéu tir cong RS232 caa may tinh phai qua mot
mach chuyén d6i MAX232 [4] dé tro thanh tin hiéu theo chuan UART; FPGA — la mang
cac phan tir logic Iap trinh duoc va duoc thiét ké bang ngdn ngir lap trinh VHDL.
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Hinh 2. Ban mgch DE1

Ban mach DE1 duoc trinh bay & Hinh 2, sir dung nhitng cong nghé méi nhat ca vé
phan cing va cdng cu CAD (Computer Aid Design) [5], cung cip mot phuong tién t6i wu
dé nghién ciu va phat trién vé cac linh vuc logic s6 [4]. Cong trinh nghién cau nay st
dung 10 ndt chuyén mach (switch), 4 ndt nhan (button), 10 led don do (led red), 4 led don
xanh (green led), 4 led 7 doan (7-seg display) va cong RS232 dé thiét ké. Sir dung ngon
ngir 14p trinh phan cang VHDL [1], [2], [6] d¢é thiét ké cac khdi chic nang cua bo truyén,
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nhan UART trén chip FPGA — Cyclone Il EP2C20F484C7. Cau tric chuong trinh viét theo
md hinh gdm bén phan tir con (Hinh 3): Khdi tao toc d6 baud, khdi diéu khién — hién thi,
khéi truyén dix liéu ndi tiép va khdi nhan di liéu noi tiép. Trong céc khdi con tac vu xir If
ddng thoi (process) duoc sir dung dé thyc hién cac doan chuong trinh nhé xt li 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
- l led]_data_in[6:0) _
o ] N led2 data_in[6:0) T
led]_rc_data[6:0]
. ~
_ CONTROL led2_rc_data[6:0] =
data_in[8:0] | DISPLAY >
rc_data[7:0) tx_enable
data_in[8:0) Jore(8:0)  data_inf7:0) TRANSMITTER LS
3 brg_tx_clk
BAUD RATE
brg_rx_clk
I_' uart_rx
- rc_data[7:0] RECEIVER [+ -
—_—
reset data_in_sta[8:0]
u.'u? r: uart_en_sta -
swalc reset sta
. switch_sta
UART-FPGA — *

Hinh 3. So do thiét ké céac khoi chite nang cua bg truyén nhan UART

3.2.2. Nguyén tdc hogt déng tirng khoi
Khéi diéu khién — hién thi (Control - Display)

T —

1/:// switch= ‘1" \\:\;-
S -5V P
— I =
o T——__ P
< brg_ in="0’ //E:—o—[to_imcgcr (data_in) ]
’ data_in_ledl = data_in(3 downto0) | S4
binary to bed ]
[ data_in_led2 = data_in(7 downto4) | |
! [ data_in_led1=unit ]
[ rc_data_ledl = rc_data(3 downto 0) ] !
! [ data_in_led2 = tens ]
|

[ rc_data_led2 =rc_data(7 downto4) |

L
[ rc_data_ledl=hundreds ]

|
L
[rc_data_lch thousands]

¥
'

Hinh 4. Luu dé thudt toan cia khéi hién thi
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Khdi nay (Hinh 4) thyuc hién hai chtic nang: diéu khién va hién thi. Tiép nhan tin hiéu
diédu khién tx_in (muc thap) dé tao ra tin hiéu tx_enable (mirc cao) cho phép khdi truyén dix
lieu hoat dong, mot lan nhan nat tx_in (c6 thé giir nat kéo dai vai xung clock) chi c6 mot
xung tin hiéu tx_enable cho phép bo truyén hoat dong va truyén mot khung dir liéu. Chirc
niang ther hai 1 hién thi dix liéu truyén, nhan va hién thi gia tri tham s6 brg. Hinh 7 trinh
bay luu d6 thuat toan cua khéi hién thi. Khi switch = *1°, néu nhan nut brg_in xuéng mirc
thap (brg_in = “0”), dit liéu vao data_in s& chuyén sang s integer (to_integer (dat_in)) nap
vao tham s brg cua khdi baud rate, dong thoi dir liéu data_in ciing chuyén sang s6 BCD
(Binary Coded Decimal). Sau d6 chuyén doi va tach thanh 4 sé thap phan twong ang voi
hang ngan, tram, chuc, don vi, hién thi 4 sb thap d6 1én 4 led 7 doan. Néu switch = ‘0’ dit
liéu vao data_in va dit liéu nhan rc_data duoc hién thi trén 4 led 7 doan.

« Khbi truyén di liéu ndi tiép (Transmitter)

Khéi truyén dir lieu (Hinh 5) nhan —}
dugc tin hiéu cho phép truyén tx_enable, | tse=r
khéi truyén s& nhan 8 bit dir liéu tir ngd vao :
data_in [7:0], sau do chuyén di liéu tir dang vart =1
song song sang dang ndi tiép va phat di tung S —————
bit dr liéu noi tiep qua chén tin hi¢u uart_tx 1
dua trén toc do baud d4 duoc tinh trong khéi ! s
baud rate. Qua trinh truyén dit liéu dugc thé ’ t_enable="1"__=-
hién cu thé & luu do thuat toan (Hinh 8). Bit , } P .
dau, thanh ghi truyén tsr duoc gan 10 bit | = Tedand'? |
trang thai ‘1’ (tsr = “1111111111”), ngd ra : .
bo truyén uart_tx gan bit ‘1’ (uart_tx = “1°); - brg tx_clk="1" —
bo dém bit dir liu phat di tx_count gan [P
bang 0 (tx_count = “0000”). Khi chwa c6 tin . uart_tx= tsr(0)
hiéu cho phép truyén (tx_enable), b truyén » I ‘
dang & trang thai cho; khi co tin hiéu cho Ltsr= 1" & tsr(9downto 1))
phép truyén, 8 bit dir liéu vao s& ghép vai bit -
start (trang thai ‘0’) va bit stop (trang thai » et o
‘1’) tao thanh khung truyén 10 bit. Bo * .
truyén cho canh I1én canh Ién cua xung <_tx_count="1001"_=-
truyén brg_tx_clk (brg_tx_clk = “1°), néu c6 ph
ca:mh Ién cua xung truyén br’g_t>§_clk’th‘| bit e le T s
dau tién, bit start (co trong so thap nhat) cua .
thanh ghi tsr duoc truyén di, nghia 12 dix lidu jp

mot bit nay s& gan cho ngd ra uart_tx cua bo Hinh 5: Luwu d6 thudt toan ctia khoi truyén dix liéu
truyén; dong thoi bo dém bit dir liéu phéat
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tx_count ting 1én mot don vi. Néu sé lugng bit phat di chua du 10 bit thi b phét cu tiép
tuc phét bit dit liéu 1én duong truyén theo xung nhip brg_tx_clk; néu du 10 bit (tx_count
= “1001”) thi doi caa xung nhip brg_tx_clk (brg_tx_clk = “1°) dé két thlc qua trinh
truyén 1 byte dir liéu va bo truyén trg vé trang théi cho, chuan bi cho qué trinh truyén dix
liéu tiép theo.

o Khbi nhan dir liéu néi tiép (Receiver) :
‘- . Loz . rsr = “00000000™
Khoi nhan dir ligu noi tiep (Hinh 6), "
phét hién bit start (muc ‘0°), s& ldy mau dix samp com;l *0000™
lieu tir chan nhan tin higu néi tiép uart_rx; P
sau do chuyén dir liéu tir dang ndi tiép sang I
dang song song. Qué trinh nhan d liéu < uart_rx_sync="0° o
duoc trinh bay cu thé ¢ luu do thuat toan L2
Hinh 9. Bt dau, thanh ghi nhan di liéu rsr — T ol TS
dugc gan 8 bit ‘0’ (rsr = “00000000”); bo [P
dém bit iy mau samp_count duoc gan bang in samp_count
0 (samp_count = “0000); bo dém bit dir o m“'m oS
lisu nhan rx_count ciing duoc gan bang 0 5
(rx_count = “0000”). Khi bit iy mau chwa —— :\_"c s
bang ‘0’ (uart_rx_sync = ‘1), tic la bo 5F
nhan chua phat hién duoc bit start nén bo _ — T s
nhan dit liéu dang & trang thai cho; khi phat — s
hién duoc bit start, bo nhan chd canh 1én p———
cia xung nhan brg_rx_clk (brg_rx_clk = |
“1”), néu c6 canh Ién cua xung brg_rx_clk ~—Samp_count =0111" =
thi b dém mau samp_count ting 1én 1 don — _Q‘“
vi; tiép theo, néu bo dém mau dém chua du me . comt
8 bit thi vn tiép tuc dém Ién, khi bo dém S e
dém du 8 bit ma tin hiéu ldy mau van Ia 5
muc thip thi bit start nay hop Ii va chap [uart_rx_sync & rsr(7 downto 1)

nhan chu trinh tiép theo 1a thu nhan cac bit
dir liéu, con néu bit start khéng hop Ii thi bo
truyén quay lai trang thai cho ban du. Chu trinh tiép theo thu cac bit di liéu, trong khi bit
ldy mau start vin & mic thap, bo nhan cho canh Ién caa xung nhan brg_rx_clk, néu co
canh 1én cia xung brg_rx_clk thi bo dém miu 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 ¢ém dém du 8 bit thi bo d¢ém bit
dir liéu nhan rx_count tang 1én 1 don vi, nghia 13 bo nhan da lay mau (thu) duoc 1 bit di
liéu va dich bit dir liéu d6 vao thanh ghi rsr (uart rx_sync & rsr (7 downto 1)). Twong tu

Hinh 6: Luu d6 thudt toan ciia khéi nhan di liéu
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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 ctr tiép tuc cho dén khi b nhan, nhan da 9 bit con lai. Két thic qué trinh nhan 1
byte dit liéu va bo nhan tré vé trang thai cho, chuan bi cho qua trinh nhan dit liéu tiép theo.
4. Thwc nghiém va binh luan két qua

Str dung phan mém Quartus 11 9.0 cua hdng Altera [4] dé soan thao va bién dich thiét
ké. Géan cac tin hiéu vao, ra cua thiét ké voi cac chan 1/0 caa chip FPGA (Cyclone I
EP2C20F484C7) trén ban mach DE1, nap thiét ké 1én ban mach DE1. So d6 két néi gitra
ban mach DEI va may tinh dugc trinh bay & Hinh 7. Ding cac switch (tir SWO dén SW9)
dé thiét 1ap téc do baud va dwa dit 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; bon Led 7 doan dé hién thi dit liéu truyén va nhan giita FPGA
may tinh, va hién thi tham sé brg, thach anh dao dong cip cho hé théng 50MHz. St dung
phan mém Advanced Serial Port Terminal 5.5 dé thuc hién va quan st qua trinh truyén,
nhan d liéu (Hinh 8).

Hinh 7. Két ndi _ . Hinh 8. Giao dién
giita Ban mach DEI va may tinh phan mém Advanced Serial Port Terminal 5.5

4.1. FPGA truyén di ligu 1én may tinh

Dé thyc hién truyén, nhan di liéu thi phai chuyén SW9 xudng mirc <0°. Pua dit liéu
vao dudng truyén bang cach thay ddi trang thai 8 bit cua cac switch (tir SW0 dén SW7), dix
liéu dugc hién thi ma nhi phan trén 8 led don (tr LEDRO dén LEDR7) va ma thap luc phan
trén 2 led 7 doan (HEXO va HEX1). Nhan n(t cho phép truyén dir liéu (KEYO0), mot byte
dit liéu (vi du: 9C) hién trén 2 led 7 doan HEXO, HEX1 s& truyén sang may tinh (Hinh 9).
Phan mém Advanced Serial Port Terminal s& nhan dir liéu nay va hién thi trén cira s6 phan
mém (Hinh 10). Twong tu c6 thé tiép tuc truyén nhiéu byte dit liéu khac nhau véi nhiéu toc
d6 baud khac nhau dé kiém tra d6 chinh xac cua bo truyén.
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i..q On e B 96 @i

_ Hinh 9. Ban mach DEI Hinh 10. M4y tinh nhén byte dit liéu (9C)
truyén byte dir liéu (9C) I€n mdy tinh ter ban mach DEI truyén dén

4.2. FPGA nhdn di ligu tir may tinh truyén dén

Van gitt SW9 mac ‘0’, tir cira s6 phan mém Advanced Serial Port Terminal
(Hinh 11), thuc hién gui “send” mot byte dir liéu (vi du: A4) thi ban mach DE1 nhan giéa tri
nay va hién thi trén hai led 7 doan HEX2 va HEX3 (Hinh 12). Twong tu c6 thé tiép tuc giri
nhiéu byte dit liéu khac nhau vai nhiéu toc do baud khac nhau dé kiém tra d chinh xé&c cua
bo nhan dir liu. Thuc nghiém voi nhiéu téc do baud khac nhau & Bang 1, thuc hién nhiéu
lan qué trinh truyén, nhan dir liéu, nham kiém tra d6 hoat dong 6n dinh cua bé truyén va bo
nhan, két qua qué trinh truyén, nhan hoat dong tét, tuy nhién & téc d6 baud qua Ién thinh
thoang xay ra I5i.

I nt s St S )y B O
-

32 e
od 32997994
——— ~ - 2% Nad

Aann BAD » dEER »
—— - ~—— -

- -

W e e e e

. Hinh 11. May tinh Hinh 10. Ban mach DEI nhdn by’ge dir liéu
truyen byte dir liéu (A4) 1én Ban mach DEI (A4) ter may tinh truyén xuong
4.3. Sai sé ciia bé truyén, nhan diz ligu
Sai s6 cua qua trinh truyén, nhan duoc tinh [3] theo cong thic (1). Dya vao cong
thirc nay, tinh duoc sai s6 cua mot sb tée do baud thuc nghiém trinh bay trong Bang 1.

BaudRate
Closest Match _]} % 100 (1)

Error (%) = ( BaudRate
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Bdng 1. Sai sé ciia mét sé toc dé baud thuec nghiém

, BRG
Séthirty  Baud Rate —— — — (Cliggsi mt& n  ERROR(%)
1 9600 3245208 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

Duya vao bang s6 liéu cho thdy, véi tan sé thach anh 50MHz (trén ban mach DE1)
hau hét déu c6 sai sb khi thiét ké bo truyén, nhan UART. Sai sé chip nhan dugc tir tbe do
truyén 9600bps dén 115200bps. O toc do truyén tir 128000bps dén 921600bps thi sai s6
I6n, qué trinh truyén, nhan dit liéu ¢ cac the do nay s& xay ra I8i. Toc do truyén 14400bps
c6 sai s6 thap nhat nén qué trinh truyén, nhan di liéu ¢ tc do nay Ia chinh x4c nhat va
khong bi 15i. O téc d6 921600bps c6 sai s6 lon nhat nén qua trinh truyén, nhan xay ra 15
nhidu nhat.

5.  Kétluan

Bai bao da trinh bay duoc mach thiét ké trén FPGA ghép ndi vai may tinh, phan
ctng st dung la ban mach DE1 caa Altera va phan mém 1a chuong trinh viét bang ngon
ngit VHDL. Két qua thiét ké thuc hién duoc sy truyén, nhan dit liéu gitta FPGA va may
tinh qua cong RS 232 véi sai s6 nho hon 1% thi qué trinh truyén, nhan tét nhat va khang
bi 15i. 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 gitp ngudi thuc hién ndm rd ban chat cua lap
trinh phan cang, ngudi hoc cd thé thiét ké dugc cac hé thong logic s6, hiéu dugc céc
mon hoc lién quan ki thuat s, vi diéu khién, ki thuat vi xir 1i. Day 1a phuong phap day
hoc tich cuc méi giGp sinh vién tiép can cong nghé ché tao phan cing trén FPGA va
FPGA c6 thé thay thé moi hé théng sb tir cac IC (Intergrated Circuit) s6 don gian dén
c4c bo vi diéu khién phuc tap véi ki vong phat trién thiét ké phong phu va da dang vé
chuyén nganh ty dong hda.
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Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dot vé quyén loi.
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