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Tom tat

Dong SoC FPGA (SoC) dugc ciu thanh béi hai thanh
phan d6 1a HPS va FPGA. Trong d6, phan thir nhat
chura 161 x1r Iy cung ARM, cho phép thuc thi nhiing
chuong trinh tmg dung phic tap. Phan thir hai cho
phép ngudi dung tiry bién cau hinh va thuc hién nhiéu
thiét ké IP trén thanh phan nay.

Tir khi SoC ra doi, mot vai phuong thirc truyén thong
dugc xdy dung dé thuc hién giao tiép gitra HPS va
FPGA vi du nhu Axi Bridge, Avalon MM Pipeline
Bridge...

Nhom téc gia nghién ciru, thiét ké tmg dung hé thong
truyén thong gitra HPS va FPGA trén SoC cua Altera
bang cong cu Qsys nham mang lai hiéu qua cao trong
viéc trao ddi dir liéu cho CNC-on-Chip.

Tir khoa: IP, truyén thong HPS-FPGA, truyén thong
SoCs, CNC-on-Chip, Axi Bridge.

Abstract

The SoC FPGA device is a single-die system on a
chip (SoC) that consists of two distinct parts - a HPS
portion and a FPGA portion. In which, the first part
contains a hard-core ARM processor that allows the
implementation of complex applications. The second
part allows user customizable configuration and
perform many IP designs for this component.

Since SoCs are produced, a few modes of
communication have been developed to make
communicating between the HPS and FPGA eg: Axi
Bridge, Avalon MM, Pipeline Bridge...

The authors' research, application design of a
communication system between HPS and FPGA base
Altera's SoCs FPGA, using Qsys tool to deliver
effective data exchange for CNC-on-Chip.

Keywords: IP, communication  HPS-FPGA,
communication SoCs, CNC-on-Chip, Axi Bridge

Chir viet tat
AXI Advanced eXtensible Interface
CNC Computer Numerical Control
DSP Digital Signal Processor
FPGA Field Programmable Gate Array
GPV Global Programmers View
HDL Hardware Description Language
HPS Hard Processor System
IP Intellectual Property
SoC System on Chip
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1. Phan mé dau

Dong SoC FPGA (sau day goi tit 1a SoC) duoc cau
thanh tir hai thanh phan d6 1a HPS va FPGA nhu trén
hinh H.1. Phan thir nhit HPS, véi cu trac mot hodc
hai 151 xir Iy ARM mang lai mét ti€n ich vo cung
thuén loi trong cac bai todn nhing, dic biét phu hop
Vv6i cac bai toan can thoi gian thuc hodc hé diéu hanh.
Trong phan nghién ctru CNC-0n-Chip ciia nhom tac
gia thi phan HPS dam nhiém vai tro giao tiép may lap
trinh va chitc ndng bién dich trong bd CNC-on-Chip
clia may cong cu, phan thir hai 1a FPGA (cho phép tai
cAu hinh hardware) dam nhiém chirc ning ndi suy,
diéu khién vi tri cac truc cua may coéng cu. Ho SoC
hién nay tich hgp ARM Cortex A9, tbc d6 hon
800MHz nhu: Cyclone V, Arria V, Arria 10, Zynq va
SmartFusion. Thanh phan thir hai FPGA c6 tai
nguyén phong phii 1én dén 110kLE cho phép ngudi
dung cau hinh phan ctng, tiy bién cac tmg dung [1].
Kién tric giao tiép giita HPS va FPGA cuia cac dong
SoC duoc nha san xudt thiét ké theo dang cau bt tay
[1]. Trén hinh H.1 Ia dong SoC cua Altera. Trong do,
HPS-FPGA interfaces 1a ciu nbi giira hai thanh phin
trén.

Aliera SoC FPGA Davice
HPS Portion

FPGA Portion

H.1 Cdu tric cua SoC Altera [1]
K¢é thira dong san pham FPGA da dugc khai thac sir
dung nhiéu nim qua, nhiéu IP ciing da dugc cung cap
mién phi tir nha san xuét, bén canh d6 nhiéu nha thiét
ké da xay dung IP trén nén FPGA cung cap cho nhiéu
tmg dung khac nhau. Truyén thong gitra FPGA voi
ARM [2] (hai thanh phan nay rdi nhau) ciing dugc sir
dung ngay khi chua c6 dong san pham SoC, chlng
duoc tmg dung cho cac thiét ké CNC [3]. Nho tich
hop 13i Nios trén FPGA, mot sé tac gia da thiét ké hé
thong giao tiép dit liéu giita 151 xtr Iy mém Nios véi
ngoai vi thong qua bus Avalon cho thdy hiéu suét trao
d6i dir liéu giita chung ciing rat hiéu qua [4]. Tuy
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nhién str dung Nios trén FPGA lam ton rat nhidu tai
nguyeén.

Céc dé tai nghién ciru khoa hoc lién quan vé IP do
Trung tim Nghién ctru & Dao tao Thiét ké Vi mach
(ICDREC) thudc khu Cong nghé Phan mém DHQG
trién khai tir 2006 — 2009. Cu thé nhu: Thiét ké 151 IP
giao tiép bus 12C ché do Master, Slaver, Sdram, DSP,
nghién ctru thiét ké va thir nghiém 15i IP bién do6i
Fourier nhanh FFT [11] va nhiéu nghién ctru khac lién
quan dén IP cho FPGA ma trong nu6c hau nhu chua
dé cap dén van d& nghién ctru IP cho dong SoC.

Hau hét cac cong trinh nghién ciru IP trong nudc da
va dang thuc hién cac nghién ctiu gitta FPGA va
ngoai vi. Nhitng IP nay ciing dugc kha phd bién hién
nay trong cac ung dung cua FPGA, nhét 1a linh vuc
vien thong [5], [2].

Cau hinh giao tiép HPS va FPGA ciing da duoc mot
s6 nha thiét ké ngoai nu6e khai thac voi nhimg muc
dich ung dung cu thé. Dong SoC Zynq 700 cua Xilinx
dugc sir dung cho viée kiém soat téc do truyén thong
gifta hai thanh phan trén, nhd cau AXI-HP cho phép
trao doi dir liéu lén 1 ,2Gbps trén nén thoi gian thyc
[6]. Mot thiét ke 1P truyen thong giao t1ep voi céc
ngoai vi ¢ yéu can tan s6 cao dugc thiét ké trén nén
IP, nhim khic phuc cac nhuogc diém 161 xu ly mém bj
han ché vé toc d6 truyén thong [7]. IP PAC duoc thiét
ké dé theo ddi hiéu suét bus AXI nham t6i wu héa dix
lidu truyén thong, han ché nut ¢d chai trén SoC ciing
dugc nghién ciru va ung dung [8].

L3i IP hau hét duoc thiét ké dua vao ngon ngit HDL.
Trong thoi gian gan day, cong cu Qsys c6 nhiéu wu
diém cho viéc thiét ké IP dwa thu vién sin c6 [9].
Trong bai viét nay, nhém tic gia nghién ctru, thiét ké
g dung hé thong giao tiép giita HPS va FPGA (IP_
AXI_ System) ¢6 luu luong truyén thong 1én dén 64
bit, toc d6 xir Iy 400MHz theo kién truc AXI tong
quat, nham dap ung cho trao ddi dit liéu cira bd CNC-
on-Chip ma nhom tac gia dang nghién ctru, qua do
phit hop cho nhiéu loai dir liéu, két ndi nhiéu ngoai Vi,
dua trén ngdn ngit Verilog va cong cu Qsys lam ciu
ndi trao doi dit liéu phu hop cho hdu hét nhimg bai
toan nhing sau nay.

2. N¢i dung chinh
2.1 Kién tric giao tiép giira HPS va FPGA
Kién trac HPS-FPGA Interfaces 1 cau ndi giira hai
thanh phan ciia mot SOC, né bao gdm ba cau [1] HPS
to- FPGA, FPGA- to- HPS va Lightwwieght HPS- to-
FPAG chi ra trén hinh H.2.
Kién trac nay hd tro cac duong bus 32, 64, 128 bit
thun loi cho viéc thiét 1ap IP ung dung giao tiép cua
hai thanh phan trén SoC.
+ HPS-to-FPGA Bridge: Vi thanh phin master 1a
phia HPS trén L3 Main Switch va phan slave bén
FPGA cho phép master thyc hién cdu hinh trong
FPGA. Dit liéu cho phép c6 thé 32, 64 hodc 128 bit.
+ FPGA-to-HPS Bridge: Vi thanh phan master la
phia FPGA va phan slave bén HPS cho phép master
hién cac truy cdp vao HPS trén ARM, hodc cac bd
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nhé Cache. Dit liéu cho phép c6 thé 32, 64 hodc 128
bit.

+ Céu lightweight HPS-t0-FPGA cung cip mot giao
dién hiéu suat thip hon cho FPGA. Giao dién nay rat
htru ich cho viéc truy cép cac diéu khlen va trang thai
thanh ghi cia thiét b ngoai vi mém. Cau cung cap
2Mb khong gian dia chi dé truy cap vao phan logic,
thiét bi ngoai vi va bo nhd thye thi trong FPGA.
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H.2 Kién triic cia giao tiép HPS-FPGA trong SoC [1]
Céu lightweight HPS-to-FPGA c¢6 ba giao dién tong
thé va tich hop hé thong. Cac giao dién tong thé két
nbi voi FPGA cung cip mot giao dién Lightweight tir
HPS logic tily chinh trong FPGA. Hai giao dién tong
thé khéc 1 két néi v6i cdu HPS- to-FPGA va FPGA-
to-HPS, cho phép truy cép vao thanh ghi GPV
(Global Programmers View) ¢ mdi cau.

2.2 Dé xuit ciu triac IP_AXI_System

Pé dép tmg nhu ciu giao tiép cua chirc ning bién dich
va chuc nang ngi suy cua bd CNC-on-Chip ciing nhu
moi bai toan truyén thong gitra HPS va FPGA thi yéu
cau kién trac IP_AXI_System phai dap tmg duoc
truyén thong toan bd cac thanh phan trong HPS ciing
nhu cac thanh phan trong FPGA.

e
[

K—

hps_master

T A
i

fpga_master
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[

—

H.3 Dé xudt kién triic IP_AXI_System trong SoC

DPong thoi, giai quyét nhidu van dé vé tic nghén
duong truyen ndi bd gitra hai thanh phan nay, cac hién
tuong nit c6 chai cling dugc kién trac IP_ AXI_
System t01 uu hoa trong qua trinh truyén thong. Qua
d6, d& xudt cdu tric cia nhom tac gia nhu trén hinh
H.3 bao gdm ba thanh phin trao d6i dit liéu nhu sau:
- Thanh phan hps_master: Cho phép chuyén doi dir
lidu t6i da 128 bit giita HPS va FPGA trong d6 vai tro
master 1a phan HPS. Dé xuit & day sir dung JTAG to
Avalon Master Bridge nim trong nhom cau anh xa bo
nh¢ cta cong cu Qsys dé lam thanh phan nay.
- Thanh phan fpga master: Tuong ty nhu thanh phin
hps_master, thanh phan nay ciing dugc dé xuét sir



Hoi nghi toan quoc lan thir 3 vé Piéu khién va Tu dong hod - VCCA-2015

dung JTAG to Avalon Master Bridge trong nhom cau
anh xa by nhd cua cong cu Qsys.

- Thanh phan axi_bridge: C6 chuc nang quan ly hai
thanh phan trén va cho phep trao d6i dir ligu gitra HPS
va FPGA. bé xuat ¢ day str dung thu vién AXi bridge
trong nhom cau anh xa bd nho trong Qsys dé dam
nhiém vai trd chtic ning giao tiép va diéu khién hé
thong.

2.3 Thiét ké cac thanh phén ciia IP_AXI_System

- Thanh phan axi_bridge: Cu hinh giao tiép véi bo
nh¢ st dung axi bridge voi tin hi¢u vao luu luong
truyén thong 64 bit dap ung dit liéu sau khi bién dich,
dia chi rong 11 bit. Giao tiép slave va master c6 ID
8bit, cac diéu khién doc viét 16 bit. Chuong trinh
dugc xay dung file axi bridge.v dwa trén chuan
“altera axi bridge". Két qua thiét ké thanh phan nay
thé hién so dd khdi trén hinh H.4.

mQ

mo

AXI_BRIDGE

axi_bridge
H.4 Kién tric axi_bridge cia IP_AXI_System
Céc thong sb thiét ké thanh phan axi_bridge bao
gdém tham s6 céu hinh thé hé AXI4, xac lap cac ID
cho master va slave va nhidu tham sé khac trong tap
tin aX| _bridge.v. Chitrc nang cua axi _bridge dleu phoi
truyén thong dir liéu hai chidu gitta phin mém trén
HPS va phan ctng trén FPGA.
- Thanh phan master_hps: Nham diéu khién cac giao
tiép ngoai vi, & d6 HPS dong vai tro 1a master, cac
thanh phan trén FPGA déng vai tro céc slave. Trong
dé dia chi 32 bit, dir lidu doc, viét 64 bit va cac bit
diéu khién. Chuong trinh dugc thiét ké trong tap tin

master_hps.v dya trén chuan “alter jtag to avalon
master”. Két qua sau khi thiét ké thé hién trén so do
khoi trén hinh H.5.

] —

clk clk i master master
clk_reset] clk_resat master_reset master_reset
HPS_MASTER
master_hps

H.5 Kién triic master_hps cia IP_AXI_System

Thanh phan master_hps dam nhiém chic ning
giao tiép hé thdng vai trd master & HPS, cac 1énh diéu
khién ra I¢nh tir HPS t6i FPGA.
- Thanh phan master fpga: Dung dé diéu khién giao
tiép v6i cac thanh phan ngoai vi trén FPGA. Trong d6
dia chi 32 bit, dit li¢u doc/viét 64 bit va cac bit diéu
khién. Chuong trinh dugc thiét ké trong tap tin
master fpga.v dua trén chuén IP "alter jtag to avalon
master". Két qua sau khi thiét ké thé hién trén so d6
khéi trén hinh H.6.

clk ck + master master
clic_reset clk_reset master_reset master_resst
FPGA_MASTER
master_fpga

H.6 Kién triic master FPGA cua IP_AXI_System
Thanh phan master_fpga dam nhiém chirc ning phan
hdi cac ngoai vi trén FPGA, thyc thi cac ngét ttr ngoai
vi FPGA.

— H
BE; — clk
clk — clk : master clk reset md
~ clk_in clk = . ] =
reseq LK in_reset ' clk resetl——gq—te—siiteoet master_reset | 0
clk_0 |
FPGA MASTER : AXI_BRIDGE
$ s
jmaster )
master_reset |
HPS_MASTER

H.7 Cdu trac IP_AXI_System

Téng hop tir cac thanh phin d thiét ké sir dung cong
cu Qsys dé tich hop cac thanh phan trén vao mot dy
an cung voi ngudn xung clock. Hé thng truyén thong
gitta HPS va FPGA (IP_AXI_System) duoc thiét ké
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nhu trén hinh H.7. Cho thay kha ning trao ddi dit liéu
phit hop vé6i bai toan trao dbi dit liéu cho bd CNC-on-
Chip ma nhom tac gid dang nghién cuu. Khong chi
phuc vu cho b CNC-on-Chip ma IP_ AXI System s¢€
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dugc tich hop trong thu vién Qsys nham dap tmg
nhitng cac bai toan nhiing trén SoC sau nay.

2.4 Céu hinh IP_AXI_System trén cong cu Qsys

- Nhiéu tac gia, da khai thac kha nang cau hinh phan
cing va phan mém, trong d6 15i Nios dugc ng dung
kha nhiéu [5]. Khi d6, hé théng giao tiép Nios va
ngoai vi FPGA ciing tré nén don gian boi thanh phan
16i Nios dugc thiét ké ngay trén FPGA. So véi Nios
thi, HPS c6 kién trac 18i cing ARM duoc tich hop
trén SoC nén dit liéu trao d6i rat 16n phu hop véi
nhiéu bai toan nhung phuc tap, dac biét 1a CNC-on-
Chip. Vi thé, viéc thiét 1ap cau giao tiép giita ching la
can thiét.

Sau day, nhom tac gia trinh bay thiét ké hé thong
truyén thong gitia HPS va FPGA goi tit la
IP_AXI_System bang cong cu Qsys cing véi cac
thanh phan di tao ra & trén. T menu Tools cua
Quartus lua chon Qsys dé tao ra cira sb thuc hién ciu
hinh giao tiép nhu trén hinh H.8. Trong ctra s6 Qsys
thuc hién chon cac thanh phﬁn AXI BRIDGE,
FPGA_MASTER, HPS MASTER di thiét ké tir phan

Connections Mame Description
B dk_0 Clock Source
C— dk_in Clock Input
o dk_in_reset Reset Input
— dk Clock Output
— dk_reset Reset Output
= AXI_BRIDGE axi_bridge
ck Clock Input
dk_reset Reset Input
s AXI Slave
mo AXI Master
= FPGA_MASTER master_fpga
ck Clock Input
dk_reset Reset Input
master Avalon Memary Mapped Master
master_reset Reset Qutput
= HPS_MASTER master_hps
dk Clock Input
dk_reset Reset Input
—— master Avalon Memory Mapped Master
— master_reset Reset Qutput

trén. Chén cac thanh phin ndy va tily chinh tham s6
khi can thiét.

Tat ca cac thanh phan duoc thiét ké trong FPGA déu
duogc két ndi voi ngudn xung clk 0. Cac ddi tugng &
day déu 1a phan bén trong SoC nén trén cot Export chi
¢6 clk va reset dugc két ndi ngoai vi ra bén ngoai.

Déi véi cac duong bus dir liéu, st dung cac két ndi
gitra master va slave gilta cua cac thiét k&. D7 nhién,
khi c6 thém HPS va diéu khién trén FPGA viéc két
n6i nay 1a "tly bién". Trén hé thong Qsys hinh H.8
nhom tac gia su dung céc céu hinh két ndi d¢é tao ra hé
thdng trao ddi dir liéu gitra cac khdi chirc ning va nd
s& dugc ciu hinh lai cho phi hop khi c6 HPS.

Mot sb két ndi trén dbi twong 1a khong can thiét khi
ngudi thiét ké khong st dung thi mic dinh s& khong
duogc két nbi dén bus IP_AXI_System. Vi bai viét nay
chi dé cap dén viéc xay dung hé thong giao tiép giira
HPS va FPGA nén ngoai vi ciing nhu thanh phan HPS
khong thé hién trén hinh H.8 ma s& dugc trinh bay
trén hinh H.11 ¢ phan sau.

Export Clock Base End

clk exported
reset
dk_0

clk_0
[dk]

[ck] 0x0000_0000
[dk]

0x0000_07££

clk_0

[ek]

clk_0

[clk]

H.8 Cdu hinh IPAXI_System bang cong cu Qsys

Két qua cdu hinh s& dugc luu trir trong thu vién IP va
phuc vu cho cac bai toan diéu khién nhtng noi chung,
nhdm giao tiép giira hai thanh phan HPS va FPGA.
Day 1a cu hinh mé vé6i day du ba thanh phan cua hé
thdng cau dugc mé ta tén hinh H.3 muc 2.2 ma nhém
tac gia da d& xuét. Pong thoi phu hop véi kién tric
AXI cua SoC ma nha thiét ké da kién tric sdn phan
ctrng trén SoC.

Két qua IP_AXI System duoc sir dung cho truyén
thong ndi bo cuia b CNC-on-Chip. Trong mot s6 ung
dung khac nguoi dung ¢ thé sir dung mdt hodc hai
trong ba thanh phan trén nham tiét kién tai nguyén
trén SoC khi cdu hinh ma van dép Gng dugc truyén
thong dir li€u gitta HPS va FPGA.

Mot IP_AXI System hoan thién 1a mot hé thong co
du ca ba thanh phin da dé xudt trén va duoc nhom tac
gia thiét ké tirng thanh phan truée do. Trén hinh H.9,
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thé hién két qua diéu khién truyén thong hai chiéu cua
IP_ AXI_ System, khi chay cdu hinh bang cong cu
Qsys cua Quartus.

Mot hé théng sau khi xay dung hoan thién nhu trén
hinh H.8, nhom tac gia tién hanh chay "map" RTL
bang Quartus 14.0 cho két qua nhu trén hinh H.9. Tir
két qua nay cho thay bao dam dugc ludng dir liéu hai
chiéu déng thoi, dugc diéu khién boi cac master cia
ting thanh phan va dap tmg trao doi dir liéu hai chirc
nang bién dich va ndi suy ctia b CNC-on-Chip va mo
rong cho cac bai toan nhing trén SoC.

Cau AXI_BRIDGE déu phdi qua trinh hoat dong cuia
FPGA MASTER va HPS MASTER theo ca hai
huéng dir lidu truyén tai trong truong hop nay 1a 64
bit. D& thuc hién kiém chung két qua hoat dong,
IP_AXI System s& duoc thiét ké cung vai 161 HPS va
cac didu khién trén FPGA trong phan sau.
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H.9 So dé két noi IP_AXI_System theo 2 luong diéu khién

2.5 Panh gia két qua

Trong phan ndy, nhém tac gia thir nghiém két qua
thiét k& IP_AXI_System trén KIT DE1-SoC bang mot
img dung don gian giao tiép 32 bit (Kit chi hd tro
GPIO 32 bit) dir liéu nhan tir 10 Switch dé 1am sang
10 LED. Cau tric kiém tra ciia hé thong duoc trinh
bay nhu trén hinh H.10, sir dung by nhé Ram on Chip
trén SoC va SDRam c¢6 sin trén KIT lam noi luu trit
dir liéu cta Gng dung.

Thiét ké h¢ thong kiém tra IP_ AXI_System duogc xay
dyng trén phan mém Quartus (thiét lap cAu hinh
hardware) va phan mém ARM DS-5 (xdy dung
chuong trinh software)

LEDS

]

SWITCHES
H.10 So dé thé hién hé thng diéu khién nhing SoC
- Thiét ké hardware cho hé thong thuc hién bang cong
cu Qsys cura Quartus nhu sau:
+ Chén 16i xtr ly Hard Processor Systems,

+ IP_AXI_System da thiét ké,

+ Menory on Chip

+ System ID peripheral

+ 10 (Switch va LED)

Trong d6, ngudn clock va reset duoc két ndi dy du
t6i cac thanh phan trong hé thdng, axi_master cua
HPS voi cic thanh phan axi slave ciia FPGA la
Switch va Led. Pay chi 1a vi du don gian dé kiém
chung kha nang lam viéc cua IP_AXI_System trong
nhitng tmg dung 16n hon thi viéc két ni ciing s& phirc
tap hon nhiéu.

Pit cac xuét nhép ngoai vi cho SW va LED trén cot
Export tuwong ung véi dia chi trén KIT DE1-SoC va
dinh khong gian dia chi trén cot Base va End theo san
phim SoC dong SCSEMASF31C ¢6 trén KIT.

Ngoai ra ¢ day str dung hps_io va memory la by nhd
ngoai dé luu trix trao d6i dir lieu duoc tich hop san
trén KIT 1Gb SDRAM. Két qua thyc hién ciu hinh
hardware trén cong cu Qsys kiém tra kha nang lam
viéc cua IP_AXI System dugc thiét lap véi cac IP
ngoai vi FPGA nhu trén hinh H.11. Trong d6, thanh
phan HPS 13 hps_0 va thanh phan FPGA 1a SWITCH,
LED.

Conrecsons Name JesCpion
= f2h_stm_hw_events Condur
- memory Condut
= hoe_ o Condut
= haf reset Fevet Dutput
h¥ w0 dock Oock oul
haf_ax mavter AN Marier
2 _ax_decx Oock rgut
3 _a_save Al Save
h2Y_dw_ani_dock Oock Inout
h22_w_ani_retes ANT Masier
h v InneTupt Recerver
f2n rai Indermupt Recesser
B AXI_BRIDGE AN] Brdge
-3 Cock Iout
ok _reset Feset Irout
L Al Qe
o AX! Marter
2 HPS_MASTER JTAG % Auslon Muter Brdice
53 Oock gl
ok _reset Reset [nput
ragter Avhon Mermor y Mapoed Master
master_reset Feget Qutput
|2 FPGA_MASTER JTAG % Avelon Meste Bridge
o Cock Input
oi_reset Feset ot
[ raster Aovlon Mervar y Mapoesd Master
reonter_tweat Rewet Outpt
*T B swircs P10 Pl 110)
+* [N PO Paraled 110)
(5 wysid_guys Systen (D Pergherad
B cackip _memory2 0 On O Masdry (UAM o ROM)

hos_0_1ah_stm_hw_ev..
memary

s _w
Fps_0_hai_reset

Export Ooce Bage tna

I8¢ 32

ok _0 0x0001_0010

dk_0 C=0000_00C0

H.11
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Cdu hinh hardware IP_AXI_System bang cong cu Qsys
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Sau khi két ndi cac dbi tugng ciia hé théng Qsys ta
tién hanh dinh dia chi khong gian nhé. Viéce dinh dia
chi nay duoc goi la anh xa bd nhd khi hé théng lam
viéc. Cac dia chi khong gian nhé theo quy udc cua
nha san xudt tuong ung véi timg thanh phan. Nhom

B.1 Bang phdn chia dia chi giao tiép HPS va FPGA

tac gia dinh dia chi cho hé thong thiét ké nay nhu trén
bang B.1, viéc dinh dia chi nay dugc su dung cho
chuong trinh nhung sau nay. Trong d6 "N" khong su
dung dia chi do thanh phan AXI BRIDGE khong str
dung trong trudng hop nay.

A ”in hps_0.f2f_axi | hps_0.f2f_Iw HPS_MASTER | FPGA_MASTER | AXI_BRIDGE

Luong dir licu -
_master _axi_master .master .master .m0

onchip_memory | 0x0000_0000
2 0.s1 - 0x0000_Offf N
sysid_gsys 0x0001_0000 - 0x0001_0000 -
.control_slave 0x0001_0007 0x0001_0007 N
SWITCH 0x0001_0010 - 0x0001_0010 -
.51 0x0001 001f 0x0001 001f N
LED 0x0000_0000 - | 0x0000_0000 -
s1 0x0000_000f 0x0000_000f N
gps_OBRIDGE.s N N N N N

- Thyc hién cau hinh software cho thanh phan HPS dé
kién tra chuong trinh Gng dung. Trudc hét nhom tac
gia xay dung tdp tin generate.sh trong cung thu muc
véi cac tap tin khac nhu .sopcinfo, .c, .v...

#1/bin/sh

sopc-create-header-files \

"./Sw_led.sopcinfo" \

--single hps_0.h \

--module hps_0

Chtic nang cua tdp tin generate.sh dung tao ra tap tin
head c6 tén 1a hps_0.h cing dudng dan thu muc bang
lénh /generate.sh ngay trong cira s6 Embeded
Command Shell. Tép tin heard nay chtra toan bd
thong tin vé IP_AXI_System ma nhom tac gia da thiét
ké trén Qsys, cac thanh phan Sw va Led trén FPGA
duoc thue hién lién két vi HPS.

Mot hé théng nhung can ¢o tép tin heard, nd can cho
viéc dinh nghia dia chi cia thanh phﬁn HPS va FPGA,
c4c dia chi nay s& dugc cung cp cho chwong trinh C.
Két qua xdy dung tap tin head trén hinh H.12 c6 tén
hps_0.h duogc tao ra cung thu muc véi céac tap tin .c,
.sh,

* O oytdene N CNC/Bas Mol nghBao_se_2/Swich Led
b cd Bi/NCE_CHC/Bae_hei nghi-Bas_su_2/Switch_Led

"
e 1s
kS _pin_node ] _funp.txt du_sn. g
b yenerate.oh
hps 8. h
hp: _isw_handof§ Su_led.gzys
hps_sdram p# all _pins.txt  Sw_led. sopcinfe
hps _sdram_pB_zumewry.czv

inceenental_dh
outpur Files
Hu_san.osv .‘:s.,lfun
plu_an.gpf
du_an.qof
lu_an.gxf . hak

5 ./yenerate.sh
swinfozhondor: Creating macrs file ‘hps B0 for module *hps_H* |

" ‘ L4520 |
- ,'

L

H.12 Tqo file header hps_0.h

Nhém téc gia xay dung chwong trinh phan mém tng
dung biang ngdn ngit C (¢ day dat tén main.c) dé kiém
tra hoat dong cua IP_AXI_System bat tit SW nao
twong ing LED d6 sang.

Dit liéu truyén thdng & day 1a 32 bit theo thiét ké ciu
hinh ban dau. Tuy nhién véi KIT DE1-SoC chi tich
hop 10 LED va 10 SW nén viéc bién dién trén Kit cho
két qua tuong tmg cho 10 bit nhu hinh H.13 cho thay
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két qua hoat dong dung nhu chuong trinh tng dung C
da viét trén bang céch liy noi dung cua dia chi SW
gan cho cac LED. Trén hinh H.13 la cac SW 1, 3, 5,
7, 9 dugc bat twong tng vai cac LED séng.

s e

H.13  Taqo file thyc thi nhi phén va chay trén KIT

Qua thyc nghiém cho thay khiang dinh thiét ké
IP_AXI_System hoat dong dwoc va hoan toan thuc
hién dugc nhiém vu trao ddi dir liéu gitra hai chic
nang bién dich va noi suy ciia bd CNC-on-Chip, dong
thoi dap ng céc bai toan nhL’J,ng trén SoC.

3. Keétluan

Thiét k& IP_AXI_System giita thanh phian HPS va
FPGA trong SoC la déu can thiét trong cac thiét ké hé
thong nhung. Viéc trao d6i dir liéu gitta HPS va
FPGA tily thudc vao hé thong thiét ké giao tiép nay va
ting bai toan ung dung cu thé. IP_AXI_System ma
nhém tac gia thiét ké cho phép dit liu trao doi toi da
64 bit, thuc hién hai ludng va hai chiéu trao doi dir
liéu, pht hop voi moi thanh phan diéu khién trong
SoC.

Bai viét nay da thuc hién dwoc cac dong gop so

v6i trude ddy nhiéu tac gia chi thiét ké cac giao tiép
diéu khién trén FPGA vé6i ngoai vi nhu SRAM, 12C,
1/0, Nios [4], [7]...
- Thiét ké duoc xay dung tir cau hinh thanh phan dang
modul tao nén h¢ thdng giao tiép giira HPS va FPGA
(IP_AXI_System) luu trir thw vién phuc vu cho cac
ung dung khac.
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- Thiét ké duoc hé théng IP_AXI_System phuc vu
cho bai todn CNC-on-Chip.

- Bu6c dau dua dong san pham SoC vao ung dung tai
Viét Nam nhit 1a linh vuc diéu khién nhiam mang lai
loi ich vé toc d9, chinh xac va kha ning tich hop cac
chuong trinh ttng dung I6n trén mét chip.
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La tac gia / dong tac gia cua hon 150 bai bao, bao céo
hoi nghi trong va ngoai nude. La tac gia / dong tac gia
clia 7 dau sach chuyén khao va tham khao, trong dé
¢6 3 quyén bang tiéng Puc va 1 quyén tiéng Anh
“Vector Control of Three-Phase AC Machines —
System Development in the Practice” do nha xuét ban
Springer in ndm 2008, tai ban lan 1 thang 6/2015.

Céc linh vuce nghién ctru: diéu khién truyén dong dién,
didu khién chuyén dong va robot, diéu khién vector
cho cac loai may dién, diéu khién dién tir cong suét,
didu khién cac hé thdng ning luong tai tao (sirc gio,
mit troi), hé théng didu khién s, mo hinh héa va mo
phong.
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