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TOM TAT

Bai bdo trinh bay mot s0 két qud nghién ciru vé viéc trién khai mét mdy tinh nhiing sir dung hé
diéu hanh Linux trén nén tang phan cimg ZYNQ ciia hing Xilinx. Cac IC thugc ho Zygn duwoc
phat hanh trong 10 nam tro lai day da va dang dinh hinh lai cdc nén tang may tinh nhing pho
bién, véi kha nang phoi hop mém déo giita vi xir 1) ho ARM va FPGA mang lai hiéu qua cao [1].
Trong bai bdo nay, mot thiét ké GPIO (General Purpose Input Output) o toc do cao duwgc trién
khai, trong d6 phan ciing trén FPGA, driver trén hé diéu hanh Linux va phan mém diéu khién
dwoe phoi hop trién khai. Két qua thir nghiém da chitng minh kha ndng hoat déng cia cong GPIO
téc do cao, tinh linh hoat khi duoc diéu khién thong qua ph(in mém trén hé diéu hanh Linux.

Tur khoa: Linux; ZYNQ; FPGA; May tinh nhdng.
1. MO PAU

Nhim dap tmg dugc yéu ciu dé ra trong viée xdy dung cac hé thong nhu Internet of Things,
Edge Computing,... may tinh nhung 13 mot cong cu quan trong [1]. V6i wu thé nhé gon, linh
hoat, ndng lyc xt ly ti€m cén vuot trdi khi so sanh vdi cac hé vi xtr 1y va tiém can PC thong
thudng, may tinh nhung di va dang dong vai trd cbt 151 trong hau hét cac hé thng tu dong. Tuy
nhién, may tinh nhiing gip nhiéu khé khin trong viéc xtr 1y tin hiéu s6 thoi gian thyc, véi cac
dau vao dir liéu toc cao,... Nhitng yéu diém trén lai dugc coi 1a wu diém cta cac hé théng FPGA,
v6i toe do xir Iy nhanh, cac 16i IP (Intellectual Property) dugc ctimg hoa rat phu hop phat trién
cac ung dung xir Iy tin hidu s6. Két hop mot hé théng may tinh nhing c6 ca FPGA va 13i vi xu ly
cho may tinh nhung 1a mot giai phap kha thi mang lai hi€u qua ung dung cao. Trong mot thap ky
gan day, nhiéu hang san xuat IC nhu Xilinx, Altera, Gowin,... d tich hop FPGA va vi xir Iy vao
mot chip duy nhit, trong do, tién phong 1a dong chip ZYNQ ctia hing Xilinx [4]. Bai bédo nay
trinh bay mot giai phap thiét ké phan mém khi hé diéu hanh Linux diéu khién 15i IP GPIO tbc do
cao trén FPGA thoéng qua mot driver. Diéu d6 cho phép Ung dung kha nang diéu khlen va xu ly
da dang trén h¢ diéu hanh Linux két ho‘p voi phan cling toc d9 cao trén FPGA, la tlen dé cho viéc
ung dung may tinh nhung trong viéc giai quyét cic bai toan can xir Iy tin hiéu sb téc do cao bang
may tinh nhing.

2. TRIEN KHAI MAY TiNH NHUNG SU DUNG NEN TANG PHAN CUNG ZYNQ

2.1 Téng quan vé hg vi mach ZYNQ-7000

Ho vi mach Zyng-7000 la hé thong SoC c¢6 kha ning 1ap trinh toan dién (ca phan ctng va
phin mém) dau tién trén thé giéi. Trong mdi mot chip ZynQ-7000 déu da tich hop sdn mét hé vi
xu Iy PS (Processing System) trén co s bo vi xtr ly Cortex™-A9 18i kép cua hdng ARM va mot
kién trdc logic kha trinh PL (Programmable logic) str dung cong ngh¢ 28 nm cua Xilinx. Mot
klen trdc nhu vay cung cap cho ngum dung mot nén tang phan clirng vai hiéu nang xir ly va cong
suét tiéu thu twong duong mot thiét ké ASIC (Application-Specific Integrated Circuit), trong khi
van dam bao tinh linh hoat trong thay doi thiét ké phan cting ctia FPGA, va tinh dé dang trong
viéc tai cAu hinh san phdm trén ca PS va PL. C4c 16i IP mém c6 thé duoc tao ra trong phan PL va
két ndi d& mo rong chirc nang cua PS. Chlng ta c6 thé st dung t6 hop PS va PL dé tao ra cac hé
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théng SoC phirc tap va hiéu ning cao [3]. Giao dién ghép nbi giira PS va PL dya trén chuan AXI.
Phién ban cao nhat ciia AXI 1a AXI4 1a mot phan cia chudan AMBA 3.0 do hing ARM d¢ xuit.
Ngoai ra, mot vai két ndi tir PS c6 thé duoc dinh tuyén théng qua PL t&i cac ngoai vi ngoai chip
thdng qua giao dién EMIO (Endless Moments Input Output) [3].
2.2. Mdi trudng phat trién

Viéc phét trién mot tmg dung cho may tinh nhing can thiét phai thuc hién thiét ké FPGA va
phan mém dong thoi trong d6 ¢6 quan hé chat ché véi nhau. Trong do, phan thiét ké FPGA sé tao
ra cac IP core véi cac 16i diéu khién thich hop sin sang cho viéc phét trién phan mém. Ddi véi
phan phét trién phin mém tng dung, cong viéc can phai thyc hién nhiéu hon, yéu cau nha phat
trién phai tich hop dugc driver diéu khién ciia FPGA va h¢ diéu hanh, dua trén cac driver do sé
viét cac chuong trinh img dung theo diing muyc dich yéu cau trén ngdn ngir lap trinh C.

bé thyuc hién nhitng cong viéc do6, hang Xilinx da hd tro céac cong cuy phat trién manh mé& nhu
Vivaldo va Vitis. Trong dé, Vivaldo cho phép xay dung cau hinh hé thong, phat trién cac IP dwa
trén ngdn ngir 1ép trinh phan cimg (Verilog hoic VHDL), Vitis 14 cong cu phat trién phan mém
trén nén tang 161 ARM cortex A9 st dung ngén ngir 1ap trinh C. Khi may tinh nhung str dung hé
dleu hanh Linux, Xilinx ciing cung cap nhing cong cu phat trién manh mé dua trén hé thong ma
ngudn mé Linux trong d6 tap trung vao ban phan phi PetaLinux.

3. THIET KE MQT UNG DUNG GPIO TOC PQ CAO
TREN MAY TINH NHUNG ZYNQ

Trong cac ung dung GPIO tdc d0 cao FPGA 1a su lua chon tdi uu nhét, v6i wu thé téc do cao,
viéc kiém soat d6 rong xung, chu ky 1ap lai,... c6 do chinh x4c cao hon so sanh véi cac giai phap
khac. Tuy nhién, véi mot ing dung c6 tinh phuc tap va d0 mém déo cao, viéc str dung mot g
dung chay trén nén tang hé diéu hanh s& giup quan ly, thay d6i cAu hinh vao ra mot cach don
gian hon 14 sir dung cac ngdn ngit mo ta phan cung. D6 1a 1y do chinh dé két hop FPGA va vi xir
ly trong mot hé may tinh nhung chuyén dung.

3.1. Thiét ké phin cig

Phan cimg hé‘théng 1a mot bus dir liéu song song téc cao duge mo ta nhu trén hinh 1. Trong
do6, bus dir liéu gom 19 cong GPIO doc 1ap gom tin hiéu bao truyén, xung clock c6 dd rong xung
0.2puS va 17 bit dit liéu song song.
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Hinh 1. Gidn do thoi gian GPIO.

Dé thiét ké hé thong nay mot 151 IP xir 1y tin hiéu GPIO duoc thiét ké trén ngon ngit Verilog
trén phan mém Vivaldo nhu trén hinh 2. Trong d6, cac thanh phan nhu 15i xir Iy ARM Cortex
A9, core IP GPIO di viét va khdi AXI Interconnect dugc két ndi véi nhau. Két qua cua qua trinh
nay cho phép xdy dung mot ciu hinh phin cing sin sang cho viéc thiét 1ap hé diéu hanh
PetaLinux cung véi cac driver twong rng.
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Hinh 2. Két néi phan cimg trén Vivado.

3.2. Thiét ké phan mém

Viéc thiét ké phan mém diéu khién cong GPIO cho may tinh nhung Linux bao gém hai budc
chinh gébm driver di€u khién va chuong trinh ing dung. Vi driver di€u khién GPIO h¢ dicu
hanh Linux duogc ho tro twong doi day du, moi driver déu c6 nhirng uu va khuyét diém khac
nhau. Trong do, ndi bat nhat 1a trinh diéu khién UIO (Userspace 1/O), day la mot trinh di€u khién
don gian gan nhu nam hoan toan trong khong gian ngudi dung va ho tro day du cac ngat. Day
cling la trinh diéu khién duoc thiét ké riéng cho cac tng dung giao tiép voi FPGA trén kién trac
Zynq st dung hé di€u hanh PetaLinux.

--- Userspace I/0 drivers

< > generic Hilscher CIF Card driver

<*> Userspace I/0 platform driver with generic IRQ handli
platform driver with

< > AEC video timestamp device

< > Automata Sercos III PCI card driver
<> Generic driver for PCI 2.3 and PCI Express cards
< > Hilscher NetX Card driver

<> Texas Instruments PRUSS driver

< > Humusoft MF624 DAQ PCI card driver

<*> Xilinx AXI Performance Monitor driver

<> Xilinx AI Engine driver

Hinh 3. Liwra chon driver UIO.
Dé trién khai UIO trén hé didu hanh PetaLinux, trong qua trinh build hé didu hanh cin thiét
phai cho phép driver nay hoat dong bang cach thong qua chuong trinh cau hinh kernel nhu trén

hinh 3.
. Thiét lap ché Diéu khién
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Hinh 4. Luu do thudt todn phan mém diéu khién GPIO.

Chuong trinh phan mém diéu khién hoat dong ciia GPIO thong qua driver UIO c6 thé dugc
thuc hién théng qua viée truy suét truc tiép vao cac ving nhd cua thanh ghi diéu khién cong
GPIO thong qua Iénh “devmem”. Tuong tu viéc thiét dat cac céng GPIO, viéc thiét 1ap cac nga"lt
cling dugc thyc hién thong qua Iénh “devmem” trong d6, dia chi dugc trd 1én la thanh ghi diéu
khién ngét. Trén co s& cac 1énh diéu khién da dugc thiét 1ap, mot chuong trinh diéu khién céng
GPIO toc d6 cao duge thuc hién thong qua diéu khién nat bAm véi luu dd thuat toan nhu trén
hinh 4. Trong d6, mot chuong trinh trén ngdn ngit C++ dugc viét ngam phét hién cac nit bam
dau vao dé khai tao va chdm dut qua trinh tao xung theo dung gian do thoi gian nhu trén hinh 4.
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Khi nhan dugc nut ban Start thong qua ngit ddu vao, dit liéu bt diu duogc truyén, ndi dung di
lidu trong cic xung duoc thiét 1ap bén trong chwong trinh, qué trinh truyén 1 lién tuc cho t6i khi
nhan duoc nat nhan stop.

Chuong trinh sau khi duoc viét s& dugc bién dich bang trinh bién dich GCC, tép tin nhi phan
sau khi bién tap s& dugc copy xudng may tinh nhiing va duoc thiét 1ap ludn chay khi khoi dong
may tinh. Khi d0, bang cach sir dung cac nit bim don gian c6 thé diéu khién mot bus dir liéu
GPIO tdc db cao.

4. KET LUAN

Trén co s trién khai mot may tinh nhung trén nén tang phan cimg ZYNQ cuia hing Xilinx,
bang cach sir dung két hop gitra thiét ké phan clng bang ngdn nglr mo ta phan cing Verilog
FPGA, va thiét k& phan mém va driver diéu khién trén hé diéu hanh Linux st dung ban phan
phdi PetaLinux, cho thdy kha nang trién khai don gian va manh mé&. Bang cach diéu khién mot
GPIO téc d6 cao don gian cho thdy dugc diém manh trong viéc két hop kha nang cua 181 vi xtr Iy
va FPGA. Duya trén phan cing tur thiét k&, may tinh nhung dya trén phan cimg ZYNQ cho phép
lam chu toan bd cac ngoai vi can thiét trong thiét ké, dam bao kha ning bao mat cua hé thong,
ddng thoi voi kha nang két hop chat ché gitta FPGA va vi xir 1y cho phép phat trién cac hé théng
xtr 1y tin hidu s ¢ hiéu ning cao.
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ABSTRACT
Embedded computer deployment solution using Linux operating system on ZYNQ

In this paper, some research results on deploying an embedded computer using Linux
operating system on Xilinx's ZYNQ hardware platform are presented. ICs of the Zygn
family released in the last 10 years have been reshaping popular embedded computing
platforms, with flexible synergies between ARM and FPGA family of processors that
deliver high efficiency first. In this paper, a high-speed GPIO design is implemented, in
which the hardware on the FPGA, the driver on the Linux operating system, and the
control software are jointly implemented. The test results have demonstrated the ability of
the GPIO port to operate at high speed and flexibility when controlled via software on the
Linux operating system.

Keywords: Linux; ZYNQ; FPGA; Embedded Computer.
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