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ABSTRACT

Nowadays, designing embedded systems on FPGA technology has proven
to be an effective solution for various applications because of its
noteworthy benefits such as high speed, high performance and low power
comsumtion. The project “Design and implementation of an FPGA-based
Paint application”, therefore, aims to create an embedded application on
FPGA to perform some fundamental computer graphics algorithms.
Importantly, further research into computer graphics and embedded
systems on FPGA will be started out based on these results.

TOM TAT

Hién nay, cac hé théng nhung trén nén FPGA véi nhiéu wu diém vuot tréi
nhu toc do, hiéu sudt xir Iy cao va tiéu hao nang lwong thdp dang nhin
dwoc sw quan tam nghién cuu va ung dung ngay cang tang. Nghién ciru
“Thiét ké wng dung Paint trén nén FPGA” dwoc thuc hién véi muc tiéu thi
cong mot ung dung nhing sur dung FPGA thuc hién mot 0 gidi thudt do
hoa may tinh co ban. Nhing két qua ciia nghién ciru ndy sé la co so cho
viéc tiép tuc phat trién cac ung dung nhing vé do hoa va gidi tri da
phurong tién trén nén FPGA.

1 GIOI THIEU

nganh K¥ thuit May tinh. Trong thoi gian khoang
4 thang thuc hién, nghién ctu da tap trung vao viéc

Viéc phat trién cac hé théng nhung cho céc tmg
dung d6 hoa may tinh khong con la linh vue qua
méi mé véi mot sd quoc gia phat trién. Nhiéu cong
ty, trudng dai hoc ndi tiéng trén thé gidi da co
nhing nghién ctru nguyén ciru thanh cong, cho ra
doi nhiéu san pham ndi tiéng trong linh vuc nay.
Tuy nhién tai Viét Nam, chung ta chi médi tung
budc tiép can voi linh vuc nay khoang vai nim trd
lai day.

Tu thue té trén, muc tiéu cua nghién ciru “Thiét
ké ung dung Paint trén nén FPGA” dugc thyc hién
trén board DE2-115 Development and Education
cua Terasic nhim budc dau nghién ctru va phat
trién mot hé thdng nhing phuc vu cac ing dung do
hoa may tinh. Qua d6 gép phan bo sung vao nguon
tw liéu tham khao cho cc nghién ctru va phat trién
tmg dung nhung tiép theo cua sinh vién chuyén
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phat trién mot hé thdng nhung co kha ning thuc
hién cac giai thuat dd hoa co ban nhu vé va td mau
doan théng, da giac, hinh tron,... Cac giai thuat dd
hoa da dugc cai dat, minh hoa dudi giao dién
chuong trinh tuong ty nhu Gng dung Microsoft
Paint trén hé diéu hanh Windows.

2 PHUONG PHAP THUC HIEN
2.1 Toéng quan vé h¢ théng
2.1.1 Phan cimg

Hé théng duoc thiét ké va céu hinh trén board
DE2-115 cta Terasic bang cach sir dung bd cong
cu SOPC Builder trong phan mém Quatus II cua
Altera. Hé théng c6 kha ning giao tiép voi chudt
qua cong PS/2 cho phép xir Iy va hién thi hinh anh
1én man hinh (Terasic Technologies Inc, 2013).
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Hinh 1: So @6 khéi h¢ thong

Céc thanh phén chinh cta hé thong:

—  Nios II processor: khdi xir Iy trung tam dam
nhiém xt 1y cac Iénh thyc thi trén hé thong (tan so
hoat dong 50MHz). Vi xur 1y Nios II st dung
SDRAM trén board DE2-115 1lam b0 nhé dit liéu
truy xuat thong qua 161 di€u khién SDRAM.

— Avalon Switch Fabric: bus (32-bit) co
nhiém vu lién két cac thanh phan cua hé thong.

— Pixel Buffer: sit dung mot phan ving nhé
SRAM (t6i da 2MHz) dé luu trir dir li€u hinh anh.

—  Cdc khéi xir Iy hinh anh (Pixel Buffer DMA
Controller, RGB Reasample, VGA Dual Clock
FIFO): thg{c hi@n cac cong viéc doc hinh anh tir b
nhd, chuyén d6i dinh dang, khong gian mau cua
hinh anh.

— Khoi VGA Controller: Thuc hién giao tiép
véi module VGA-DAC dé hién thi hinh anh 1én
man hinh.

— P/S2 Controller: Thyc hién giao tiép véi
thiét PS/2 (chudt/ ban phim).

Dé hién thi hinh anh 1én man hinh VGA, hinh
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anh can phai dugc nap vao b nhd Pixel Buffer.
Khi d6 cac thanh phﬁn hé théng s€ thuc hién viéc
chuyén ddi dinh dang hinh anh va hién thi ra man
hinh nhd bo diéu khién VGA (Adam Chapweske,
2003), (Altera Corporation, 2010).

2.1.2 Phdn mém

Phan mém duoc thiét ké, bién dich va cai dit
dua trén by cong cu Nios II trong goi phan
meém Altera Quartus II (Altera Corporation, 2007).
Vé chirc nang, phan mém bao gom cac giai
thuét chinh:

- Giao tiép voi man hinh va chudt thong qua
chuan VGA va PS/2.

— Thao tic trén cac pixel (x6a pixel, thiét
lap/lay gia tri pixel, ...)

— V& doan thang va hinh hoc ( hinh tron/elip,
cac da giac, ...)

— T6 mau, xt 1y, hién thi ky tu, ...

2.2 Thiét ké hé théng nhiing

2.2.1 Thiét ké hé thong trén phan mém SoPC
Builder
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] ' ] 11
Clock End RQ |

Base
instruction_master Avalon Memory Mapped Master sys_clk
— data_master Avalon llemory Mapped Master [ck] IRQ O IRQ 31
- jtag_debug_module Avalon Memory Mapped Slave [ck] i 0x0a000000 [0x0a0007£E
—+ [ SDRAM SDRAM Contraller sys_clk # 0x00000000 |Ox0TEEEEEE
| "~ @ Pixel_Buffer SRAM/SSRAM Controlier sys_clk d 0x08000000 [Ox0BLEEEEE
"~ [ HEX3_HEX0 Paralel Port sys_clk i 0x10000020 |0x1000002£
| "~ B HEX7_HEX4 Paralel Port sys_clk i 0x10000030 |0x1000003£
=@ PS2_Port P52 Controller sys_clk # 0x10000100 |(0x10000107
| =@ JTAG_UART JTAG UART |sys_clk @ 0x10001000 |0x10001007
| [=|@ Interval_Timer Interval Timer sys_clk & 0x10002000 |0x1000201£
| = B sysid System ID Peripheral sys_clk i 0x10002020 [0x10002027
= External_Clocks Clocks Signals for DE-Series Board Pe... jclk & 0x10002030 |0x10002031
| “—+ @ Pixel_Buffer DMA_C... |Pixel Buffer DMA Controller sys_clk & 0x10003020 |0x1000302£
RGB_Rezampler RGB Resampler sys_clk
| @ VGA_Dual_Clock_FIFO [Duak-Clock FIFO multiple
@ VGA_Controller VGA Confroller vga_clk
Hinh 2: H¢ thong nhiing duoc thiét ké
_Hinh 2 1a két qua thiét k& phan cing cua hé [ 4 SRAM/SSRAM Controller - Pixel_Buffer e |
thong su dg}pg cong cu SOPC Bul}derNduqc tich SRAM/SSRAM
hop trong goi phan mém Quatus II cua hang Altera. “ Controller
Céc thanh phan cua hé thong trén dugc Altera cung MogaCors’ o up. avalon_sram
cap hdu hét dudi dang cac 16i IP (Intellectual B 1B
Property core). Bé xay dung hé¢ thong, nguoi :
thiét ké can tién hanh lua chon va cAu hinh cac 15i I e
IP mot cach hop 1y dap tmg cac yéu ciu dat ra reset@=lclock_reset_reset I
nhu sau: conduit ™=external_interface =
avalon M=avalon_sram_slave
Nios II processor (CPU) [ Configurations
. . . L DE-Series Board: | DE2-115 - |
. Nios I!.processor 1a mot 16i (core) vi xu 1i 32 Use as a pixel buffer for video out .
bit dugc toi wu cho cac ing dung cia hang san xuat
Altera. Bo xur Iy nay dam nhiém xur 1y cac 1énh | |
thyc thi, diéu khién hoat dong cua cac thanh phan
phan cing trong hé thong. Trong d€ tai nay, hé = — — 4

thong SoPC st dung phién ban Niosll/s (phién ban
chuén), phién ban  ndy yéu cau tai nguyén thap trén
chip FPGA ma van dam bao dap ung t6t cac yéu
cau dat ra (Altera Corporation, 2011).

Pixel Buffer

Khdi Pixel Buffer sir dung mot phan ving nhd
SRAM trén board DE2-115 dé luu trit cac gia tri
pixel ctia hinh anh (c6 d¢ phan giai 640x480 pixel,
dinh dang 16bit-RGB). Trong hé théng SoPC,
ngudi thiét ké can cu hinh cho 16 SRAM/SSRAM
Controller hoat dong nhu mét bo Pixel Buffer
tuong thich v6i board DE2-115 nhu ¢ Hinh 3. Khéi
Pixel Buffer trong hé théng c6 dia chi tir
0x08000000 dén 0x081FFFFF (Altera Corporation,
2010).
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Hinh 3: CAu hinh khdi Pixel Buffer
Pixel Buffer DMA Controller

Khéi Pixel Buffer DMA Controller dugc xem
nhu 14 khéi duoc sir dung dé anh xa dir lidu tir bo
nh¢ Pixel Buffer dé lam dir liéu dau vao cho cac
khéi xtr 1y tiép theo. Dé khdi Pixel Buffer DMA
Controller ¢6 thé doc chinh x4c dit liéu hinh anh
luu trong khoi Pixel buffer, can thiét lap cac thong
s6 vé& do phan giai cia hinh anh (640x480 pixel),
dinh dang khong gian mau (16 bit-RGB), dia chi
bat dau doc dit liéu 0x08000000 twong g voi dit
liéu hinh anh luu trén khéi Pixel Buffer (Hinh 4)
(Altera Corporation, 2010).
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14 Pixel Buffer DMA Controller - Pixel_Buffer DMA_Controller

[

Pixel Buffer DMA Controller

altera_up_avalon_video_pixel_buffer_dma

=

Megotors

|' Block Diagram

Pixel _Buffer DMA_Controller

clockB=clock_reset avalon_pixel_dma_master
resetB=clock_reset_reset avalon_pixel_source

= gvalon
=~ ovalon_streaming

L avalon M=avalon_control_slave

L]
|~ Addressing Parameters | 1w
Addressing Mode: (v - Ll
Default Buffer Start Address: 002000000 1
|
Default Back Buffer Start Address. | gx02000000 | ]
]
[~ Frame Resolution | If§
Width (# of pixelz): 540 1]
Height (# of lines): 420 I
|' Pixel Format |
Color Space: -'1B-bi‘t RGB - ]

| cancel || Finish |

Hinh 4: C4u hinh khdi Pixel Buffer DMA Controller

VGA Resampler

-
1) RGE Resampler - RGB_Resampler

- [t |

k3

Maegoters’

RGB Resampler

aftera_up_avalon_video_rgh_resampler

|" Block Diagram

| -

RGB_Resampler

clock ®=clock_reset
reset®=clock_reset reset
avalon_streaming ®=avalon_rgh_sink

avalon_rgh_source 8 avalon_sireaming

m

|" Parameters

Inceming Format: ' 16-bit RGB =

Outgoing Format: '30-bit RGE -

Alpha Value for Output: | ocg

vi

|@ Info: RGB_Resampler: RGB Resampling: 16 (bits) x 1 (planes) -= 10 (bits) x 3 (planes) |

| cancel || Finish |

Hinh 5: Céu hinh khéi RGB Resampler

Dt liéu hinh anh luu trong b nhé Pixel Buffer
c6 do phan giai 640x480 va dugc dinh dang 16 bit-
RGB. Vi vdy, can phai st dung khéi VGA
Resampler dé chuyén d6i dinh dang ngd vao
(incoming format) 16-bit RGB thanh 30-bit RGB ¢
ngod ra (outgoing format). Dinh dang nay thich hop
v6i dinh dang dir liéu ddu vao cua khéi VGA

Controller, 640x480 pixel, 30-bit RGB nhu Hinh 5
(Altera Corporation, 2010).

VGA Dual Clock FIFO

Hinh 6 13 hinh anh thiét lap cac théng sb cta
VGA Dua} Clock FIFO. bay 1a mot bo dé}n dir liéu
va gitp dong bd cho qua trinh van chuyén di li¢u
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giita thanh phan c6 2 ngudn xung clock khac nhau.
Trong hé théng, khéi VGA Controller st dung
xung clock 25 MHz, trong khi cac thanh phan khéac
cua hé théng hoat dong ¢ xung clock S0OMHz. Khéi
VGA Dual Clock FIFO dam bao viéc giao tiép
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giita kh6i VGA Resample va khéi VGA Controller
dugc dong bd voi nhau. Trong hé théng nay khdi
VGA Dual Clock FIFO dugc dinh dang ¢ khong
gian mau ctia hinh anh 30 bit RGB, 10 bit cho mdi
mau (Altera Corporation, 2010).

X Dual-Clock FIFO - VGA_Dual_Clock_FIFO

S

Dual-Clock FIFO

w

Magotars

attera_up_avalon_video_dual_clock _buffer

Documentation ‘

[~ Block Diagram

VGA_Dual_Clock FIFO

clock®=clock_stream_in
clock ®=clock_strear_out

avalon_streaming M=avalon_dc_huffer_sink

avalon_dc_huffer_source =8 avalon_streaming

[~ Pixel Format

Color Bits: 10

Color Planes: [3 |

Hinh 6: CAu hinh khéi Dual Clock (DC) FIFO

VGA Controller

Ldi VGA Controller cung cap dit liéu hinh anh,
ddng thoi tao ra céac tin hiéu dinh thdi cho module
VGA-DAC trén broad DE2-115. Ngoai ra, VGA
Controller ciing tao ra ca tin hidu dong bd ngang va
doc str dung cho viéc quét hinh anh trén man hinh.
L5i VGA Controller cung cip béi nha san xuét co
thé tao ra tin hiéu dinh thoi & tn sb 25MHz (Altera
Corporation, 2010).

PS/2 Controller

L&i PS/2 quéan ly su dinh thoi cua giao thic
truyén dir liéu nbdi tiép PS/2 (PS/2 Serial Data
Transmission Protocol). Trinh diéu khién thiét bi
6 thé giao tiép v6i bo phan nay bang cach doc va
ghi dir liéu ciing nhu diéu khién cac thanh ghi. Loi
PS/2 Controller sir dung trong hé thong véi 256-
word FIFO d luu trit dir liéu nhan duoc tir thiét bi
PS/2 (ban phim/ chuét). Pia chi cua 15i diéu khién
PS/2 trong hé théng tr 0x10000100 dén
0x10000107 va duoc dung dé giao tiép voi chuot
PS/2 @ thuc hién cac thao tac v& anh (Adam
Chapweske, 2003; Altium Corporation, 2009;
Andries Brouwer, 2009).

2.2.2 Phdn mém

Viéc thuc hién cac giai thuéat dd hoa du don
gian hay phtic tap vé co ban déu duoc thao tic trén
ting pixel. Trong nghién ciru nay, nhom tac gia st
dung 02 giai thuat dién hinh 1a giai thuat v& doan
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thing va giai thuat t6 mau (Donald Hearn, M.
Paulipe Baker, 1986; Lam Thi'Ngoc Chau, 2003;
Lé Tan Hung, Huynh Quyét Thang, 2000).
Giai thuat vé doan thing Bresenham
Xét phuong trinh doan thang:
y=kx+m 1
voik = (y2—y)/(x2—x1) va m=y; —kx,
Trong do k duge goi la do dbc hay hé §6 goc
ctua doan thang va m duogc goi 1a doan chan trén
trucy.

Tir phuong trinh ¢6 thé xdy dung qua trinh v&
c4c doan thang khi cho x bién thién theo cac
khoang Ax va két qua ta co thé thu duogc gia trj cta
bién y thay d6i v6i cac khoang Ay tuong tmg (Ay =
kAXx).

(xl+1fYH—l)

Hinh 7: Minh hoa gidi thuit Bresenham
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Xét giai thuat Bresenham, gia su budc thir i, ta
da xac dinh duoc toa do (xi, yi), nhu vay chung ta
can xac dinh toa d0 (X1, yi+1) cho budc ké tiép.
Vi gid tri Xir1 = X + 1, gié tri cta yi c6 thé duge
chon mot trong hai gia tri y; va yi+1. Céach chon
duoc mo ta nhu sau:

di=ym—-yi=k(xi+1)+m-vy; )

h=yitl-ym=yit1-kxit1)-m (3)

batD;=d; - d;

Néu: Di<0 - d; <dytachonS: Vitl = Vi
Di>0«<d;>dytachon P : yi =yi+1

Nhan gia tri diém déu (x,,y;) va diém cubi
(Xpn) ctia doan thing

!

\ Gan i=1 |

Tinh gia tr1 D; theo x;

Vi =y; +1
T

2

i=i+1

Hinh 8: Lwu d6 giai thuét v& doan thing Bresenham

Trong luu dd Hinh 8, mot vong lap dugc st
dung dé duyét theo truc x tur dau dén cudi doan
thing (x;—X,). V6i mdi gia tri x; ta tinh gia trj D;
tuong ung, tr d6 xac dinh gia tri cua y;. Viéc nay
gitp ta chon duoc céc toa do (x;,yi) nguyén (twong
Umg v6i cac pixel) gan v6i dudong thing can
v& nhat.

Gidi thudt t6 mau

T6 mau mot vung la thay d6i mau sic cua cac
diém v& ndm trong ving can to. Mot ving can to
mau thuong dugc xac dinh boi mot duong khép kin
nao d6 goi la duong bién (vién). Him t6 mau mot
ving da gidc bat ky sir dung giai thuat t6 mau
loang (Flood Fill). Giai thuat loang la mdt gidi
thuat dé quy dua trén y tuong: xuét phat tr mét
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diém seed (diém bét dau t6 mau) duyét qua 4 diém
hoic 8 diém lang giéng (diém lan can) cua diém
seed. Néu diém chua duogc to thi s& t6 mau diém
d6. Diém nay tro thanh diém seed méi. Qua trinh
1ap lai cho dén khi toan ving duoc t6 mau.

O OO0
Ol @O @0
O 0|0 |0

4-lang giéng 8-lang giéng

Hinh 9: Minh hoa gidi thuit t6 mau loang

v

| Xét mot pixel trong ving cin to mau |

Mau cén 6 cb tring vi
mau nén hay mau cua
duong vien?

Géan mau cén t6 cho pixel

Gan 04 pixel 1an can tro thanh cac
pixel cén t6 mau tiép theo

Tét ca pixel trong ving
cin t6 da duge t6 mau?

Hinh 10: Luu d6 giai thuit td mau loang

Hinh 10 trinh bay luu d6 giai thuat t6 mau
loang cho mét ving véi 4 lang giéng. Bit dau tir 01
pixel trong ving can t6 mau, giai thudt t6 mau
loang s& duoc ap dung t6 mau cho 04 pixel lang
giéng. Viéc t6 mau trén s& 1ap lai cho dén khi tat ca
céc pixel trong viing can t6 déu dugc t6 mau.

3 KET QUA VA PANH GIA

Noi dung nghién ciru tap trung vao viéc thiét ké
va thyc hién mot hé thong nhing trén FPGA cé
kha nang thyuc hién va hién thi mot so giai thudt do
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hoa may tinh (v€ doan théng, cac da giac, hinh
tron, €lip, nhap ky tu, ...).

Vé phan ctng, cac thanh phan trong hé thong
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va cac ngoai vi dugc déng bd va hoat dong tdt.
Toan bd hé théng duoc cu hinh trén chip FPGA
Cyclone IV EP4CE115F29 vdéi s6 tai nguyén duoc
st dyung nhu Hinh 11.

Flow Status

Quartus II Version

Revision Mame

Top-evel Entity MName

Family

Device

Timing Models

4 Total logic elements

Total combinational functions:
Dedicated logic registers

Total registers

Total pins

Total virtual pins

Total memory bits

Embedded Multiplier 9-bit elements

Total PLLs

Successful - Sat Apr 20 10:47:20 2013
10.1 Build 153 11292010 51 Full Version
DE2_115 Media_Computer

DE2_115 Media_Computer

Cyclone IV E

EP4CE115F29C7

Final

11,586 | 114,480 { 10 %)

10,521 ] 114,480 {9 %)

7,375/ 114,480 {6 %)

7549

206 /529 (39%)

0]

310,076 / 3,981,312 (8 %)
11/532(29%:)

1/4{25%)

Hinh 11: Tong so6 tai nguyén h¢ thong sir dung trén chip FPGA

— Cac cOng cu vé Cac thao tac vé&i tap tin Thanh tiéu @& (Title Bar)
_,;_';_ = BWQ - Khoa Céng nghé - Bai hoc Can Tho +
DS 4 @
/¢ @Y
[ e 2|\
| [~ o]l
s Al
V[ o)
\A_

L

N (5 [ 5 5 O 0 I
CTEE EEEE EFrEEE ¢—

Kich thwdc nét vé

Ho6p chon mau nét vé Vung thiét ké

Hinh 12: Giao dién chinh cta chwong trinh

Hé thong sir dung vi xir 1y Nios II véi tan sb
xung nhip S50MHz, bd nhé SDRAM 128MB, giao
tiép véi man hinh LCD va chudt may tinh. Hinh

anh hién thi trén man hinh c6 do phan giai 640x480
pixel, dinh dang khong gian mau RGB 16-bit.
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(b)

Hinh 12: (a) Phin cirng thiét ké sir dung board FPGA DE2 cua hing Altera; (b) Cac thao tac véi irng
dung Paint chay trén phan ctirng dwoc thiet ke

Phan mém duoc 1ap trinh bang ngén ngit C véi
giao dién duoc thiét ké cho phép thuc hién dugc tat
ca cac thao tac v&, t6 mau va luu anh nhu véi ting
dung Microsoft Paint thuong thiy trén hé dicu
hanh Microsoft Windows (Hinh 12). Bén canh d6,
hé thdng ciing bd sung tinh ning nhap ban phim 4o
cho phép nhdp van ban tr viéc click chudt hoac
thong qua man hinh cam tng. B6 tri hé thong trong
thue nghiém va hinh anh minh hoa mét s6 thao tac
trén hé théng nhu Hinh 12. Mot doan video clip
trinh bay két qua cua nghién ciru c6 thé xem tai
duong link http://goo.gl/MRkyHZ.

4 KET LUAN VA PE XUAT

Nghién ctru da co ban dat dugc cac yéu cau dat
ra vé thiét ké mot phan cimg nhung trén nén FPGA
cho phép thuc hién cac gidi thuat dd hoa co ban.
Céc giai thuat dd hoa nay da dugc minh hoa thong
qua mdt ung dung v€ va t6 mau don gian tuong tu
nhu ung dung Paint ciia Microsoft. Mdc du vay,
trong qua trinh thuc hién do kha nang xt 1y ctua hé
thong con han ché nén mau sic cua hinh anh hién
thi chua that séng dong, doi lic con bi trd. Tuy
nhién, véi nhitng Kkét qua dat dugc néu trén cho
thiy mot hudng nghién ctru ding dan va day sé& 1a
ngudn tham khao hitu ich cho sinh vién nganh K§
thuat may tinh va Cong ngh¢ thong tin trong linh
vuc thiét ké hé thong nhing cho cac uing dung do
hoa may tinh.
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