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ABSTRACT

In recent years, embedded system is an outstanding option to carry out
almost all of natural interactive control applications. Besides, it is a
contemporary trend towards utilizing natural user interfaces such as head
or hand gesture interaction, etc. Existing software solutions; however, still
show weak points in processing speed, especially in real-time applications.
Therefore, this research proposed a hardware solution by implementing an
embedded system on FPGA. This embedded system was built on Altera’s
DE?2-115 board with input from a 5-Mega pixel camera, which was able to
recognize and track hand movement to handle a computer game
simultaneously. Preliminary results encourage further research on FPGA-
based embedded systems for smart interaction applications.

TOM TAT

Trong nhitng ndam gan day, cac irng dung sir dung phirong phdp diéu khién
giao dién ty nhién nhu thong qua cur dong ciia dau, tay... dang la mot xu
the Tuy nhién, cac giai phdp phdn mém cho viéc diéu khién trén hién tai
van con han ché vé toc do xir Iy, déc biét la trong cdc ung dung thot gian
thue. Tir d6, trén co s6 thuc hién hé thong nhing trén nén FPGA, nghién
cibu nay dé xudt mét giai phdp phan cimg cho vin dé da néu. Hé thong
duwoc thuc hién sw dung board Altera DE2-115 va mot camera co do phan
giai 5 Mega pixel cho phép phat hién va bam theo suw di chuyen cua ban
tay nguoi dé diéu khién mot tro choi mot cach tirc thoi. Két qua ciia
nghién ciru la co s6 cho viéc tiép tuc nghién ciru, phdt trién cdc vmg dung
nhiing tirong tac théng minh trén nén FPGA.

1 GIOI THIEU

Bén canh do, cic tmg dung nhung phat trién sir

Su canh tranh trong kinh doanh ngéy cang tang,
déc biét dél v6i nganh cong nghiép giai tri do do
nhu céu vé cac phuong phap diéu khién than thién,
thong minh gop phan quan trong dén sy thanh cong
clia mot san phdm méi. Chinh vi thé, k¥ thuat diéu
khién véi giao dién twong tic ty nhién dang dan 1a
mot xu hudng chu dao trong cac ng dung giai tri
tuong tac than thién.
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dung FPGA (Field Programable Gate Array) voéi
nhitng vu diém vuot tréi nhu téc d6 xir Iy nhanh,
kha nang xu ly song song, ti€u hao nang luong
thap, hiéu suit xir 1y cao va gia thanh thap dang
dan chiém wu thé trong thiét ké cac ung dung thoi
glan thuc, cho cac ung dung trén thiét bi sir dung
pin so véi cac giai phap phin mém hodc cac bd Xu
ly tin hiéu sé chuyén dung. Hon nira viéc phat trién
c4c tmg dung nhung trén nén FPGA cho phép
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giam thoi gian, chi phi cho kiém thir dé nhanh
chong chuyen cac y tuong thiét ké thanh san phdm
thuong mai.

Nhitng ndm gan day, di c6 mot nghién ctru theo
hudng thiét ké hé thong theo ddi su di chuyén cia
ban tay (hand tracking) hodc cur dong cua ban tay
(hand gestures) cho cac mg dung didu khién
(Ahmad Athif Mohd Faudzi, et al., 2012), (Amit
Gupta, et al., 2012), (Guangdong Liu, Zhongke
Shi, 2011), (Hanting Lu, Kedari Elety, 2013). Cac
nghién ctu trén da su dung ngdn ngir Verilog HDL
dé thiét ké phan cimg ciia hé théng va ap dung giai
phap nhan dang mau da dé nhan dang va theo doi
su di chuyén cia ban tay.

Trong nghién ctru nay, chung t6i da chon
phuong 4n thiét ké phan ctig ctia hé thong nhing
trén FPGA bang cach sir dung 15i IP (Intellectual
Property core) dugc nha san xuit cung cp. Cac 15i
IP nay d4 duoc tdi wu hda nham dam bao cho thiét
ké phan cing cua hé thdng nhung hoat dong on
dinh va hiéu qua. Ngon ngit C dugc str dung cho
viéc 1ap trinh cai dat nhanh céc thuat toan xur Iy anh
nhim theo ddi sy di chuyén cua ban tay trong thoi
gian thuc phuc vu cho muc dich diéu khién thiét bi.
Trong nghién ctru nay, mdt ung dung tro choi don
gian ciing duoc thyc hién vai muc dich kiém ching
tinh nang didu khién thiét bi cua hé thdng dugc
thiét ké. Noi dung cta bai viét bao gdm: Phan 2
trinh bay phuong phéap thiét ké hé thong nhiing,
giai thuat phan mém dé phat hién, xir Iy anh va
diéu khién, Phan 3 danh gia két qua thuc nghiém.
Két luan va kién nghi dwoc trinh bay & Phén 4.

2 THIET KE HE THONG NHUNG

2.1 Téng quan hé théng

Hé théng nhing trong nghién ctru nay sir dung
Altera DE2-115 véi cac ngoai vi chinh bao gém
SDRAM va SRAM, camera SMP TRDB D5M va
man hinh hién thi nhu Hinh 1.

— Board DE2-115: dugc sir dung dé xay dung
hé théng nhing cho phép giao t1ep véi camera
chup va xtr Iy hinh anh ban tay dé diéu khién, hién
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thi tro choi trén man hinh VGA.
— Camera SMP TRDB D5M: thu nhén hinh
anh tir ban tay va gui dir liéu vé hé thong nhing.
_ —. VGA Monitor: man hinh theo chuin VGA
dé hién thi tro choi.

— Ban tay: sy di chuyén cia ban tay cho phép
diéu khién tro choi da duoc thiét ké san.

VGA Monitor Hand Movement

DE2-115 Board SMP TRDB DM

Hinh 1: So' d6 hé théng
2.2 Xay dung phin cirng ciia hé théng nhiing

Phan cimg cua hé théng dwoc xay dung trén
chip FPGA Cyclone IV cua board Altera DE2-115
bang cach st dung cac 16i IP thich hop vdi trong
cong cu SOPC Builder cia phan mém Altera
Quartus II.

Mai khéi trong so dd trén s& twong tmg voi mot
15i IP trong hé théng SOPC. Cac 16i IP nay giao
tiép v6i nhau dua trén két ndi lién hé théng
(System Interconnect Fabric) c6 toc do cao va bing
thong rong. Két ndi nay sir dung ghép ndi dnh xa
bd nhé (Avalon Memory-Mapped Interface) va
ghép nbi ludng dir liéu (Avalon Streaming
Interface) dé thuc hién viéc truyén nhan di¥ liéu
chinh xac giita cdc thanh phan trong hé thong
(Altera Corporation, 2010).
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Hinh 2: So d6 khdi hé théng

2.2.1 Khéi xir Iy trung tam

Khéi xir 1y trung tdm sir dung CPU Nios II/f
hoat dong & tan s6 50 MHz c6 bo nhé chuong trinh
la SDRAM v6i cache 1énh va cache dir liéu lan
luot 1a 4 KBytes va 2 Kbytes (Altera Corporation,
2011).

2.2.2 Céc khéi thu nhén va xir Iy dir liéu tir
camera TRDB D5SM

Gom 3 khdi chinh nhu sau (Altera Corporation,
2010):

~— D5M configuration c6 nhi€ém vu khoi tao va
cau hinh hoat dong cho SMP digital Camera
(TRDB_D5M).

— D5M Decoder ¢6 nhi¢ém vu ldy dit ligu tir
ngudn video do camera cung cap va truyén dir liu
nhan dugc dén khoi DSM Bayer Pattern.

— Khéi xu ly dir liéu TRDB_DSM ¢6 nhiém
vu xu 1y nguon dir li€u do khoi D5M Decoder
cung cap.

2.2.3 Khoi Pixel Buffer

Khéi Pixel Buffer duoc 1a bd phan rit quan
trong cua hé théng do dugc st dung trong cé hai hé
thong nhiing thanh phan 1a hé thong giao tiép véi
camera va giao tiép vai 161 VGA. Pixel Buffer ¢ 2
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nhiém vu vira by nhé dém cho dir liéu thu duoc tir
camera va xuat dit liéu ra man hinh VGA.

2.2.4 Cdc khoi xit Iy diF liéu VGA
Go6m 2 khéi chinh (Altera Corporation, 2010):

—  Khoi xir ly dir liéu xudt ra VGA c6 nhiém vu
doc dit li¢u khung anh (frame) dugc luu trit trong
bd nhd Pixel Buffer (vung nhé dém danh cho
VGA) va thyc hién chuyén d6i dinh dang phu hop
v6i chudn hién thi VGA. Khéi nay bao gém cac
khdi con sau:

Khéi VGA Pixel Buffer doc cac dir liéu duoc
ghi trén bo nhé dém Pixel Buffer va truyén dit liéu
nay sang khéi VGA RGB Resampler, nham muc
dich hién thi noi dung khung anh 1én VGA.

Khéi RGB Resampler c¢6 nhiém vy chuyén ddi
dinh dang 8-bit Grayscale (nhan dugc tir Pixel
Buffer DMA Controller) sang RGB 30-bit RGB —
chudn phu hop cho hoat dong cua khéi VGA
Controller.

Khoi VGA Scaler ¢6 nhiém vu chuyén dbi do
phan giai cia dong dir liéu video vé dinh dang phu
hop vdi dit liéu ngd vao ciia khdi VGA Controller.
Khéi nay nhan dir lieu tr khdi VGA RGB
Resampler c6 d6 phéan giai 1a 80x60 va chuyén doi
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ching sang 640x480 — do phan giai phu hop cho
hoat dong ctia khoi VGA Controller.

Khoi VGA Dual-Clock FIFO dém dit liéu video
va luu trit né cho dén khi khdi VGA Controller sin
sang dé hién thi. Bén canh d6, khdi Dual-Clock
FIFO con ¢o vai tro dam bao sy dong bd va giao
tiép giita hé thong v6i khdi VGA controller.

— Khéi VGA Controller tao céc tin hiéu diéu
khién dé hién thi dit liéu video 1én man hinh VGA.
Dir liéu cho khéi VGA Controller duoc cung cép tir
khéi Dual-Clock FIFO theo dinh dang 30-bit RGB
véi do phan giadi 640x480.

2.2.5 Cac khoi xir Iy Gm thanh

Pé c¢6 thé xudt am thanh tro choi ra loa
(speaker), dir liéu am thanh duoc doc truc tiép tr
bd nhé Flash va xut ra cong Line Out cua Audio
(Altera Corporation, 2013). Dé 1am duoc diéu nay,
ta can cac khdi chirc ning sau:

— Audio Configuration c6 nhiém vu cdu hinh
cho hoat dong cua chip Audio Codec thong qua
chuin giao tiép I2C. Trong SOPC Builder, 15i IP
duoc st dung 14 Audio/Video Configuration.

= Audio ¢6 nhi¢m vy xut tin hi¢u am thanh ra
cong Line Out trén board DE2-115. Lai IP tuong
ung dugc st dung la Audio.

— Flash c6 nhiém vu doc dit liéu am thanh da
dugc luu trit trude d6 va nap vao khbi Audio dé
xuét Am thanh ra loa. File 4m thanh phuc vu cho tro
choi duge nap trude do thong qua phan mém DE2-
115 Control Panel. Loi IP dugc st dung 1a Altera
UP Flash Memory.

2.2.6 Cic khoi chire ndang khéc

Khoi External Clocks co nhiém vu cung cip
xung dong hd can thiét cho cac thiét bi ngoai vi bao
gdbm SDRAM, chip on-board VGA DAC va ci
ngudn xung doéng hd cho camera SMP
TRDB_D5M. Hé thong thiét ké véi khdi External
Clocks st dung 156i IP Avalon ALTPLL dé tao
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xung dong hd cho toan hé théng (Altera
Corporation, 2011).

2.3 Thiét ké phin mém

2.3.1 Chuong trinh chinh

Chuong trinh chinh ¢6 nhiém vu thyc hién tao
giao dién va diéu khién tro choi bang cach goi cac
chuong trinh con thyc hién cac chuc ning lién
quan: chyp va luu anh, xr 1y anh, hién thi cac giao
dién va diéu khién tro choi. Hinh 3 trinh bay luu d6
md ta cach hoat dong ctia chuong trinh nay.

2.3.2 Chuong trinh con Poc dit liéu tir camera

Heé théng duoc thiét ké dé nhan dit lidu lién tuc
tur camera TRDB D5M. Cac khung anh dugc ghi
lién tuc 1én mot vung nhé cua SRAM dugc chon
lam bd nhé dém Pixel Buffer & vi tri ghi. Dir li€u
tor camera dugc luu tai vung nhé nay dé phuc vu
cho cac cong viéc xur ly.

2.3.3 Chuong trinh con Tach anh ban tay

Dé co thé tich anh ban tay cia nguoi diéu
khién (nguoi choi), nghién ctu nay st dung
phuong phap trir anh két hop voi phan ngudng dé
cho ra anh mirc xam chi bao gdm hai muc sang la
0x00 va OXFF. Luu do ciia chuong trinh con nay
duogc trinh bay chi tiét ¢ Hinh 4 (Lam Thi Ngoc
Chau, 2003).

2.3.4 Chuong trinh con Theo doi ban tay

Trong thuc té, hinh anh thu dugc tir camera sé&
xudt hién rt nhiéu nhidu. Mot bo loc thong thap di
duoc st dung dé han ché nhiu trong, tuy nhién
nhiéu van con xuét hi¢n nhidu. Do do, dé theo doi
t6t qua trinh di chuyén cua ban tay trong mot pham
vi nhét dinh, chuong trinh s€ thyc hién viéc gan
mot cira sd ¢6 kich thude 3x3 pixel cho ban tay
nhu Hinh 5(a). Viéc xét 09 pixel ké nhau nay tao
thanh mot khdi hinh vuéng dé xac dinh vi tri cta
ban tay s& dam bao khong bi nham 1an v&i nhiéu
ddng thoi giip cho viéc theo doi ban tay khi di
chuyen s& d& dang hon ma khéng anh huéng dén
tc do xir 1y.



Tap chi Khoa hoc Truong Pai hoc Can Tho

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 37 (2015): 42-50

Goi chuong trinh con Theo dai s
di chuvén cua ban tav

P phat hién dugc
hai ban tay?

Hién thi théng bao sin sang

2

Hién thi cac thanh phan

cia giao dién tro choi

¥

Hién thi diém hai nguoi choi

¥

Khoi tao ngu nhién vj tri xuét
hién va hudng di chuyén qua bong

|
v

Di chuyén qua bong trong
khu vuc giao dién duong bién

¥

Goi chuong trinh con Theo dai sur
di chuyén cua ban tay

¥

Hién thi vi tri céc thanh trugt tuong Gng

v&i vi tri ctia hai ban tay diéu khién

Boéng cham dudng
bién bén phai ?

Béng cham dudng
bién bén trai ?

Hét thoi gian
déem nguoc?

Hién thi két qua cudi cing

Tang diém cho ngudi choi 1

Tang diém cho ngudi choi 2

Hinh 3: Luu d6 chwong trinh chinh
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Goi chuong trinh con
Doc anh tir camera
¥
Khai tao x=0 va y=0

g
Poc gia tri cua piqu (x,y) tur
frame anh nén

)

Poc gia tri cia pixel (x,y) tir
frame anh hién tai

[pixel(x,y) frame anh hién tai -

pixel (x,y) = 0x00

pixel(x.y) frame anh nén| > ngudng

Chuyér} sang pixel
tiep theo

pixel (x,y) = 0xFF

Pi duyét qua tit ca cac
pixel?

Hinh 4: Lwu dd chwong trinh con Tdch dnh ban tay

Do gi6i han vé kha nang xit 1y ciia CPU Nios II VO cac pixel ¢6 gia tri bang OxFF tuong (g v6i
nén giai thuat trir anh két hop véi phan ngudng anh énh hai ban tay. Anh xam nay sau khi bo bt phﬁn
xam dugc chon st dung dé tach anh ban tay nhim n§)1 (.lung é{nh khong chura é{lh ban tay (nham gidm
dam bao kha ndng xur trong thoi gian thyc cua hé s pixel can xir ly, gop phan tang toc df_) chuong
thong. Két qua ctia thu dugc sau khi ap dung giai trinh) s& duoc luu vao 02 mang riéng biét tuong
thuat nay ta s& c6 anh xam ctia anh chup tir camera g v6i anh ctia timg ban tay.

(@) (b)

Hinh 5: (a) Vi tri cira s6 3x3 pixel va (b) Hinh anh theo déi ban tay trong thurc té
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| Khai tao x=0 va y=0 |

Xét pixel tiép theo

Gié tri ciia pixel(x,y) va tit

cua cit hién hanh
(y=y+1)

D3 xét tht ca cac pixel clia
cOt hién hanh?

D3 xét tat ca cac cot?

(x=x+1, y=0)

Xét cac pixel & cot tiép theo

ca cac pixel lan cdn déu bang

Vi tri hi¢n hanh cua ban tay 1a (x,y)

Théng bao 161 >

Hinh 6: Lwu db giai thuat Theo doi ban tay

Dé diéu khién hai thanh trugt trong ing dung
trd choi, chuong trinh con Theo doi su di chuyén
cua ban s& ap dung gidi thuat Theo doi ban tay
(xem luu d6 Hinh 6) dé xur 1y 1an luot voi 02 mang
Iuu anh xam cia tirng ban tay c6 dugc tr chuong
trinh con Tdch dnh ban tay. Trong giai thuat nay,
cac pixel trong mang luu anh xam cua ban tay
dugc kiém tra 1an luot wu tién theo timg dong tir
trén xubng dudi (y=0..n) va cot tir trai sang phai
(x=0..n). Pixel(x,y) dau tién c6 gia tri OXFF va tat
ca cac pixel 1an can cta no ciing co gia tri bang

Nios |l Processor

OxFF thi (x,y) dugc xem nhu vi tri cua ban tay. Gia
tri y nay s€ dugc gan cho vi tri cla con trugt twong
ung.

3 KET QUA THU'C NGHIEM

Hinh 7 1a hinh énh cta thiét ké phan ctmg cia
hé thong trén nén FPGA st dung phan mém Altera
SOPC Builder.

Hé théng phén cung hoat dong 6n dinh, sir
dung it tai nguyén trén chip FPGA (xem Hinh 8).

' 0x00200800 Ox00Z200£fff

SDRAM SDRAN Controller sys_clk 0x10000000 |OxlT7EE££EEE
sysid System ID Peripheral sys_clk 0x00201060 0200201087
External_Clock Clock Signals for DE-Series Board Peri... |clk 0x00201068 |0x00201083
D5M_Config Audio and Video Config sys_clk 0200201010 |020020101F
D5M_Decoder Wideo-In Decoder sys_clk
D5M_Bayer_Resampler|Bayer Pattern Resampler sys_clk
D5M_Clipper Clipper sys_clk
D5 _Scaler Scaler sys_clk
D5 _Scaler_2 Scaler sys_clk
D5M_RGB_Resampler |RGE Resampler sys_clk
D5M_DMA_Controller |DMA Controller sys_clk 0x00201020 |0x002010ZF
Pixel_Buffer SRAM/SSRAM Controller sys_clk & 0x00000000 |Ox0O01£f£££E
VGA_Pixel_Buffer Pixel Buffer DA Controller sys_clk 0x00201000 |0x00Z20100£
VGA_RGB_Resampler |[RGE Resampler sys_clk
VGA_Scaler Scaler sys_clk
VGA_Dual_Clock_FIFO |DuakCleck FIFO multiple
VGA_Controller WGA Controller voa_clk
Hex3_Hex0 Parallel Port sys_clk 0x00201030 |0x0020103£
Hex7_Hex4 Parallel Port sys_clk 0x00201040 |0x0020104£F
Switchs Parallel Port sys_clk 0x00201050 |0x0020105£

Hinh 7: Hé thdng nhiing dwoc thiét ké trén FPGA
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How Suwmary |
Flowr Status Successful - Sun May 18 01:36:39 2014
Quartus II Version 10.1 Build 153 11/29/2010 SJ Full Version
Revision Name PINGPONG
Top-level Entity Name PINGPONG
Family Cyclone IV E
Device EP4CE115F29C7
Timing Models Final
Total logic elements 8,837 /114,480 (8% )
Total combinational functions 6,753/ 114,480 ( 6% )
6,425 114,480 ( 6 % )

S

Dedicated logic registers

Total registers 6544

Total pins 270 /529( 51 % )

Total virtual pins i}

Total memory bits 88,432 /3,981,312 (2% )
Embedded Multiplier 9-bit elements 4 /532 (< 1% )

Total PLLs 1/4(25%)

Hinh 8: Tai nguyén trén chip FPGA dwgc sit dung

thiét ké phan cirng ciia h¢ théng

B tri hé thong trong thuc nghiém dugc trinh
bay ¢ Hinh 9. H¢ théng hoat dong on dinh thuc
hién viéc phét hién va theo ddi sy di chuyén ciia 02
ban tay ciia ngudi choi dimg ddi dién voi camera
v6i cac khoang cach can dugc dam bao nhu Hinh
10. Trong tmg dung trd choi dugc thiét ké thi sy di
chuyén ciia ban tay cta timg ngudi chm s& diéu
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Hinh 9: B§ tri ctia h¢ théng trong thwe nghiém

khién dugc thanh trugt tuong tmg. Giao dién tro
choi nay dugc thiét ké don gian, mau sic dé nhin
két hop hiéu tmg 4m thanh khi choi tao thém himg
thii cho nguoi. Thyc nghién trong nhiéu moi
truong c¢6 do chiéu sang khac nhau cho thay hau
hét déu c6 thé hoat dong t6t khi diéu kién anh sang
xung quanh khong thay d6i dot ngot.

Hinh 10: Cac vi tri va khoang cach nguoi choi nén dim bao

Tuy nhién, do hé théng hién st dung camera di
chung véi board Altera DE2 c¢6 toc dd khung hinh
khong cao (15 fps) 1am anh huong dén tdc do phat
hién, theo di sy di chuyén cua ban tay dua dén toc
d6 diéu khién con han ché. Mat khac, phuong phap
trir anh mic du cho t6t d6 xir Iy cao hon phwong
phép nhén dang mau da nhung s€ bi anh hudng
nhiéu béi diéu kién chiéu sang cua méi truong, vi
tri cac vat xung quanh thay ddi. Mot doan video
clip trinh bay két qua ciia nghién ctru ¢6 thé xem
tai duong link http://goo.gl/orX0xB.
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4 KET LUAN

Bai viét di trinh bay viéc thiét k& mot bo diéu
khién dwa vao sy di chuyén cia ban tay trén nén
FPGA, duoc kiém ching thanh cong qua mot tmg
dung tro choi truc quan, sinh dong. Cac thuc
nghiém trong cac méi truong c6 diéu kién chiéu
sang khac nhau, h¢ théng déu hoat dong tdt, dat cac
yéu cau dat ra. Két qua ciia nghién ciru cho thay hé
thong diéu khién dua trén sy di chuyén ciia ban tay



Tap chi Khoa hoc Truong Pai hoc Can Tho

hoan toan ¢ thé 4p dung cho cac tmg dung diéu
khién twong tac, than thién v4i nguoi st dung.
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