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CHUONG TRINH DO TIM CHUYEN PONG CUA MOI CAI PAT TREN FPGA
LIP TRACKING PROGRAM IMPLEMENTED ON FPGA

V6 Thi Thu Hong, L& Quéc Bao Tri, Nguyén Ngoc Tai, L& Trung Hiéu
Truong Dai hoc Bach khoa, TP Hé Chi Minh, votthuhong@hcmut.edu.vn

Tém tat - Viéc do tim chuyén dong ctia mai la giai doan dau tién
mang tinh quyét dinh déi v&i hé thdng nhan dang thinh thi (AVSR).
Day la qua trinh phan tach du@ng vién méi tir cac chudi video clia
khuon mat. Ba cé nhiéu giai thuat rat htru hiéu duwoc dé xuat dé
cho két qua phan doan chinh xac vung mbi. Do d6 phtrc tap trong
tinh toan nén da so cac giai thuat nay déu dwoc thwe hién hoan
toan bang phan mém. Trong bai viét nay, ching t6i trinh bay md
hinh méi str dung phan ctirng dé& do tim chuyén dong méi, cai dat
trén FPGA. Cong cu toan hoc & day két hop giai thuat phan cum
K-Means va giai thuat tim dwérng di ngan nhat ctia Dijkstra. Két qua
thtr nghiém thich hop véi khudn mat cé sy xuét hién cla rau, réng
va x@ ly tét trong trwéng hop mau madi khong khac biét nhidu so
véi viing ngoai méi. CAu tric phan cirng dwoc thiét ké pipeline cho
phép téng dang k& téc d6 x& ly so v&i phan mém (hon 700
frames/s).

T khéa - do chuyén déng mai; phan doan viing méi; FPGA; phan
cum K-Means; giai thuat Dijkstra; pipeline.

1. Pit van dé

Ty dong nhén dang tiéng n6i (ASR: Automatic Speech
Recognition) luén la dé tai duoc cac nha nghién ciru trén
thé gioi quan tAm tir nhidu nam nay. Dé nang cao do chinh
xac, ngudi ta con phdi hop thém ki thuat “doc” bang hinh
anh dung phuong phap nhén dang tiéng noi thinh thi
AVSR. Phuong phap nay chu y€u dya trén hinh anh thay
d6i ctia moi dé bo sung cho cac am tur bi triung lap khi phat
am, hodc bi bién dang am sic, hodc bi suy hao do moi
truong. Ky thuat nhan dang AVSR dugc tng dung nhiéu
dé hd tro cho ngudi khiém thinh, dung trong an ninh hay
bao mat. Déi véi AVSR, viéc do theo chuyén dong ciia moi
dong vai trod quyét dinh trong thu thap dir liéu nhan dang
tiéng. Tuy day khong phai 1a dé tai mdi, nhung thuong
xuyén duoc cip nhat dé cai tién do kha nang ing dung thuc
tién cao. Nhiéu cong trinh va bai béo lién quan da dugc
thyc hién va cong bo rong rdi trén thé gidi. Tai Viét Nam
cling c6 mot sd cac cong trinh nghién ctru trong linh vyc
nay (chu yéu cta nganh cong nghé¢ thong tin) va hau hét
duoc thue hign bang phan mém trén may tinh.

Do dudng vién moi 1a tong hop cua viée phan doan
ving mdi trén cac frame anh lién tiép. Cac phuwong phap
phan doan ving moi déu dya trén dic tinh anh (image-
based) hay ddc tinh mé hinh (model-based) cua méi dé
phan tich. Dic tinh anh thuong st dung tryuc tiép thong tin
mau dédc trung cua moi trén khudén mat. Giai thuét dya trén
déc tinh nay [1], [2] thuong d& thyc hién va it ton thoi gian.
Nhuoc diém cua phuong phap nay l1a d& bi tac dong bai
diéu kién do sang khéac nhau. Pac tinh mé hinh bao gom
cac thong tin da biét vé hinh dang théng thuong cta méi.
Giai thuat duoc tiép can nhidu nhét 1a duong vién dong
quanh co (Snake/Active Contour) [3], [4]. Giai thuat nay
cho két qua tot hon nhung tdc d6 chém hon do t6n nhiéu
thoi gian cho cac vong lap (dé t6i thiéu ham nang luong).

Abstract - The first and crucial stage in audio visual speech
recognition (AVSR) system is lip tracking. It is the process of
partitioning lip contour from facial video sequences. Many efficient
algorithms have been developed to achieve good and accurate
segmentation. Most of these have to be performed entirely by
software because of their complex computation. In this paper, we
present a novel hardware- based lip tracking model, implemented
on DE2 FPGA (Field Programmable Gate Array) Board of Altera.
Our mathematical tool is the combination of K-Means clustering
and shortest path Dijkstra algorithms. The experimental results
have proved that our proposed technique is well adapted to face
with the presence of beard, teeth and even to lips with weak color
contrast. The pipeline design in our hardware structure
considerably enhances the processing speed (more than 700 FPS)
in comparison with software. (FPS: Frames per second).

Key words - Lip tracking; lip segmentation; FPGA; K-Means
clustering; Dijkstra; pipeline.

Mit khac dé dat két qua nhu mong mudn thi duong bao ban
dau phai dugc khoi tao thich hop. Hién nay, nguoi ta
thuong chon giai phap két hop nhiéu phuong phap xtr 1y dé
cho d6 chinh xac cao hon [5], [6].

Trong bai viét nay, chung toi trinh bay hudng thiét ké
dugc viét theo ngdn ngir lap trinh phan cimg (HDL:
Hardware Description Language) cai dat trén chip FPGA.
Phuong phap duge chon dé xir Iy dva trén thong tin mau,
dac tinh va vi tri hinh hoc cila méi trén khudn mat. Viée lap
trinh trén FPGA tuy phtic tap hon nhiéu so véi lap trinh
trén may tinh (xét cho ciing mot thuat toan) nhung toc do
lam viéc ciia FPGA cao hon va tiéu thy ning luong it hon.
Céc dong FPGA hién nay déu thich hop vdi cac ing dung
xtr Iy anh trong thoi gian thyc. Pay 1a diéu ma hau nhu may
tinh kho dap ung dwoc. Trude khi do duong vién moi,
chung t6i chon thuét toan phan cum K-means dé tach ving
moi va ngoai moi dya trén do sai 1éch vé mau. Két qua sau
K-means s€ phan dinh frame hinh thanh hai tap hop, tap
cac vung “dugc cho” 1a ving moi va tép cac vung ngoai
moi. Trong bude xur ly tiép theo, giai thuat tim duong di
ngén nhét cta Dijkstra dugc sir dung dé tim duong vién
mdi, dong thoi ciing c6 tac dung loai bé cac thanh phan
thira & ving chung quanh méi ma K-means chua loc hét
dugc. Trinh ty xtr 1y trén ting frame dugc cho & Hinh 1.

Nbi dung bai viét gom 6 phan Phan 1 gi6i thiéu y tuong
khoa hoc ciia d? tai, tong quan vé qua trinh nghién ctru trong
va ngoai nuéc, dé ra giai phap do duodng bién cua moi ap
dung trén phan cung (viét bang ngon nglt Verilog). Phan 2
14 phan tién xir 1y tin hidu dau vao, chuyén ddi khong gian
mau thich hop. Phan 3 trinh bay giai thuat phan cum
K-means va timg dung dé phan biét ving méi va cac ving
khac ngoai méi trén frame anh. Phan 4 néu giai thut tim
duong di ngén nhat duwoc két hop dé do theo dudng vién méi.
Phan 5 va 6 1 két qua thir nghiém va két luan.
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Hinh 1. Trinh tw xir Iy

2. Giai doan tién xir ly

Dit liéu video vao dugc tach thanh chudi frame mau
RGB. Kich thuéc mbi frame anh 1a 256 x 256, thé hién toan
khuén mat, tir dinh dau dén dudi vai. Dé ting toc do va tiét
kiém tai nguyén trén kit DE2, chi riéng ving Pre-ROI (Hinh
2) mdi frame anh dugc xir ly. Ving Pre-ROI dugc chon tw
dong dé thu hep pham vi xtr Iy, nhung van dii 16n dé dam
bao van chira ving mdi trong trudng hop nhan vat trong
video nghiéng lic dau khi phat am. Mau RGB trén ving
khao sat s& dugc chuyén sang khong gian mau thich hop dé
1am ndi viing méi so véi nhitng ving khac. Hé mau RGB tuy
thong dung nhung chira dong thoi théng tin mau va do sang.
N. Eveno da dé nghi hé mau pseudo hue [7] phu hop v6i mau
mdi ngudi va twong ddi on dinh véi cac thanh phan anh sang
khac nhau. Cong thirc chuyén doi dugc cho & (1).

R(xY)

HOOY) = o @)

Véi H(x,y) 1a gia tri mau pseudo hue, R(x,y) va G(X,y)
1an Iuot 1a thanh phan Red va Green cua pixel ¢ vi tri (x,y).

Pre-ROI
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9/10
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Hinh 2. Vung Pre-Roi

Két qua ngd ra cua ma tran anh trong khong gian mau
chuyén doi quyet dinh nhi€u deén chat luong xir Iy cta phan
sau. Do do, biéu thirc toan trong (1) khong thé duogc thuc
hién theo phép chia thong thuong vi s€ gay sai s6 16n khi cai
dat Ién phan cting. Giai thudt chia s€ dugc thue hién nhur sau:

+ Gén gié tri tir s6 1a R, d6 16n xir Iy 12 18bits.

+ Gan gi4 tri mau sbla (R+G), d6 16n xir 1y 1a 18 bits.

+ Vong 1ap: dich trdi R (<<i+1), so sanh R(<<i +1) va
(R+G) (<<i). Két qua 1a do[i] (voi i=9,8,..2), néu:

{§>(R+G)->do[i]:1 vaR =R-(R+G)
<(R+G) ->do[i]=0vaR =R
(R+G) = (R+G)<<i
+P_Hue = d,[9:0]
Giai thuat tinh H(x,y) trén phan cimg:

RGBtoPseudoHue
R=<<1 R <<10 dsg a8
[17:0]"| Compare [17:0] Compare | [17:0] W
R+G)<<d 9 +G<<h 8 0_(R+G)=<8
: 17:0
(17:0] [17:0] dolg] [17:0] T
a3 d3
W’ Compare | [17:0] L, Compare
R e A == I (v
[17:0] [17:0] ot

pn I 117:0] 0

Hinh 3. So dé thiét ké phan citng cho pseudo hue
Hinh 3 hién thi so o thiét ké phan cimg giai thuat tinh
gia tri pseudo hue cho FPGA. Khoi RGBtoPseudoHue
dugc thict ke str dung phép toan dich bit, so sanh va cac bo
mux dé thyc hién phép chia theo (1).

3. Giai thuat phan cum K-means

Gidi thuat K-means la mét trong nhitng giai thuat phan cum
duoc sir dung phd bién trong phan doan anh [8], [9] hién nay
do tinh toan don gian, nhung hiéu qua. Dac biét 1a trong truong
hop so lugng can phan cum it. Giai thuat K-means duoc ap
dung trén anh pseudo hue dé phan vung mdi va ngoai moi.

Giai thuat K-means dugc tinh todn sir dung cac phép
toan cong, trur va‘ b6 so sanh cac giéa tri khoang céach. Gia tri
trong tdm ban dau (centroid) cua vung ngodi mdi Bo-sam
duoc tiph toan dua trén gia tri trung binh cua cac pixel trén
hang géu cua vung Pre-ROI. Tur do, tinh gia trj trong tdm
ban dau caa vung mai la:

Fo-sam = Bo-sam + dev 2

Vi dev 1a d6 1éch, c6 gia tri phu thudc d6 twong phan
gitta moi va da.

B-sam (Background sample) va F-sam (Foreground
sample) duoc cdp nhat sau moi hang quét cua K-means. Tai
hang thir x, ta co:

2y B ap(xy)

B_sam = % (3)
E )

F_sam = Zyzo 9rCY) 9rCey (4)

nr
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~ Trong do, (ge,Ns) Va (gr.NF) lan luot 1a gia tri pixel va
s0 lugng pixel cua ving ngoai mdi va ving moi.
Giai thuat:
Vong lap: i hang, j ¢t (i,j=0,... 255)
Subg = | Phue(i,j) - B_sam|;
Subg = | Phue(i,j) - F_sam|;
Néu Subg>Subr % ving moi
N =Ng +1;
9r = Or + Phue(i,j);
Néu Subg<Subr % ving da
ng =ng +1;
98 =0s *a(i));
B _sam =gg/ ng;
F_sam =gr/ng;

K-Mean Clustering
P_HUE
oo Sub_B
' Bdist [Hoa>
B sam [9:0] Update_
©or _mask Left %
Compare X
P_HUE y_left
oo ! Sub_F ;
F_dist 0]
F_sam(dev) : X_right
[5:0] [7:0]
y_right
count_x Update_ :
700 Right
count_y
[7-0]

Hinh 4. So do phan cimg gidi thudt K-Means

Hinh 4 cho so d6 phan cting K-means clustering. Trong
d(’),’b-mask la ma trdn anh ngd ra cta K-means. Ngoai ra,
khoi update left va update right duoc thiét ké dé tinh toan
cac gia tri mép trai va phai cua ving moi. Vi moéi ¢ dang
hinh ellipse, do d6 2 mép dugc xac dinh bang cach tinh
khodng cach dai nhat tir trung tim mdi sang 2 bién (Hinh
5). Cac gid tri nay s€ dugc st dyng trong khoi tim duong
di ngan nhat dugc trinh bay ¢ phan sau.
4. Do duwdng bién

Dung k§ thuat phan doan anh Livewire (hay Intelligent
Scissors) [10], [11] dé do duong vien moi. Ky thuat nay
dua trén giai thuat tim duong di ngan nhat cta Dijkstra.
Trong nghién cru nay, chiing t6i st dung céc toa do tim
duogc ¢ ngd ra khbi K-means dé xac dinh 4 ving khao sat
méi (1, I, III va IV) trong Pre-ROI nhu Hinh 5.

Anh Mask sau K-means dugc chuyén thanh gradient:

=% (16x] + 1Gy)) ©

V6i Gx va Gy lan luot 1a gradient theo phuong x va 'y
cuia ma tran anh Mask.

Lap ban db trong s trén mdi pixel trong ving khao sat
theo cong thirc sau:

W(x,y) = Gmax — G(x,y) (6)

Trong (6), Gmax 1& gia tri gradient 16n nht trén ving
khao sat, Gxy) 1a gia tri gradient cua pixel tai vi tri (x,y).
Nhing diém trén dudng vién méi sé trong ing v6i nhimg

diém Wy cho dudng di ngin nhét. Khdi do duong duge
thiét ké dé xir Iy 1an 1 cho 2 viing nira méi trai va 1an 2 cho
nira bén con lai. Mdi budc do dudng duge thuc hién trén
mot cira s6 9 pixel, cac 6 boi den trén Hinh 6 12 6 khong
can xtr 1y (dugc gan gia tri Wxy) = Gmax).
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top
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e
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Hinh 5. Vang khao sdt cua gidi thudt do duong
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Vil bat day Vit bat ky
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Hinh 6. Gidi thudt do dwong nita méi trai

So d cau triic phan ctng ciia khéi tim dudng vién moi
dugc hién thi trén Hinh 7. Khéi nay gdm c6 4 khdi chinh:
Khdi tinh toan gia trj Gradient ciia timg diém anh trén ma
tran b-mask, khoi Buffer dé luu trir cac gia tri Gradient,
khéi tim dwdng di ngan nhét (shortest path detection) dwa
trén giai thuat Dijkstra, va cudi cung 1a khéi Mux dé két
hop anh gc va Mask dudng vién moi.

Dau tién, b-mask tir ngd ra khoi Kmeans duge chuyén
tir khong gian mau RGB sang YCbCr. Thanh phan Y dugc
ding dé tinh Gradient. Do dit liéu anh chay theo dang
Raster, trong khi khéi tinh Gradient theo phuong phép
Sobel lai tinh toan theo timg khéi 3x3, nén khdi Raster to
Block 3x3 dugc dua vao dé thuc hién cong viéc do. Sau do,
cac gia tri Gradient duoc ghi vao Buffer.

Khéi tim duong di ngin nhét sir dung cac gia tri mép
trai, mép phai tir ngd ra khdi Kmeans, doc cac gia tri
Gradient tir Buffer(khi wr_done bét 1én 1) dé tim duong di
ngan nhit. Két qua, chiing ta s& c6 mot ma tran Mask duong
vién moi.

Khdi Output Mux sé& doc anh gdc tir SDRAM, két hop
anh gdc v6i ma tran Mask duong vién moi dé cho anh két
qua. Cudi cung doc anh sau khi xur ly 1én may tinh dé so
sanh va ddi chiéu két qua trén anh gbc.
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Hinh 7. So do phan cimg gidi thudt do diong bién

5. Két qua thir nghiém

Phéan cing duogc cai dt trén board DE2 cua Altera. Két nbi
dit liéu vao/ra gitta may tinh va board DE2 théng qua giao tiép
RS232 va sau d6 chira trong SDRAM. Cac ngudn dir liéu nay
duoc ly trén kho dit liéu mién phi trye tuyén va van giit nguyén
chét luong ban dau, chi thay d6i thanh kich thudc 256x256. Thir
nghiém cho két qua tot ngay ca khi mau moi khong twong phan
nhiéu so v6i viing ngoai méi. Giai thudt 4p dung cho céc trudng
hop nhén vét 1a nam, ni¥, c6 rau hay khong 6 rau, céc trang thai
md miéng, c6 rang, nghiéng lc dAu khi noi (Hinh 8). So véi cac
giai thuat phan mém trudc day trén may tinh, giai thuat cia
chuing t6i xtr 1y dwoc khi ¢6 sy xuét hién ciia ludi (mau sic cia
ludi thuong bi phan mém nham véi méi) va khong can khdng
ché tdc d6 nghiéng, lic ctia nhan vat khi phat m (vi mdi frame
duoc xtr 1 hoan toan doc 1ap nhau). Vi tan s6 50MHz trén kit
DE2 va kich thudc dnh 256x256, toc d6 ciia phan cimg cho
phep xu ly hon 700 frames/s, nhanh hon rét nhiéu so véi cac
phan mém cing chirc ning, thyc hién trén may tinh. Do giai
thudt xu ly dya trén ddc tinh mau anh nén sai s6 chi xay ra khi
ving moi va vung bién khong c6 ranh gidi (khong lay duoc
gradlent) vi 4nh sang lam mét mot phan dudng vién moi. Két
qua tong hop trén phan clng (Bang 1) cho thay ngudn tai
nguyén trén kit dugc sir dung tuong ddi hiéu qua va co kha ning
mo rong thém cac bd xtr Iy song song dé tang toc do lam viéc.

Bing 1. Két qua téng hop trén phan ciing

Synthesis Tool Quartus 32-bit V 11.1 Web Edition
Device Cyclone 1l EP2C35F484C6
Logic Elements 2972/33,216
Register 2377
RAM blocks(M4K) 46/105
SRAM 512Kbytes(256Kx16bits)
Fmax 134MHZ

6. Két luan

Bai bao trinh bay mot phwong phap do duong vién méi cai
tién va ciu tric phan cimg twong tmg. Phuong phap nay két
hop giai thuat phan cum K-means va giai thuat tim duong di
ngén nhat cua Dijkstra dé phan biét ving méi v6i cac ving
khac trén frame anh, cac toa do mép trai va mép phai cia moi
duoc dinh vi ty dong. Phin cimg dugc thiét ké theo cdu tric
Pipeline va duoc hién thyc trén FPGA (Cyclone II cia Altera)
nén dat duoc tdc do xir Iy nhanh hon so véi phan mém, ap
dung tdt trong xtr Iy video thoi gian thyc. Vi két qua tong

omux_red

amux_ra0(17:0]
omux_rd:|2[15:0!
omuw_wes
omux_wats[17:0

omux_wdd&[15:0]

SDRAM

hop trén phan cimg, tin sé Fmax cho thdy giai thuat c6 thé
chay duoc trén kit c6 xung clock t6i da 134 MHz (khi d6 toc
6 xtr Iy frames/s s& tang 1én thém rat nhiéu). Véi nhiéu ngudn
dit liéu khac nhau trén internet, giai thuat xtr 1y dugc voi
nhiing truong hop d sang khac nhau, ty 1¢ khudn mat khac
nhau va khi d¢ twong phan gitra ving moi va da khong cao
(do gia tri trong tam trong phép tinh K-means dugc cap nhat
lién tuc). D6i voi k¥ thuat Livewire khi phan doan anh, diém
xuét phat va két thuc khong can chon bang tay theo cch lam
thong thuong nhu trén cac phan mém xu Iy anh trén may tinh
ma dugc dinh vi tyr dong. Két qua thir nghiém cua chung t61
chirng minh rang vige st dung phuwong phap dé nghi trong viéc
do duong vién moi cho ket qua tot v& mat chat luong hinh anh
va hiéu sut do dudng vién moi kha cao (85%).
Loi cdm on

Nghién ctru nay dugc tai trg boi Truong Pai hoc Bach
khoa — Pai hoc Quc gia tp. H6 Chi Minh, trong khuén khé
d& tai khoa hoc cAp truong: “Chwong trinh do tim chuyén dong
cia moi, cai ddt trén FPGA”, ma s T- DDT- 2014- 21.
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