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Tém tit: Viéc phat hién cac ddi twong chuyén dong trong camera nho cac ki thuat xir 1y anh, dé khoanh
ving va doan nhan mét s hanh vi ctia ddi twong 13 mot viée 1am c6 y nghia khoa hoc va thuc tidn. O Viét
Nam chua c6 nhiéu nghién ctru va ing dung theo hudng nay. Trong bai bao di trinh bay nghién ctru ky
thuat ing dung thir nghiém theo vét ddi tuong trong camera va dua trén cac hanh vi ctia d6i tugng dé didu
khién thiét bi may tinh nhu chudt, ludt web, ra cac su kién click, double click, right click, zoom out, zoom

in. Cac két qua nghién ctru bang mé hinh thyc té va két qua dat dugc nhu mong mudn.
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1. Pit van dé

Giam sét tu dong 1a mot huéng méi duoc nghién ciiu va phat trién trong linh vuc nhan dang va
xtr ly anh va tao céch tiép can cho phan mém thiét ké chuyén dung cho cac thiét bj giam sat ty dong.
Viéc phét hién ra cac ddi tuong chuyén dong trong camera nho cac ky thuat xa Iy anh di doan nhan
mot s6 hanh vi cua déi twong 1a mot viéc 1am co ¥ nghia khoa hoc va thuc tién.

Chung ta biét két qua thu nhan tir cac camera giam sat hoac webcam la cac frame anh, két qua
nghién cau chinh cua bai bo & day 1a viéc phat hién ddi twong chuyén dong trong cac frame anh
d6. Frame anh thu nhan duogc tir cac camera hoac webcam sé€ dugc xtr 1y qua cac cong doan sau:
Phat hién ddi tugng chuyén dong, danh ddu cac dbi twong vira phét hién, phan loai chung duoc tién
hanh xt 1y va duoc két qua 1a dbi twong dang can theo vét & vi tri nao, dé tién hanh danh dau (to
mau, ké khung) va tir d6 lién tuc bam sat ddi trong theo mot ngudng nhat dinh.

| Camera |—>| Chudi anh |—>| Tién xur ly anh |
v

| Bam bit dbi tuong |<—| Téch ddi tuong |<—| Phat hién ddi twong |

| Nhan dang hanh vi |—>| Két luan |

Hinh 1 - So d6 mé ta céc tién trinh xu ly caa hé thong
Bai bao di giai quyét bai toan chon ddi twong mudn theo vét, xac dinh vi tri dbi twong va diéu
khién thiét bi chudt téi vi tri mong mudn (vi tri cia dbi tuong dang theo vét), dong thoi quyét dinh
ra su kién gi (Click, Double click, Drap & Drop, Zoom out, Zoom in...), dé dat duoc muc dich cudi
cung 13 c6 duoc mot ung dung ma ngudi st dung c6 thé duyét web, click chon lién két, phéng to,
thu nho anh ... ma khéng can st dung chugt.



2. Hién trang

Van dé phat hién d6i twong dang duoc nghién ciru va ¢é nhiéu tng dung trong cudc sdng. Cac
dbi trong duoc phét hién nho nhitng théng tin trong mot frame anh. C6 rat nhiéu huéng tiép can dé
giai quyét van dé trén. Cac tac gia Alper Yilmaz, Omar Javed va Mubarak Shah di phan loai céc
huéng tiép can nay dugc trinh bay [7]:

Loai Nhikng nghién ciu lién quan
1. Moravec’s detector
. 2. Harris detector
Point detectors . .
3. Scale Invariant Feature Transform Affine
4. Invariant Point Detector
1. Mean-shift
Segmentation | 2. Graph-cut
3. Active contours
1. Mixture of Gaussians
Background 2. Eigenbackground
Modeling 3. Wall flower
4. Dynamic texture background
i 1. Support Vector Machines
Supervised
. 2. Neural Networks
Classifier ) )
3. Adaptive Boosting

Bang 1 - Bang phan loai cac thuat toan phét hién doi tuong

Viéc lya chon phuong phép ap dung phai dwa vao tinh hudng cu thé, ddi voi truong hop cé anh
nén khong thay doi viéc phat hién di tuong chuyén dong cé thé bang cac phuong phéap trir nén.
Cac giai thuat ndy sé duoc trinh bay sau ddy. Hudng giai quyét 1a xay dung md hinh nén, sau do st
dung md hinh nay cung véi frame hién tai dé rat ra dugc cac foreground chuyén dong. Dé cé thé
tiép can can phai xay dung dugc mé hinh background. C6 nhiéu phuong phap xay dung mé hinh
background boi cac tac gia: Anurag Mittal dung adaptive kernel density estimation dugc tinh
bang[5]. Két qua tét tuy nhién kho khin vé khong gian luu trit, tinh toan phuc tap, toe do khong dap
ing thoi gian thyc. Haritaoglu dung giai thuat W4, Stauffer st dung Mixture of Gaussian [6] dé xay
dung mo hinh nén... Nham phat hién dwoc céc ddi twong chuyén dong, xac dinh xem nhiing ddi
tuong ndy co dung 1a nhitng ddi twong ta can phét hién hay khong. Pay 1a cac khé khin can khac
phuc.

Trong cac linh vuc vé phat hién phan dau cua nguoi thi Wei Qu, Nidhal Bouaynaya and Dan
Schonfeld dé ra huéng tiép can bang cach két hop mé hinh mau da cing véi mé hinh mau téc (skin
and hair color model). Nhirng mau nay dugc phat hién dua vao mo hinh Gauss. Sau d6 bang céch
&p dung phuong phap so khép mau (template matching) dé dat dwoc muc dich phat hién phan dau



ngudi dap wng thoi gian thue. Khé khin trong hudng tiép can nay thuong gap o viéc thu thap di
lieu huan luyén mau da va mau toc, dd chinh xac dé bi anh huong boi do séng ciia méi trudng.

Viéc phét hién ddi twong co thé dugc thuc hién bang cac phuong phap may hoc. Cac phuong
phap nay co thé ké dén nhu: mang neural, adaptive boosting, cdy quyét dinh, support vector
machines. Diém chung cua cac phuong phap nay déu phai trai qua giai doan huan luyén trén mot
tap dir liéu. Tap dix liéu nay phai da 16n, bao quat hét dwoc cac trang thai caa dbi twong. Sau d6 cac
dic trung s& duoc rat trich ra trén bo di liéu huan luyén nay. Viéc lua chon dic trung str dung déng
vai tro quan trong anh hudng dén hiéu qua cua cac phuong phap méy hoc. Mot sé dic trung thuong
duogc sir dung nhu: dic trung vé& mau sic, dic trung vé goc canh, dic trung histogram... Sau khi da
c6 dugc dac trung, ta s& danh nhan 16p cu thé cho cac dic trung do dé su dung trong viéc huin
luyén. Trong qua trinh huan luyén, cac phuong phap may hoc s& sinh ra mot ham dé anh xa nhiing
dic trung dau vao twong tng véi nhan 16p cu thé. Sau khi da huan luyén xong thi cac phwong phap
may hoc trén s& duoc dung dé phan 16p cho nhiing dic trung méi. Dic diém cua phuong phap nay
1a @6 chinh xac cao. Tuy nhién né gap phai kho khin trong viéc thu thap di liéu huan luyén ban
dau, ton thoi gian va chi phi cho qué trinh hoc may.

3. Phuwong phap nghién ciu

3.1 Phwong phap trir nén

Thuat toan trir nén xac dinh mic xam cua anh Video tir mot camera tinh [2]. Phuong phap trir
nén nay khoi tao mot nén tham khao véi mot sb frame dau tién caa Video dau vao. Sau do, no trir
gia tri cuong d6 caa mdi diém anh trong anh hién thoi cho gia tri twong tng trong anh nén tham
khao.

Goi I4(x) 1a biéu dién cua gia tri cuong d6 mic xam & diém anh cd vj tri (X) va & truong hop thir
n cua ddy Video | thudc trong doan [0, 255]. Goi By(x) 12 gié tri cudng do nén tuwong tmg cho diém
anh & vi tri (x) wéc lwong theo thai gian tir anh Video lo dén I,.1. Mot diém anh & vi tri (x) trong anh
hién thai thugc thanh phan néi troi néu nd thoa man:

[In(X) = Ba(¥)] > Ta(x) (1)

Trong d6 Ta(X) 12 gié tri ngudng c6 kha nang thich hop duoc khai tao cling véi anh Video dau
tién lp, Bo = lp, va ngudng duoc khai tao baoi gia tri da duoc xac dinh trudc.

Nén co s& va cac anh ngudng phai duoc cap nhat lién tuc tir cc anh dau vao. Su phdi hop cap
nhat nay 1a khac nhau d6i véi cac vi tri diém, chiang han nhu mét diém x e FG thi s& khéc véi x e
BG:

8 _JeB,(x)+L-a)l,(x),xe BG (2

(0= {ﬁBn(X) - A1, (X € FG

T o (x)= ol , () +@-a)(rx|1,(x) - B, (X)), xeBG (3)
T, (), x e FG



Trong d6 «,A(€[0.01.0)) la cac hang sé chi ra rang c6 bao nhiéu thong tin tir cac anh vao dugc
day vao nén va cac anh ngudng. Noi cach khac, néu mdi diém anh nén duoc coi nhu 1a chudi cac
lan, cac anh nén 1a mét gia tri trung binh cua trong s viing theo thai gian cua chudi cac anh dau vao
va anh ngudng la gid tri trung binh ciia trong s6 viing cua 5 1an khac nhau cua céc anh dau vao va

nén do, vi du :

(a) (b) (c)
Hinh 2 - Anh (a) 1a uéc luong nén co s&, anh (b) thu dugc & budc tiép theo. anh (c) thé hién
ban do diém anh ndi troi phat hién duoc bang cach sir dung phép trir nén.
Thuét toan trir nén:
Input: anh nén B, anh hién tai | va ma tran ngudng T
Output: anh M 1a mit na chuyén dong
m:=getHeight(M);
n:=getWidth(M);
for x:=1tomdo
fory:=1tondo
if | B[x,y]-1[x,y] | > T[x,y] then
MI[x,y]:=255;
else
M[x,y]:=0;
Thuét toan cip nhat nén:
Input: nén B, anh hién tai | va mit na chuyén dong M
Output: nén B dugc cap nhat lai
m:=getHeight(B);
n:=getWidth(B);
for x:=1tomdo
fory:=1tondo
if M[x,y]=0 then
B[x,y]=a*B[x,y]+(1-0)*B[x,y];



3.2 Phwong phap Optical flow

Phuong phéap Optical flow[3] thuc hién bang cach sir dung cac vector co huéng cua cac dbi
tugng chuyén dong theo thoi gian dé phét hién cac ving chuyén dong trong mot anh[1].

Y tuéng quan trong ciia phuong phép tinh optical flow dua trén gia dinh sau:

Bé ngoai cua dbi twong khdng cd nhiéu thay déi (vé cuong do sang) khi xét tir frame thir n sang
frame n+1.

Nghia 1a: 1(%,t)= 1(X+0,t+1) (4)

Trong d6 1(X,t)1a ham tra vé cuong do sang[4] cua diém anh X tai thoi diém t (frame tha t).
% = (x, y)" 1a toa do cua diém anh trén bé mat (2D), G = (u,,u,) 1a vector van tdc, the hién sy thay

ddi vi tri cua diém anh tir frame thu t sang frame t+1.

Hinh 3 - Frame anh tai thoi diém t truée va sau khi vé cac vector co huéng.

3.3 Dé xuit giai phap

C6 nhiéu ky thuat tiép can dé phat hién chuyén dong trong hinh anh Video lién tuc. C6 thé so
sanh khung hinh hién tai véi hinh nén ching ta chup tir ban dau khi bat camera hodc tir khung hinh
true. Db v6i ki thuat thir nhét thi don gian va giam duoc viéc xir ly. Tuy nhién, cach tiép can cé
mot bat lgi 16n, vi du néu c6 mot déi twong dang di chuyén ¢ frame dau tién nhung sau d6 n6 da
bién mét. K§ thuat tha hai thi xtr Iy phtc tap hon, xir Iy nhiéu hon nhung lai thich nghi v&i moi moi
truong, ké ca méi trudng it thay doi hoic thay doi nhiéu. Nhugce diém 1a néu dbi twong di chuyén
mot cach rat cham thi hé thdng khdng phét hién ra. Nhung c6 thé giai quyét bang cach ting sd
khung hinh trén gidy. Giai phap ma bai b4o mudn dé xuat 1a két hop phuong phap Optical Flow vi
phuong phap trich chon mau.

Giai thuat dé xuét:

Goi X = {Xm¢ ; M =1,...,M} Ia tap cac ddi tuong tai thoi diém t. Trong d6, M 1a s6 dbi tuong co
trong hé thdng, M c6 thé thay doi theo thoi gian. Goi x” ={x;;d =1,..,D} latap biéu dién két qua
phat hién ddi tueong caa hé tai thoi diém t twong Gng. Ta co

X, ={x3,;d =1,..., D} = Detect(z,)
vé6i D 1a sé ddi tueong phat hién duoc.
Goi X:Id,t :{X;,t e x.;min || X;,t ~ X 1 IS Qipresn 3 V6i ngudng cho truéc ¢, 1atap cac két qua

phét hién “cii”, duoc hiéu theo nghia, néu mot phat hién trong thoi diém t quéa gan véi mot trang



thai da co tai thoi diém t-1 thi n6 s& dugc xem la tring véi d6i tuong d6. Mot cach gan ding, ta gia
dinh nhitng phat hién nay xuat phat tir ddi tuong da co tir thoi diém t-1 trude do.

Tuong tu, ta dinh nghia X
new,t

—x /X la tap nhiing phét hién “mai”, duoc hiéu 12 giira tap cac
d ! Pold t
diém méi va tap cac diém cii cach nhau mot khoang l1a d.
Thuat toan thuc nghiém:
Khai tao (t=0)
Vaii=1,...,N
Gan w =1/N vasinhra (i ~ p(x )
Véit=1,2,...
- Bué6c ldy méau ddi tuong lan dau tién

~

% = Opticalflow(%, ,)

opticalflow
Vi i=1,...,N
- _ _ R
Sinh ra th - q(xt | th—l’ Zt) =aN (Xopticalflow’ P) + (1—6!) p(xt | Xt—l)
- Cac doi tuong giong nhau 1an can p(z | x') = N(D,,0,2), Voi D lahésé  khoang céch
giita 2 ddi twong giéng nhau.

- Tinh cac trong sb quan trong (chwa dugc chuin hoa)

_ _ (i) () | x®
Wt(l) — Wt(l)l p(zt | Xt(i)) p((|)§t | Xy
ax” I %3,2)

Voii=1,...,N

- Chuan héa céac trong sé quan trong

-Budc lay lai mau
U'6c lugng kich thudc mau

~ 1

off — N
> (Y
=1

Néu )
Neff < Nth



-Pat dugc cac mau méi {X(ji)}
k i=1

N bai viéc 1ay mau N 1an va thay thé {X(ji)}N sao
"

i=1

-Khai tao w, =1/N

-Budc xuat két qua
o Dy )
o 1 1
Xy = Zwt X
i=1
-Két thiic
4. Két qua
Sau khi tién hanh thir nghiém va so sanh véi cac ky thuat trir anh va trir nén vé mirc do 15i trung
binh, d6 nhidu va ty 1& chinh xac khi gap phai nguon anh hoic ngudn video chit luong thap thi

phuong phap Optical flow két hop tai chon miu dat dugc d6 6n dinh hon qua bang danh gia sau
(duoc khao sat thir nghiém trén 1000 frame anh):

12

—&—Kj thuittriranh
—a&— Kg thujttrirnén

—¢— Ky thuit optical flow

0 5 10 15 20 25 30 35 40

Hinh 4 - Biéu d6 so sanh mirc do 15i va nhidu giita cac ky thuat trir anh, trir nén, Optical flow
Két qua dat dugc 1a mot ing dung cho phép phat hién va bam sat dbi twong tir webcam gan truc
tiép voi may tinh hoic tir mot file Video (dinh dang AVI). Sau ddy 1a cac chirc ning chinh cua tng
dung:
4.1 Phéat hign va bam sat tit ca cac dbi twong dang chuyén dong
Chtic niang nay cho phép mé céc Video tir mot file AVI hoic tir camera(webcam) gan truc tiép
véi may tinh.,



Hinh 5 - Phat hién ddi tuong chuyén dong
4.2 Chire ning theo vét ddi twong dwoc lwa chon dé theo vét
Chtic nang nay giam sat dbi twong ma minh muén theo vét

Quét chon ddi tugng can theo vét va ddi tuong do6 sé b theo vét

[ -

Hinh 6 - Theo vét d6i twong duoc chon dang di chuyén

4.3 Chire ning dung ddi twong dang theo vét dé diéu khién “Mouse”

Chtic nang nay theo mau cia mot ddi tuong va xac dinh vi tri cua dbi tuong dé dua con tré toi
dung vi tri d6i twong dang dung, muc dich 1a mudn thong qua dbi tugng bén ngoai nhu ban tay dé
qua camera c6 thé duyét web, sir dung cac thao tac cin ban nhu Move, Click, Right click, Double
click, Zoom out, Zoom in...

Hinh 7 - Duyét web va ra 1énh phéng I6n(Zoom Out)

5. Két luan

Bai bao di nghién cttu mot s6 ki thuat phét hién va bam sat ddi twong, dong thoi tién hanh xu
ly cho ra két qua 13 di twong dang can theo vét dang & vi tri nao dé danh dau (t6 mau, ké khung.
Sau khi xé4c dinh vi tri d6i tuong, tng dung sé tiép tuc diéu khién thiét bi chudt téi vi tri mong muén



(vi tri caa dbi twong dang theo vét), dong thoi quyét dinh ra su kién gi (Click, Double click, Drap &
Drop, Zoom out, Zoom in...)

Hé thong dau vao trong ban demo nay 1a lay hinh anh tryc tiép tir webcam gan vao may tinh
hozc 1ay mot file Video c6 phan dic trung 1a AVI tir ngudn 6 san hoic cac Video lay tir ngudn truc
tuyén.

Trong qua trinh thuc hién thu nhan anh (tir webcam) thuong bi bién dang do céc thiét bi thu
nhan chit lwong thap dan toi viéc can chinh lai rat phuc tap vi n6 phu thudc qué nhiéu vao moi
truong xung quanh (bi nhiéu, thay di anh sang, d6 twong phan ...). Do d6 cac cong viéc nhu khir
nhiéu, can chinh mirc xam thuong duoc xac dinh thong qua cac ngudng (Thresshold) trong chuong
trinh va do ngudi sir dung quyét dinh (tinh chinh) va chwa c6 kha ning tw dong can bang.

Huéng nghién ctru sau hon cia dé tai nay 1a phat hién va phan loai timg phan chuyén dong cua
dbi tuwong, tir 6 xdy dung cac ung dung hd trg cho con ngudi nham xay dung céc ngdi nha théng
minh hoac tich hop cho cac robot tu hanh.
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