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ABSTRACT

This paper presents some results of building intelligent surveillance
camera systems using object tracking. Main steps of the object tracker
include (i) keypoint tracking using optical flow, (ii) keypoint matching,
and (iii) consensus-base voting. A novel algorithm to accelerate
processing using pipeline technique on multicores systems has also been
proposed. The algorithm divides the whole processing frame into 4
stages which are executed on 4 different threads. Synchronization of
threads is realized producer — consumer model. The proposed method
achieved a 3.3 times increased computational time compared to the
original one. The surveillance system continuously tracks target object
and gives a warning sound if the object disappears in a predefined
interval. Experimental results show that the proposed method achieves
very promising results.

TOM TAT

Bdi bdo trinh bdy cdc két qua nghién ciru vé viéc xdy dung hé thong
camera gidm sdt thong minh sir dung ky thudt theo déi doi twong. Phan
cot 16i cia hé théng la bo theo doi dsi tuwong, hoat dong duwa trén trén
viée két hop gitta (i) truy vét doi twong bang luong quang hoc, (ii) so
khép cdc dac trung cuc bé va (iii) tim sw dong thudn lom nhdt cia cdc
dac trung cuc bg. Ciing trong bai bdo nay, mét thudt gidai thudt moi da
dwge dé xudt nham ting toc dé xir Iy cdc khung anh bang kj thudt ong
dan (pipeline) trén cic hé thong mdy tinh da nhan. Gidi thudt nay chia
qud trinh xi Iy thanh 4 giai doan lién tiép, phy thudc nhau va giao cho 4
tién trinh xir 1y chiing mot cach déc lap. Viéc dong bé giira cdc tién trinh
dwoc thiee hién bang mo hinh san xudt — tiéu thy (producer — consumer).
Piéu nay giup tang toc do xir Iy 1én dén 3,3 lan trén hé thong may tinh 4
nhén. Hé thong camera gidm sdt thong minh sé theo doi doi twong lién
tuc va phdt tin hiéu canh bdo khi doi twong can theo doi bién mat trong
mot khodng thoi gian dwoc dinh truodc. Két qud thyc nghiém cho thd'y
rdng cdc giai phdp dé xudt la hoan toan phit hop.

Trich din: Pham Nguyén Khang, D Thanh Nghi va Pham Thé Phi, 2017. Nghién ciru {mg dung ky thuét
theo doi doi twong xay dung h¢ thong camera gidm sat thong minh. Tap chi Khoa hoc Truong Dai
hoc Can Tho. 53a: 44-52.

1 GIOI THIEU

Theo doi ddi tugng (object tracking) la mot
nhitng linh vuc nghién ctru day ti€ém nang cua thi
giac may tinh (computer vision). Viéc theo doi chu

yéu dua trén hinh anh cia cac ddi twong thu dugc
tir cic camera gidm sat. Trong cac thap nién gan
day, linh vuc nay di thu hat dang ké cic nha
nghién ctru vé thi gidc may tinh nhd vao sy da
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dang cua cac ing dung tiém ning lam cho linh vuc
nay tré thanh muyc tiéu nghién ctru hip dan. C6 thé
chia bai toan theo ddi ddi twong thanh hai nhom
tiéu biéu: biét trudc md hinh cua dbi twong va
khong biét trudec mo hinh. Nhom bai toan thir nhat
tuong d6i don gian. Dua trén thong tin di biét
trudc vé ddi tugng nhu mau sic hodc hinh dang
cia d6i tuwong, cic giai thuat theo ddi sir dung
thong tin nay dé dinh vi ddi tuong trong cac khung
hinh (frame) cua video. St dung mau sic dé mo
hinh hoa déi twong 1a phuong phap don gian nhat
va phu hop dbi véi cac d6i tuong can theo ddi co
mau (gan) dong nhit. Phuong phap nay hiéu qua
khi mau cua dbi twong twong ddi khac dbi véi mau
nén. Cac giai thuét lién quan dén phwong phap nay
c6 thé ké dén Mean Shift (Cheng, Y., 1995),
CAMShift (Bradski, 1998). Mot s6 phuong phap
khac str dung thong tin vé hinh dang hoac két cdu
hinh hoc cua d6i tuong (Lowe, 1992; Jurie and
Dhome, 2006). Ddi véi nhom bai toan thir hai, do
khong can phai cung cap truc mo hinh cia ddi
tuong can theo ddi 13 gi nén tmg dung cia no ciing
rong rdi hon, cho phép theo ddi cac d6i tugng phic
tap. Do phuong phap nay khong doi hoi phai huan
luyén hay bat ctr thong tin dic biét nao vé ddi
tuong can theo ddi nén con goi 1a theo ddi phi mé
hinh (model-free tracking). Mot trong cac dac tinh
quan trong cua cac thuat toan theo doi 1a kha nang
xtr Iy hinh dang (bé ngoai) phirc tap cua dbi twong
trong mot thoi gian bat ky. Miac du di c6 nhiéu tién
trién trong cac phuong phap theo ddi ddi tuong phi
mo hinh lam cho nd tré nén manh hon, chiu dung
nhiu tot hon, nhung ban than cua bai toan ciing
phai d6i mat voi cac kho khan va tré nén khé giai
hon vi cac 1y do: hinh dang ctia dbi tuong phc tap,
bi che khuat mot phan, anh huéng cia anh sang,
mau sic, goc chup/quay cua camera (Maggio and
Cavallaro, 2011). Ngoai ra, do d6i tuong khong
dugc biét truée khi theo ddi nén khong thé huan
luyén may hoc dé nhan dang ddi twong. Mot sb tac
gia st dung chién luoc hoc truc tuyén (online)
trong qua trinh theo ddi (Safari et al., 2009). Tuy
nhién, viéc cap nhit md hinh trong khi hoc thuong
cling gy ra 18i vi thiéu dir liéu dé huan luyén.

Huéng tiép can dugce xem 1a nhidu hira hen nhat
hién nay ddi véi bai toan theo doi ddi twong phi mod
hinh 13 duya trén cic dic trung cuc bd bat bién vé
hinh dang cua ddi twong. Cac phuwong phép c6 thé
ké dén 1a chia dbi twong thanh cic ving nhd
(patches) va biéu dién ddi twong nhu mét tip hop
cac ving nay. Viéc chia ddi twong thanh cac ving
nho c6 thé dya trén ludi hodc tim céc ving bét bién
(Adam et al., 2006; Hua and Wu, 2006; Nejhum et
al., 2008). Mot phurong phap khac cia tiép can nay
1a s dung cac diém dic biét (interest points, key
points) trén ddi twong va udc lugng vi tri ciia nd
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trong cac khung anh ké tiép dua trén ludng quang
hoc (optical flow). Viéc xac dinh vi tri ddi twong
trong khung anh sau d6 dua trén viéc so khdp cac
diém dic biét & khung anh truée va khung anh sau.
Viéc truy vét d6i tuong dya trén sy déng thuan cua
cac dic trung truy vét duoc (Nebehay, 2015).
Phuong phap nay c6 uu diém 13 c6 thé theo doi
dugc ngay ca khi d6i tugng bi quay hay camera bi
thay déi vi tri.

Phan tiép theo cta bai bao dugc t6 chirc nhu
sau: ky thuat theo doi déi tugng dua trén sy déng
thudn dugc mo ta trong phﬁn 2; két qua thuc
nghiém duoc trinh bay trong phan 3 va sau cing la
két luan va hudng phat trién.

2 THEO DOI POI TUQNG DUA TREN
SU PONG THUAN

2.1 Phwong phap CMT

So khép va theo ddi dwa trén sy dong thuan
(Consensus-based matching and tracking hay
CMT) duge (Nebehay et al., 2014) dé xuét, 13 mot
phwong phap dua trén keypoint dé theo ddi dbi
tuong theo ky thuat phi moé hinh két hop gilra so
khép (matching) va theo ddi (tracking). bé dinh vi
dbi tugng trong mdi khung hinh (frame), mdi
keypoint s& binh chon tdm cua d6i tuong. Trong
qua trinh so khop cac keypoint gitta hai khung lién
tiép, so khop sai (false matching: hai keypoint
dugc giai thuat cho khép véi nhau nhung thyc chét
chung khong khép nhau) 1a didu khé tranh khoi.
Nebehay et al. da d& xuat mot mo hinh dua trén sy
ddng thuin (consensus-based) dé phat hién cac
keypoint bi so khop sai. Tiép cin méi nay phan
cum cac binh chon (votes) tryc tiép trong khong
gian anh.

Béng cach 4p dung cac bién dbi hinh hoc (phép
quay, thay ddi ti 1¢) 1én binh chon, phuong phap
nay cho phép theo ddi dugc ddi tugng bi bién doi
hinh dang trong qué trinh theo doi. Ngoai ra,
phuong phap nay khong st dung cac thong tin hinh
anh cua cac keypoint va chi don thuan dua vao vi
tri cua chung, va do d6 tranh dugc cac sai sot
nghiém trong trong truong hop hai vung keypoint
¢6 bé ngoai gidng nhau nhung khong c6 lién quan
nhau vé mit hinh hoc. Bé tang tdc do tinh toan, cac
keypoint dugc md ta biang mot vector nhi phan.
Phuong phap nay da duogc thyc nghiém trong moi
treong thoi gian thyc (real-time) trén mét tap 16n
dir lidu 16n véi két qua cao.

Y tuong chinh cua phuong phap CMT dwoc md
ta nhu sau: cho mot chudi n khung anh lién tyc I,

., In, va mot ving theo ddi by (chira dbi twong can
duoc theo ddi) trong khung anh I;, véi mdi khung
anh I, cdn x4c dinh tu thé (pose) cua dbi tuong
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dang theo ddi hodc noi rang d6i tugng khong cd
trong khung anh.

Viéc udc lugng tu thé cua dbi tuong dya vao
tam p, ti 1€ s va géc quay a cua no, trong d6 s va a
dugc udc lugng dua trén hinh dang ban dau cua
d6i tugng trong ving bl. Dé don gian, gia sir rang
vung theo doi bl c6 dang hinh chir nhat c¢6 cac
canh song song voi cic truc toa d9. Giai thuét
CMT duogc cho trong Bang 1.

a. So khép va truy vét cac diém ddc trung

Mb hinh d6i trong duoc mo ta dua trén tap cac
keypoint:

0 = {(r, )N, (1)

Bang 1: Gidi thuat CMT

Tdp 53, Phin A (2017): 44-52

Trong d6, mdi keypoint bao gdm 2 phén tir 13 vi
tri (toa o) » € R2 va bo mo ta £, Bé don gian trong
tinh toan, f dugc mé ta theo kiéu nhi phan f €
{0,1}¢.

Tap cac keypoint O dugc khdi tao bang ky
thuat trich dac trung BRISK hodc SIFT tir khung
hinh ddu tién I; bén trong ving khoi tao by, sau dé
quy tam (mean-normalisation) vi tri cua cac
keypoint. Dé bao ton hinh déng cua ddi tuong, mdi
khung hinh I véi t > 2, can tim ra tap cac keypoint
tuong ung:

K = {(a;, m) §V=K1t

(@)

Trong do, a la vi tri cac keypoint trong anh, m
1a chi so (index) cua keypoint trong ung trong O.

Giai thuat CMT

Input: I, ..., In, b1
Output: b, ..., by
1: O & detect(/1, b1)

2: Ki & O
3: fort<2,..,ndo
4 P & detect(/r)
5 M & match(P, O)
6: T & track(Kea, e, &)
7: K&<TUuM
8: s & estimate_scale(K’, O)
9: o & estimate_rotation(K’, O)
10: V & vote(K,, O, s, a)
11: VC € consensus(V)
12: Ky & votet(V°)
13: if [Vc| =9 - N° then
14: M %21{;1 Ve
15: b+ € bounding_box(b1, U, s, a)
16: else
17: b < @
18: end if
19: end for

Pé xac dinh K, ta thuc hién cac bude tinh toan
nhu sau:
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Xac dinh cac keypoint trong khung anh tha I,
moi keypoint cling c6 vi tri a va bd mo ta f. Luu trit
trong tap P.
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P = {(ai:fi)}év:l 3)

Mai keypoint trong tap P, can phai tinh khoang
cach Hamming theo cong thirc (4) gitra bd mo ta
cia nd voi bd mo ta cua ting keypoint dugc tim
thiy trong I;, bao gdm ca cac keypoint nén.

d(f', f?) = L1 XOR(f, f7) 4)

DPé so khop cac keypoint trong P véi cac
keypoint trong I, khoang cach dén lang giéng gan
nhit phai gan hon céc ling giéng khac theo mot ty
16 ¢ dinh p nao do6 (Lowe, 2014). Tap cac
keypoint M 1a mot tap con chira cac keypoint da so
khép gitra keypoint trong P va cac keypoint trong
0, sau d6 b6 sung thém cac chi s6 (index) cua
keypoint tuong ung (la cac dinh danh m trong cong
thuc (2))

Dé theo vét, chiing ta tinh toan su dich chuyén
ctia Ky tir I dén I, bang cach dung phuong phap
wdc lwong ludng quang hoc (Lucas & Kanate,
1981). Tai thoi diém t=2, K, bang véi tap cac
keypoint ctia O. Tép cac keypoint T dwoc tim ra
bang cach cép nhat vi tri ciia keypoint trong K,
nhung van gir lai cac dinh danh ctia keypoint.

Sau d6 thuc hién két hop hai tap T va M va dua
vao tap K’ vdi kich thude NK”, khi két hop hai tap
T, M thi cac keypoint gidng nhau & hai tp nay s&
duogc loai bo. Pén budc nay trong tap K’ van con
chtra cac keypoint ngoai lai hodc cac diém mo hd
khong chinh xac.

b. Binh chon

Dé xéc dinh vi tri cia ddi tuong, mdi keypoint
(a, m) trong K’ s& binh chon mot gia tri h(a,m) =
R? vao tam cua doi tugng, tap cac binh chon d6
duoc thé hién nhu sau:

V = {(ha, mO}Yy (5)

Ta ¢6 thé xem mdi binh chon (vote) 1a mot
phép bien doi hinh hoc affine gom: tinh tién, ti 1¢
va quay lén cac keypoint trong khong gian 2 chiéu.

Trude hét, voi phép tinh tién, AT (a,m) duoc
tinh nhu sau:

hT(a,m)=a—r,

(6)

Trong d6, rm 1a vi tri twong ddi cua keypoint
tuong tmg v6i chi sé (index) cua m trong O. Khi
dbi tuong bi thay doi ti 1& (vi du thu nho), cac
vector binh chon nay tién gan dén trung tdm d6i
tugng (cac vector bi thu ngin lai xem Hinh 5). Khi
d6 ty 1¢ thu nho cua cac vector binh chon dugce tinh
lai nhu sau:

hS(a,m) = a—s.1,

()
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Dé tinh s, chung ta tinh khoang cac Euclide
gilta cac cap ai va aj trong K’, va so sanh
khoang céach vura tinh dugc vdi khoang cach
cua cac keypoint twong mg 7, va Tin; trong 0.

Taco: a; =
_ (le¥]
.= {f:5,

Tur d6 rit ra duge s = median (Ds)

ai - g va Lij=Tm; - T'mj

L #Jj} ®)

Khi dbi tuong bi quay, cac vector binh chon bi
quay theo, va tam quay la tdm cua doi tugng:

hR(a,m) = a —s.Rr, )
Vi R 1a ma trén quay trong khong gian 2D

_ (COS X —sSin «

- (sin o oS X ) (10)

Pé tinh dwoc goc quay a, can phai tinh dwoc
cac goc aij (theo cong thirc 11) la goc tao boi sy
chénh 1éch goéc quay cia hai duong thang so véi
truc ngang:

— Duong thing thir nhat nbi hai diém th i va
thtr j trong khung hinh dau tién

— Duong thang thir hai ndi hai diém thu i va
thtr j trong khung hinh thu t.

x; j= atan2 (a)i;j, afc’j) — atan? (ryi‘j,rxi‘j) an

Duyét qua tat ca cac cap keypoint ta dugc tap
Da nhu sau:

D= {aij, 1#]}

Tir d6 rat ra duge a = median (Dy)

(12)

c. Pong thudn (Consensus)

Khi ¢6 mét keypoint trong K’ khong thudc vé
dbi twong (key point ngoai lai) thi vector binh chon
ctia n6 s& khong hudng dén tdm cua ddi twong ma
n6 chi &én mot ving hinh anh bat ky nao d6. Trude
khi tim tAm cua ddi twong p, chung ta can loai bo
cac keypoint ngoai lai ndy va cac vector binh chon
clia nd bang cach tim kiém sy dong thudn cia cac
vector binh chon.

Dé thyuc hién viéc nay, ching ta phan V thanh
cac cum nho hon Vi, Vo, ..., Vi bﬁng cach ap dung
giai thuat phan cum phén cip theo hudng tir dudi
1én (hierarchical agglomerative clustering) trén cac
tap diém trong V s dung khoang cach Euclide.
Trong cach phan cum nay, dit liéu dugc td chic
thanh cac cdu tric phan cip theo ma tran khoang
cach, két qua la mdt cdy phan cap (dendrogram),
sau d6 cay phan cap nay sé bi cat theo mdt ngudng
& xac dinh nao d6 (dimg phan cép khi khoang cach
Euclide giita hai cum 16n hon hogc bang ngudng 3).
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Goi tap con V. 1a tap c6 sb thanh phan 16n nhat
trong s6 cac cum thu duge & bude phan cum, hay
c6 thé goi V. bing mot cai tén khac 1a cum ddng
thuan (consensus cluster), va goi K; la tdp cac
keypoint nim trong K’ sao cho cac keypoint nay ¢
vector binh chon nam trong tap V..

Néu s6 Iuong thanh phéan ciia V. nhé hon 0 - [O|
thi xem nhu dbi tugng khong xuat hién. Nguoc lai
chung ta s tinh tdm cula dbi tugng dua trén cac
thanh phan cua cum dong nhét nay.

1 , .
== "lef véin = |V¢.

Véi tam cia ddi tuong p, ty 1& s, va goc quay a
chung ta x4c dinh dugc tu thé cia déi twong dang
quan tam.

(1) Phit hi¢n va tinh todn cic
dje trung cuc bo
/““‘&\
—

///

2) Truy vét cée dfic tnm
3 ]. . \-c i = (3) So khdp todn cyc
bing lubng quang hoc

\/

(4) Hop céc diic tung

|

(5) Ulbe lugng ty 1¢ vi goc
quay

—
(7) So khdp cyc b

(8) Hop céc dijc tnmg

(6) Tim consensus cluster

Hinh 1: Cac buéc trong qua trinh theo doi daobi
twong bang gidi thuit CMT

Két qua thu duoc cia bude nay 1a mot cluster
16n nhat tap trung cac déc trung truy vét duge. Mac
du phuong phap nay c6 kha nang loai bé nhicu
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Jalse match tuy nhién n6 lai lam giam sO luong cac
ddc trung dugc truy vét. (Nebehay ez al., 2015) da
cai tién diéu nay bang cach bd sung thém mot budce
so khép cuc by. Cac bude chinh cia toan bd qua
trinh xtr Iy duoc trinh bay trong Hinh 2.

2.2 Ting toc dd xir Iy bang phwong phap
ong din

Giai thuat CMT gbc duoc trinh bay trong phan
trén xtr Iy tudn tw cac khung anh vi dé xtr Iy khung
anh hién tai ta can c6 két qua cta khung anh trudce
d6. Hon nira, trong ban than qua trinh xu ly, nhu
mo ta trong Hinh 1, cac budc nay déu tudn tu va
phu thudc nhau (ngoai trir bude 2, 3 va 6, 7 ¢6 thé
thyc hién song song). Vi thé, mot giai thuat méi da
dugc dé xuat dé cai tién toc do xir 1y viéc theo doi
bang cach sir dung k¥ thuat dng dan (pipeline) trén
céc hé thong da nhan (multicores).

Céc bude tir 1 dén 8 trong Hinh 1 duoc chia
thanh 4 giai doan chinh (stages): (1, 2), (3), (4, 5,
6) va (7, 8). Mdi giai doan duogc thyc thi trong mot
ludng (thread) khac nhau. Viéc ddng bd hoa quy
trinh xG 1y dugc thyc hién dya trén cac hang doi
két qua theo mé hinh san xuét — tiéu thu (producer
— consumer problem). Giai thuat hoat dong nhu
sau: dau tién, thread 1 tinh toan cac dac trung cuc
bo va luu két qua vao hang doi. Thread 2 chd cho
dén khi thread 1 dua céc dic trung cuc bd vao hang
doi 1a nd ¢o thé bat dau thyc hién viéc so khép toan
cuc. Két qua cua vi¢c so khdp toan cuc s€ dugc dat
vao hang doi twong ung. Trong khi thread 2 lam
cong viéc ndy, thread 1 lai c6 thé xu 1y tiép frame
anh thtr 2. Thread 3 thuc hién truy vét cac dic
trung cua bude trude d6 bang phuong phap ludng
quang hoc va luu két qua vao trong hang doi. Sau
d6, nd chd cho dén khi thread 2 so khép toan cuc
xong né s& hop cac diém dic trung lai va tinh toan
wdc luong ty 18, goc quay va tim cluster 16n nhét
theo phuong phap consensus. Thread 4 chd cho
thread 3 thuc hién xong nd s€ thuc hién so khop
cuc bo hop cac dac trung va hop nhat cac dic trung
dé cho ra két qua sau cing. Trong 8 budc cia giai
thuat, cac bude (1), (3) va (7) 1a cac budc chiém
nhidu thoi gian nhit nén né da duoc chia ra thuc
hién trong cac thread khac nhau nhim ting tde do
xtr Iy (Hinh 2).
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(1) Phat hién
dic tnmg cyc

(3) So khép
todn cyc

(2) Truy vét
céc diic tnmg

(4) Hop céc
didc trung

(5) Uédrc lugng
ty 1€ va géc

(6) Tim
consensus

(7) So khép
cuc bd

(8) Hop céc
déic tnmg

Hinh 2: Giai thuat CMT cai tién sir dung k§y thuit 6ng din

3 KET QUA THUC NGHIEM

Giai thuat dé xuat dugc cai dat bang ngdn ngir
C++ trén st dung thu vién OpenCV. Phién ban
song song sir dung k¥ thuat éng din duoc cai tién
tr ma ngudn cua giai thuat CMT do tic gia cung
cap. Dir lidu thuc nghiém thyc nghiém dugc thu
thap tir cac camera quan sat & cac siéu thi & tinh

S6c Triang vo6i tong cong hon 5 gid video. Céc
video dugc Ivu lai voi dinh dang avi. So sanh thoi
gian thyc thi giita phién ban CMT gbc va phién
ban CMT ding k¥ thuat éng dan, két qua cho thay
rang giai thudt CMT cai tién xir Iy nhanh hon 1,7
lan trén may tinh 2 cores va 3,3 lan trén may tinh 4
cores. Két qua nay phil hop véi gia thiét ban dau.

Hinh 3: Khéi tao dbi twgng cin theo ddi
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Giai thuat moi da dugc sir dung dé xay dung
mot hé thdng camera giam sat thong minh. Hé
thong nay c6 kha ning theo ddi d6i trong do ngudi
dung chi dinh va phat tin hiéu canh bao khi d6i
tugng bién mat khoi khung quan sat trong mot
khoang thoi gian dinh trudc.

DPé minh hoa hiéu qua cua hé thdng camera
theo doi an ninh, cac thi nghiém da duogc thiét lap
dé theo ddi trong ngdi nha voi camera theo ddi IP
hiéu SmartZ. Camera duoc diéu chinh hudéng vao
d6i tuong 1a mot buc tranh trén tuong (Hinh 3).

Tép 53, Phan A (2017): 44-52

Nguoi dung st dung chudt dé xac dinh dbi twong
can theo ddi (birc tranh). Hé thdng theo doi khoi
dong va tinh toan cac diém dic trung cua buc
tranh. Néu s luong dic trung qué it (nho hon), hé
thong s& thong bao rang khong thé theo doi dbi
tuong.

Cho camera quay di mot goc 30° theo phuong
ngang. D4i tuong lac nay bi léch di so voi vi tri
ban dau nhung van con nam trong tam nhin cua hé
thong. Hé thong van phat hién dugc (Hinh 4).

Hinh 5: Pdi twong bi liy ra khéi ving theo déi

Hinh 6: Doi twgng dworc tra vé chd cii
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Hinh 7: Pi twong vin con dwoc theo doi néu phin nhin thiy con > 30%

Biic tranh dugc ly ra khoi vi tri (Hinh 5), luc
nay hé théng con thay duoc ddi tuong nén khoi
dong bo dém. Néu thoi gian (sb khung anh) khong
nhin thay déi tuong vuot ngudng, hé thong s€ bao
dong lién tuc cho dén khi ta tra bt tranh vé chd cii
(Hinh 6) hoac huy bo viéc theo ddi.

Ngoai ra, do st dung cac dac trung cuc bg, hé
thdng co thé theo dbi dugc dbi twong ngay ca khi
dbi twong bi che khudt hodc ngoai tim nhin mot
phan (phan nhin thdy dugc khoang 30%). Khi phﬁn
nhin thay dugc con it_’ho*n 1a tri nguorn hé thon

s
T

HHilr

s& xem nhu khéng con nhin thiy dugc ddi tugng
ntra (Hinh 7).

Dé minh hoa cho kha ning theo ddi déi twong
dong cua hé théng, mot thi nghiém khac da thiét
1ap dya trén video thu dugc bang camera giam sat
& mot siéu thi. DPbi tugng dugc theo ddi 1a mot
nhan vién phu trach quay ban sita. Hinh 8 mo ta
tinh hinh si€u thi trudc khi theo déi. C6 nhan vién
& bén trai (anh trai). Sau khi chon ddi tugng can
theo di, cac didc trung cuia ddi tuong dugc hién thi
(dnh phal)

Hinh 9: Hé thong tu dgng bam theo ddi twong
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Hinh 10: P6i twgng dwgc theo déi cho dén khi roi khéi ving quan sat

Khi dbi tuong di chuyén, hé théng sé tu dong
theo ddi va ghi nhan lai vi tri ctia dbi twong (Hinh
9) cho dén khi ddi tugng ra khoi ving quan sat
(Hinh 10). Thi nghiém nay cho thiy riang hé théng
hoat dong tdt trong diéu kién thyc.

4 KET LUAN VA HUONG PHAT TRIEN

Bai bao di trinh bay mot giai phap vé viéc xay
dung mot hé thong camera giam sat thong minh sir
dung ky thuat theo ddi dbi twong véi phuong phap
CMT va dé xuit cai tién tdc do xur 1y cua giai thuat
CMT bang ky thuat dng dan trén cac hé thong may
tinh da nhan. Hé théng camera giam sit thong
minh dd duogc cai dat va kiém thi. Véi két qua rat
kha quan, viéc nghién ctru, thyc nghiém sé tiép tuc
v6i nhiéu tinh hudng hon va diéu kién anh sang
phtre tap hon. Mac du ky thuét 6ng dan da co thé
gop phén ting tdc do xir 1y cac - khung canh nhung
van con c6 thé tiép tuc tang toe xir Iy bang cach
song song hoa hai budc chiém nhiéu thoi gian nhét
1a budc (3) so khép toan cuc va (7) so khdp cuc bo.
Diéu nay s& duoc thyc hién trong cac nghién ciru
tiép theo.
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