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ABSTRACT

This paper presented a model using object tracking techniques to
categorize the activities of customers in the supermarket. Then, the
number of customers, who were interested in the booth, were determined
to evaluate the display efficiency. With the image obtained from the
surveillance camera, the system can identify most of the objects entering
the observation area, tracking them to obtain the trajectory and time of
observation. Trajectory was segmented, and representative coordinates
were used, thus using a support vector learning algorithm to classify
customer activity including booth attendance and drop-in options or other
activities. Also, this article proposed the improvements of the speed of
object tracking algorithms in the case of tracking multiple objects at the
same time. Experimentally, it found that the proposed speed improvements
were significantly effective, averaging 2.8 times higher than the original,
while accuracy was not changed. Data for detecting was collected from
internet sources and surveillance camera data located at a large
supermarket in Soc Trang province.

TOM TAT

Chiing t6i trinh bay mé hinh sir dung cdc kj thudt theo doi doi twong dé
phan loai hoat dong cua khdach hang trong siéu thi; tuw do xdc dinh 56
liwong khach hang quan tam dén gian hang va danh gia hiéu qua trung
bay. Vi hinh anh thu dwoc tir camera gidm sdt, hé thong cé thé nhdn dang
dige hau hét cac doi twong la nguoi di vao viing quan sdt, theo déi ho dé
co dwoc quy dao dwong di va thoi gian luu lgi vung quan sat. Quy dao
dwoc phan doan va lcfy toa do dai dién, sau do dung gidai thudt may hoc
véc-to hé tro' dé phan loai hoat déng ciia khdch hang gom c6 quan tam
dén gian hang va ghé vao lya chon hodc la cac hogt dong con lgi. Ngoai
ra, trong bai bdo, ching t6i dé xudt cdc cdi tién nham cdi thién toc dé cia
gidi thudt theo doi doi tiwong trong truong hop theo doi nhleu doi tuong
cung hic. Qua thyc nghiém, ching t6i nhdan thay cde dé xudt cdi thién toc
dé cé hiéu qua dang ké, trung binh tang 2,8 lan so véi ban dau, trong khi
do chinh xac khong thay doi. Dir liéu nhdn dang nguoi va nhan dang hoat
dong cua khach hang o siéu thi duoc thu thap tie ngu(fn internet va dir liéu
thu dwoc ciua camera giam sat dat tai mot siéu thi lon ¢ tinh Soc Trang.

Trich dan: Tran Thi Hong An, Pham Nguyén Khang va Tran Minh Tan, 2017. Ung dung k¥ thuat theo ddi
doi tuong cho bai toan nhan dang hanh vi cua khach hang trong si€u thi. Tap chi Khoa hoc Trudng
Pai hoc Can Tho. SO chuyén dé: Cong ngh¢ thong tin: 1-9.
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1 GIOI THIEU

Trong 1y thuyét quan tri, viéc nhan biét va danh
gi4 duoc hanh vi khach hang dé dua céac chién lugc
hiéu qua dong vai tro quan trong cho su thanh cong
trong kinh doanh. Trong d6, c6 mot phan 1a danh gia
duoc hanh vi, biéu hién cta khach hang khi ho dén
tham quan mua sdm tai cac khu vue trung bay, cac
gian hang kinh doanh.

Dé quyét dinh dwoc mot chién thuat trung bay,
mot thong tin khong thé thiéu hd tro cho nguoi quan
ly la phai danh gia dugc hanh vi cuia khach hang qua
céc con sb thdng ké, ty dong hoa viéc nhan biét va
danh gia hanh vi 1a mét bién phap hién dai mang tinh
chinh xéc cao rat cin thiét trong trudng hop nay.

Viéc xdy dung hé thong nhan dang hanh vi ddi
tuong thong qua viée ap dung k¥ thuat theo doi dbi
tugng qua camera xuat phat tir nhu cau do.

Hé th()ng theo doi ddi tuwong nhan vao cac khung
hinh video thu nhan tr cac camera, qua mot s6 bude
xir 1y, phan tich va cudi cing 1a dua ra quy dao
duong di cia dbi tugng theo thoi gian 1am co so cho
viéc tiép theo 1a nhan biét hanh vi. Bat dau 1a qua
trinh phat hién dbi tuong chuyén dong trong cac
khung hinh. Sau d6 cac dbi tugng nay s& qua qua
trinh phan 16p dé phan biét cac dbi tuong thude 16p
nao, sy vat nao nhu: con nguoi, xe, may bay, cay lic
Iu .... Tiép theo 1a qua trinh xir 1y dé theo vét nham
tim ra duong chuyén dong cua d6i tuong, tur d6 c6
thé phan tich, nhan biét hanh vi ctia d6i twgng. Hinh
1 gi6i thi€u mo hinh theo doi dbi twong chuyén
dong, trong ¢6 mdi bude 1a mot linh vyc nghién ciru
rong 16n.

Video [> Object ¢
sequence Detection

Hinh 1: M hinh theo déi doi twong chuyén
dong (Ragland & Tharecis, 2014)

2 THEO DOI POI TUQNG THEO GIAI
THUAT CMT (CONSENSUS-BASED
TRACKING AND MATCHING)

Qiai thuat CMT gbc da duge G.Nebehay khoi
tao tir nam 2014 (Nebehay & Pflugfelder, 2014), sau
d6 vao nam 2015 CMT dugc cai tién thanh giai thuét
CMT thich nghi (Nebehay & Pflugfelder, 2015).
Ciing giéng véi CMT, CMT thich nghi st dung
ving khéi tao by & khung hinh dau tién cua video.
Trong vung nay rut ra dugc tip cac keypoint Py =
{x?, ..., x3%}. Mot cip so khép m; duge dinh nghia 1a

= (xf,x?), v6i xf 1a vi tri moi ctia x) trong
khung anh tht t. O khung anh tht t, ta can phai xac
dinh dwoc mdt tdp cac cdp so khép L; =

Object
Classification

Object E>
Tracking

Object
Behavior
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{my, ..., m,} biéu diér} cho dbi tuong dang theo ddi
cang chinh xac cang tot.

2.1 Tuwong wng thich nghi tinh (static-
adaptive correspondencs)

Mo hinh hinh dang tinh dya trén mo hinh hinh
dang khoi tao cta ddi tuong dugc tao nén tr bd mo
ta clia tap céac keypoint Py = {x?, ...,x2}. Chung ta
goi cac cap so khop thu duge tir md hinh nay 1a sy
tuong ung tinh. Trudc hét, chung ta sir dung tim
kiém toan cuc dé thiét 1ap cac cap so khop gitra cac
keypoint x? trong khung anh khoi tao va x! trong
khung anh hién tai bang cach str dung mot ngudng
(threshold) va diéu kién dya trén khoang cach lang
giéng gan nhat (Lowe, 2004) sir dung khoang cach
d(.,.) gitra cac mo ta cua keypoint.

d(x?, xt
d(xio,xf)<6Ad(l ])<y,j¢k (1)
) X

Ngoai ra, ta can phai loai bo cac keypoint ing
vién ma né duoc so khép véi cac keypoint nén trong
khung anh d4u tién. M6 hinh tinh nay réat hiéu qua
va ¢6 thé xir Iy duoc cac truong hop phat hién lai
cac keypoint sau khi bj che khuét. Tuy nhién, md
hinh nay khong thé phat hién thém cac keypoint méi
cho dbi trong dang duoc theo doi.

Nguoc lai, md hinh thich nghi dugc cdp nhat lai
& mdi khung anh, bao gdm céc ving anh nho xung
quanh céc keypoint x{* € £,_;. Trong khi & m6
hinh tinh, ta can phai tim kiém su twong tng trén
toan b khung anh hién tai, thi véi md hinh thich
nghi ta c6 thé gia sir thoi gian giita hai khung anh
lién tiép twong ddi nho. Vi thé, ta co thé thiét lap su
tuong mg mot cach hi¢u qua bang cach si dung
ludng quang hoc tir khung anh t — 1 dén khung anh
t. Hop cua cac keypoint dugc tim kiém bang cach so
khdp toan cuc va cac keypoint ¢6 duge do truy vét
tir cac keypoint trong khung anh t — 1 tao thanh tap
cac keypoint L

2.2 Gom cum cic twong ung

Y tudng chinh 14 st dung d6 do D phan anh sy
khéc nhau giira cac twong ung m; va m;dyatrén kha
nang tuong thich hinh hoc cuia chiing, diéu nay phan
anh truc tiép su bién dang cta dbi tuong. Do do D
duoc dinh nghia nhu sau:

D(m;,m;) = ||(xf — Hx) = (xf = Hx?)||
~Trong do ||-|| 1a khoang cach Eclide va H 1a phep
bién doi twong dong dugce ude lugng tir L.

D duoc st dung dé phan hoach L] vao trong cac
tap con str dung giai thuét phan cum phan cap tu trén
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xudng c6 st dung ngudng &. Gia sir L; 1a cum 16n
nhat chira cac keypoint lién quan dén doi tuong.

Trong do, ty 1€ s va a dugc tinh theo cong thiic
(3)va4).

xit_xjt . .
s = med m,l?ﬁ] (3)

a = med({atan2(x) — x) — atan2(x{
=)

2.3 Tranh nhiam lin cho cic twong irng

“4)

Bo mo ta hinh dang twong ty nhau trén nhiéu
phan cta dbi trong hodc nén din dén van dé chinh
ctia viéc so khop dua trén cac bo mé ta (Hinh 2). Dé
loai bo cac keypoint tmg vién gdy nhim I3n, cAn dwa
vao sy khac nhau vé mat hinh hoc trong tap £ trong
1an so khop thir hai.

Thay vi phai so khép keypoint thir i trong Py véi
tat ca cac keypoint tinh trong Py, ta chi can so khép
trong tap con.

Pi= {1 min, D () me) <) (5)

Tap nay bao gdbm céc keypoint trong Py cach £
mot khoang D nhé hon &. Céac diéu kién so khép
trong 1an hai twong tu 1an mot trong muc 2.1. £;} két
hop véi cac keypoint da dugc loai bo sy nhdm 1an
trong 1an so khdp thtr hai s& hinh thanh tap £, chira
tat ca cac keypoint thudc ddi tuong dang theo ddi
trong khung anh t.

HE THONG

l I" THEO DOI “I
VIDEO .
PHAT HIEN
POI TUQONG
SURVEILLANCE|,
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Hinh 2: Hinh trai: cac keypoint c6 by mo ta
twong tw nhau rat kho so khép néu chi dua trén
b mé ta. Hinh phai: tranh nhim Iin khi so
khép cac keypoint bang cach loai bé cac ing
vién twong rng dwa vao sw khac nhau vé mit
hinh hoc trong tap £;

2.4 Két qua diu ra cia giai rhuat

Tiéu chuan dau ra cua giai thuat theo doi 1a mot
hinh chir nhat bao quanh doi tuong. Vi vay, chiing
ta tinh todn tdm cta doi tugng theo cong thurc:

1
# = Zmer (% — HxY) (6)

Véi cac thong sb tam ddi twong u, ty 18 s, va goc
quay a tu thé cua doi twong dang theo doi dugc xac
dinh trong tu nhu gidi thuat CMT.

3 MO HINH HE THONG

Hinh anh thu nhan tr camera giam sat s¢ dugc
chuyén dén hé théng phat hién dbi tuong di vao
vung quan sat, thong tin d6i twong kich hoat hé
thong khoi dong b theo doi dén khi dbi tugng blen
mat (bi che khuét) hodc roi khoi ving quan sat, tiép
theo thong tin quy dao thu dugce tir bude theo doi s&
chuyén qua giai doan nhan dang hoat dong (hanh vi)
ctia khach hang 14 c¢6 quan tdm dén gian hang dang
duoc trung bay hodc khong.

NHAN DANG
HANH VI

Hinh 3: Céc buéc chinh trong mé hinh theo déi ddi twong va nhin dang hanh vi

O Hinh 3, hé théng gém c6 cac giai doan chinh:
nhan théng tin ddu vao tir video giam sat, phat hién
dbi twong (nguoi trong siéu thi), theo doi véi giai
thuat CMT, nhan dang hanh vi.

Trong giai doan tiép nhan thong tin ddu vao hé
thdng: dit lidu video giam sat c6 thé duogc truyén tric
tiép tr camera hoac dir liéu video da dugc ghi hinh
v luu lai vao thiét bi luu trit.
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Hinh 4 mé ta chi tiét cac bude xir Iy trong md
hinh
3.1 Phat hién nguoi

Sau khi tiép nhén dir li¢u video giam sat, can xéac
dinh pham vi khu vuc quan sét, tiép theo 14 giai doan
nhén dang ngudi trong siéu thi nhd vao model da
duoc xay dung trudc theo phuong phdp Cascade
Classifier (Viola & Jones, 2001).
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Két qua cia budc nay 1a mot danh sich cac
khung hinh chit nhét bao quanh dbi twgng phat hién
dugc trong khung hinh hién tai. Tuy nhién, mét s&
dbi twong s& khong nam trong pham vi cua khu vire
can quan sat hoac 1a dédi tuong da dugc phat hién tu
khung hinh truéc.

Vén dé datra & day 1a “Lam sao phan biét dugc
d6i tuong nao 1a ddi twgng méi phat hién 1an dau va
d6i tuong nao da dugc phat hién ¢ khung hinh trudc
va dang dugc theo dbi ¢ khung hinh hién tai?”

Mé hinh hé théng chi tiét

Video giam sat Phat hién nguai

Theo dbi véi giai thuat
cMmMT

Nhan dang hoat déng str
dung SVM

Bat Jéu

=

Xuat hién doi
tugng méi

Sai

Luu trif quy
dao

Ra khoi ving

quan sat diing

> Két thic

Hinh 4: Mb hinh chi tiét h¢ thong theo doi dbi trgng qua camera giam sat va nhian dang hanh vi

Dé giai quyét van dé nay, chiing t6i dé xuat mot
phuong phap dua trén d6 chong 1ap ctia khung bao
dbi twong, d6 chong lap duoc tinh toan bang dién
tich chong lap cta 2 hinh chir nhat: mot 1a két qua
ctia d6i twong méi dwoc phat hién va mot thé hién
cho dbi twong dang dwoc theo doi.

Gia sir ta ¢ hai hinh chit nhat R; va R, vdi céc
thong s6 vé toa do géc, chiéu rong, chiéu cao 1an
lugt1a (R1.x, R1.y), Ri.w, Ri.h va (R2.x, Ra.y), Ro.w,
Ry.h. D6 chong lap d(r1,72) dugce tinh nhu sau:

0.w = max(0, min(R;.x, Ry.x)
— max(Ry.w, R,.w))

0.h = max(0, min(R;.y, R,.y)
- maX(Rl. h, Rz. h))

Owx0.h O.wx*0.h
Ri.w*R;.h'R,,w+*R,.h

d(r1,r2) = max(

Do chdng l4p s& c6 mot ngudng dé phan biét, néu
vuot khoi ngudng ndy thi xem nhu déi tuong da
dugc phét hién truée d6 va nguoc lai day la dbi
tuong mai. Dé xéc dinh dugc ngudng nay, chung ta
can xem xét da trén moi truong cai dat hé thong,
nhitng moi truong ¢ mat do xuét hién cac ddi tuong
day dic, dan xen lan nhau thi ching ta sir dung
ngudng thap (<50%), néu nhu & moi trudng thong
thoang, cac dbi tuong trong anh it bi che khuét thi
can dit thong s6 ngudng cao (>50%) (Hinh 5).

Phat hién ddi twong trong anh mot cach chinh
xac 1a mot bai toan c¢o lich st 1au doi, tuy nhién cac
phwong phap nhan dang cha yéu dua trén cac mo ta
dic trung cuc bd. Vi cach nay doi hoi khdi luong
tinh toan rat 16n dan dén giam téc d6 thyuc thi toan
hé théng. Trong khi dé, cach tinh do chong 1ap voi
vai bude tinh toan don gian, giam ti da anh huong
t6i tbe do thuc thi toan hé théng. Vi vy, lua chon
phan ngudng do chong 1ap 1a Iya chon tdi wu cho
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nhiing giai phap tich hop nhiéu ky thuét khac nhau,
ma ban than cac ky thuat nay c6 khoi lugng tinh toan
16n.

Hinh 5: M6 ta d§ chong lp (a: trén, b: dwéi)

Hinh 5a bén trai 1a khung hinh diu tién coa
video, bo phat hién cho két qua 1a 2 d6i tuong dugc
khoanh ving mau den (hinh a, bén trai), do ddi
tuong khong chong 1ap 1én ddi twong dang theo ddi
nén day 1a di twong mai phat hién. O Hinh 5a bén
phai, bo phat hién van phat hién duoc 2 déi tuong
nhu khung hinh 5a trai, nhung do 2 d6i twong nay
chdng 14p khung hinh mau tring (két qua cua giai
thuat theo doi) nén day khong phai 1a di tuong méi
xuét hién.

3.2 Theo déi dbi twong

Sau khi phat hién dbi tuong méi xuat hién di vao
vung quan sat, vi¢c khoi tao b theo ddi duoc kich
hoat va thuc hién viéc theo vét dbi twong & khung
hinh tiép theo. Viéc theo ddi lic nay khéng don
thudn 14 mot d6i tuong ma 1a nhiéu déi tuong cung
lac. Cac bude chinh duge minh hoa trong Hinh 6.

1) Khéi tao bd theo ddi cho timg dbi tugng phat
hién va tinh todn mo ta cac dic trung cuc bo. Giai
thudt CMT cua tac gia G. Nebehay (Nebehay &
Pflugfelder, 2014) sit dung bo phat hién dac trung
FAST (Rosten & Drummond, 2006) va bd mé ta dac
trung BRISK (Leutenegger et al., 2011), nhung
trong hé thong nay ching toi str dung bo phat hién
dac trung FAST va bd mo ta dac trung ORB (Rublee
et al., 2011) do tdc do xir Iy nhanh hon, xem muc
34.1.

2) Truy vét cac dic trung cuc bd cua timg ddi
tugng trong khung anh truée dé bang phuong phép
ludng quang hoc (optical flow (Lucas et al., 1981)).
Muc tiéu 1a xac dinh vi tri cia cac diém dic trung
dai dién cho ddi tugng dugc xac dinh ¢ khung hinh
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hién tai, tap cac diém dic trung nay goi la active
keyoints.

(3) So khop toan cuc: mdi dic trung trong khung
anh hién tai dugc so khop voi cac. dac trung cua
khung anh khdi tao d€ tim cac cap diém tuong dong.

(4) Hop céac diém dic trung thu duge ¢ budc (2)
va budce (3), cac keypoint trung nhau bi loai bé.

(5) Udc lugng ty 16 va goc quay cua ddi tuong &
khung 4nh hién hanh so véi doi tugng xac dinh &
khung anh khéi tao, hé thong chi theo di ngudi theo
dang dimg thang nén thong sd goc quay dugc bo
qua.

B& o3 )

| I

1) Khdi tao bd theo ddi cho ting &4
wgng: phat hién cic Giém dic trung

|
r }
2 Tr;:\;e':?r‘cgc;?éﬁ\mg 3) So khdp toan cuc

4 Kéthop ci Giém ¢ J
Tung co ducc
4
5 Udc ugng tylévagéc

quay cua 60 tuong
6) Phan cum, tim cum Sl =
{ keypoint Ion nhat ‘ { 7)o hp &ia phuong ‘
8)Hopcactd
keypoint

Kétthic )

Hinh 6: Cac buéc theo déi doi turgng

(6) Tim cum 16n nhit bing phuong phap
consensus, c6 str dung giai thudt phan cum phéan cap
tur trén xudng.

(7) So khép cuc bd: bude 6 tim duge cum 16n
nhét ciing co nghia 1a tim duoc tam ddi tuong. Tir
d6 co thé loai bo mot s keypoint trong tap PO bang
cach tinh khoang cach tir cc keypoint ban du trong
PO dén tam dbi tuong, néu 16n hon mot ngudng nao
d6 (threshold_cutoff) thi keypoint d6 bi loai. Nhu
véy, ¢ lan so khop nay, mdi diém dic trung trong
khung anh hién tai dugc so khdp (cuc bd) vai cac
keypoint trong tap PO di loai bo di mot sb diém nao
d6 xa trung tam ddi tuong.

(8) Hop céc dic trung trong cum 16n nhét tim
dugc & budc (6) va cac dic trung duge so khdp lan
hai & budc (7) thanh mot tap duy nhit. Két qua cho
ra tap cac dac trung theo doi dugc cia khung anh
hién hanh £,. Két qua nay s& 1 cic active keypoint
duge dung dé truy vét cho khung anh tiép theo.
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Véi cac active point 1a két qua cua budc (8),
khung bao cua déi tuong can theo ddi (bounding
box) dugc tinh toan bang cach tinh khung bao cia
cac dic trung két hop véi ty 18 va goc quay so voi
khung bao cta ddi twgng trong khung anh khéi tao.

O mdi khung hinh, budc theo ddi ddi tugng bing
giai thuat CMT s& xac dinh dugc vi tri tim d6i
tuong. Vi nhiéu khung hinh lién tiép, ta s& thu dugc
mot danh sach vi tri d6i twong tao nén vi dao dudng
di tir khi ddi twong xudt hién dén khi bién mét khoi
hé théng.

3.3 Nhéan dang hanh vi

Cac phuong phap str dung trong viéc nhan dang
hanh vi dugc phan thanh ba loai chinh dya trén cong
nghé hién tai (Lavee et al., 2009): gdm phuong phap
qua md hinh nhan dang miu (pattern recognition
model), phuong phap dua trén md hinh trang thai
(stage-base), phuong phap dua trén md hinh ngit
nghia (sematic-base).

Trong ba phwong phép, phuong phap thir nhit sir
dung céc ky thuat phan loai co ban, khong doi hoi
phai c6 mot phat minh dic biét gianh cho n6. Diém
thuén loi la cac phuong phap da dugc chirng minh
1a c6 co sé khoa hoc viing chic va di duoc su dung
trong mot thoi gian dai. Tuy nhién, diéu bét loi 1a
vi€c nhan dang cac hanh vi da dugc dinh nghia trudc
trong giai doan phan loai, mudn bd sung mot hanh
vi méi thi phai thyc hién viéc phan loai lai. Cac
phuong phap sir dung nhu mé hinh lang giéng gan,
k¥ thuat Boosting, Support Vector Machine (SVM)
va Neural Networks... Trong hé théng nay, chiing t6i
sir dung phuong phap may hoc véc-to hd trg (SVM).

Tuy nhién, dé ap dung dugc may hoc véc-to hd
tro trong viéc nhén dang hanh vi 1a quan tdm hay
khong quan tam dén gian hang ma ddi twong di qua
trong siéu thi, chung t6i cAn xay dung duoc tap dir
liéu chira thong tin dic trung véi s6 thudc tinh ¢b dinh.

Muc ti€u la xay dung dugc tap dir liéu cac thudc
tinh thé hién dic trung ctia qué trinh theo ddi, ching
ta can rat trich cac thong tin quan trong tir két qua
theo ddi ddi twong. Céc két qua do 1a quy dao duong
di cua dbi trong va thoi gian (hodc s6 khung anh)
ma d6i tuong luu lai trong ving quan sat. Vi thé,
ching t0i dé xuat mot phuong phap trich va biéu
dién dic trung dudi dang véc-to c6 cung s chidu.

Quy dao chuyen dong cua dbi tuong duge mo ta
tir mot tap hop diém P = (py, Dz --Pn)- Ung v6i
moi quy dao chuyén dong khac nhau cua dbi tuong
thi s6 n cling khac nhau. Vi vay, dé dic trung quy
dao khong phu thude vao n, thi quy dao dugc chia
lam k doan, mdi doan léy toa do diém lam dic trung.
Trong truong hop n < k, cin phai bd sung vao cac
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diém c6 toa do (0,0)sao chon = k.

Ta co ty 1€ rat thong tin 1a %, toa do cac diém P =
{1, ¥1), (x2,¥2) .. (X, Y1)} duge rit trich nhur sau:

~ . n
X.nmeui*x—<n
%
p = k k
x = , n
xn_lnéui*E>n

n
Buix—<
Vi néuix o <n

~ . n
yn_lneul*z>n

Trong d6, i di tir 0 dén k-1.

Gia sir chon k=16 va thong tin vé s6 khung hinh
ma doi trong luu lai trong ving quan sat thi ta s€ co:
16*2+1=33 chicu.

3.4 Cai thién tdc dd xir Iy ciia hé thong

3.4.1 Thay doéi bo mé ta dic trung

Nhu d@ mod ta & muc 3.2, hé théng duoc cai dat
str dung bd mo6 ta ORB trong khi thu vién libCMT
sir dung BRISK. Sau khi cai dat thuc nghiém, toc do
ctia hé thdng khi sir dung bd md ta ORB ting 1én
dang ké, xem Biéu dd 1 va Biéu db 2.

Néu khong sir dung bd mé ta ORB ma sur dung
bd md ta BRISK, nhu tac gia giai thuét st dung,
ngudng so khdp thr_dist voi gia tri mac dinh 1a 0,25
¢6 nghia 12 bo mé ta ctia 2 keypoint can so khop phai
gidng nhau trén 75% méi duge xem 14 gidng nhau.
Tuy nhién, néu 4p dung phan ngudng nay & moi
truong 13 siéu thi co nén phuc tap va cac keypoint
tuong tu nhau rt nhidu, s& dan dén so khép sai, can
phai tang ty 1& so khdp nay 1én tir 85% dén 95%, co
nghia la thr_dist 1a 0,15 hoac 0,05.

3.4.2 Gidi han pham vi doi tuwong truoc khi rut
trich cdc ddc trung

Thong thuong sau khi phat hién ddi tuong s&
dung hinh chit nhat dé bao quanh va tién hanh rat
trich cac dac trung trong hinh chitr nhat d6. Tuy
nhién, d6i voi trudong hop dbi twong 1a dang ngudi
dung thi s€ c6 khoang tréng khong thudc doi tuong
nguoi ma thuge nén dan dén viéc rit cac dic trung
nham 13n tir nén sang ngudi. Trong truong hop nén
¢6 céu triic phure tap, s keypoint nén bi nham 1an
sang nguoi nhiéu hon sé lwong keypoint thuc su
thudc nguoi thi theo doi bang giai thuat CMT khong
con chinh xac nira.

Dé han ché van dé nay, chung t6i di dé xuit sir
dung hinh da giac bam theo dang nguoi dang ding
hodc di khac véi hinh chir nhat (Hinh 7).
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THO'1 GIAN KHO'I TAO CUA GIAI

THUAT CMT
__ 800
wv o
E 600 = == 7
£ 400 S 4
o= - -
2 200
2 S
CMT CMT CMT CMT CMT CMT
1 2 3 4 5 6
— — -BRISK ORB

Biéu do 1: So sanh vé thoi gian khéi tao ciia giai
thuit CMT giira hai by mé ta BRISK va ORB
dwa trén so lwgng cac CMT dwoc tao ra

Ngoai ra, s6 lugng keypoint thugc dbi twong
giam lam cho giai thuat theo ddi chay nhanh hon &
mot s6 bude nhu theo ddi (tracking) & bude 2, so
khép cuc bo (local matching) ¢ bude 7 (Hinh 6).

THO'1 GIAN THEO DOI CUA MOT
POI TUONG BANG GIAI THUAT

CMT
__ 200
"
R A A A R IR R
F 100
%” 0
£ F1 F2 F3 F4 F5 F6 F7 F8 F9F10

- = -BRISK ———ORB

Biéu d0 2: So sanh thoi gian theo déi mot ddi
tugng cua giai thut CMT tir khung hinh th
nhat dén khung hinh thi 10

|
Hinh 7: Mit na da giac biéu dién dang ngudi
3.4.3 Xur Iy bang ky thudt da luong
Cac bude xur ly cua giai thuat CMT thich nghi
nhu mo ta trong Hinh 6 déu tuan ty va da s6 phu
thudc nhau (ngoai trir budce 2, 3 va 6, 7 ¢6 thé thue

hién song song). Chung t6i dé xuit mot giai thuat
mai cai tién toc d6 xir 1y viéc theo ddi bang cach sir
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dung ky thuat da ludng (multithread) trén cac hé
thong da nhan (multicores).

Chuing t6i chia cac budce xtr 1y trong Hinh 6 thanh
6 giai doan (stages): (1), (2), (3), (4, 5), (6) va (7, 8).
Moi giai doan dugc thuc thi trong mot ludng
(thread) khac nhau. Giai thuat hoat dong nhu sau:
ddu tién, thread 1 tinh toan cac dic trung cuc b va
luu két qua vao bién toan cuc (4). Thread 2 thuc
hién truy vét cac dic trung dugc tinh ¢ Threadl bang
phuong phap ludng quang hoc va luu két qua vao
trong bién (B). Thread 3 chd cho dén khi thread 1
hoan thanh 1a nd c6 thé bat dau thuc hién viéc so
khép toan cuc. Két qua cua viée so khdp toan cuc s&
dugc dat vao bién luu trit twong tng (C). Thread 4
chd cho dén khi thread 2 va thread 3 thuc hién xong
n6 s& hop cac diém dic trung lai (dugc luwu trit trong
bién B va C) va tinh toan uéc lugng ty 18, goc quay,
tam dbi twong dua vao bién luu trit (D). Thread 5
cho cho thread 4 thuc hién xong noé s¢€ tim cluster
16n nhit theo phuong phap consensus tir théng tin
lwru trit trong D. Thread 6 ¢6 thé bt dau cing lac véi
Thread 5 sau khi thread 4 hoan thanh, thread nay sé
thuc hién so khdp cuc bd va hop nhét cac dic trung
dé cho ra két qua sau cung (Hinh 8).

4 KET QUA THUC NGHIEM

Chung t6i da thuc hién cai dat hé théng bang
ngoén ngtt C++ st dung thu vién OpenCV va thu
vién libCMT trén nén Qt. Chiing t6i danh gia viéc
cai tién toc do xir 1y theo phuong phép da ludng trén
tap dir liéu thu thap tir camera an ninh ghi lai dién
bién thuc té tai siéu thi.

4.1 Két qua xdy dung mé hinh nhan dang
ngudi va hanh vi

4.1.1 Xdy dung mé hinh nhdn dang nguoi s
dung phwong phdp cascade classifier

Tao tap dit liéu dé xay mé hinh cho phwong phép
cascade classifier c6 giai doan quan trong la xay
dung tap anh chira ddi twong (tip positive) va tap
chtra anh nén (tap negative). O budc xay dung tap
anh chta ddi tuong, to6i st dung coéng cu
ImageClipper cia tac gia Naotoshi Seo (, 2014).
Mot tap dir liéu véi 18.357 file 1a anh nguoi va tap
dir lidu véi 44.648 anh nén da dugc xdy dung. Sau
khi xdy dyng tap dir lidu tién hanh xay dung mo
hinh. Két qua danh gia mé hinh trén tap dir liéu (rat
trich tir video thuc t&) dugc thé hién ¢ Bang 1.

Véi tap anh 1 va tap anh 2 duoc rat ra ngau nhién
tr doan 2 doan video dai 10 phut ghi lai hinh anh
khach hang tai si€u thi, va dit liéu nay khong nam
trong tap dir liéu huan luyén.
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Bang 1: Két qua danh gia mé hinh

Tap anh Tong so6 anh Tong sé ddi twong % phat hién ding % phat hién sai % khéng phat hién dwoc

Tap 1 100 657 83,08% 18,46% 16,92%
Tap 2 200 1295 84,55% 6,50% 15,45%
4.1.2 Xady dung mé hinh nhén dang hanh vi Biéu dd 3 cho thy rang khi két hop viéc thay ddi
dung may hoc SVM bo mo ta tir BRISK sang ORB va phuong phap xur

1y tir tudn ty sang da luong c6 thé cai thién dang ké
thoi gian thuc thi. Téc do hé thong ting rd rét khi
két hop cung luc 2 phuong phép cai tién 1a sir dung
bd mo ta ORB va xir 1y da ludng trong khi d chinh
xéc trude va sau khi cai tién giai thuat 1a nhu nhau.

Dir liéu huin luyén st dung giai thuat SVM thi
can phai c6 dinh dang 1a véc-to dac trung va nhan &
dang sb. Vi vdy, can phai xay dung tap dit liéu mau
¢6 chira thong tin phu hop. Tép tin da xay dung chira
369 mau va chira 33 thudc tinh. Trong d6, 16 cot dau
tién 13 toa d6 diém x, 16 cot sau 13 toa d6 diém y, cot 5 KET LUAN
cudi cung 1a s6 khung hinh ma dbi tuong xuét hién
trong vung quan sat. Trong do, 16 cot dau tién 1a toa
do dlem X, 16 ¢t sau 1a toa d6 dlem y, cOt cudi cing
1a s6 khung hinh ma d6i tuong xudt hién trong ving
quan sat.

Qua qua trinh nghién ctru, chung t6i da xay dung
thanh cong mo6 hinh nhin dang nguoi, theo doi va
cudi cing 1a nhan dang hanh vi cua ho trong si€u thi.
Ngoai ra, chung ti con dé xuat mot phuong phap
cai tién giai thugt CMT theo huéng xur Iy da ludng
Dir liéu duoc xdy dung phan thanh hai 16p, 16p nhim cai thién tdc d6. Két qua 1a toc do tang 1én 2,8

thr nhét 13 nhitng khach hang c6 quan tdm dén gian lan so v&i giai thuat gbe. Tir d6 dap tng tbt vao bai
hang dang trung bay, 16p thir hai gdm nhitng khach toan thuc té theo doi nhidu d6i twong xuét hién cung
hang khong quan tdm. St dung thu vién libSVM xay lic, Tuy nhién, do moéi truong dat camera quan sat
dung m6 hinh véi cac thong s6 nhu trong Bang 2, s& 1 siéu thi dong nguoi, cau tric anh nén phic tap, co
dat do chinh xac 92,1196%. quéa nhiéu céc chi tiét nho c6 dic trung gidng nhau.

Chinh vi nhiing dic trung gidng nhau nay gy ra

Bing 2: Thong 56 xay dyng mé hinh nhandang ;. 15 13; khi nhan dang ciing nhu theo d6i d6i

Ham nhin c gama degree  coef tuong, truc tiép anh huong dén do chinh xéac cua ca
POLY  0,00002 0,7 1 0,25 hé thong.
4.2 Két qua cii thién toc d hé thong Tir mo hinh nay, ching ta c6 thé md rong ap

dung cho cac hé théng thong minh hd trg cong tac
xtr ly ting 1én trung binh 'gép 7 1an & giai doan khoi an mnl} nh‘f dua vao nhé}n darAlg quy daf) hczac ‘két
ta0 bo theo ddi (khi c6 ddi twong moi xudt hign) va  hop thém cac phuong phap nhan dang ctr chi, hanh
ting lén trung binh 2.8 14n & giai doan theo doi khi ~ d0ng ngudi phat hién cac hanh vi bat thuong...
chay trén may tinh 2 cores (4 threads/core).

Két qua cho thay giai thuat cai tién cho higu qua

Cii tién CMT theo phuong phéap da ludng

Ludng chinh Ludng 1 Ludng 2 Ludng 3 Ludng 4 Ludng 5 Ludng 6
A o

{ Batdau )

DPoc frame

' \
1) Khai tao bo
Detect 1 " theo doi
2) Truy vét cac 3) So khdp toan
diém dic trung cuc ¥
[ 4) Két hgp cac
diém dac trung
£2
5) Udc lugng ty 1é
va géc quay !
6) Phan cum, tim 7) So khdp dia

P - N cum I6n nhét phuang

( Kétthuc ) 3

T 8) Hop cac tap

Tiép nhan két keypoint
qua hién thi 1 ‘

Hinh 8: Cii tién giai thudt CMT theo phwong phap da ludng
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BIEU PO THOI GIAN THU'C
THI CUA HE THONG

1 5 9131721252933374145495357

- --- ORB-Paludng
ORB -Tuén ty
BRISK - Pa ludng
— - — BRISK - Tuén ty

Biéu do 3: so sanh thoi gian thue thi khi két hep
cac phwong phap cai tién gidi thuit
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