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M@t thuat toan phat hién bat thwong dwa vao
quy dao trong giam sat video

An Anomaly Algorithm Based on The Trajectory
in Video Surveillance

Abstract: This paper proposes a technique to
detect abnormalities in the video surveillance based
on motion trajectory. The proposed technique is based
on the nature of the route which has a certain
influence on objects moving on that route, thereby we
have given a representations routes by segments,
combined used Hausdorff distance to calculate the
similarity between trajectories. Therefore, the
proposed technique can detect abnormalities, even
when the object is not complete orbital motion, thus
the system can response the video monitoring real-
time.

Keywords: Anomaly detection, motion trajectory,
moving object, video surveillance, segment route.

I. GIOI THIEU

Ngay nay, nhu cau vé hé thong giam sat tu dong
ngdy cang ting. Cing vai su tién bo cua cong nghé va
chi phi giam, viéc trién khai cac hé théng camera giam
sat ngay cang rong rai trong cac co sé cong cong va tu
nhan. V6i nhiém vy giam sat lién tuc va dam bao sy
tin cay v6i mot sb luong 16n cac dong video 1a mot
thach thire ddi voi ngudi diéu hanh hé thong giam sat.
Video giam sat ty dong co thé giup giam chi phi nhan
lyc, ciing nhur dua ra cac théng béo thich hop khi can
thiét. Chinh boi vay phat hién bét thuong trong giam
sat video dd tr& thanh trong tdm va thu hat nhiéu
nghién ctru trong linh vuc thi gidc may tinh.

C6 nhiu phuong phap phat hién bit thuong, nhung
tyu chung lai ching c6 thé duoc phén loai thanh hai
nhoém, nhom dya trén cac dac trung hinh anh cia dong
video [1,2] va nhém dua trén phén tich quy dao
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chuyén dong cua ddi twong [3,4]. Trong nhitng nim
gan day, cac phuong phép phén tich dwa trén quy dao
da nhan duoc nhiéu sy cha y khi thyc hién phat hién
tryc quan hanh vi bat thuong [5-7].

Cac ky thuat phat hién bat thuong dwa trén phan
tich quy dao duoc thuc hién bing cach phan cum cac
quy dao dé mo hinh hoa cac quy dao "binh thuong”,
phan cum c6 thé duoc ap dung dé loai bo cac gid tri
ngoai lai [8]. M6 hinh téng quat dwoc chi ra nhu Hinh
1. Quy dao chuyén dong cua cac ddi twong thu duoc
sau giai doan phat hién va theo vét dbi tuong chuyén
dong, duoc xur Iy (1am min, chuan hoéa) trude khi ap
dung cac thudt toan phan cum. Sau do6, bat thuong
dugc phat hién bang cach tinh toan khoang cach cua
cac quy dao mai toi trong tim cta cum "binh thuong”
hién c6, néu khoang cach 1én hon mét ngudng cho
trude thi d6 1a quy dao bét thuong.

Phan 16n céc thuat toan dé xuét duoc thiét ké chu
yéu dé phat hién bt thuong trong quy dao hoan chinh,
tire 14 tit ca cac diém dir liéu tir quy dao duogc yéu cau
trugc khi phan loai no 1a bat thuong hay khong. Diéu
nay rd rang 1a mot han ché trong ung dung gidm sat ty
dong bai yéu cau thuc hién trong thoi gian thuec.

Trong bai bao nay, dya trén tinh chét cac tuyén
dudng c6 anh huong nhat dinh ddi véi dbi twong di
chuyén trén tuyén duong d6, chung t6i dua ra cach
biéu dién quy dao chuyén dong cua déi tugng thanh
cac doan dya vao hudng va toc do chuyén dong. Bén
canh do, chung t6i cling dua ra hiéu chinh viéc tinh
toan khoang cach Hausdorff nhim do d6 twong tu giira
hai quy dao c6 chiéu dai khac nhau.
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Hinh 1.Mé hinh téng qudt phat hién bat thuwong
dua vao quy dao

Thuat toan phat hién bat thuong trong gidam sat
video dua vao quy dao chuyén dong dugc dé& xuét
trong bai bao dya vao viéc st dung khoang cach
Hausdorff dé tinh toan su twong tu giita cac quy dao
trong qua trinh danh gia. Nho do, ki thuat dé xuét co
thé phat hién duoc bit thuong ngay ca khi ddi twong
chua hoan thanh quy dao chuyén dong, do vdy c6 thé
dap tng cac hé théng giam sat video thoigian thyc.

Phan con lai caa bai bao duogc trinh bay nhu sau:
Phan 1l: Khoang cach Hausdorff giita hai quy dao.
Phan Ill: Phat hién bat thuong. Tiép theo 1a thuc
nghiém va cudi cung 1a két luan vé ky thuat dé xuét.

I11. KHOANG CACH HAUSDORFF GIUA HAI
QUY PAO
11.1. Khoang cach Hausdorff

Khoang cach Hausdorff dugc su dung kha sém
dung nhu do do twong ty gitra hai tap diém va duoc
g dung nhiéu vao trong viéc ddi sanh anh [9] va cac
d6i tugng hinh hoc [10], nhung khi ap dung khoang
cach Hausdorff giita cac quy dao thi trong nhiéu
truong hop nod t6 ra khong phu hop. Vi du trong Hinh
2.(a), hai quy dao A, B co khoang cach kha nho,
nhung chung lai rat khac nhau; Trong Hinh 2.(b), quy
dao 1 va 2 ¢6 khoang cach kha 16n nhung ching &
cling mot tuyén duong.

Trong phan nay chung t6i dua ra hiéu chinh déi véi
dinh nghia nay va dugc sir dung dé do d6 tuong tu
gitra hai quy dao.
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(b)
Hinh 2. Sy khéng phu hop khi s dung khodng cdch
Hausdorff do do twong tu giva cdc quy dao

(@)

% Dinh nghia 2.1 [Khoang cach tir mot diém dén mot
tap]

(X, d) 12 khong gian metric ddy du, ky hiéu H(X) la
tap cac tap con compact cia X. Goi xeX va B €
H(X), khi d6 khoang cach tir diém x téi tap B duoc
dinh nghia la:

d(x,B) = min {d(X, y): yeB}
+ Dinh nghia 2.2 [Khoang cach gitra 2 tap hop]

(X, d) 1a khong gian metric day du A, B € H(X)
khi d6 khoang cach tur tap A téi tap B duoc dinh nghia
boi: d(A, B) = max {d(X, B): xeA}

+ Dinh nghia 2.3 [Khoang cach Hausdorff]

)

(X, d) 1a khong gian metric day da. Khoang cach
Hausdorff gitta A, B € H(X) duoc xac dinh nhu sau:
h(A, B) = max {d(A, B), d(B, A)}

1.1. Khoéang cach Hausdorff giira hai quy dao
% DPinh nghia 2.4 [Quy dao chuyén dong]

Quy dao chuyén dong cua dbi tugng O 1a diy cac
diém (t;,t,, ..., t,) thé hién vi tri tai cac thoi diém
khéc nhau cua O.

0 ={ty,ty, ...t} 2

Nhin chung, viéc thu nhan quy dao chuyén dong

ctua dbi twong duoc thuc hién tir khau phat hién ddi

tuong chuyén dong hoic theo vét ddi twong. Hinh 3

thé hién quy dao chuyén dong cua ddi twong dugc thu
nhdn trong qua trinh theo vét déi tuong.
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Hinh 3.Quy dao chuyén déng ciia déi twong

Quy dao chuyén dong cia d6i twong 1a mot tap co
thir tu toa do cia d6i twong chuyén dong trong mot
khoang thoi gian, bai vay khoang cach Hausdorff dinh
nghia & trén c6 thé ding dé tinh khoang cach giita hai
quy dao c6 chiéu dai khac nhau. Tuy nhién né khong
xét dén tinh thir tu cua cac diém trong quy dao, do vay
dé c6 thé dung dé tinh khoang cach giira hai quy dao,
can bd sung thém thong tin vé huéng chuyén dong cua
déi tuong.
+« Pinh nghia 2.5 [Khoang cach gitta hai quy dao

chuyén dong]

Cho hai quy dao A ={ay,a,,..,a,} va B=
{b1, by, ..., b}

Khi d6, khoang cach giira hai quy dao A, B, ki hi¢u
1a h(A,B) dugc xac dinh boi:

h(A, B) = max{d(A, B),d(B,A)} ®)

Trong d6, d(A,B),d(B,A)dugc tinh theo cong
thue:

d(A,B) = max{d(a;, B):a; € A} 4)
d(B,A) = max{d(b;,A): b; € B} (5)

Khoang cach d(a;, B), d(b;,A) dugc tinh theo

cong thue:
d(ai,B) = min{d(ai,bj): b] € B}
d(bl,A) = min{d(bi, aj): aj € A}

(6)
U]

Khoang cach d(ai, bj) dugc tinh nhu sau:

d(a- b-) = ||x51 — xb ya _ ?’” +v(1- via'v}, (8)
[2d ) i j Vi y] Y |v{1||v;’|
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Véi v, v lan luot 1a van toc tai a; va byjva duoc

xac dinh:
Via = (ai,x—ai_l.x,ai.y—ai—r}’) (9)
v]p = (b]x — bj_l.x, b]y - b]—ly) (10)

¥ 1a tham s6 nham diéu chinh trong sé cia huéng di
chuyén.
I11. PHAT HIEN BAT THUONG DUA VAO QUY
PAO
[11.1. Tuyén duong
Cho tap hgp cac quy dao R = {04,0,, ...
ngudng 4.

,0,} va

Khi d6 R duoc goi 1a tuyén duong néu:
h(Ol’, 0]) <4,V Oi' 0] ER

Céac quy dao trong cting mot tuyén duong thuong
dugc xem 1a ¢ cung sé diém biéu dién. Khi di chuyén
trong mot khu vuc, phan 16n cac d6i tuong thuong di
theo nhitng 16 trinh nhat dinh, xuat phat ¢ cing mot
khu vuc va cung két thiic & khu vuc khac, vét cua cac
chuyén dong nay hinh thanh 1én tuyén duong (Hinh 4).

—

= — s

Hinh 4.Tuyén duwong

I111.2. Phan doan quy dao

Viéc phan doan quy dao thanh cac quy dao con da
duoc dé cap dén trong mot sb nghién cuu, tiéu chi
phan doan quy dao phu thudc tuy vao Gng dung.
Christine Parent va cong sy [11] xac dinh tiéu chi
phan doan dua vao viéc tim cac diém ma ddi tuong
thay dbi trang thai tir ding sang chuyén dong.
Yang[12] dua vao viéc xuat hién hodc bién mét caa
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dbi tuong trong canh quay dé phan doan. Liao [13]
dua trén toc do chuyén dong cia dbi tugng, phan loai
chung thanh ba loai: di b, tdc do cao va toc do thap.
Zheng [14] sir dung thong tin vé téc do, gia téc va ty
1 thay ddi tbc d6 dé phan doan quy dao, ho xac dinh
vi tri ma ¢ d6 chuyén dong duogc thay doi giira hai
trang thai di va khong di.

Van toc cua cac ddi tuong khi di chuyén trén mot
tuyén duong bi anh huong bai nhiéu yéu td, trong d6
tinh chét cac tuyén duong cé anh huong nhat dinh ddi
v6i d6i tuong di chuyén trén tuyén dudng d6. Chung
t6i dwa vao ty 1& thay dbi van téc cua ddi tuwong
chuyén dong 1am tiéu chi thyc hién phan doan. Diém
phan doan dugc xac dinh la diém ma ¢ d6 ty Ié thay
d6i van tc v} vuot qua ngudng o.

vi-vF, vY-v)

r _ ; i-1 i i1
Vi =min (T, T)
i-1 i-1

(11)

Trong do, v, viy tuong tng 1a van tdc theo hudng
x va hudng y, ching dugc tinh 1a khoang cach gitta hai
diém lan can trong cung mot khoang thoi gian:
vF = x =X vav] =y =y

Goi seg = {segy,seg,,..,segy,} 1a vi tri cac diém
phan doan cua quy dao O(1 <seg; <n, 1< u <
n). Khi d6 O s¢ duoc chia thanh u+1 doan va dugc
biéu dién nhu sau:

 tn)
Cic quj dao: SO; = {ty,ts,.., tseg,J(1 S i < W)
duoc goi la cac quy dao con caa O.

0 ={ts,ts .., tseg,s tsegy41r - Lsegyr -+ Lsegys -

YL I B
Ly Ty

P BT B LI L T BT N B ] .I!.—ll‘.ll—l

50,

50,
50,

50,

Hinh 5.Quy dao duoc chia thanh cdc giai dogn
1.2. Phat hién bat thuwong
Trong phan nay, ching t6i dé xuat mot ky thuat
phat hién bat thuong tir video giam sat duwa trén cac
phan doan cua tuyén duong (Hinh 6). K§ thuat dé xuat
c6 thé chia 1am hai pha. Pha tha nhat nhim mo hinh

Tap V-2, S6 14 (34), thang 12/2015

hoa cac chuyén dong binh thudng. Pau tién, cic quy
dao cua dbi tuong Chuyén dong binh thudong (duoc rut
trich tir giai doan phdt hién va theo doi ddi tuong
chuyén dong) duge nhom thanh cac tuyén duong. Sau
do, tién hanh phan doan duong trung binh cua tuyén
duong thanh cac quy dao con dya vao ty 1¢ thay doi
van toc. Pha thi hai, phat hién bat thuong, véi quy dao
(chua hoan chinh) thu dugc trong qua trinh giam sat,
tinh toan khoang cach gitra quy dao can kiém tra téi
cic phan doan cua duong trung binh ting tuyén
duong, tir d6 quyét dinh d6 1a chuyén dong bat thuong
hay binh thuong.

Tim dudng trung
binh cla tuyén ’
duiong

Phén doan dudng
trung binh cla

Lap nhém cac ‘
tuyén duang

Tinh ngudng ‘
quy dao

dmax

e = min:max [n[ﬁl'.P‘ji]
ke

Thong
bao

Qu{ dao I B | Bophat hién bst |
can kiém tra thuéng ADB-STR

Hinh 6.So do khoi phat hién bat thirong dua vao cdc phdn
doan cua tuyén dwong
+» Pha thi nhat: Khéi tao
Ky higu:

— R ={Ry,R,, ..., R} 1a tap cac tuyén dudng binh
thuong;

— 7; 1a sb luong quy dao cua tuyén dudng R; VOi
1<

- 0} 1a cac quy dao thudc tuyén duong R;;
A<i<k),(A<j<n)

— P ={P,,P,, ..., P} tip cac dudng trung binh cta
cac tuyén duong. P; 1a duong trung binh cua
tuyén duong R;;

- S 0} la quy dao con thtr j cua dudong trung binh
P;;

SOJL = {Pi (plr b2, psegj)} (12)

+ Bué6c 1: Lap nhom cac quy dao cung mot tuyén
duong
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+ Buéc 2: Xay duyng duong trung binh ctia mdi
tuyén duong
Puong trung binh P; ciia tuyén duong R; duoc xay
dung nhu sau:
p; = {% j=1 Of(tj)}
+ Budc 3: Tinh gia tri ngudng dmax

(13)

Gia tri nguong dp,q, duoc xac dinh theo cong
thire dudi day:
Admax = minizluk{maxj:l"ri{h(O?',Pl-)}} (14)
+ Budc 4: Phan doan cac duong trung binh.
+ Pha thw hai:
Phat hién bat thuong dua vao phan doan duong
trung binh cuia tuyén duong.

Thuat  Abnormal Detecter Based on Sub -
toan Trajectories of Route (ADB-STR)
Vao umax: 1a sb quy dao con 16n nhét cua tat ca
cac tuyén dudng
k: s lwong tuyén duong
Amax: gia tri ngudng
{S0/}(i =1..k); = 1..umax): tap céc
qu§ dao con cia cac tuyén dudng
T*: quy dao can kiém tra
Ra Gia tri nhi phan Abnormal
Thuc j=1; Abnormal=false;
hién

While (j < umax and Abnormal=false)
d = min;_y i (A(T*,50)));
if (d > dp,ax) then Abnormal=true;
=it
End while;
+ Danh gia do phirc tap tinh toan:

C6 thé thay rang, véi mdi gia tri cua j, ta can tim d
1a gi4 tri nho nhit cua cac khoang cach giita quy dao
T* voi cac quy dao con thi j cia k tuyén duong. Tong
quat s6 1an thuc hién viéc tim d 1a: umax x k, do vay
d6 phuc tap tinh toan cua thuat toAn ADB-STR la
o(n).
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2. THUC NGHIEM

Nham kiém chang ky thuat dé xuét, ching toi tién
hanh thyc nghiém trén méi truong Matlab R2013a, véi
bo dir lidu quy dao do Piciarelli [14] xay dung, gom
1000 tap dir liéu, moi tap dir ligu c6 260 quy dao co
chiéu dai 16 diém, trong dé 250 quy dao dugc danh
dau Ia binh thuong, 10 quy dao bat thuong.

Qua trinh thyc nghiém dugc thuc hién qua 5 budc
sau:

Buwéc 1: Lap nhém cac quy dao binh thuong

Tu tap 250 quy dao, ching t6i chia thanh 5 nhom
(Hinh 7).

- X
X 0 02 04 06 08 1 12 14 16 18 2

(@ (b)

(®) )
Hinh 7. Phdan nhom cac quy dgo.(a): Tdp 250 quy dao;
(b): Nhom I; (c): Nhém 2; (d): Nhom 3;
(e): Nhom 4; (f): Nhom 5
Bu6c 2: Tim duong trung binh cia mdi tuyén
duong
Puong trung binh ciia mdi tuyén duong duge xay
dung theo cong thic (13), két qua thé hién nhu Hinh
8.
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Hinh 8. Puong déc trung ciia moi tuyén dwong
Bwéc 3: Phan doan duong trung binh duya vao su
thay di van toc.
Chung t6i tinh toan ty I& thay d6i van téc va tim
diém phan doan theo cong thuc (11), két qua dua ra
nhu Bang 1.

Bdng 1. Két qua phdn doan cdc dwong ddc trung

?&Zr;g Route | Route | Route | Route | Route
binh 1 2 3 4 5
S0 doan 2 2 2 2 2
Vi tri 10 5 5 10 5
Y
0.6
0.4
0.2
.2 0
Biéu 02
dién -0.4
-0.6
-0.8
1 X
1.5 1 0.5 0 0.5 1 15

Bud6c 4: Phat hién bat thuong
- Xac dinh ngudng d 4, theo cong thuc (14).
- Phat hién quy dao bét thuong

Trong budc nay chung toi thuc nghiém 2 phuong

an.
Phuong 4n thir nhit: Phat hién bat thuong voi quy
dao hoan chinh, véi mdi quy dao can kiém tra, tinh
toan khoang cach Hausdorff tir quy dao d6 t&i moi
duong dic trung, néu cac khoang cach vuot qua
ngudng dypq, thi d6 12 quy dao bat thuong.

Két qua thuc nghiém duoc chi ra ¢ Hinh 9. Cac
quy dao bat thuong duoc vé bang mau do, két qua
hoan toan phu hop véi két qua thyc nghiém cua
Piciarelli [14] va Laxhammar [16].
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-1.5 T T T 1 X

Hinh 9. Phat hién cdc quy dao bt thuwong
Phwong an thi hai: Quy dao kiém tra 1a quy dao
khong hoan chinh. Khoang cach tir quy dao can kiém
tra téi doan twong ng cua cua ting tuyén dudng dugc
tinh dugc mdi khi bé sung thém mot diém trong qua
trinh dbi twong di chuyén. Két qua cho thiy, di voéi
tuyén duong Route 1, Route 4, tai diém thu 10, gia tri
khoang cach cua quy dao can kiém tra ddi véi Route 1
va Route 4 da vuot qua ngudng dpa, twong tu nhu vay
ddi véi Route 2, Route 3 va Route 5, tai diém thu 5.

Bdng 2. Vi tri phdt hién bdt thiong trén cdc tuyén durong

Tuyén | Route | Route | Route | Route | Route
duong 1 2 3 4 5
Vi tri
diém
phat hién 10 5 5 10 5
bét
thuong

Nhu véy, so véi phuong 4n thir nhit, tat ca cac quy
dao bat thuong déu da dugc phat hién. Hon nita, so
vai két qua cua Piciarelli [14] va Laxhammar [16],
phuong 4n d& xuét cho phép xac dinh quy dao bét
thuong khong can duyét toan bd duong trung binh.
Trong truong hop Xau nhat tai diém tha 10 da phat
hién dugc bét thuong.

Két qua trén cho thay néu véi yéu cau can kiém tra
xem mot quy dao co 1a bat thuong véi mot tuyén
duong cho trude ta chi can kiém tra né vé6i cac doan
con cua dudng trung binh cua tuyén duong do.
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IV. KET LUAN

Phat hién bat thuong trong giam sat video hién rat
dugc quan tim bai tinh tng dung cua né. D3 co nhiéu
cong trinh nghién ctru va nhiéu cach tiép can duogc dé
XUat, tuy vay hau hét déu tap trung vao xtr 1y, thao tac
VGi quy dao hoan chinh, tuc 1a chuyén dong cia ddi
tuong da dugc didn ra, diéu nay khong hop 1y véi hé
thdng giam sat thoi gian thuc. Bai bao da dé xuat mot
ky thuat phat hién bat thuong dyua vao quy dao, giai
quyét han ché @6 bang cach két hop gitta phan doan
cac quy dao dya trén tinh chat cac tuyén dudng c6 anh
huong nhat dinh d6i véi dbi twong di chuyén trén
tuyén duong d6, két hop véi sir dung khoang cach
Hausdorff cai tién. Két qua thuc nghiém cho thay, ky
thuat dé xuat c6 thé phat hién duogc bat thuong ngay ca
khi dbi twong chua hoan thanh quy dao chuyén dong.
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