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Abstract: In this paper, we propose a self-organising model for anomaly detection in surveillance videos.
The model is used to model normal patterns in video scenes and detects deviations from them as abnormal
patterns. The model can add nodes into its map and delete nodes from its map for representaion of normal
patterns more accurately. To demonstrate the effectiveness of our method, we have applied our method to

intrusion detection tasks in surveillance videos obtainded by a fixed camera and a rotating camera.
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Fig. 1 The structure of the proposed method.
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Fig. 2 Flowchart of the proposed method.
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cates rank of similarity of input stimuli.
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Algorithm 1: Anomaly detection algorithm

Initialize: initialize node set {{NF}{_;}£_,, weight vector
v, are randomly chosen from input stimuli,
habituation coefficient h;(0) < 1.0,
age; (0) — 0.

Input: a set of frames {t;}7_,, input stimuli {{=*}L_ }T

Output: anomaly labels for each location of each frame

{{y§}1€:1 }?:1

foreach frame t; do
foreach model | do
compute input stimuli wé,
foreach node i' do
compute similarity D! using (1);

end
select the top S nodes in Di and update age of
them using (2);
compute normal value O' using (3);
if O! < Oy then

| {yl} < anomaly;
else

‘ {y},} < normal;
end
update habituation coefficient hi(l)(ti) using (4)
and age of nodes using (5);
if ch(l) < Dyipy and hi(l) < Hyny then
insert a new node k with weight vector 'ui:
v, = %('Ulcu) +ap);
end
foreach node i' do
if age,li(ti) > ageinr then

‘ delete node i;

end

end

end

end
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Table 1 Parameter settings for the proposed method.
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J = FBMOBLARE L & W E Hep, 0.1

KW ageonr 800

J = PP L 2 WE (7 VEBER) Do, 0.1
J = FBINOFLE L & WE (E7VHEER) Dy, | 0.6 | 0.9
HIED L & WE Oy 0.76 | 0.87

®2 HETFECHT LT 2=%
Table 2 Parameter settings for GWR and MOG.

HBFk INTA—=H BEE | el
GWR FERBED L EWME hr 0.1
TEKBB DT i, an 1.05

EHANRYZ PVOTH R e, | 0.05 | 0.01

HANY PVOFEHHHRE e, | 0.01 | 0.001

EHEED L & Wil ar 0.9 0.8

FERIRE DO BRI 7 0.1 0.4

KB D EHAREL 7, 0.05 0.4
MOG aniiEd 5

TREPETHLEWHE 0.6 0.9

THIRAT 57 L — 28 300 200

DA B RET H LS WE 6 30
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g Sz 2 lEHOBEHE G TH L. HEKFEE, X
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&, Stauffer 5 OFFE 21 I3 LTEEDAT 7L — L%
FERLEHZIT)REGT Y A0 ETRET L
DT 22) (BLF, MOG) % Hw7z. GWR & [13] D&
B Web R—T* 1% LIZFEFLPMER LD DE W,
MOG I OpenCV [ZEZE SN TW L2 Z M L 72,
FEBZIH L TV REF L L BT EDONT 2 —
&%%h%hil R2I1RT. TNHD/8T A= ITk
i 3.2 THIT 5 FEDPRA L %5 & 918, HallifTo 725
.%ﬁ Lo THE LT, K37 X — & OFEMIESCHE [13], [22)
B EN v, RETEE GWR O ADREIZIE, T
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*E@E, RGB = v VHigoZFNERrSEH L2542
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*1 https://seat.massey.ac.nz/personal /s.r.marsland /gwr.html
*2 http://docs.opencv.org/2.4.9/modules/video/doc/motion
analysis_and_object_tracking.html
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Fig. 4 Examples of input images, ground truth and block ground truth. First row:

(e) IR

(c) IEARH T il

(F) TSRS Tl

images are obtained by a fixed camera; second row: images are obtained by a

rotating camera.
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Table 3 Recall, Precision and F-measure on the fixed camera.

Proposed | GWR | MOG
P 0.838 0.656 | 0.897
AR 0.868 0.758 | 0.874
F 1 0.853 0.703 | 0.885
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Fig. 5 Detection results of each method in the fixed camera.
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(e) MOG(correction)
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Fig. 6 Detection results of each method in the rotating camera.

=4 BRI S BTl (FEml 7 7 Wfg)
Table 4 Recall, Precision and F-measure on the rotating cam-

era.

Proposed | GWR | MOG | MOG (correction)
BB 0.753 0.478 | 0.340 0.725
T A 0.845 0.831 | 0.081 0.512
F fii 0.797 0.607 | 0.131 0.600
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T, FIEALER 24T o 72 MOG O#EF 12 MOG (correction)
ELTRLTWS, T/, IEMAE S80S /(% 200
TL—=25x LT 247 TH A, £ 4 HRETHIZHH
LOMAE, FMEICBWTEO 3 FEL IENTEWEEZ R
LTWaZEDshs. FARRLERTE: & _TH 19%LL
FENLTWS . #IELEZ4T ) O MOG Tl&, ZE)T 5
BRI DS 1k 7 K8 %ﬁw CEFMLTE Lo
W, FHE, HAEE L IEVEEE o TV B DS, HIE
%ﬂ%ﬁi:&fﬁﬂ¢,ﬁ%¢ b ICKIR R ED A D
nr.

B 6 ICKTHEICBIT MR ZRT. M6 OXH
GILFE (% % — IR L2 lf{E 2 R L Twb, 2B, M6
SIEHIELEE 24T 5 72 MOG OfER AR LTWA., K6 D
RS, RFEFLETIILRH S 2 SEEA 0@ 2 47
fLo2, BAMKTS BHTEHELBRLTETNEZ LS

5. [ 6(h) DEFFEERO—EITH L TR
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HAHNLD, RO ENDO T L —LxHhbE, TO
FH RN OIS L TIEL CHREBTETWA 2 & 2kRE
ENTWE. GWRIIRETE L FRICEB) § 2 T 5
ANO BB % PIFIT & TW A DS, HATEEEIIT LT
ﬁh%bfbio%ﬁﬁ%<&%ht.ﬁﬁﬂﬂ%ﬁot
MOG TIEHATHEHEIBI AT L TRIFICHHETE TV 57T,
ZET A HREBICN LGRS A0 AL, 2
nu%l G 18 O e DA 52 4R E), Al IR IRF O A TR AR YR A

BN RHEBO T T VLI TR o 72720 Th 5 &
%Kbﬂé.

3.5 EE

ETFHETRERIO L EWEERZEZ 728 & ORFEHRAER
R ER 7 O ROC M#ITRY. M7 (a) ZEE A
A FWHZIIRE T B AR, X 7 (b) IXHER A 2 T R3S T
DIERERLTVD B, X 7(b) IITHIELIEE AT 5
72 MOG D#FEERL TV D, REFETRIENEDO L &
VH, GWR TIZIHMED L & Wl EGHEE O L & W E,
MOG TIREFRERET L LEWEE S —H e ET S
LEWEZZE R TERERMR EBRAEZ RO, 71
MR, MEEICRERAEE L), 7T A
WZH DI EWREPENTVEZEERL TS

B 7 (a) OREE N A TWGEORERDS, —EFEE MOG
AAGWR EHARTENFREZRLTEY, MOG 25245
FHL) RIFRERE L >TWS, LA L, RETHETIE
B 5 @ ERINIR L7z & 9 128U & o THEAL T B B A S
ANOBEL WG LoD, BAMKREBRAMTETWE. 2

DL FEEWICEHNT 5720, X 8 NOFRHTHRL 7248
KRBT it gE 301 7L —2%5 1,800 7 L —

LD 1,500 7 L — L5FICOVTHRNRI, FOE, Bkl
BARETETIE 179, GWR T 301, MOG Tl 402 &
Holz. TOZENDL, REFHRIIMO 2 FFEL HATE
B A3 A U 2 I OBEH 2 JIH TE TWE Z L5505,
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Fig. 7 ROC curves of each method.

8 AR
Fig. 8 The tree area.

9 /=By — ol

Fig. 9 An example case of node addition.

RIZ, B 7 (b) Dlgll A X 7 WHEORER, &, I—EFH
HEBFEEHRTENTHERERLTVRD I L5015,
5 71 A T WHMEIZ BT 5 BIRFEEA O @ O #fiIRG R &
FElnl 71 X 7 M2 B B EFlAE R 2 5, IREFHE BT
P HART L) REOZEBE I RERME4T) 2 &8
TEDLZEDHERRE NI,

C D &) ITREFEDP R OZALIT U COsifd I 2
HZATR B DL, BEED SO AN E OREZEE L
THBEOFFEHLZEIALTCWLEIIHL. T, BEFE
TIXATTRE E DL TWDE ) — RO ETVNICFEE L %2
WIEA, AR EEM L2 — REETFVNISEINT 5
ZETREOEMICHEHIET S, -k 2iE, K9 NORM:
TR L7AMEDETIVCTIE, FEES X T OhERNIC L - T
LKA T L —ATHBEBM L2 ZI2/—F
BIMAThNE, THEHETTO 7L — A THB T EH
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R5 /— NERE S 1O 2 EFEOMEREOZL
Table 5 Performance of the proposed method with changing
S.

S 1 2 3 4 5
% | 0.753 | 0.680 | 0.628 | 0.607 | 0.425
AT | 0.845 | 0.824 | 0.752 | 0.630 | 0.587

Ffi | 0.797 | 0.745 | 0.684 | 0.619 | 0.493

T2/ — FPETFIVHIHAEEY, KX (6) 2z Lz7z0
Thb. $7z, /— FOHIBRLITONTEY, EENTH
BUHEE MR AR 2 £B S 2 7 — FIZET IV HHIBR
END. EEN A TWEIZBIT HEARESS, EEH AT
BUZIZ BT 2 RO & 9 12k 4 2 AJJRIEASELH S
BHEEETIE, T/ — FBIIRHIBROBRIEIC L > TREO
WEERHATL2ETVEMEL T L. RIS, IREFET
ZZ DRESEENTZETIVND ) — F &AM E OBPE
FHWTHAELZ BN 2720, BENTHRORL 5 A
TR L CTHIMEDIEFE 2 T 5 2 LA TE 5.
GWR TIXATHH & OFME CTIER <, HEBELZEE
L CTERFEHEZRITH 720, TFILVO ARSI R4 5 EH
NBEGNE VR B, F72 MOG 122D\ TlE, ZB)HE TEl
MENLEEA R ATINY — 2B EE L CHEYIZET IV
TELholzl LB RORREZEEZ bNL.

3.6 /INTA—RILBHE

REFHEOENT A= HPHITIIRITTREIIONT
E8TH, TITIE, FICHDICEELYRIZTEEZON
L, J— RIS, FFIVIESERO ) — FBNoHLE
L &Ml Dy, ETIVHEARED /) — FEMOFEPEE L &\
i Dy D 3 2DDI8F A—=FIZOWWTHE 2475 . HIHE
DL ZVME Oy I2DWTIE, TIWRLIZEBDTH .
INSED3DODINT A—FF 1 DOFT ML ST ARH
5, 34 HiL FAEOFHIERT T 24T & 5, & 6,
RTIORT. B, ZHLTWEREWSRT X =7 |ZDOVWTIZ
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® 6 ETVRERFOHMEL L S VME Dy, 10T 2RETHEONMRE
DAL
Table 6 Performance of the proposed method with changing

Dyny during training.

Dy | 0.825 | 0.850 | 0.875 | 0.900 | 0.925 | 0.950
HI= | 0.773 | 0.765 | 0.761 | 0.753 | 0.709 | 0.700
A | 0.136 | 0.376 | 0.793 | 0.845 | 0.862 | 0.869

Ffi | 0.231 | 0.505 | 0.777 | 0.797 | 0.778 | 0.776

R 7T CETVEAREOHMPEL L VME D, 16T 2 —ETEOERE
DEAL
Table 7 Performance of the proposed method with changing

Dyiny during detection.

Dinr 0.1 0.3 0.5 0.7 0.8

FEE | 0.753 | 0.749 | 0.737 | 0.518 | 0.340

A | 0.845 | 0.845 | 0.843 | 0.810 | 0.800
FfE | 0.797 | 0.794 | 0.786 | 0.632 | 0.477

#F 1 LAKOETH 5.

FIEIR — P S ICoWT, I—ETHETITEINL
J = FEGOEPEZMH L CHIMEERERT 22 AT
2. K5 OREDPLEIRT L — VS oKL wn
FWEDENTEREZRL TWAEZ e 5. fiEhlh A
TWETIIERPRES LG T L7280, TNTNELLE
AR NVOEEFE- 72 — PG FEHRT L. FD7zH
BRI S 2S5 ERESIHI STl v, KR
ELTHEE, BEEENTVLIHERE 7.

RIZ, ETIWVEERFD /) — RBIMOFELE L X2 Wl D,
IZDWT, £ 6 DFRERDPS Dy DEEL A E LN E
NIRRT 2 e A, TIULETIVIESEREC Dy,
@ﬁ%ﬁ<tf/—FLm®ﬂm%ﬁL<¢ét A

LA RMEE A EB TS/ — O FSICEFTIVISENS R
3, E TV R SR ﬁqu&&%%<ﬁéi
CLTCLEHIOTHAE. ZO0ERE LT, Dy DIE
AL B EREPKIFISHP L TCLE o LERZONS.
FAHZ L E VW Dy, 2T 5L, f;%i%]’\]@%‘f%%ﬂz%
FKHRT 2/ — FBIMENReT L e b729, B 2SHNH]
S AP EATIHHRE 2o 7.

WIS, T VEMAEO 2 — FBINOELE L & WE
Dypy W2 BREREZE 7T IORT. FPE L 2 W lIdfEs”
B ERRLIZL DI, BENORHERHT L/ —
FABETVITEBIMENR T 2 b, T07-0, #HAKEOH
PELEWEESCRET L E, WREESICNZ TRITE
T T AR AR SN A LR D, KT 0L, L
EVENE B D EATREBUCT T 2 HIEESET LT
WL ZEDGE. Fz, LEWHE Dy, DIEAY0.1, 0.3,
0.5, 0.7, 0.8 D& ZDOBEFHIBUIA T 2 iR EIEE 2
34, 34, 34, 30, 21 THY, LEWEIEL 7D &
MBI S LA S E MRS Nz, Lzas-> T, @
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BEDOFE L SV Doy 2 CRRET A &, FHHRILE
T A, BERIEBIIIRI SN BRERE R o7, POTIZE
TVEHEED Dy 2R SEET S &, BATHHIRE R
5/ = FPEFMISEMSEIICC R, #ReLTHE
BIRP LA AR E R L.

4. FED

KL T, BB S A SN AR E D W TBREED
IEFEEERBL, BERNEIT) HOMB LT T L 2%
L7z, REFETIE, BEEDSOANHEE OB I2E
U</ — ko, Bk, REOTH, FHEEED
T5IETREOIERMZERIT S, REFHELEEH A
T EBEN A A T SR Sz 2 FE OIS S DR
AP ARSI L, JeAThIZE & B E AT o 7GR,
JIZ & BRI, FERNC X 2 E80D 2 HIBAN D8
B2 IH L oo, BETHLIBAMEERANTELZ L
DRERR S N7z,

LOMEE LT, EREOERNYE~ DML,
FOEREHECOBER EBLUINT A — 53R EICET
LHRELGIMEZ RO D 2 BTN S, T2, KT
RN OIS L IR B IEREEZER L TWbA, i
ORI G &R CEEREZ AT LI LT, L)%
R IEFEORREAT ) LENH L EEZTVE, S5,
RETFEOWREL LAY OREEERI=, RS —
BT BB EEBE Lz,

HE ORI, PR AH R EAREE TR v 7 —
(STARC) L OHkFAMRICLDZ2ODTH 5.
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