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Human Abnormal Activity Recognition Using Scenario and
Ontology in Intelligent Space

Xu Shoukun, Li Anna, Shi Lin
(School of Information Science and Engineering, Changzhou University, Changzhou 213164, China)

Abstract; Most of the researches based on sensors and ontology for abnormal activity recognition only considers whether the action itself
is dangerous or abnormal, showing that the routine activities are modeled and any deviation from the activity model is recognized as abnormal-
ity, so emphasizing the scenario semantics factor and user’ s own situation for handling misjudgement or omissive judgement. Collecting ac-
tivity data of daily living and then establishing the corresponding ontology base, meanwhile adding four kinds of identified abnormal activities,

it has a better recognition of abnormal activities. The result of experiment validates that the recognition accuracy of abnormal activity is im-

proved obviously.

Keywords: scenario ; ontology; abnormal activity recognition

0 3|5
SRE s ) A1 S 8 T B IR I AR K 15 B Ak & 4 I

TENY L VRSN B 5 O i R A S AR T ] g
R A . DR B R 3 R P RS AA T 32 B BR ) . Al 2 iR )
T8 TR BE 23 8] vp 0 A A AR 22 A% A0+ B JTT P T R Al 3 5
AL IR AR B # . 18 FIECYR 42 98 R AL 2% 2 2] BOR H LI g i AL
Tong Y'*' 45 K T B MUK 25 14 2 14 Bl AL 48080 T 70 A 30 ik U1
SRR R CHIE S SCHR A R TR AL [ B R Y S 0
SR () 56 UE 5 18 1 3l 0 AR AR R AN I Al R OGP AT B T
SEH G YUN . Gayathri K S/ A5 6 I — FlOB7 A9 18 45 2008 A1 A0
PRSI 53 )2 5 1 . AR RUH UG A R R B Markov Logic
Network (MLN) HEas U BE ) . 28 G030 i 72 5 Wil S5 A6 D) e
FHOGH R 2 . Wang CHO S5 1 5 3 5k I 18] 1 1) 41 3648 542
B B IR AR IE A 0 S, AR R Y R A 2R
DL . o) ik 2 B A% s R T A0 A 2w A I Bk . e
T A S SR 5 T 58 SR Y R AT LR

FEHE T AR 3G . Rodriguez N D A2 — 4>

YR BHA:2015 -08 - 27; {EE HHI:2015-09 25,

YEZE B A ARSI 972 5, 5T AR 1, #82 CCF & 5
(E2000160118) , 2 FH0 4 P 5 15 40 W38 vH B i 5 0 A 7 1)
I AT 5T

A MRA979 5 B WA Bl . CCF 4 51 (E200023843M) , £
53 A B A% 5 8 Tz 8 B W I IR R R ] AT

BRI A (AR AR B, X RO . AS 58 B AN 8 1 iR AT
FEALAE L, DL R R DAORRE A TR AL & 3] Okeyo GH %%
I 28 — T B 25 1Y 43 B AR B Ak Do A RS B SE I 4B, O HLA R
PR IR Zly ARG S AR R 5T I TAEL G5 AR G ALY 55
Wio Chen LU 2R A28 — B o 3 1t 0 3 & BRGSO fF 2% 2
BAYRE A D7 o AT SR T 2 0 0 0 T B R P TR SR, A5 S 3
F A% GBI A2 90 T B RS 5 B T A o B SR S i p H . R
B H B AT TG S RO I SR TR B R AR MR B RS ST
RAG, HILAFIRMAR N FHIENBE - EAAL . KREHE
FAL AR RS MR () S T 3h U AL R R AR B R
A fa Wt sl 5 5 . AR A w5 I 2l i B TR S
W AW TR RIE S, B R XFER, EERA % IE
AP ASEN, e BRI SRA . BRI R T, &
TR W R b R A SR AT A T ) 0 I IR S B T AR
8 IR TN B Y { S B 5 b — FR S ) 3 E 0 0E B R
b, U X YRS 5 T il s s 22 R, AT S R
S B AR . AR X — 1) AR T R R R SR
e
1 Eshfgps
1.1 &3

A A IR AR I B P IS S B . AR RLAT N . Y Bl
(Activity) & P 2 aiad BT . TS gl 02 6 5 14 & o
A RWiZs. dE R %% 31 (NonAbnormalActivity) 5 245y



. 238 . AP a5 P

5% 24 &

3l (WarningActivity); JES® EshHl . £ (Walking), §8
Bk (Jumping), 8 (Squatting), ¥4 (Standing),
A (Sitting), /Kb (Lying), B\ (Groveling), {ff /% &
(BendOver)., # &/%# & (Turning), LI # # (ComeUp-
stairs), | A F6 (GoDownstairs) 2§, 2450k sh @ 0. 2 #
(Falling), 3k ¥ ( Headache), MX i ( Vomiting), & Bk
(Fainting) 4%, /&8 1 Prn. MIE SN E 24 B W nl 4y
W WERIEIME RIES, BEREDEZARRIEDNA
G AR, TR IS S AT AT . ARSI T Bl
RESE. B, W32 aiigsE Br . 5500 il
RAE 5 B % 8 ) 3 2505 Bl sl i (R E BR A,
1.2 iH=

H#ATEE S (ADL, Activities of Daily Living) &H £
FEMERY . BLEGEFI] . s AR B R 30, B )RR S0 B e %)
RIES oA 2| W TR U A N . o1 b= K el 11K = 11 S N R v
BEAEBMASIRM K, plmpn ., FEMEH ., KNFEFHE .
FE NG o 0 A% A S5 AN [R) . ] 109 7 A% SRR 85 8 e 1 S
FHP AL, B XA s BEAG I 2 1] 7 2 5 4T P s R 22 75 9
i, AEGRARENAFZ LG )G, &AL WE 2 57
TN AR RIS MRS B RN & 3 TR, A AL EAR WA 4 TR,
W B R SCHIEIRE . BEMRIERGFEE ., HEREMICR
[, AT A58 R T T A 5% 8

5 (Scenario) X B ADL F FXfEH, ERHN: S=
(T, L, E, A}, K, THEMETF3, LAESEHLTF
X Eﬁ%ﬁftJ:Tiv AWREHE T #EATES . s
JEEmE 5 R . BAMEE AR E T, BlanFK B L
Wk, WA, BF. R, K, HFE,
1.3 H=EX4

Se= A Lss Tys Evs A }s
Hr S, &R 5.

Y R 3 & AR A5 R Ly e i E] T R 8 B 45

AE R AENIE 8l A EAT 4328, g ST AH L AR fA

@Y FHF'(ﬁZjJE’J f LY ha&ETASMKE: L=
{Lis Lys Loo..... o BlnENE AR L, BIT@AN L.
5t P fm 4l Ly 5§

2) AJETXER S NET: E= {E, Eyy Ejoeee by
Bl Em4 R E . BEMAHN E. RAMW
%R E;s 4,

(3) P AN [ e st 18] B A [] — DX 3 4

(Running) ,

Us=S1Us.U--us:us.,

WIS . BT R R SC R, 1T St #5385 4 A 4
Wi, ARMMASTTEA . M REEM . 220 R AR
WA AN R . AHE SUE A5 M SO e R ) SL ]
AREES . AREF RV EE A0, BRIy
HOUBUERT, FEEORA: RIFMIER. & CEWE L. A
ROHEIE 3. M RBRR I 5 REMWEFR, OWL (Web
Ontology Language) N iz i .

N AR T Bl 2 T A2l g A AR T F R RS B i B 1k
S, BANE S SO RIE S 2B R R . I Bl HE R L
SRR, Bl — KRGS RIS 2 FENAE, &
PR HE 3R R R U P IEAE R AT — AR T Bl . R 3 37

B ARE )G, IR s TAE . A iR i S a4 1 52 vT D A 4

J%Jﬁﬁélfﬂqjﬂﬁuﬁjaﬁ G P AEAT 2 JT7) R & R ER 8
Xof R SC, HERRZE (R AR PR Bl . IR SRR I 1Y A 1Y
M55 .

v © Activity v © SensorType
© Acceleraf

v © NonAbnormalActivity tionSensor
© BendOver © BloodPressureSensor
® ComeUpstairs © BreathingRateSensor
© GoDownstairs © ContactSensor
© Groveling © DisplacementSensor
© Jumping © GasSensor

: © HeartBeatSensor
© Lying © HumiditySensor
@ Running © InfraredSensor
@ Sitting © LightSensor
© Squatting © NoiseSensor
© Standing © ObliquitySensor
© Turning © PluseSensor
© Walking : ll::iliangmm

v ® WarningActivity ssureSensor
© Fainting e
& Falling © TemperatureSensor
© Headache © Thermometer
@ Vomiting © Timer

TS 2 K

StateValues

activatedAt hasSensorValue

AttachedTo hasType Y SensorTypes

hasLocation

B3 el as M AR A

S o——ajo==x

. Closesiool

| @ BesiceCupboaraz
— @ Wr\)&ltﬂu

O walunes1 q
ﬁﬁ_’ : ==
- YULM @ W"oﬁ Cond l ] e nmmhu ]. BarChairs

ﬁm[ﬁlﬂg(ﬁﬁjv @ﬂt%%%ﬁ*%ﬂﬁﬁﬁ1¢ Qe Warorcbe ! ® vaiuns BarCounta
8 uﬂik—wJ Tt |
fmtE B T= (T, Tos Too..... b 2 ) lmé-- 7 r
(4 4 F P A TR — X Il v R[] i B 1 3% - n IO i g | O gy |

| @ vaway E——

® Locker

I.Swnrn |
.-' —

| .&Tummm J IT."'

5ﬁiﬁﬂ fﬁ?jh/qi Fﬂ E%'E% s Si= (L, Ty, Ei. A}, = ;;unw
S;= {Lys Tos Ezs Av}s Ss= {Ls, Ty, Es, [.::::"l : lllmmmﬂ J
As } 9 e e . S,k - { I4}‘ N T]b N E¢ Amk} |.wacnxk I.P'"u J

[on-uapm I.suln I 1o e | (o ]

(5) AR v a7 57 B e =2 A0 38 A 5 B I s

[(ocee [0 | [[@reoeme ] L'_’Vm [_.‘m{.uwoom J(@conmnes |

= 11-&» P

I ® cose | ‘ l_!.f::f:..] [ ® cppowa ]

7375 R Uk 1 EDRR R i R Lo

L@ Tosatie | E ancma-
O CasualChars

® xmchenvenda @ CumingTook Sechacine
o Ll_#]

2 BiEfNEIE

2.1 HRETZEEAEEE
AR E SCH A ) B0 45 M SR Sk,

B 4 =z EAK (OntoGraf &)



ETRE] Ry, S BREE R R T R AA R P SR g < 239 -
e veUs L A I LA S BRI S SRR
m hasEntities Relevani N NI, - N
= hasEntityState g:ldmil’mm WREB, WIFRINESH . RE, WERIFEIB, WFEZEE
o hastocation Mool WU EE 1R SCR L AR B B AT A I 8 5

asMateria .
mhasDevice ;’:"ﬁ;km o WMEEE 7R
m hasUser Blood Pressure
m hasActivity v B-'isdﬂh’m-ﬁﬂn
= hasEnvironmentalCont¢ Name A RAESR I
® activatedAt Age _
m attachedTo V- @Addi p tionalAttributes
m achieve Lifestyle
mdependOn Anamnesis
M5 bR 6k i

2.2 AHYE®

JH P A (A5 30 2 0 2y 3R 30 10 B 2R R 43, X Bl R Y
FEWEFI PO A SCHE 2w . P RN 6 s, A 4% P 1k
& VR EREEAESE, aEHPAXEETXER. W
FMPACE ., OBk, Bk, M. IR, 0N FEFRX P
AT AT IR Z 0T, B P 3EAT AR S B
e, s P . s U
2.3 WEMANMEL

WOSCHERRNL . HES S| 8. MU 5] B 52 2 AT B 0 3k JAL
S — i T 2 SR F Y L R T A AR . 1 CHEREAL
HOME S R e B 51 8, 4RI DT AOPLE . AT
PR LA A I )BT DR R SO B0 -5 AR A I TR A R S
T AR HT BN SO AR T RIAERS B0, HEXRLA 4 TT 4h T
FE. HU, IR 55 8 S PR AR 8 41 B 5 R T IR 55 U2 TH R, .

OWL #E&3Rm oR)E . PATHIEEM S #EATHER ., ADL M
DRSS I S A 2 VR 0 ) S . IS e S A ok mT LA
ek — DA BT . X L8 S AR AL S OWL
HAR . FETRE P R eyl A, 10 S AR DG I I 35 Bt
MG, HAMMYG R LI, SAEKE DK IER 5 5AH W
3t NIRRT LR $1 AR D) A L AR N R

Jena #EFRALAGIE LA & HL W 2. Rule: (& part of ), (2
part of y) — (x border =), A LABRAR Jy, 4R w42 13 2 12
AT PASRAT AH R A 55 1S 451 .

CMTEIR 7 orbE SO AT R IXRE

(? user location: locatedIn ? Bedroom), (? Bed eneObject:
isOccupied ¢ true) — (? user activity: engageln ? Lying)

NP RED T AW P XSS E, AT
2L PR IR .

[rulel: (? user: hasActivity 2 b), (? b rdf; hasState act;?
Lying), (7 SleepingAlarm eleObject: isOn ? true) — (7 user
rdf: ? GettingupInBedroom) ]

2.4 HREFIAZ

ISR H W Se AN EAG , $RE S UET R g R E
B T RAL R R B B . 7 TP Sl S R IR G R
o RS WA S A ST I, A LUT PR B k. o
— IR AR, A, BRIk SE, BT
U6 S T MR R A B SRR R Rb 2 B ) S
FETE G, BN, W B DRI T . — HOR
SHAE, BRI AN R, EARAKETEMS

A | HsEAk | 2

# [ R# | & T
H I AATSH

5
AR
RO CANGESY
it E i fa) it b 1)
iy 'S LT
EivY

B 7 S i Sl i i A

3 XWRIEIE

BFFE 53 5 5 009 35 SUITAE - 9 T 31 P 0 fe B L 0 B A%
o REMS R . IO Hl G T P R . AR R s fi)
) R 4 B (5 TR B £ 8, 0 T BT P B H S S JF L
FREEMMES, DA SREIES NE . BB, S, Kk,
B, LA 12 S R, Gl —

TE U BB G AR [ (00 B 30 B 63 L IRas . 4045 I 14 R
LTRGBS, Sis ik LA Eclipse T &
YA, R protege SLBAMKAERL, J Jena P47 XI5 A 1k
I R I RO R 6 S TN [ E SRk &/
A A 48 05 A A7 R T T P ALk 5 S A B S R
TREEH . B G A R T A R T I A A R 3R
TR LA B R TR P 9 2k A R AE 5 B 45D . SRR
W5 B 0 S A5 R JS EAT A AR E L I E R R R 3 R
SR BTN A B A 45 L R L SR L

Z 5000 3 60 P AT 9 AN BRI . bl 1 R
b A B R R R R BN () B P B IR A BN A L IR 2
HRLE S DR L M LR BT R B R 3 R R T Y &
EEE L SR T Y K AR A A R R RO R . bl i
I HEKRN G RPN RAEREGRAKE T 22, WA



. 240 -

PP A 5 45

5% 24 &

Fr— R PRI e A AR W L P R AR S BT U
R AR AR L TEh & AT R A T i A5 PR 15 B o nT LA AR S AL K
ARG . T SR S A Y I ] A M AR R R AR AR
T PLRCAE S A5 MF B AR R SR T8 AR IR A 1 3
VEAR REAT 8 SCHE L e A DE BB 0K 1 B Mt 5w L
TR PR S EAT O IER . FEERERE. SHPTERKE
0 BT b 2 A IR AR A A I B A0 S A Y £ B I ) i S 0
S A v R AR AR RN R S SEEATUE L . AR AR A g o
BRI B AR B AT 5 SCHE S, 2 3L 7 o I 2 7 B 22 3 Al
b BFXFIX B AR DL AC b T R A AR R A . SRR R
TEA VAR J2E # J6 7 DC IC 3 00 BEAS P o ) I AR AR G I K 1 )
L AL S5 SR A5 B R A2 P b T 5 RS . SRR
x 1R,

F# 1 i nlE R %

PRSI BT BUN userl user2 user3 | R G
FINER YN 95. 42 94. 65 98.17 96. 08
FINE i 97.13 96. 58 93. 24 95. 65
Bp KA 94. 81 97.32 95. 39 95. 84
J&t 55 L Gk 93.92 96. 14 98. 66 96. 24
Wk H L 95. 04 97. 36 96. 27 96. 22
Wk ARAEFR BT 92. 45 98. 52 97. 64 96. 20

FiAh, AN SR B AR, X 3 R I T M
e s 7 sl gk, sclk [15] #0429 HDP —
HMM EEEUAT L 3 3l g 8 & B0 R & . R A Fisher IR A
OCSVM #71,  H.[f] HMM ¥4 I Zr ik e 47 He . 4 8 fr
e MRS R o] LB B S5 2 Um0 0 72 v ml DL gy JE iR
P 2 P B Ak (0 B A B . B AVE & A 1 Bt I £ B 2R AT 400 25 ) T
i/ G SR BRI B . S IR 5 SR 3R I 3 T 4 B A AR T S AT L
RAF P S A AR . AT HMM #1255 . HMM %
TR RS R A, R, RS X 4 N R 3
HMM () 358 51 B 8] 22 378 378 757 F 3 F 37 5 AR 4 (14 1 3 B 1)
99.00%
98.50%
98.00% ,
97.50% - —~
97.00% —
96.50% ~
96.00% -

95.50% ¥
95.00%
0

S B IR %
3

100 200 300 400 500 600 700
RN K

8 S

4 |

»

G

ik
HiF

N sl

W7 TR PR oy 4L . B RE A ADL B8RS BUR S
Bt U . R WO Y EE R R 4R B R S8 3 B4 S W IR
% SaEAINENIZAREE S . MR AT RO . A R W
B ARG PN S BE S . WURIE . AR A

m{

=

N

=

7 OUE o Z iOT A B I Y 2, ST P RABE . 4 ) B S Y

HERRETT .

S E 3k

[1] Gu X, Cui J, Zhu Q. Abnormal crowd behavior detection by using
the particle entropy [J]. Optik—International Journal for Light and
Electron Optics, 2014, 125 (14). 3428 — 3433.

[2] Fang H, He L, Si H, et al. Human activity recognition based on
feature selection in smart home using back — propagation algorithm
[J1]. ISA transactions, 2014, 53 (5): 1629 — 1638.

[3] Candas J L C, Peldez V, Lopez G, et al. An automatic data mining
method to detect abnormal human behaviour using physical activity meas-
urements [J]. Pervasive and Mobile Computing, 2014, 15; 228 — 241.

[4

[}

Jiang J, Jiang T, Zhai S. A novel recognition system for human ac-
tivity based on wavelet packet and support vector machine optimized
by improved adaptive genetic algorithm [J]. Physical Communica-
tion, 2014, 13. 211 -220.

[5] Khan Z A, Sohn W. A hierarchical abnormal human activity recog-
nition system based on R—transform and kernel discriminant analy-
sis for elderly health care [J]. Computing, 2013, 95 (2). 109
-127.

[6] Gao X, Chen Z, Tang S, et al. Adaptive weighted online learning
with application to abnormal activity recognition [J]. Neurocom-
puting, 2015.

[7] Huang B, Tian G, Wu H, et al. A method of abnormal habits rec-
ognition in intelligent space [J]. Engineering Applications of Artifi-
cial Intelligence, 2014, 29. 125-133.

[8] Tong Y, Chen R, Gao J. Hidden State Conditional Random Field
for Abnormal Activity Recognition in Smart Homes [J]. Entropy.
2015, 17 (3): 1358 -1378.

[9] Gayathri K S, Elias S, Ravindran B. Hierarchical activity recogni-
tion for dementia care using Markov logic network [J]. Personal
and Ubiquitous Computing, 2015, 19 (2).: 271 —285.

[10] Wang C, Zheng Q. Peng Y, et al. Distributed abnormal activity
detection in smart environments []J]. International Journal of Dis-
tributed Sensor Networks, 2014, 2014.

[11] Rodriguez N D, Cuéllar M P, Lilius J, et al. A fuzzy ontology for
semantic modelling and recognition of human behaviour [ ]].
Knowledge — Based Systems, 2014, 66. 46 —60.

[12] Okeyo G, Chen L., Wang H, et al. Dynamic sensor data segmenta-
tion for real — time knowledge — driven activity recognition [J].
Pervasive and Mobile Computing, 2014, 10; 155 -172.

[13] Chen L, Nugent C, Okeyo G. An ontology — based hybrid ap-
proach to activity modeling for smart homes [J]. Human— Ma-
chine Systems, IEEE Transactions on, 2014, 44 (1); 92 —105.

[14] Kim Y H, Lim I K, Lee J] K. A study on algorithm to identify the
abnormal status of a patient using acceleration algorithm [J]. Per-
sonal and Ubiquitous Computing, 2014, 18 (6); 1337 —1350.

[15] Hu D H, Zhang X X, Yin J, et al. Abnormal Activity Recognition

Based on HDP — HMM Models [A]. IJCAI [C]. 2009: 1715

- 1720.



