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Intelligent User Pattern Recognition based on Vision, Audio and Activity for

Abnormal Event Detections of Single Households

Ju-Ho Jung®, Jun-Ho Ahn*

Abstract

According to the KT telecommunication statistics, people stayed inside their houses on an average

of 11.9 hours a day. As well as, according to NSC statistics in the united states, people regardless

of age are injured for a variety of reasons in their houses. For purposes of this research, we have

investigated an abnormal event detection algorithm to classify infrequently occurring behaviors as

accidents, health emergencies, etc. in their daily lives. We propose a fusion method that combines

three classification algorithms with vision pattern, audio pattern, and activity pattern to detect unusual

user events. The vision pattern algorithm identifies people and objects based on video data collected

through home CCTV. The audio and activity pattern algorithms classify user audio and activity

behaviors using the data collected from built-in sensors on their smartphones in their houses. We

evaluated the proposed individual pattern algorithm and fusion method based on multiple scenarios.

» Keyword: Vision, Audio, Activity, Fusion, Unusual event, Pattern

[. Introduction

KTe#Fe] & volg 7|7 SARE[1]d w2, AFo]
S H HolA HEE A7 11.9217ke]t) 30U1E 7]H o=
AR U7} Fobdrs F <tolA e AlfF AlRte] S7kskaL 1 9] €]
oA AFshRs AR sk d® WElE Hola itk
T3 1]=+2] NSC(National Safety Council) SAAIR[2]E 5
3, AFEE2 J QtollA] o] 714 o] f &2 F deke A ERlEd
T 9tk 1 F, 7P e B0 A1 WY AfarelH wid 6,000
el 7Pt WAtaLE T2 654 03] wQlEel Al B A
ok ofolg mak F <l A wid 2,300%0] S =t 7IAk
W8-S Ball & 5 el A qholAe] g2 A=uie) 4l
o] HrAght. g4 B AFAE YIRS e Bk EAls)

B ARSI A "ol A e vl 4ol
shad ek, ol A, Aol Fhvie 4 el A

Foroleka BelahA g TN P
Fhalekel] A Fo BAHA S A5,
A7k B e A, BARE 5

40
%0,
rlr
o,
o

» ol
2

o
>
o
2
1=)
1=
ol
o

i)

ol

ﬂ?
L

ol

N
Mot

 off
Ey

o
=
_O‘L
El
o 2
T
fr
N
~
_O‘L
2

N
1P

g Mo
o
N
§2
rlr
o,
o
o
i)

e e M oo K

L% Kooz W
oo

2 N e
1
M
2
=
o
=
x
=
o <
fetl
[
=
(m
e
1o,
N
1P
M1 do
r%
X

o

ol
=L

=B e I U= K | e A )

oz
oX,
ot
£
[l
o
o
X
ol
SOl

* First Author: Ju-Ho Jung, Corresponding Author: Jun-Ho Ahn
*Ju-Ho Jung (jjs1005k@ut.ac.kr), Computer Information Technology, Korea National University of Transportation
*Jun-Ho Ahn (jhahn@ut.ac.kr), Computer Information Technology, Korea National University of Transportation

* Received: 2019. 03. 08, Revised: 2019. 04. 07, Accepted: 2019. 04. 07.

* This work was supported by the National Research Foundation of Korea (NRF), grant funded by the Korea government
(MSIP: Ministry of Science, ICT & Future Planning) (No. 2017R1C1B5017847). This was also supported by Korea

National University of Transportation in 2019



Journal of The Korea Society of Computer and Information

60

ﬂwﬂo

7K

.UT
o
=o
e
]
—_
w#_.nmo

7K

!

3
L

o}

oheel

Be unable to detect movement

Person
Detection

Detect for Person

Detection

Detection

Conditions

£
£
Sl cao|E2
FlEa| 82
S EST
en
&<
-
c =
590 £ 2%
VRS Tl EE
o A
OBl & =3
) I B
£
5y g
-
=]
o Up o o ~
mam,ﬁgedn =)
ﬂall_,T@_l._nmo
ﬂuuldl.EM{
BN = w o
~ ok ~
‘OILO _.AO_II_HE
up PF M TR "
o = PE eE Y
=< 6%% o
o T =g
_,D]_,_Al,l;o].ll
= R wﬁoﬁc -
4mﬂcaﬂau9
B sl s
S 2w
© [ wj;.
o) ﬁm%mﬁ%uaa
o ¥ 5
oo I 2T
i ~o A o}
= <0 = Yo
Eﬁoﬂaﬂ,_mwo_
= o bo <)
TERLOT
oR ME
o B2 W o
tTizy
mﬂo_nmo_,TmnTﬁoE
<! o w

Abnormal

Detection

ARl o

1A oiE4 e

3]

Preparation

Event

Folth i el A

MFCC-GMM ¢a12]

Elh

State Chart Diagram for Vision Pattern Algorithm

1.

Fig.

o
e
]

7K

&
]

ol

14 MFCC-GMM ¥arg]&

3]

el o

A=
w

WE

FEES 7IH

Eatsl

o

w
o

|
—_

7 299

Y ek, AvpEE]

o

9] State Chart

daelE

olojge 19 29} @tk AwpEES 7]

]

=]

=

ol

H

1FE T

b4 MFCC-GMM &

9|

Whe 2eE B

s
=

bol 2o HuE A

o)
O
o
uj

+

o] A+[14, 15]

ul-g)

]

ol

B

Wl

ol 3 4 guEiEe

& g8k 93

.UT

!

N
%

o

~

stetaiet. 2:2]9] Bl A

ot

o
_!1_
.UT

A2

olgl gt LEjM B

Classification Complete

RIGE R

A]

Normal Classification

Audio
Classification

of Audio

Analysis

Audio
Detection

A

Analysis
Complete

Detection
Complete

Be unable to
detect movement

Analysis

Normal Audio

Pattern Detection

Classification Complete

@

ﬂwﬂo

el

ol

ok
o
v

B

gk 37K

7}

wjy

The Proposed Algorithms

Abnormal

Detection

Preparation

Event

Fig. 2. State Chart Diagram for Audio Pattern Algorithm

9] State Chart

Farels



Intelligent User Pattern Recognition based on Vision,

Audio and Activity for Abnormal Event Detections of Single Households 61

2ulEES VML AXME o] 835t Al 2Fds wH
st Il ey g2 o)) AT HHls gX sl
e duEES Agteit) & Y dael5e] State Chart

tholo| 18l 1§ 33 Zr} 2nE
ato] Abgre] 21918 487 flaiad 7HEE ke X Y, Z
& ol &gth 7 F9 AN #E Yd thy 30F e Bt
e ok HtgkS Windowell A3kl Window size 5
2 AoJgir}t. Windowell &= Hagto] A& 02 FA ¢ o]
o, Window®] &7+ gtel 7Hd & el E High Peak, F3F gk
o] 7} 22 4JElE Low Peakel2} 311, High Peak} Low
Peak 7Fe] zto]E Impactehal 9] gtc}, Impact #4& E3l, A
go] $AAE g@HE = gk Aol HAY o)A HWA
7hEE Al ] ZF %9] gro] AAA ¥H, High Peak?} Low
Peak #kel Ax7} A7) wiol Impact2] 3% AXA Hrh
SHARE o) AF7E BASAY Ae] SAI]lo] | HA] ok
Al HH 7HEE AlA 9] ZF %9] gho] Ae] W] erobA] High
Peak¥} Low Peak #+2] A7} 4] 971 wl&ol Impact®] 3t
& A2 gho] ' Hth

;s

o THE NS o)
7

D

P

I~
ol

P

Data
Collection
from
acceleration

Movement
Detection
A

Detection
Complete

Analysis
of Data

Normal pattern

of Impact Value
Classification
Complete

Normal
State

Detection Abnormal
Preparation Event

Fig. 3. State Chart Diagram for Activity Pattern Algorithm

Abnormal pattern
of Impact Value

Normal State

: Detection
[:_‘etECtllc?n Determination
‘ﬂ using Vision for Abnormal
Algorithm Normal State
Non-detection
Detection Detection| Determination
using Audio for Abnormal  ——
Algorithm State
.
Non-detection
Detection Detection| Determination
using Activity for Abnormal  ——
Algorithm State Abnormal
.
Non-detection State

Preparation 1
Detection
Fig. 4. State Chart Diagram for Fusion Method
QA 44 VIS F CCTVE ol 8ol 348 5
FRE S Vo R Fto] A B AMES w43

= OE ol A% S PAs o o)

e,
ox
)
ro,
=
i)
i

7
r K
ok N
dqr o

Ry
Ze
P ?_%
e
o A
ob ot
=

>‘
2t
e ]

e
o
AN
] rE

=
NP
= h
o o
LURY
<L Y
Q ey
> 3

)
N

1=

{0 gﬁ,
o
> do Ho ox
>
jals
g
e
ox
o )
ro
=)
¢,
i)
il
o,
o
o,
ot
i)

oM
Kuf
(il
o
o>
o,
ot
=
)
o
T e
_O‘L
rie
ik
offl
&

RIS

0,
¥
o
o
AC)
rlr
N
)
o
=
C)
o[
o
ol e
o o
DY o
ol IHCG “
o)
>l & oL
o (T R
DR
Q o
2,
S IR T X
2

it
o -
2
)

2L
o
_O‘L
w~ oo o o lo o

M

%
z o

M

o

Sl RO REN)
o my ot ot

o & O k1o
oo
ot
ok
1>
=
=
o
w
—t
S
@
O
=
)
jat
ful
9

o M2

o

T ol

ﬂ?
9

o
g
>~

>,

o

1o

o
N,
o
lo
2,

o

)

o

fru

i

)

4

%0

i

o

X

=

o,

=
Fhlet g9 Bt AskE ol AF B AbEe] #2
[o3] 7%

a7k BT A9l BgH oz B
oA ZElZh MASAL del} B apslet
7 magstel et A e A

9ablel golst gtk 45 e Ua
E2 gl Ay

et
)4
o
;9‘
~
=
)
o M 2 g
wa b = Or d

E-{O 1"[1 ‘10i'
>

= 1N

N
oo
o
)
Ach
o o

o,
).
=
(m
=
b e
o
o
o
=2
i

%
)
4
;9‘
o
_O‘L
N
2
h-}
(m
Il
o
ol e

ot
N
&
20
i

S o
2
-
o
oN,
ox o |

o

AE Jot

o

ol
L

o ™ N -

=2 o) oo

2 e o

o 8 T

Ao — O
My mo e L
oo oe -

ox Kl oo
N i

lo oo

o ¢
o e ox

oo e
2L
e

1

fu
2
N
=X
T
ne
£
k)

)

z

>

lo

N

N

3

k1

i)

o[y

lo

@ o

o
o
1>

fuorh
g oo fru
o =

ol

ol

2

o e
o2
oo
o}L’ l‘_-.%

2 oo )y rf X o& g o do

> oo Y fr Koo
o
o
iy
o2
L

>
>

o

o

o

>

o

2

-

o

o

o il
oft

B

N
N
ue
k1
i)
T[N
rlo
D)
2
)
o
fetl
= oX
N
oo
i)
)
o
o ofm
K o
02 ox

w Mo |

o
N
N

Ozg
K
X
N
N
=

o

o

ot off




62 Journal of The Korea Society of Computer and Information

o] A FAF A AL = A A B AdH L
2 S5S she AA, o] AFE Q) A E ARMAE
doste et o4 Y s Al AR EF
A WS A7) 7]Hke] HQIEA], o) A4S doR
g Agle] HRRIAE BX sl Pt S5 Y Ldargs
& Abgto]l FoES AXE A, FAAE B AR dE
9 HERIA oA o]} A57} dAEte] F2|9lo] EAe}
7 ek Y Q1 ZQ1A gA e gt 7 dargse] e §
A& 7o R slo] o] AFE FAT F UA 7 darg]
Fuith @ide] EAjtt. 1A, B AFolA Ads §3 W
28 Bl 7 gaelFe] 9s 2es 4l 7 daEls
2Ee el oigk A 9 AvE e A= o 2t
9 dEl &38]ES YoutubeE B3 43 943 71
Ael AES Tt 9 HY duels A5s Wk 5
Ay A 12170019, 7% GAS 7o E Recall,

it
B
5
m
Ku)

Precision, Accuracy
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Table 2. Audio Pattern Algorithm of Recall, Precision, Accuracy

Algorithms Recall Precision Accuracy
Audio
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54 "l dugEE Youtubes B3 33 24 U3
F7H4¢1 AEe Bote 24 Wd dugFe] AsS Hrtst
Ao =HE 94 FUe 9270, R S-S e

Recall, Precision, Accuracyi= & 29} 2t}

¥ 29 tiste] tp= 6074, fp 37K, fn 670, tn 2370 = ©HA| &}
St} Recall tp / tp + fno]7] W&l 60 / 665 3+ 0.90
27} Uk} Precision tp / tp + fpo]”] wl&dll 60 / 63
< 319 0.959] 747} Wkth Accuracy+ tp + tn / tp + fp
+ fn + & 3k 83 / 92& 34 0.90 FA7}F vpsheh

4 Y daE|Es Brkebr] flate] F7HARI AR E 1lest
At} &ElE BA8ks AEES TPlolsle], AYH R s
= 54 270l gisixle A o= gxEglth o L
ol AT} TV Hi= 2918 &

o thar = 4o

rx
o

T
b
ACh
_\lr‘

¢

o
=

o &
o 4
2,

[o
m
2
i
=
-
o

o
N
Yy
o

%

N
Jr
o
2
)
o
=

o [ o,

d

o

ﬂ?

B o
[r ot

o
o
T
X
o,
o
oN,
of
£
X
i)
o
m o Jo oy
i1
2,

ol &

2
T

ACh

~

£

2

i)

T
1%
>
=
-

jul
N
ol
ﬂ_r'
>
_|EL
|
o

o g %

o

N
- -
ot
£

ox, =
o,
o
N
S
i3
o
ol
307
X
e ®
I 40
{4
to o

@ o
dlo
ox,
o
Moo

Ir
>
i
o
Al
i
Y
ol
=

fr yo
ol

=)

o

o

o

E

£l

2

:

st O

¥
fr yo K

=
olt
b
e
ox
o2
ik
>
()
o
i

[0
& T
fat)
%
2
=
o
O
>
o
o
o,
o,
]

1
A,
rlr
[
o,

o=
it
>
i
o=
i
rlr
[
o,
g
4
i
ol
ol
2

o% in)
o =)
ESy
2 oo
R,
N
=
W 2
Dot 28 X
NI e
™ 4 b
:% [ Eg
N N
BT T oo
Obo >H l"—?L
o o
B
< B
i
iy
i)
rr

por
o
o
(i
ok
4
;9‘
=
I
o
©
rlr
2
o

FellM 22l FHeIgle



Intelligent User Pattern Recognition based on Vision,
Audio and Activity for Abnormal Event Detections of Single Households 63

—Sound1
_Lr_0|z‘ “ T | | —Sound2
nag | | | “ “ | | “ | “ “ —Sound3
|| [l L LT || sounds
“ | (| R “ | —Sounds
I I | | I ul
| Il | ARl \f
\l (| | (i I
EX-T : B & )
*1 6 11 16 21 26 31 36 41 46
Tick
Fig. 7. Patterns Occurring in Daily life
Yt
22|
—Soundl
Lo|= —Sound2
piEE]| —Sound3

I 5 Sound4
| —Sound5

zga| ||| | | | |
A
22 41 51 61 71 81 91
Tick

1 11 21 31

Fig. 8. Patterns that occur where noise is present

ot

b

—Sound1
—Sound2
—Sound3

Sound4
—Sound5

11
Tick

Fig. 9. Pattern Occurring in quiet places

v (- e

My o fr
DR -

4 B

rlO gg Enz

=
S

o

ox

oy

g

fetl

d

i

i,

[

)

o,

i)

o

©

ol

- E

_O|L

Mt
=

=,

oL o
o
100\10\’OL
2 5
= =
o 32
o B
= 3
o o
&
23
oy
=SSN
o
S o
)
5 o
o
:>O
~
o
r >
B
et
-Em[o
m
B

Table 3. Activity Pattern Algorithm of Recall, Precision, Accuracy

Algorithm Recall Precision Accuracy
Activity
Pattern 0.97 0.89 0.90
Algorithm
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