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Behavioral Contextualization for Extracting Occupant’'s ADL Patterns
in Smart—home Environment

Lee, Bogyeong', Lee, Hyun—Soo®, Park, Moonseo'

"Department of Architecture and Architectural Engineering, Seoul National University

Abstract : The rapid increase of the elderly living alone is a critical issue in worldwide as it leads to a rapid increase
of a social support costs (e.g., medical expenses) for the elderly. In early stages of dementia, the activities of daily
living (ADL) including self—care tasks can be affected by abnormal patterns or behaviors and used as an evidence
for the early diagnosis, However, extracting activities using non—intrusive approach is still quite challenging and the
existing methods are not fully visualized to understand the behavior pattern or routine, To address these issues, this
research suggests a model to extract the activities from coarse—grained data (spatio—temporal data log) and visualize
the behavioral context information, Our approach shows the process of extracting and visualizing the subject’s space—
activity map presenting the context of each activity (time, room, duration, sequence, frequency). This research
contributes to show a possibility of detecting subject’s activities and behavioral patterns using coarse—grained data (limited
to spatio—temporal information) with little infringement of personal privacy.

Keywords : Activities of Daily Living (ADL), Behavioral Contextualization, Non—intrusive Sensing Approach, Smart—

home
1. M8
1132 i3 & 55

A AAR R Ao 3t nspt ABlEAlR s
=51 glon] Lalue} @A) 2018l 654 o4 Q1L %
Q170 14% oS A3 B 1Al (Aged Society)
2 ol ECHEAR, 2017). Koo} e s Hagke 4
| A7k Bagh Al Alapgel ek mas) 24
W 5T A0 ATl AL, 2016), o)
AF8] HAPE SEefolshs vlg0® HAuy] wEo] o]
Zol7] $ft weelo] Wasiet, E3 191 mHA 7179 4
715 A|5t ABke] Mol W FAHS Az ZHEk o

N

Ho i jg

* Corresponding author: Lee, Hyun—Soo, Department of
Architecture and Architectural Engineering, Seoul National
University, Seoul 08826, Korea
E—mail: hyunslee@snu,ac kr
Received October 24, 2017: revised —
accepted November 28, 2017

S317] o] wjEo] aR}F AAE AFAFQ] A7 BUE
o] 7Fs3tEE sk AntE & iAo} Aldof gigh 4=
9 w3+ Zv)ekar 9l
oIS ffall AR Gl
Zdeierel Bl g 5l oPM RES JH%_% S0k ATt
Bt

7F e8] S| Qlrk, AARRe] dES HgstA
A} ofefE tluto|AE 27 214 3P7ﬂ alo] Az
Y] 4 (Physiological) BloJElE AAIECR Ssl= 5 Al
AME 2gate] AARRe] 22 W A sk b 24
& ykan Qi

ot 215 4 (Intrusive) Al A1 Aol T s
(ex, At} ot} HohS 7*110}7101] golatth= Aol 2l

L} 3l Eso] WAl 27F AIF, A - s E 7
S 22 WA (Behavioral Context) FRE 37 =3}
71 olgth, 3t 2714 7)7159] AA|o| gigt mepEe]
AXTE - BEHG oL ol o] WSt = 59 Ty

St A5tk LLee et al,, 2015; Galinina et al., 2016; Zhang

stazNpaIEE =28 HioH Mis 2018 12 2]



0lsi - 0fat4: - w2 A

o|& ol & A+ollM= 7Hd A (Non—intrusive) A4 W
AR A A )S E-85o] AARRe] A - F1E o]
E] 21(Spatio—temporal data)7-S 535k, o]& 285

H

of AYAARS] DT T (Activity) & FEIN: L A
QREITE, g 71 oA ] AR Bk B
S BE Y S, U 5 YF U YRS A2}
R AR B, ol AAdte] A Aeln

2 BE510] AT BF SRS 25| Slat A
TR, P DYAS 9 AR A% mUE P
7142 248 Holth

1.2 9512 e H &

31 QAo o] pEAE wal
5 AN A AT B

= = 0

U glojee] 484 Bl AR| HeAEs) IS 4o

¢

(3) AAA} AR E e =2 W A3} RS Alkel,

@) Al B o2 A B} AR ARl gk R BlHAE
24 AlA(Tomographic Motion Sensors)S ZH&51o] 2|4
A AL - F1t ol 211 ARl

(5) & dAtollA Ajteh= s AYAES}) ZRA|AS 5
3 =8 Lo FET T, AR AA| eE 2se) Y
|3t vsto] 71 AVRE FA

THAe] Y5 UAHYSF BRE(ADL, Activities of Daily
Living) =340] 272 Ao} fsiths date 1960t

77 s=Mme|ss =27 M9 A1S 2018 12

Z o7 4=3)w|o] gk (Katz et al., 1963), YAYE
ke MY 2219] AElE FAISH] Sl AR sk &
= oulei = 58 9 7RIS T, % o7, 3P
7171, A&7, Akl ]e] HEE 25S 2FRHKatz
et al., 1963; Nouri & Lincoln, 1987; Covinsky et al., 2003;
Roehrig et al., 2007), 18P} A4S 417 - G417
7150 Ast=|HA] ADL 4=349] eFa4do] #skd 4= Sl=d,
53] Qg ekl Al HEFO= QI Q1A Fol], =21
A - I 4 AP ADLY| 715 Aokt w2 o
A& 7RIt Covinsky et al., 2003; Andersen et al., 2004;
Urwyler et al., 2017). ADLe] 7|5 Ar= £ o7, kAl
7171 59 WEE 19 T qlo] AR sl = QA
7h F a3t wek 7o) Hu AgA GARA| 7S oS
MEshs WA0R 1 Jus 4o B} BrhKat et
al., 1963).

Aol =2 1=l Agko] My 27|dA oA L
s T B0 iy v ol ddEolt Sk sigel |
37} WS 4= 9] oW (Ditzler, 1991; Blankevoort et al.,
2010), ol=igt Y Euiele] HakE ol ASE 27119
TAR ZE3 4= Qi) wheba] YA SE0) A
HEHS 53l oldds siElolu 243t sl HEks 114
o = Qlohd el ASkE 271 Akt ghE Eit =Y
T Aunk, AAH o= PeufHS HUEEsIL G247 9
O] Wz} HAIEE wf o] 5 AR | fleliAle Addes
x| YsuelS =3 4= Qlofof gt olF flsf &2
oA B85l T9] AR AL Al - F2F HloE =5
g AR Eaes s e We O] e
aof tsf goje Bart et

2.1.2 Yae 2 SI{E(ADL Routine)2| 714
b X 2 (Behavioral Context)2]

N

A

ol

>

E
02
o
2
Ju

HE EAskL njee] P52 oA|S55te] uf
Aol ZgatAY, EA 31 ol o) e E= ¢
oA o] MHEA PFEA BAS Bl 4 A WA
Sh=(Ziebart et al., 2008; Davidoff et al., 2010) 5 ThF
gt FopollA T A-7E =L et E9] FAFKTel
Alo] AR EaES BASHL Ptk A At
E & Al2H 7l i S| AR AR A =
o= | 71995} QItHRoy et al., 2003; Roy et al., 2007;
Alirezaie et al., 2017), A Aol A 2] a(Activity) 7} 3
%= (Behavior), = 7j&l(Behavioral Pattern) 5-2] 7/jd-& &
S A R.O| AdA| Ao whet ofefje} o] S EokdFig. D,



ADlE & 8

(Daily) Routine

[Behavior Pattern

5 (I, Behavior Patterns
Behavior | with daily context

o V>
Aém‘)y | \n) with sequence

Spatio- 1 Aset of activiies with
temporal Log | 0 causal relationship
(Stae) =

(KI) Sequence of state

Fig. 1. Concept of the Contextualization of Behavioral Information
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Fig. 3. Concept of Activity Maps from Observation Results
(adapted from Banovic et al., 2016; Urwyler et al., 2017)
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Table 1. Examples of the Spatio-temporal Raw Data Log

Timestamp Coordinates (x) Coordinates (y)
2017—09—-28 15:00:45 —18.0281 -0.9157
2017—09—-28 15:00:50 —15.2376 —1.2379
2017—09—-28 15:00:55 —12.1759 2.3875
2017—-09-28 15:01:00 —12.9763 2.5794
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Fig. 4. Model Framework for Occupant ’s Behavioral
Contextualization
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Table 2. Examples of the Spatial Contextualization

Timestamp | Coordinates (x,y) | Room Name | (Nearest) Instrument
201157258?4—528 (ig)gg?gg; ' Bathroom Washstand
2011;68?5:028 (:1522%? Bathroom Washstand
201157268?5_;8 (_21,5517755)91 Bathroom Washstand
2011;6??0_028 (_2127%7183 Living room PC

| Room |Q| Instrument ‘»| Activity |Q| Behavior ‘

[ Bathroom H ‘Washstand ; { Enter Washing a face/hands ]
Use washstand "
Ciiiilbini) A Going to the toilet

N ‘( Use toilet r
Doing laundry

Washing machine }——{ Use washing machine ]/

¢ A Guscstaneonsy

Come out

Necessary and sufficient condition

Fig. 5. Examples of Room-Instrument-Activity Relevance Map
(Bathroom)
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Table 3. Outline of Case Project

Classification Contents
Type RC Structure
Area 490 ft* (45.5m°)
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Table 4. Results of Activity Extraction of Case Project (2017-10-
17 18:00~24:00)

No Timestamp DL(Jrrnaitr:()m Extracted Activity| Activity Done
1 2017-10-1718:30:55 Using laundry | Washing hands
03 machine
2017-10-1718:31:10
2017-10-1718:31:15
2 0.4 Using bookshelf
2017-10-17 18:31:40 Putting down the
2017-10-17 18:31:45 bags
3 1.3 Using sofa
2017-10-17 18:33:05
2017-10—-17 18:33:10 Usi h
4 03 SINGSAPWer | Using toilet
2017-10—-17 18:33:25
2017-10-17 18:33:30
5 11.6 Using bed Changing clothes
2017-10-17 18:45:05
2017-10—-17 18:45:10 ) )
Using micro
6 0.6 oven
2017-10—17 18:45:45
2017-10-17 18:45:50
7 1.2 Using PC
2017-10—-17 18:47:00
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2017-10-17 18:47:05 N
Using micro _

8 0.7 oven
2017-10-17 18:47:45
2017-10-17 18:47:50 Using dini

9 3.3 SN Y itting at the table
2017-10-17 18:51:10
2017-10-17 18:51:15 T

10 11.6 Using bed :
2017-10-17 19:02:50 (Watching TV)
2017-10-17 19:02:55 Using mi

1 0.4 swg)%er’g\cro Using refrigerator
2017-10-17 19:03:20
2017-10-17 19:03:25

12 9.5 Using PC
2017-10-17 19:12:55
2017-10-17 19:13:00

13 0.9 Using bed
2017-10-17 19:13:55 o

Eatmg dinner
2017-10-17 19:14:05 (Using PC)

14 1.5 Using closet
2017-10-17 19:15:35
2017-10-17 19:15:50

15 27.0 Using PC
2017-10-17 19:42:50
2017-10-17 19:43:00

16 0.3 Using sofa
2017-10-17 19:43:20

Using PC
2017-10-17 19:43:25

17 79.6 Using PC
2017-10—17 21:03:00
2017-10—17 21:03:05

18 3.2 Using sofa
2017-10-17 21:06:15
2017-10—17 21:06:20

19 1.3 Using PC
2017-10-17 21:07:35
2017-10-17 21:07:40 ,

20 08 o .
2017-10-17 21:08:25 OCKShell | Clearing up the
2017-10—17 21:08:30

21 0.3 Using sofa
2017-10-17 21:08:45
2017-10—17 21:08:50

22 7.2 Using PC
2017-10—17 21:16:00

231 2017—10—-17 21:16:05 3.2 Using sofa

23] 2017-10-1721:19:15 | 3.2 Using sofa
2017-10-17 21:19:25

24 0.4 Using PC Cleari h
2017-10-17 21:19:50 earng ub the
2017-10-17 21:19:55 .

Using micro

25 0.2 il
2017-10—17 21:20:05
2017-10-17 21:20:10 Cleaning the

26 28.7 Using sofa e
2017-10-17 21:48:50 living room
2017-10—17 21:48:55 ‘ Using washstand

27 6.5 | Usinglaundy | (ashing hands/
2017-10-17 21:55:25 face)
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2017-10-17 21:55:30

28 2.9 Using PC
2017-10-17 21:568:25 Using sink
(Washing
2017-10—17 21:58:30 o dishes)
Using dining
29 03 table
2017-10-17 21:58:50
2017-10-17 21:59:35
30 0.8 Using sink
2017-10-17 22:00:25
2017-10-17 22:00:30 . . Using sink
31 0.7 | Usingmicro (Washing
2017-10-17 22:01:10 dishes)
2017-10-17 22:01:15
32 3.3 Using sink
2017-10-17 22:04:35
2017-10-17 22:04:40
33 0.9 Using PC
2017-10-17 22:05:35
2017-10-17 22:05:40
34 0.3 Using closet
2017-10-17 22:06:00
2017-10-17 22:06:15
35 0.9 Using closet
2017-10-17 22:07:10 :
Cleaning the
2017-10-17 22:07:20 room
36 0.2 Using sofa
2017-10-17 22:07:30
2017-10-17 22:07:35
37 2.7 Using PC
2017-10-17 22:10:15
2017-10—-17 22:10:20
38 0.4 Using bed
2017-10-17 22:10:45
2017-10-17 22:10:55 Clearing up the
39 13.2 Using sofa T
2017-10-17 22:24:05 ving room
2017-10-17 22:24:10
40 3.8 Using PC
2017-10-17 22:28:00
Taking a shower
2017-10-17 22:28:05 .
M 76 Using Iﬁpndry
2017-10-17 22:35:40 machine
2017-10-17 22:35:50 ) -
Using dining
42 0.5 table
2017-10-17 22:36:20
2017-10-17 22:36:30
43 5.5 Using PC -
2017-10-17 22:42:00
2017-10—-17 22:42:20
44 0.8 Using PC
2017-10-17 22:43:10
2017-10-17 22:43:20 Usi h
45 0.3 SING SIOWer | Using toilet
2017-10-17 22:43:40
2017-10—-17 22:43:45
46 1.6 Using sofa
2017-10-17 22:45:20
Using PC
2017-10-17 23:36:15
47 23.7 Using PC

2017-10-17 23:59:55
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Fig. 9. Extracted Space-Activity Map of Case Project (2017-10-17
PM06~AMO00)
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