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Analysis and Prediction Algorithms on the State of User’s Action Using
the Hidden Markov Model in a Ubiquitous Home Network System
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ABSTRACT

This paper proposes an algorithm that predicts the stafe of user’s next actions, exploiting the HMM (Hidden Markov Model)
on user profie data stored in the ubiquitous home network. The HMM, recognizes patterns of sequential data, adequately
represents the temporal property implicated in the data, and is a typical model that can infer information from the sequential
data. The proposed algorithm uses the number of the user’s action performed, the location and duration of the actions saved
by "Activity Recognition System" as training dafa. An objective formulation for the user’s inferest in his action is proposed by
giving weight on his action, and change on the stafe of his next action is predicted by obtfaining the change on the weight
according to the flow of fime using the HMM. The proposed algorithm, helps constructing redalistic ubiquitous home networks.

= keyword : FFHIFE 2 & YEY A (Ubiguitous Home Network), =4 w2732 29l (Hidden Markov Model),
AHE2F 3%E ol S (Prediction of User's Activity), Hl©1E] mlo]Yd (Data Mining)
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(X 2) State-change sensors2t ESM(Experience Sampling Method)& 0[50 &2 Data type

Activity’  Sensor 1D’ Day* AcTﬁ;maEf’“ Dea;f;;fon Duration(s)) ~ Room(opt)® Ty(;zic;t)h
Preparing PDA 12/01/02 08:23:01 10min
Breakfast
23 12/01/02 08:23:01 08:23:07 6 kitchen drawer
18 12/01/02 08:23:09 08:23:17 8 kitchen cabinet
89 12/01/02 08:24:49 08:24:59 10 kitchen fridge door
(many read-ings)

a Attribute of the user’s activity saved in the PDA

¢ Day when user’s activity was sensed

e Deactivation time in seconds starting from 12:00am

g Location of the sensor (room) in the house

ot TEE HMMS 7|HHe 2 71 &80] 22 9
5 AU AgaT

q7(j) = arg max [d7(i)]

= b
N
l-'E
[o
e o 2o

* b ID number of the statechange sensor

d Sensor activation time in seconds starting from 12:00am
f Time that the sensor was activated

h Household object in which the sensor was installed

o] th(logarithm) k< ©l-&sted +dE + AUrh
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(E 3) Main/Sub Action Dataset

Main action Sub action Code | Location
Burner 131 Kitchen

Coffee machine | 133 Kitchen

Preparing breakfast Oven 138 Kitchen
Preparing lunch Toaster 139 Kitchen
Preparing dinner Refrigerator 137 | Kitchen
Preparing a snack Freezer 144 Kitchen

Microwave 143 Kitchen

Sink faucet-hot | 68 Kitchen
) Sink faucet-cold| 88 Kitchen
Ba'thlpg Shower faucet 93 Kitchen
Toileting
9%

Exhaust Fan Kitchen
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SAct;: Action ID, Room ;: Room ID
MAct,: Main Action ID
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(Z 4) 75| Altt 23t Dataset
Mainaction Date Start time End time Duration(sec) Room
Preparing breakfast 04/10/2003 AM 9:21:30 9:21:30 567 Kitchen
Subaction Code Duration(sec) Count Room W
Toaster 131 7 2 Kitchen 02123
Coffee machine 119 77 1 Kitchen 02358
Cabinet 59 2 1 Kitchen 01035
Cabinet 73 43 1 Kitchen 01758
Light switch 105 11927 1 Kitchen 21.1353
Cabinet 55 1 1 Kitchen 01018
Drawer 84 3 1 Kitchen 01053
Dishwasher 70 5356 1 Kitchen 9.5462
Refrigerator 9 13 1 Kitchen 01229
Freezer 137 5892 1 Kitchen 104951
(Z b) AFSAL Wi AEf o —>
Range of the WEIGHT value User’s Action State
0<w <15 Interest Low(L)
15<w <2 Interest Mid(M)
2<w Interest High(H)
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el "ok o018 72e A9 sEAH
HighZ 473}

919k o], 8%F el Low, Mid, High JEl =
EREH, s dee s AR AA A 4
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o Wd dF HEHE 7o E b JHE st
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AHEZE s AEE VA BE OHSEE
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(E 6) AMEA AS HOIEE HVIM 2krofl H&5ks Y12iE (Z 8) 7| dell 28 HE (v =In|)
Create state definitions according to table IV User’s Action State Probability
Create observation types according to table V Low 0.68
Determine(time slot index, action state, observation type) Mid 027
For each row
Find action(Main, Sub action)code and calculate High 0.05
WEIGHT to respective action code
oloning e T (% 9) e 00l &8 (A=)
gfi%?ﬁ:f;fff&;;? \t;me slot User’s Action State Low Mid High
Determination of HMM parameters Low 0.78 0.12 0.1
Compute Transition Matrix A Mid 0.32 0.53 015
Compute Transition Matrix B High 042 037 021
o A4E HMM QIS ol&sted 271 el o (Z 10) HMM Viterbi Decoderg 0[&8¢t #& 4lef o=
£ 9H, AH de] gE, ¥#5 dES At Yz
niAg e 2 dF AHE odF3sh7] fsiA HEF Training Set  Size | Prediction Set Size Accuracy
2}l =X (optimal sequence)E ZAA s Tl EH 5 days 15 days 81.23%
W21 9] Viterbi 418 &S o] &3th 10 days 15 days 86.14%
15 days 15 days 91.21%
5. /gz“;g 1;_! a;‘z} _E'_.)}j' 5 days 30 days 78.67%
10 days 30 days 81.27%
(& 49 OB (E o°lA e el 1> dayo 2 daye ST
Sol 4SSt HMM 58 Fath 1 A3
o] QFE (F 7, 8, 99 #on, T3 HMM TIE A AR A E AEE A5 dolH
AE Viterbi €5l A& ste] A& A71E 304 ARty AH Bg=E 4 3
PF AEUE 5E Ik (F 102> FF 22 AL 22 Ao s FY dolHe] A7t §
d EE HolHS} AT F wlolH Al 7] =TE AdEs T HIAT 1549 HAE
& t2A st ATAE 52 & Aol dlolee] 2715t dAHe s Pg FeE 95
=& ool A77F 15U FE vl 9 3w BEEE HokAth
A7E 5,10, 1592 AL P& o, T dlo] AREALS] e o] A E A5 98k,
Ble) 377t ARSE JREE B3 (1% 37 2ol AAl BE A dolEe} dZH
(B 7) &&= =E(B=1b,(v))
State Observation Probability
131 133 | 138 | 139 | 137 | 144 | 143 68 88 B % 79 81 57 58
Low | 0310 | 0073 | 0.001 | 0.003 | 0.019 | 0172 | 0.115 | 0.008 | 0.047 | 0.032 | 0.001 | 0.200 | 0.012 | 0.002 | 0.005
Mid | 0097 | 0007 | 0.002 | 0.012 | 0420 | 0.072 | 0.09 | 0.005 | 0.090 | 0.019 | 0.002 | 0.001 | 0.044 | 0.080 | 0.054
High | 0006 | 0027 | 0264 | 0.042 | 0.003 | 0.021 | 0.120 | 0.051 | 0.003 | 0.001 | 0.028 | 0.021 | 0.004 | 0.098 | 0.311
312 OlEjul M3t (12223) 15
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