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Abstract

Accurate prediction of stochastic behavior of occupants is a well known problem for improving
prediction performance of building energy use. Many researchers have been tried various
sensors that have information on the status of occupant such as CO, sensor, infrared motion
detector, RFID etc. to predict occupants, while others have been developed some algorithm to
find occupancy probability with those sensors or some indirect monitoring data such as energy
consumption in spaces. In this research, various sensor data and energy consumption data are
utilized for decision tree algorithms (C4.5 & CART) for estimation of sub-hourly occupancy
status. Although the experiment is limited by space (private room) and period (cooling season),
the prediction result shows good agreement of above 95% accuracy when energy consumption
data are used instead of measured CO, value. This result indicates potential of IoT data for
awareness of indoor environmental status.

Keywords: A A% 2 (Occupancy Information), A4 5% (Occupancy estimation), AH2 1 EJHl
dlo]E|(IoT data), &JAFE A L+ (Decision tree), l©] €] tfo]yd(Data mining)
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kel 9](2012)0%= A9 COY5 % tlolEHE vl o2 FAAHT-S o851 AAILE S=319rt B4
A2 Matlab®] Neural Network ToolboxE §3ll @531, CO, skl 715t 2RI 4 oll= 57te]
Ry 7_9-7]"*—01] e COyF HRlE ol ARVdo] 1lei7t Basits 422 4t

B9 9](2015)" = Wi-Fi &1 dlolelS vl o 2 Aol fiEAS o) g5f AVl 9 4519t Wi-Fi
&L Helel= 51710l 4355 MAC 740 7l APgstadal, 3739 ‘Avlki= FEMP(Federal Energy Mana—
gement Program) 2] M&V Guideline® o] A= 7150]| WiEsH= A2 Hgith

Seung Ho Ryu®} Hyeun Jun Moon (2016)”-& AWi9] CO st 21 E AR |71 A dlo]el S uigt
© & Decision Tree ¢1121Z<¢1 CART (Classification And Regression Tree)Z 0]45]] o]wgt QJ2HS-E 2125}
o] AVQNYS F7g5h= Aol B S HASR=A] Z43IH. Decision Tree 411852 Matlabo & 785191
2 CART €118} o851 A CO55, Ale] CO, sHlE, 29 B AN |71 HlolH S v o= A
3 SR o] 7 /350l o™, olmjo] RMSE g2 2F0.2202 F§.0 & H 1w},

Qo 22 T35S ol YYHrE AR HpE ARESHE AR ofg] HpE0] 295 ARESHE Zlo] Al
ZJH F7g0] aatAol™, Decision Tree®] CART Yale]&2 o]2fet HZ9ke: o8l A H-E 750kl 3L
o] AgkekS & 4= et & FA0A= Seung Ho Ryu®t Hyeun Jun Moon 2] 5ol B Yo7t A B 22
o te1, Decision Tree®] 7Fg thEAQ] A2]52 CA.59F CARTE] 452 RAstart. 18l Ao f1-t
Test-bed7} ohd AA| A& == 372 Vgt = Aol om, AR dvds e 2Ry o= Hz o s
A7 HE L= TieRRt Al 27 2 o] ol o] AVdS7gol| tigt B8 715-d= HESII.
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SlofoFSlEE A7A0] 5] el G 174] AR Aatet. g B70) A Table 1074 2118

Table 1 Status of target experiment room

Location Cheongju, Chungbuk

Room area 22.51m?

Room purpose Private office

Occupant number 1 person

Lighting equipment & control LED, Auto dimming control with On/Off switch

Heating and cooling equipment & control ~ EHP, Auxiliary heating(Individual control), Steam radiator(Central control)
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Table 2 Overview of measured data of target experiment room

Logger Measuring element Time interval Time format Usage

Temperature Predictor
Illuminance . Predictor

Logger 1 L 1 min yyyy/mm/dd hh:mm:ss .
Lighting power Predictor
Occupancy presence Reference data
Relative humidity . Predictor

Logger 2 . 15 mins yyyy-mm-dd hh:mm .
CO; concentration Predictor

Logger 3 A/C power 1 sec yyyy-mm-dd hh:mm:ss Predictor

Indoor environment data

* Indoor illuminometer
= Indoor thermometer

= Indoor hygrometer &
CO2 concentration meter

Occupancy information data
1 T

‘ '
[ . T} ® Occupancy sensor

5

Energy demand data
FE

%2’5 = Lighting electricity meter

= Plug electricity meter

Fig.1 Configuration of sensors and data collecting system

2.3 Decision Tree2| 0|22 HjA12

Decision Tree 78-S Tlokst oleiuizo] 7|atslo] H& Zeiui=o] ZkS o &sle Rule T35l 7|4k
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2} go|gE Basl 73S ukEsly, o] npa|d 24 ndlo] BAE) o] i B2 AT Zelwso] EAAe
VUshe Heg B 4wt sho] Bk A Hads 29 5340] 58-S onfiiel, C4 5%
Ze B3k A2 Entropy S AH881aL CARTL Y 2E"Y-2 Gini IndexS AR, Entropy2} Gini Index=
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Rui Zhang et al.(2012)'90] AIAIEH L H}ELO & Decision Tree2] QS ABRHALE o] R3] 6712] Y&
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Table 3 Gain ratio of all considered input variables

Variables Gain ratio
Lighting Power (LP) 0.4565
Indoor [lluminance (I1lu) 0.4031
A/C Power (ACP) 0.2978
Indoor CO, Concentration (CO,) 0.2045
Indoor Relative Humidity (Humi) 0.1036
Temperature (Temp) 0.1022

671e] Y= Z Gain Ratio gfo] 7F =2 HdHp= 2 g o = o]= 2 =lo] A H.o] 57 7}

A Zolgt TS = Qa2 ot 2 weto 2 Ay 25 A/CHE, AW CO55k, AW A

Oisk, AU 2k &0 = T4l =& JFS nIA| L Qs A o= mEw, 6719] ¥4 5 Gain Ratio”}
= A, 25, COEE)E AA5HI) Decision Tree 3 R Elo] Sksofl= A4

= 47]9] ?Ja—ﬂ.'ﬁ%ﬂ L= ZXGo] dejE]ojopshH, ZF ASES Zeho = AAH 157]9] f=isA4-=9k2 Table
4o]|A] 2ol

m&v
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Table 4 Combinations of selected input variables

Combination Number The number of variables Combinations of variables
1 1 CO;
2 1 Illu
3 1 LP
4 1 ACP
5 2 CO,Hllu
6 2 CO,+LP
7 2 CO,+ACP
8 2 [lu+LP
9 2 Illu+ACP
10 2 LP+ACP
11 3 CO,H1lu+LP
12 3 CO,HIlu+ACP
13 3 CO,+LP+ACP
14 3 Illu+LP+ACP
15 4 CO,HIlu+LP+ACP

(2) Decision Tree @112}50] 8-

SkHlolelE v = A AieEo] 29ke 21245l Decision Tree Yel5<

CART &alelEs ol8slo] okadl F40H 5 42

Fig. 25 AW HH CA59F CART ¥ 2|53 590 48

= 235 AL AgRlR Bl 1 861W olsls =7}

/34

Hgaloirk Fig 2= 459}
=7} b e AaelEE IS RDE Bl ek
5 AR uEle 2 27| gukt B T1E0 2 A8 E
Qs SUSHAR, QJ2aso] glols o7} 9lek a2 CA.50] 5 Wi 7ol A/CH=o] 1861W

2Rl B2 olojxlrt. §FH CARTS] & #Af £713d0llA=

A/CHZ0] 2,191 Wold]l = AR ERaka 2,191 WolThke 371491 72 ojojict. o=t Aok

CA59H CARTZ} 28712004 12t 57 1ghe Aol 9lo}, Gain Ratio?} AGiniehe A2 o £
S AR R Qe Al Zlo2 YTy

<28.637

no
(n=995, err = 1.5%) | acP

<1.861

>28.637

>1.861

yes
(n =268, err = 11.9%)

<1275 >1.275

Iyl Ial
‘ 155 16/

yes no
(n=19, err =5.3%) (n =62, err =29.0%)

(a) C4.5 Algorithm

<28.644

no
(n =995, err = 1.5%)

>28.644

<2.191

>1.275

5]

=2.191

<1.275

= ‘

no yes
(n=63,err=286%) | (n=19, err=53%)

(b) CART Algorithm

Fig. 2 Example of learned decision tree models

yes
(n =267, err = 11.6%)
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(3) shal FHRES ol g9t A AR 787 AT

AZ oS vl 2 sk S nde- o[ g5)| Aot S 2795101 Table 591 2] 42, RMSE, MBE, t—5

ARFE o183 AxHe ATIIACE. CA.59HCART B A7 7P -2 e 28 A/CHE =7 E

BN A B0 H 8= 94.5% (C4.5), 94.4% (CARD) 2 2 2Joli= iSirt. Yo b Hees 4

HEH S5 Decision Tree Y12}&:0 2 A A mdo|aie ARE QJeliso] et Al ol= 2 xjol7}
hEe G4 3l oleh g THdto e o AVdSgel et Y2 Fg, 3 Fig, 45 F3l 7P 1A C2 SQId 4= Ql.
Table 5914 Selected= t—5A Fho] WARK critical value) ot Zot SAHR] 2Jn|E 2= S8 mdke TARHA
o|m} RVISES} MBEE Ao o] tht Fraction 02 ofe]] weh t—FARFE @1 gl ol

Table 5 Accuracy and error of estimation result

Algorithm Combination of variables Accuracy RMSE MBE t-statistics* Selected
LP+ACP 0.945 0.235 -0.005 0.493 v
[llu+LP+ACP 0.944 0.238 -0.003 0.324 v
ACP 0.932 0.262 0.015 1.476 v
CO,+ACP 0.932 0.262 0.033 3.267
CO,HIlu+ACP 0.927 0.270 -0.007 0.714 v
CO,+LP 0.918 0.286 -0.064 5.944
IIu+ACP 0.908 0.304 0.048 4.111
c4s CO,HIlu+LP+ACP 0.908 0.304 -0.024 2.037
' COy+LP+ACP 0.903 0.311 -0.016 1.365 v
CO,HI1lu+LP 0.862 0.372 0.061 4.307
LP 0.860 0.374 -0.140 10.446
CO,Hllu 0.851 0.386 0.071 4.381
Ilu 0.848 0.390 -0.131 9.245
[lu+LP 0.847 0.392 -0.124 8.612
CO, 0.766 0.483 0.123 6.847
Average 0.890 0.324 -0.011 4271
LP+ACP 0.944 0.238 -0.003 0.324 v
[llu+LP+ACP 0.933 0.259 0.010 1.044 v
ACP 0.932 0.262 0.015 1.476 v
CO,+ACP 0.932 0.262 0.033 3.267
CO,HIIu+ACP 0.929 0.267 0.006 0.577 v
CO,+LP 0.919 0.286 -0.055 5.080
CO,+LP+ACP 0.919 0.286 -0.055 5.080
CART CO,HIlu+LP+ACP 0.919 0.286 -0.055 5.080
1lIu+ACP 0.915 0.291 0.022 1.991
CO,HIu+LP 0.877 0.351 0.002 0.110 v
LP 0.860 0.374 -0.140 10.446
lu+LP 0.853 0.384 -0.109 7.644
CO,Hllu 0.850 0.388 0.073 4.960
Ilu 0.801 0.447 -0.021 1.210 v
CO, 0.769 0.480 0.106 5.841
Average 0.890 0.324 -0.011 3.609

*critical t-value=1.962 (DF: 671, confidence level: 95%)
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