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Cilt) = K-C,+(1—K)Cp(t—1)
P=P,+varP
P,=(1—K)P

K= P/(P+varM)

Ck(t)=Kalman filtered CO, at t
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P = Process noise initial value

varP = Process noise Variance
varM = Measurement noise variance

K = Kalman gain initial value
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- Shin et al. (2018) Performance evaluation of CO,-based ventilation control to
reduce CO, concentration and condensation risk in residential buildings.
Building and Environment 142, 451-463.

Q@ FEFY AEYolA Rd& 7o g 9 =5 18, I =% 238 &5

- Determination of Equivalent Thermal Conductivity of Window Spacers in
Consideration of Condensation Prevention and Energy Saving Performance,
Energies 2017, 10(5), 717; doi:10.3390/en10050717
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b duAHEeF Ao AE A= FHCOIE A7 W)
O A4 719kA o] (Occupancy-based controDe] o= dofF a3 AH AF w3z
@ AY 2AEE 18T HVAC A 2=H 7t 2 AARXE 2H=2ZHR ddd
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71% AZb Ao, Aol 2 s 2HS HES R 39
KE 4O AA7IRE Aojol] o3t A Aok A4 7| AT
Reference AloAA = v AE Ay S| P P g e
Bionda and Domingo-Irigoyen (2017) Al o] &5 AEFo)lA 3-3%
Zeiler et al (2012) A o+ Q| AlEGo)A 30-45%
Rosiek and Batlles (2013) Ael7 HE =G240 Q] S A 42%
Gruber et al (2014) AR F7)LeA) o] el B AlEFolA 30-39%
Yang et al (2013) B A (Sl B AEYolA 18-20%
Zhao et al (2016) A R7RE djSA|of 232 AlEFolA 44%
Jazizadeh et al (2014) AW 7 ZE A o] QI 2~ 254 39%
Dong and Lam (2014) A7 S Ao ARTH S 17.8-30.1%
Dobbs and Hencey (2014) 718783 A2t iAo |2 AlEF oA 19%
Peng et al (2017) Al o] RSAuEaY A 20.3%
Gunay et al (2015) Al o] Q3 Aol 10-15%
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P_C(t-1)-a {om Olmay fOr YAC(t)<6 and YPIR(t)=0
a= o, for other conditions
(19 121 CO, B= o4 A4 BAANE
@ PR A4 718 A2 B A =
- PR*021 A9 AR 1YL BAT Ho| 22 AARES 12 Y
- PRO 9ol o Brelawlel AUTEANA 249 BHL(HE A=,
ol AlAel ZAWS, Wzkwel uhek PR A7 ZAHA ety sues ne
MALE B 7] B
- olH e PH &S A 8tel AASE L viEkagrih AT 2 AHE 05 o4
35 AdE, 1 99 B vAdE 34

20 —



CO, concentration (Livingroom) CO, concentration

(Main bedroom)

S

Occupancy @ [\ | [\ = TSNS

probability \ \\ ’_\ Occupiedl
0.5 Non-occupied
. Pleignall ““ ” >

P_PIR(t) 1 for PIR = 0
P_PIR(t-1)-B for PIR=0

[Z23 13] PR Al o]& A4 AN

=2 AAPA7} ¢ He Ash PR AEE AURA7E
¢ HE A9E BES) AN, A4 A B Ao =HPOE AUARE
2 ZAshE Boolean WAL A, 0 AN E
- AR FA olsh e FEFFE HAET olfE, (0, BE W FadA
PR 4157} 9oha sielets wigdoleta $43 & gl 497 gonz, o9
SFEIH5E FHAAATIY AAEEo] 0500842 oA Aoyt WA AR Bk

> CO; S=2]8 A T |

4PR 4 & 7[|ghafAl Ty =

A WL TH» II ”I” l “I >

(28 14] =4 28 Ad 4 A3




L

| 24 Aol PR A57)6 A

o
ol
rlr

ARE =g

o

]_

o A= dlolE e Wstgo] Fad WMEo|nZ, HolE noiseE:
ArstA S HolE delay WA o] E3Aon], AAZF dolE HAo 7Ei=s
Kalman filter(Kim, 2010; Duarte et al. 2018)2 Z &3} dlolg g H#AH & x3+

- ZYgE = old EfY~HY RAX, AR ElUAEHIY ZAHINE B AAZHOE
@XH E}?:IZ\—EQQ] E%;‘(]% /‘\_% }1_ B]—/\]Oi ?f]_/ﬂ'gl XJQE% §.%/‘§ %ﬁoﬂ’q
A FRo) mRdon 488 5 e

fer(Ct) =K C(t)+(1—K)- fim(C(t—1))
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Type NDIR(Non-dispersive infrared) Pyroelectric Infrared
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Living room CO2 = PIR signal P_CO2 ------ P_PIR
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@ A2F4 23t (2017.3.19)
[ 201 A4 574 A3

2 A i;ﬁg A== o E}Ol_}:@g ) A _ir
)

— -

ADE JAL YAz A=
74 9-(TP: True Positive), HIA|A S A ZE HH 73

= 7 $(FP: False Positive), A&
HI A A2 AAs= 74-FN: False Negative), HIAQ A S v 2 AAH= 3-9(IN:
True Negative)Z EF3}al, TP TN &S RE FAHZAFA NFZ yFo 4=
(Candanedo and Feldheim, 2016).

3F 4% O3% 162 Ad 4 23] AF=E yed Ao, AdFA 23t
AT+ 83~99% (H 95%)i LhEbE
tole 9] g5 AA glo], Mud g AHAFH dugFoE FARAES] A4
Z4o] 7hed Ao vm
E3 CO, FEWOE AUFY A FF FF= 92% DA, COp F=+PR B85k
AEFBA B A= 5% 24 (19 21](a) =)
E 6 Ad F4 dgx
Test day | True positive | False positive | False negative | True negative Accuracy

1 0.959 0.041 0.025 0.975 0.965

2 0.966 0.034 0.014 0.986 0.974

3 0.946 0.054 0.455 0.545 0.915

4 0.960 0.040 0.030 0.970 0.965

5 0.988 0.012 0.151 0.849 0.957

6 0.855 0.145 0.234 0.766 0.835

7 0.989 0.011 0.012 0.988 0.989

8 0.890 0.110 0.019 0.981 0.929

9 0.988 0.012 0.021 0.979 0.985

10 0.985 0.015 0.062 0.938 0.969

11 0.982 0.018 0.041 0.959 0.978

12 0.907 0.093 0.007 0.993 0.942




CIC0O2 only M COZ4PIR _=—difference

1 2 3 4 5 & 7 8 4 10 11 12

b S N A S R R N M s
= 100 P~ F 7.0%
E - 60% o
5080 - 50% g
£ 0s0 - - 40% §
=
2 * - 3.0%
% 040 H A g %
E - 2.0%
& 020 - 10%
0.00 + - 0.0%

@ AL el mE o5 A=

O True positive @ False positive ¥ False negative < True negative

12085

€ 100% 8 B, B X R QR K

: 2 X O o H

B B0%

g

€ 60% %

%m X

g ¥

E:!ﬂ% Y ® = o
ox R & ® ® o ¥ w & K x

g 1 2 2% 4 5 p 7 & 9 10 11 12 13

Test day

() CO, &= + PR & A A5 A=

(29 21] A4 24 A 24 Az

- CO; =+PR BHE&A Ad 4 A% 3 A= 0%-74% (BT 3% TFo2
ddrEts 24 dskou, AL T AFAL FE el s fr7F o] Foj
Jo] A (Test day 6, 11, 12) &7/} AiF oz =A Uehg. = o83k =79
Me CO2 w59 Wsa= AAdFAo] HA e 37 @72 A3 Co, 5= &
ellM Adae] #AYe AAste] ALR AAstER, CO, sETo= A F
Aot AeEd A= FF Fo] E AoE yEhd

4 SA o8, 53] Test day 39| 3¢ ©h& 2ol vlsl False NegativeZ} of-¢-
%3l True NegativeZ} w9 WA Ho AAZQ F4 ALt AstHes 2AE
Haed, olv 9 A CO, v=7F Avtdoz Ju(F=d AAdr] e &<

2 3gg), 9% olF CO, BE9] Z4go g2 ol na] A3 Yo} CO,



T2 A B0l Az o] FoAA FY] WEom Ay, EJ
gt7lel sl CO, =7 Yol Fto] A=Hl, o] uf PR A&
Aol A E A o} AALUH HALE AFEHA Ad 8 BL=
- 9= 2 AP WIHEA o] FoA = A¢, BAH} ARl

F AL 21X HolH & T3 A F8 dugEFe] B
kol iRk F7F A 28
- SVM(Support Vector Machine), ANN(Artificial Neural Network), DT(Decision Tree)
ZIASE dugEs &83 71E ALY A UHA AgEE Had A
, B ATY A T G ES ole 5 £ AYgEE FERE F I
Ay, Boh F5EE HolEAS &8st A FA duElEY 4l
HHog AES vl US

o

%
(njlo 2
Y

Xorr oo

Accuracy[%]

[1] T.H. Pedersen, K.U. Nielsen, S. Petersen, Method for room occupancy detection based on
trajectory of indoor climate sensor data, Build. Environ. 115 (2017) 147-156,

(2] M. Amayri, A. Arora, S. Ploix, S. Bandhyopadyay, Q.-D. Ngo, V.R. Badarla, Estimating
occupancy in heterogeneous sensor environment, Energ. Buildings 129 (2016) 46-58

[3] B. Dong et al, An information technology enabled sustainability test-bed (ITEST) for
occupancy detection through an environmental sensing network, Energy Build. 42 (2010)
1038-1046.

[4] SH. Ryu, H.J. Moon, Development of an occupancy prediction model using indoor
environmental data based on machine learning techniques, Build. Environ. 107 (2016) 1-9

[5] L.M. Candanedo, V. Feldheim, Accurate occupancy detection of an office room from
light, temperature, humidity and COZ2 measurements using statistical learning models,
Energ. Buildings 112 (2016) 28-39
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Relation between Tout@ 1AM and @7-9AM
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Relation between Tout@2PM and @5-6PM
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Relation between Tout@6AM and @7-9AM
15

¥=08922¢+ 05567
= 02599

Tout @6AM

() 24 64

) 7] 23t EEA
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[Alt 1] FAAH A 715AF Abe]l 73E2 7123 &

ot A=
[Alt 2] Alt 1 + 7% A% FFIF
[Alt 3] Alt 2 + HH A A &

g =57
- OF7F Set-back A|o] Al 2% o

ZU=E 3

sho] AoF &

-

AES AP A= 253 dard

I%Po].zl oﬂ iLo]-g].o:]
=]

]
)
2

=2 Deep set-back, 1 2] 42

SUAA AL 35| w=2A HEF 3
ok7F set-back # &
%l Set-back A|AHE ®H &5l &

a8
EE

AA71% Aot AMAo] &ae]E&-S EnergyPlus Runtime Language(ERL)Z 2HA
g &9 deAodeH A A sE Bt

oy 9AM 6PM 12PM

Occupancy schedule S )

:

Optimum Optimum Time
StopTime | StartTime [

a | I 1
Alt 1: § 24°C 24°0
Daytime setback <3

oL

- Setback 18°C

_ Boosting 25°C
Alt 2: E = -
Daytime setback + 2 23°C 23°C
= T
Boosting " Set-back 18°C
Boosting 25°C

Alt 3: S | Night setback l
Daytime setback + = 23°0
Boosting + = b7 ¢ l
Night setback i Setback 18°C

(28 29] Set-back A|o] &

<AA71% D Set-back Ao

a8 E N

dygF ERL 73>

EnergyManagementSystem:GlobalVariable, CurrentOptimumStartTime;

EnergyManagementSystem:GlobalVariable, CurrentOptimumStopTime;

EnergyManagementSystem:ProgramCallingManager,

OptimumStop&Start,
BeginTimestepBeforePredictor,
OptimumSs;

EnergyManagementSystem:ProgramCallingManager,

InitConstants,
BeginNewEnvironment,
Init;




EnergyManagementSystem:Program,
Init,

SET CurrentOptimumStartTime = 15,
SET CurrentOptimumStopTime = 7;

EnergyManagementSystem:Sensor,
SiteOutdoorAirDrybulbTemperature,
Environment,

Site Outdoor Air Drybulb Temperature;

<ForAllOccupiedHeatedZones>
EnergyManagementSystem:Actuator,
Schedule_Value_<LoopZoneVariableName>,
<LoopZoneVariableName> HEATING SETPOINT SCHEDULE,
Schedule:Compact,

Schedule Value;

<LoopNextZone>

I set optimimum stop time
EnergyManagementSystem:Program,
OptimumsSs,
| set the optimum stop time at 1lam
IF (CurrentTime == 1),
SET Tstop = SiteOutdoorAirDrybulbTemperature,
| outside temp for latest stop time
SET TstopMin = -5,
| earliest start time
SET TimeTstopMin = 6,
I outside temp for earliest stop time
SET TstopMax = 5,
I latest stop time
SET TimeTstopMax = 4,
IF (Tstop <= TstopMin),
SET Timestop = TimeTstopMin,
ELSEIF (Tstop >»= TstopMax),
SET Timestop = TimeTstopMax,

ELSE,
SET ml = (TimeTstopMax - TimeTstopMin) / (TstopMax - TstopMin),
SET C1 = (TimeTstopMin + TimeTstopMax - ml * (TstopMin + TstopMax)) / 2,
SET Timestop = ml * Tstop + C1,
ENDIF,
SET CurrentOptimumStopTime = Timestop,
ENDIF,

I set the optimum start time at 1pm
IF (CurrentTime == 13),
SET Tstart = SiteOutdoorAirDrybulbTemperature,
I outside temp for earliest start time
SET TstartMin = 0,
I earliest start time
SET TimeTstartMin = 17,
| outside temp for latest start time
SET TstartMax = 10,
I latest start time
SET TimeTstartMax = 18,
IF (Tstart <= TstartMin),
SET Timestart = TimeTstartMin,
ELSEIF (Tstart »= TstartMax),
SET Timestart = TimeTstartMax,

ELSE,
SET m2 = (TimeTstartMax - TimeTstartMin) / (TstartMax - TstartMin),

SET C2 = (TimeTstartMin + TimeTstartMax - m2 * (TstartMin + TstartMax)) / 2,
SET Timestart = m2 * Tstart + C2,

ENDIF,
SET CurrentOptimumStartTime = Timestart,

ENDIF,

! override heating setpoint schedule:




<ForAllOccupiedHeatedZones>
If (CurrentTime < CurrentOptimumStopTime),
SET Schedule_Value_<LoopZoneVariableName> = <LoopZoneAttribute HeatingDesignS
etPointTemperature>,
ELSEIF (CurrentTime < CurrentOptimumStartTime),
SET Schedule_Value_<LoopZoneVariableName> = <LoopZoneAttribute HeatingSetBack
SetPointTemperature>,
ELSE,
SET Schedule_Value_<LoopZoneVariableName> = <LoopZoneAttribute HeatingDesignS
etPointTemperature>,
ENDIF,
<LoopNextZone>
)
I Water temperature reduction during pre-stop period
If (CurrentTime >= (CurrentOptimumStopTime-2)) && (CurrentTime < CurrentOptimumSt
opTime),
SET Schedule_Value BOILERCONTROL = 45,
ELSE,
SET Schedule_Value BOILERCONTROL = 60,
ENDIF,

B

EnergyManagementSystem:OutputVariable,
Optimum Start Time,
CurrentOptimumStartTime,

Averaged,
ZoneTimeStep ;

EnergyManagementSystem:OutputVariable,
Optimum Stop Time,
CurrentOptimumStopTime,

Averaged,
ZoneTimeStep ;

<If BuildingAttribute TimesteplyOutput
Output:Variable,
*

1 Then>

J
Optimum Start Time,
timestep;
<Endif>

<If BuildingAttribute TimesteplyOutput
Output:Variable,
*

1 Then>

J
Optimum Stop Time,
timestep;
<Endif>

oA A5 H7k ISO 13790 WHEC ZASHH, dEs % SHHdTd oyA
A2Q%FS AEE P}

Baseline(A| & z}ol] &3t 45 on/off A& 7IEoE, dg|Fe Febn|gH HAA
#H2 Z YA ds 4

AAeEE gUFHe 547 AYe: ZAPEAIKIm et al 2015 ZAHZE 24C=E
A7 (WA A A set-back &5+ 18CE AA)




<E 6> 418 A=5H7} Case

A=) 7] A ¢ Parameter A
Tstop |TimeTstop| Tstop |TimeTstop| Tstart [TimeTstart| Tstart [TimeTstart] ‘?—"/F‘%E X-]]O] /%731 }é‘% sequence
_min _max _max _min _min _min _max _max 7‘| _:‘_f_
Case 0|-5C | 09h | 5C | 90 |0C | 18h |10C | 18h | 80C A |71 7&=/24C-18C-24C| 712 set-back
Case 1|-5C | 09h | 5C | 9n | 0C | 18h |10C | 18h | 60CTA |71 F&%|24C-18C-24C| 7|2 set-back
Case 2|-5C | 07h | 5C | 5h | 0C | 16.5h |10C | 17.5h | 60C 14 |717-&=/24C-18C-24C| 712 set-back
Case 3|-5C | 07h | 5C | 50 | 0C | 17h |10C | 18h | 60C A |717&=/24C-18C-24C| 712 set-back
Case 4|-5C | 06h | 5C | 4n | 0C | 17h |10C | 18h | 60C A |717&=/24C-18C-24C| 712 set-back
Case 5|-5C| 07h | 5C | 5h | 0C | 17h |10C | 18h | LK [npewogc-18C-24C| 718 set-back
—
Case 6/-5C | 07n | 5C | 5h | 0C | 17h |10C | 18h | SELPK lagewogc-18C-24C) 712 set-back
—
Case 7/-5C | 06h | 5C | 4n | 0C | 17h |10C | 18h | LK |xgemogc-18C-24C) 718 set-back
Case 8|-5C | 06h | 5C | 4h | 0C | 17h |10C | 18h | SERK lagewoge-1gc-pac| °FF seLback
Set-back 031-18C-25C-23 ©F%k set-back
Case 9|-5C| 06h | 5C | 4n | 0cC | 17n |[l0C| 180 | FLEK qgex < et b
. 195095 — ok7t deep
Case 10/-5C | 06h | 5C | 4h | 0C | 17h |10C | 18h | SEGRK 1qg o cPICBERC2  goipack
- + boosting




AAIENA 24 23 >
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< AAI71 SN2 22 &5 (Case 2~4) >

- Baseline (Case 009 At 9= Al AFAZE W& TE8t, HARSEA2~H 9
9 FFoE HAA VAFAE H2o] 24T oY E "ojA A forg iix
3ol gjlo] H.
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- ¥+ PMV= Baseline: 0.275, Case 2: 0.204, Case 3: 0.190, Case 4: 0.172
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