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Abstract In this paper, we proposed the modeling in one zone buildings and the energy efficient temperature
control algorithm using particle swarm optimization (PSO). A control horizon switching method with PSO is
used for optimal control, and the TOU tariff is included to calculate the energy costs. Simulation results show
that the reductions of energy cost and peak power can be obtained using proposed algorithms.
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[Fig. 1] Simplified thermal network of one zone buildings
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Initialize particles with random position(Xi)

and velocity(Vi) vectors.

L

Foreach particle’s position (p)

evaluate fitness

If fitness(p) better than
Fitness(Pbest) then Pbest=p

¥
‘ Setbest of PBest as GBest

b

Update particles
Ve = ol s my (Poest = X )+ my (Ghest* - X )

Loop until all
particles exhaust

Loopuntil max iter

Velocity :

position : X’k-l :X’k +ka_1

b

‘ Stop : giving GBest, optimal solution.

[Fig. 2] Schematic diagram of PSO algorithm
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[Table 1] Building parameters

Parameter Value
Volume zone 253(m*]
Ventilation 1[hour]
Facade surface 57[m2]
Facade heat resistance Rc 3,6[rn2 K/ 44
Floor and internal walls surface 60.45[m2]
Window surface 37[m2]
Window heat resistance 0.043[m> K/ W]

UE A= A& 2Rlsh] sl o542 WAL
% o

Azl FE3 A% 7

3.5[m], T"ral‘hﬂr bz wute] 7HAL s4[m], 7}
% 0.8

[Table 2] Solar radiation parameters
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Table 22} Zto|

Solar Exter. Inter.
Parameter | Hours | radiation[ temp. temp.
wh/m? | [C] [Cl

4.44 26.1 279

8 21.4 27.1 28.3

43.3 29.4 29

10 60 30.5 29.7

11 739 31.2 30.9

12 84.5 31.7 31.8

13 85.6 31.6 32.8

Value

14 88.4 33.7 333

15 76.1 33.8 33.8

16 539 334 333

17 414 335 33

18 30 33.1 32.8

19 9.45 30.9 32.7

20 0.27 30.3 32.5

& =olMe ARl ofet o7l e Fl

25 BAMER A=) gk AR, el
B7b0] AEYolS Fohs Al
el 9 © ™, Matlab/Simulink Z 2 132

o

FAES Fig. 7
ARg5to]



PSO YaPEE o83t 4

(M oicedi L
Cimatedata

Textemsl

Tiloor

W I Thade tand
: \ _—

Heating/cooling cap o [ Thagads atend
. —

Tintemal
T setpaint

Energyeff. & costs ‘

[Fig. 7] Building simulation configuration

71370NA Al AR AFRSAR T a4l
el o7t QAR e Ao s o A
A S4E e U229 Matlab/Simulink A& 0]
A BIE Fig. 8ol YERigich. tidd=e] dule=rt
S7ketol wheh Y= = A H(sensible heat) 77k A 2
27} dHELG o AP o s EHAH%%QJ Ay e
315 Uehs = o] FAo] AR dxleta lof it

Zgel et Bl Aupt S4ahe Bl @ 4 9ok

Temperature

ne.
S
Sensible heat

P
nnnnnnnnn

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 25 24
jours.

[Fig. 81 comparison of the internal temperature

4.2 PSOE 0|8¢ = A2 Hof
“41”73.5011 e el ol xgg 9 FejRs) A7k
€] }Euuq

IS 745‘6}71 160 £ Aol et olers
2 a7ttt

Fig. 9% 7129 Ay 2EAolo] g S0
(on-off) A|o1E A-gsto] AlEgolA stHE W 7Hed
Ho} xdas e} Fig. 9a)s YA AHoO]
A7He 185k @1 AFskx| 9} slekr| o] AR Zhol uh
2} 7Fg o] AYLmrt d&xor 2[C] LEAo] ¥
9l Welld 2= wske] et 4% e ve
Y Qlth Fig. 9(b)= 2-9.3 Aojo] w2 Mg
ekl R0z, HejRst Aziee] AAkgel it v
@rol Zd 3[kME hEhya ek

2541

RE=S
——
mEERS!
=
T
——

Temperature[oC]

J=
—
e
=
et
=

Powev[kvl]

® rimemour]

[Fig. 9] (a) On-off temperature control and (b) power usage

Fig. 102 LP otaiej2S 5 asto] 45 Aoj7grel
dslo qlstel gl SIS S5y
chef a1k ehulsict 6

_l

7} 'Aﬂ AWHL mloﬂ Ay eri a4 7}
ATk Fig. 10(@)E 71E2=o A ME 4= 9l& 2[C]
Aol Weol A Ao Moyt Bxzos Wt
o} £.03 ewole] ES e geS &
Itk Fig. 10(b):= LP Aofo]| w2 HAgS vehd A
o7 WHRXAE SAuRAlo] Hi dgEart 24EE
1sEThe]o] Ao FRslo} HdjRsl Alzide] A
Akl digt ulzgho] ) 24[k WS YERYaL 9l
o, HojRst Azihe] AEAkgol tidt gE A 2
(kWA 2.2[kNE YehfaL Qi

TemperaturefoC]
e ala s

" Timehour]

o]

[Fig. 10] (a) LP temperature control and (b) power usage



S| aotsle R A4 AsE, 2013

Fig. 11-& PSO &118]&L LP ¢1e|&y 53k vt
e A-goto] Algeol S 33Tt Fig. 11(a)= 7]
F2EoA § 4= gl= 2T 2=A0] HE) oA A
Her Wil EFERAoRE WIkskal §lott 2-93t
Aloje} LP Yale|E&S -85k Alo] dx} Ko &3}
O] Aer29f slekA| o] FHol FA uEuar §lo] #HAA
o] 7|EH K 2 AME Yehhal Qith Fig. 11(b)
£ PSO Alojof] w2 AHARE-E Ut o=, Wi/
2] FRHA ] tigt MEu A A= 15599
AYAEG-E S AZH ] g Abgo] gk 1] =gto]
2o 24[kWE YEIY AL glom, s} Aol A
GARE g2 Hd L8[AWIOlAl 22[kME UERAIL QL
o} wpeba] E =4 Agkek PSO YateE|ES A-83t
Aol WS A-gshH 7129 -2} LP Aoy X
o Y AgARg o] At o 4 ok B3] 24}
2% HjFst A WKLY ThEE FHd 22
(kW] olet= fAte =z Wik 7l A5 E= ARl
AYrLE a7 Agu]=a 7oA 2 24E Uey

Qe geld 4 ik

Temperature[oC]

SRR i
W\/W\vr\/\/-vw A\ W’WM JWWW W \\V\\ f' M\J\,

(@

3 . ' ' . N
25
2
15
1
o915 10 e 2 3 k 5 16 7 e

Timelhour]

(b
[Fig. 11] (a) PSO temperature control and (b) power usage

Power[kW]

Fig. 125 &9 ojo} LP &1g]Z 4 PSO ¢11e
22 Agsto] LARE ©919] oA g 9 HejALg
|

d

of et Axks vehd o, o x| ul-§2 WA A
go] 75 Alojgale]l wh2 HAR kT Al7H hour]
o] Foz Aukatltt. (kW] SF] M-S AMgsH=
gUE AES gifeR 293 LP 123l PSO Aol
A& AHgBHe Sl shR7|E AEPAE ade 47

2,583[ Won]@} 2,411] Won], 2,315] Won] 0.2 A|kst PSO
Ao wiilo] LPo} -3 Aojbale] u|af 4[%]et
1040%17F 7HeThe & 7 ATk 71Ee] Lo A

of WAlS] WPALT FES AT AgRFS 17
SHA ore Fstel HehRst Azihel WAl 2ge] 7}
FHORN Sgab AR el uls) B ol

RaE|9iek. Eak ] 09A15E] 184]714]2] Hejal
QEFT 1745[kWR]IS}F 16.5[kWA], 15.35[kWh]E A|Qkst
PSO AloAlo] LP Ao} HhAlsTh 7[%), £-93% Alofy
A ek 1150%) A= ashe & 4 Al

=
8

on-aff

g

Wrso

Tariffs[KWhiwon]

o B 8

g
—
e
—

o ]
I

i ET - ]

PO

=

=
I

Power usage[kWh]

|
|

e

[ 0 n T 15 16 a7

13
Time[hour)

[Fig. 12] Comparison of a energy costs and power usage

5. 42

2 =iEoAs TOU 854 75t A PSO Hare|&
2 Agsto] ofilX) U8 AYHAZ AT S 9
=g ARkl e Age] Rawe sis A
Al AAE o83t AEWRY] =SS S50, 1
= 249y} Matlab/Simulink £33+ ZAyke} Al=2]7} §-AF
gt AE e EE BYsS 3skgich ARk PSO
W0 Aojdne|ES 483t 2EA ol A W
o eEwsl Bo| EA UERt 9ol Akl 24

vlollA] £ AnE Uehelch. Eat AadE 7129
S-omol LP Aol Ae3 Ao ula) 217} of
10.4[%]9F 4[%])7} ARFstela, E3h HZARERFE 9
120%]6} T[%)7k Z23Hek. whebd PSO Aol 7k A7
RoPAle 28 Aol Hel AHg7IZk] Lol
2 7)29] AloAlo] uls) ofux] ulge] woixm A
o Abgo] oek mae Eg kel 7]

£ g7kl Bl delade Atgow o vo
A THsAol 9eg SRIskck

References

[1] Korea Institute of Energy Technology Evaluation and

2542



PSO YaPEE o83 Ae dll2= Ao

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Planning, Green Energy Strategy Load Map, 2011.
Ministry of Land, Transport and Maritime Affairs, <A
A5E 24 A, 2013

N. Mendes, G. H. C. Oliveira, H. X. Araujo, and L. S.
Coelho, “A Matlabbased simulation tool for building
thermal performance analysis,” In Eighth International
IBPSA Conference, Eindhoven, Netherlands, August
11-14, 2003.

1. Beausoleil Morrison, F. Macdonald, M. Kummert, T.
McDowell, R. Jost, and A. Ferguson, “The design of an
ESPr and TRNSYS cosimulator,” In Proc. Building
Simulation 2011, pp. 2333 - 2340, 2011.

A. W. M. van. Schijndel, Integrated Heat Air and
Moisture Modeling and Simulation, PhD Dissertation,
Eindhoven University of Technology, 2007.

C.-J. Boo, J.-H. Kim, and H.-C. Kim, “Building indoor
temperature control using control horizon method in
cooling  systems”,  Journal of the Korean
Academia-Industrial cooperation Society, vol. 13, no.
10, pp. 4902-4909, 2012.

DOLI: http://dx.doi.org/10.5762/KAIS.2012.13.10.4902
J.S. Heo, K.Y. Lee and R. Garduno-Ramirez:

Multiobjective control of power plants using particle

swarm optimization techniques. IEEE Transactions on
Energy Conversion, vol. 21, pp. 552-561, 2006.
DOI: http://dx.doi.org/10.1109/TEC.2005.858078
1. Hazyuk, C. Ghiaus, and D. Penhouet,

temperature control of intermittently heated buildings

“Optimal
using model predictive control: Part I - Building
modeling”, Building and Environment, vol. 51, pp. 379
-387, 2012.

DOI: http://dx.doi.org/10.1016/j.buildenv.2011.11.009

Y. Yang, A. Pinto, A. Sangiovanni-Vincentelli, and Q.
Zhu,

control

“A design flow for building automation and
31st IEEE Real-Time Systems
Symposium (RTSS'10), pp. 105-116, San Diego, CA,
December 2010.

DOL: http://dx.doi.org/10.1109/RTSS.2010.26

systems”,

[10] C.-B. Park, A Study on the Application of Low

Energy Cooling System in Office Building, PhD

Dissertation, Chung-Ang University, 2011.

2543

Z A Si(eong-Hyuk Kim) EEE)

© 2005 89 : AFTetn 47)E
st (gataAh

e 20079 39 ~ A : AFTHSHw
W71 28k} whakag

)
<IHEok

AR &g, AEAHAAAH], AtETEE

2! & ZKHo-Chan Kim) BEE]

* 19899 29 : AEigta A|ojA
Z38at (F8H4Ah

® 19949 29 : At A|ojA
Z38at (Fshih

e 2008 29 ~ 20099 2¢ : H]
IR Ao E YRS

* 1995 99 ~ &Af : AFEchsta
A7zt ws

g Rk
AR A, AntE s, oA g, AgelUA] A
~




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


