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ABSTRACT

KEYW ORD

Purpose: This study aimed at finding the optimal input variables of the artificial neural network-based predictive =% H| O]

model for the optimal controls of the indoor temperature environment. By applying the optimal input variables to the
predictive model, the required time for restoring the current indoor temperature during the setback period to the normal
setpoint temperature can be more precisely calculated for the cooling season. The precise prediction results will support
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the advanced operation of the cooling system to condition the indoor temperature comfortably in a more

energy-efficient manner. Method: Two major steps employing the numerical computer simulation method were
conducted for developing an ANN model and finding the optimal input variables. In the first process, the initial ANN

Optimal Controls
Predictive Model
Input Variables

model was intuitively determined to have input neurons that seemed to have a relationship with the output neuron. The  Thermal Environment
second process was conducted for finding the statistical relationship between the initial input variables and output ~ Accommodations
variable. Result: Based on the statistical analysis, the optimal input variables were determined.
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Indoor air temperature
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Physical Conditions
v -
Thermal Comfort = User's selected range
Range . Recommended range
v
= User’s selected setback values

Energ
&y ®=  Recommended setback values by expert system
"
Decisi = (Consideration of climate conditions, comfort
ecision

£System range, and energy
Olays C ANN model application for the predetermination
Operation

of the cooling system operation

Y
Operation of Control

Heating and cooling systems
Systems a2l Ll

Fig. 1. Five steps for controlling indoor thermal conditions
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Fig. 2. Potentials of the predictive logic
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Hidden
Layer
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TIME,,

Fig. 3. Initial model structure

Table 1. Composition of the initial model

Number of neurons: 4
i) TEMPIN
Input Layer il) ATEMPIN
iil) TEMPDIF
iv) TEMPOUT
S giics Number of Layers: 1
Hidden Layer Number of neurons: 9 using
Nh:zNH’lZO’ZI)
Number of neuron: 1
Output Layer i) TIMPgpr
Transfer | Hidden Neurons Tangent Sigmoid
Function | Qutput Neurons Pure Linear
Goal 0.0 minute (mean square error)
Epoch 1,000 times
Learning rate 0.6
Training | Moment 04 »
Method " Ajgorithm Levenberg-Marquardt '*”
45 usi
Number of data sets Nd:]ills\}hn—g(Ni +N)2) 10
Data management technique | Sliding-window method

Table 2. Examples of training datasets

t}. 2 o] ek MATLAB (matrix laboratory)'” A X E oS Data sets 1 2 3 4
a= 1] o] olEWH AT L Al A TEMP 04512 | 04217 | 0.4430 | 04227
o] 83t AP= . JHHSF2 = AW (TEMPIN), 4 N | (28.05) | (26.87) | 27.72) | (26.91)
L& A3 ATEMPIN), AR5 1] Z}o|(TEMPDIF), 18] Input ATEMPy, | 05189 | 04797 | 05220 | 04853
= _ N components (0.38) | (-041) (0.44) (-0.29)
1 917125 (TEMPOUT) 5 U] 7HA 2 AA sttt ZF g H (actual value, 0.1023 | 04337 | 0.8604 | 0.4545
o] ol 5 o Al (o0 °C) TEMPor | 5 05) | 087) | (1.712) | (091
o] M= 0~50, -10~10, 0~20, ZL&] 1L -20~40°C ©]H, <A] 1>2
- s B TEMP, 0.7540 | 0.7383 | 0.7118 | 0.7914
o]-gsto] 004 1AF] 9] Fh& 7HA & 2| ¥hE] o] &85kt our | (2524) | (24.30) | (22.71) | (27.48)
Output
component, TIMPspr 7 6 1 6
(VALACT-VALMIN)/(VALMAx-VALM[N) </}_]| 1> minutes
27 RO HAR FO) S shtol L FAN FO A 2k 22. AA 49 s 44
FoA FoR Ao oJste] 90 = AHHY HoldrRe 2|2 QlE MSs HA5}7] Qlste] Y Wil 22 Mgk
tanget-sigmoid$} pure-linear 0] EAX 9| FHI} 52 ATTA BE4-S At e E 2 d-2 TRNSYS (transient
o] k2 A8 = qlk. Bl o] shs-S 915He] 0.0-minute-goal, systems simulation)™” AL E ffojo]] 24 & 242 |5t glo] E
1,000-times-epoch, 0.6-learning rate, L 2] 0.4-moment®] St<5 2 276t <13 4> ndg o] ATE Hojx)
Ho] AHE . BEel, 45 A E Q] shEtolEE o]-8-5 st glolEl <18 5504 Hojx Eolat 120 97 A & 2
5& AAEFY 21, sliding-window H-& 2-§3}10] Hlo]E|E Af Az RE =Lt HlAE A9 9)%], 77|, ouddAl
A FrASHAT <2 2>= 7/ E S5 ElolE o A1 S et g A" Ay Bl 7] 2L So] <E 3>0f A a] =] gl
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Table 3. Descriptions of the test building
TMY2 for Seoul, South Kroea

Weather data (latitude: 37.56°N, longitude: 126.98°F)
26.64 m’
. . Module 3.6m wide x 7.4m deep x 2.7m high
Dimension 18 o
Window | 5'0m wide x0.9m high

Envelope Exterior walls 2.801
inzsulatiot%5 ) Interior walls, roof, and floor | 0.492
[m'K/W] Windows 0.353

Systems applied » Convective cooling: 8,901 kJ/hr heat removal
1 occupant seated, doing light work (typing)
1 computer and printer

5 W/m’ lighting fixtures

0.7 ACH

Internal gain

5]

Infiltration rate

S PATE<IH 6-9>9F <E
3 WHeE  E-¥H4(independent
E—%—ﬂ]—/?—(unstandardjzed coefficients)

S HS(TIMEser) 2t Y H5-S(TEMP, ATEMPy, TEMPpyr,
TEMPOUT){H R%ZE-E 747 0.5988, 2¢-5, 0.5988, Z12] 11 0.3052
2 UEgt & 94 = HS(ATEMP)ZH 288 et 5414

=
as
Hﬂ]lﬂi
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Table 4. Relationship between input and output variables
t diz
In\(liaenp:gﬂ;nt Ul::soeat{}?cairentsed t Sig. SO
B Std. error R? | F(1,54) | Sig.

TEMPn | 18701 | 2.103 | 8.894 | <001 | .599 | 79.097 | <.001

ATEMP | -3.214 | 50919 | -.063 | .950 | <001 | 0.004 950

TEMPpr | 18.701 | 2.103 | 8.894 | <001 | .599 | 79.097 | <001

TEMPour | 10354 | 2.145 | 4.827 | <001 | .305 | 23.302 | <.001

TEMP,,,,
Input
Layer
Hidden
Layer
Output
Layer

TIMEg,,

Fig. 10. The modified ANN model
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Nomenclatures

TEMPn  : indoor air temperature, °C

ATEMPyy : indoor air temperature change from the preceding control cycle’s
indoor air temperature, °C

TEMPpr : temperature difference from the setpoint temperature, °C
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TEMPour
TIMEgpr

N
Ny
No
VALacr
VALyN
VALwax

: outdoor air temperature, °C
: predicted time required for changing from the current temperature

to the setpoint temperature, minutes

: number of neurons in the input layer
: number of neurons in the hidden layer
: number of neurons in the output layer
: actual value of each input variable

: minimal value of each input variable

: maximal value of each input variable
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