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ABSTRACT: This study aims at developing an artificial neural network(ANN)-based predictive
and adaptive temperature control method to control the openings at internal and external skins,
and heating systems used in a building with double skin envelope. Based on the predicted indoor
temperature, the control logic determined opening conditions of air inlets and outlets, and the

operation of the heating systems. The optimization process of the initial ANN model was conducted

to determine the optimal structure and learning methods followed by the performance tests by the
comparison with the actual data measured from the existing double skin envelope. The analysis
proved the prediction accuracy and the adaptability of the ANN model in terms of Root Mean
Square and Mean Square Errors. The analysis results implied that the proposed ANN-based

temperature control logic had potentials to be applied for the temperature control in the double skin

envelope buildings.

Key words: Artificial neural network(%1-¥ #|5%), Thermal environment control(g 374 #|of),

Double skin envelope(¢]%<]3]), Model optimization(® @ # % 3})
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( END )
Fig. 1 A logic for controlling openings and
heating system.
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Heating I N T ~~——— N~ 1.
Range” Heating off ~ Heating off ~ Heating on Heating on
by the by the by the by the
ANN logic conventional logic ANN logic conventional logic
—— Conventional logic  ---- ANN-based logic
Fig. 2 Conceptional air temperature profiles by
the conventional and ANN-based
logics.
Table 1 Opening conditions
Opening conditions
cases Opening at Opening at
internal skin external skin
1 closed closed
2 closed open
3 open closed
4 open open
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Fig. 3 Influential factors to indoor air

temperature.
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Fig. 4 Structure of the developed ANN model.
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Table 2 Components of developed ANN model

o Number of neurons : 7
1) indoor air temperature
ii) indoor air temperature
change from preceding ten
minutes
Input iil) exterior air temperature
Layer iv) cavity temperature
v) solar radiation
vi) opening condition of inner
surface
vii) opening condition of outer
surface

Structure

Hidden ¢ Number of neurons 231?4)

Layer  using Nh = 2xNi+1"

o Number of neuron : 1

Output (ATemperature by the next
Layer

cycle)
Hidden

o Tangent Sigmoid
Transfer Neurons

Functions  Qutput
Neurons

o Pure Linear

o Training goals : 0.01 K for
air temperature(MSE : Mean
Square Error)

o Epoch : 1,000 tirnes(8

o Learning rate(:g)ﬁ 0.75

o Moment : 0.9

Training Method ¢ Algorithm :
Levenberg-Marquardt

o Number of data sets : 121  _
using Na = (Na-(Ni+No)/2)”

o Data Managing
Technique : sliding-window
method
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Fig. 5 Layout of the tested building.

Air vent (Open: 0.35M x 0.60M)

Outdoor
Internal
envelope
Indoor p % \
05m>- / N
External — < ’/ 2 /
envelope o e

Fig. 6 Opening and air flow in the cavity.

Table 3 Thermal properties of glazing

Internal External

Properties <kin <kin

U value[W/mK] 2830 5680

Solar heat gain coefficient  0.755 0.855

Absorption coefficient 0.101 0.095

Reflection coefficient 0.126 0.075
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Table 4 Optimization process for ANN model

Number of Number of
. neurons in Learning
Steps I_Iljsdgf the hidden rate Moment
Y layer
& Deciding Initial Initial Initial
ste Optimal Value Value Value
P Value (15) 0.75  (0.90)
nd . Deciding Initial Initial
SZte O\If)gﬁjl Optimal Value Value
p Value (0.75) (0.90)
Brd Optimal Optimal Dec1.d1ng Initial
step Value Value Optimal Value
Value (0.90)
th . . . Deciding
4 Optimal Optimal Optimal Onti
ptimal
step Value Value Value Value
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