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ABSTRACT

KEYWORD

Purpose: An artificial neural network (ANN) based adaptive & predictive control algorithm was developed and
performance was tested. The adaptive & predictive control algorithm increases the control stability and energy
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efficiency of the hybrid heat pump system by deriving optimal flow rate of fan coil unit circulating water. Method: 213 201
A target building was modeled using TRNSYS 18 computer software to generate dataset for training the predictive
models and performance evaluation of developed algorithm. In order to confirm the superiority of the adaptive & = Hybrid Heat Pump System

predictive control algorithm, On/Off controller and non-adaptive & predictive control algorithm were employed for
a comparative simulation. Result: Both the prediction accuracy and control stability of the adaptive & predictive

Artificial Neural Network
Indoor Temperature Prediction
Optimal Control

control algorithm for the heating and cooling period were higher than the comparison group. In addition, as a result

of energy consumption analysis, it was confirmed that energy savings are possible when optimal control is ACCEPTANCE INFO
implemented for high partial loads. Therefore, if the adaptive & predictive control algorithm is employed to the = Received Dec. 3, 2021

various environment, rapid and stable adaptation is expected to be possible without additional optimization process. ~ Final revision received Dec. 15, 2021
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Fig. 1. Scheme of hybrid heat pump system

56 KIEAE Journal, Vol. 21, No. 6, Dec. 2021

A 2o ool Alojenh. ¢ 77k g 7
Z47H45C, 10CE AR E SEx 2=
On/Off A 11017} 245 deadband+= +
% 71 4 °nst2dz en R
—‘v_—%ﬁ-i 92 HAlst

—

O
N orfo px
H‘]

ng E rr

Bu)
oR

ﬁm}r‘\%:tﬁrﬁku

T Table 1.7t 2ok AR YPHS 2
= ¢ o
=2

%ﬂfﬂlﬂﬁﬁﬂ%ﬂ%%

Hroj o
2 2T

%161 @%‘5]74 ‘Esm LHT
of Heating Refrigerating and Air-Conditioning Engineers
(ASHRAE) Standard 90.1 [16]3% 55 [17]€ Fxstiet. ¥y 7]
7+ 9 A 25 = ASHRAE 90.19] 8% 34 =6ttt
$53 SlEWE A 2d T4 2 40 et A2 e B
olHE &8sttt o] T o EHL W T {0 8%
Aolg e Z0] 45 HIE 9sto] TRNSYS Rdlo]
3 Fatofl d&& st A stAnt. Hdy
A AIZE (08:00~20:00)7 FLshH A 147
ANStsiE e AT Q87 AT W oA Hore
[18] HIA}E A|Ztell= Aldl} Ao} & o A2=E A%

fAsks,

American Society

N

7]

L3l

r

rlo °

ik

]_
7}
E

=z
pLn

e
A7
—

rlo rit

fu 2 o 2 E oot &

A
7
A of

_4_4

It o}ﬂ

‘|_

[e)

4> R
o

3. 3

b5 K=1
=1o

o2t

1 oISAI0] 2n2F Y

71& F2 A 2E Aol On/Off Aoje} mj=u) Aloj7} & A}
B3It On/Off Alof= A H] 8 518 19 U 9] Fop7t B A
3] 7h=stn] Bgat AlojetTalE @ Ao} Au|7} W) errh
ol At :LEWr deadband®] EA= olof FAG FeHAS %
Z5l 2912] Aloj2 Q3| FREs}] 38
Sl ia= %7@0] Slek. He Ao, PID Aofe} 22 m = Aloji=
Fafsetl di-edo=A Hot aadl oy AHgg 7hsstA
Sht, 719 W73, A A o oke T2 ofgh WA A] A0)7] 9] A%
£ FAsfjoF ok ©3do] lrh

Model Predictive Control (MPC)+= m]2 AWjg7 o] o =3}
A5} 3142 F5) 24 A0S e At ol S 4, Waol
Zol 9] dAlIA Foix= A Z-8-0 A& Sieh Al7IH &
L9 ntEyg Ao RN A Aojo H At a8 AF
< 7FaoH foH19L. T1eiu S RE 5 Al A2l 245 8
Fo1v] e B0l A4 A5 dERde) W] Wasit

AF2%F 7|9k A8 dEAo] FagEE S-S A5
P 2 tfAst e AX 7 sk Fo A8 %73 | 213}

7} 7V5SE = it} E5) ?_%7\]%
9] black box Rel& HI 9]



22 - 2(GA - 2122 - ZEfH - 2UR
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e SHGC 037 fli%ﬂ% S AR HAA =W 2L FH ‘Q?—%E(?%ii
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Ocupents 2524 HAolE o) QAT L5 B4E FF] 2o fes
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3] ZA WAL 229l 1 Q] 0y0o] A5tA Ogko
Equipment 29 2K/ of gt + 24 Haps SEX W I FU9 &8 ol
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Period Jan., Feb., Nov., Dec. 2 80714 9] AU 28 FAstY o n W 7)1 7 A Bgo] S
Heating | Setpoint 21°C -
E g H 71Ao EIR=tiNe-|
Setback 7°C 53l 102 7+4 9] HlolH & F 5ottt
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Heating capacity 6.48kW W Bote oA o] B|AE vetdH d S4do] gl ol Ed &
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Hi o e Hl=E )
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Cooling power 2.02kW Q= mwcp‘w( T veturn = Tw ) (Eq. 1)
Volume 300L ’
Number of QEA . .
stratified layers & = MyiCp i (T return — T air‘[,,,,) (Eq. 2)
Heat storage Heat loss 0.6W/mK
tank coefficient ' o714, Q¥ ¥ Hohkcal/h), me @A) AFHF
Setpoint e (Continy (kg/h), cpe A D keal/kg0), T LE(C)E olmlats] we
Deadband 12°C W72 FW &g, aire A 71, returnd supply= Z- 4] €]
Type 4-pipe Yot S5 YA E gtk
. | Heating capaclly 102W st o8 AEL 81 Al 7152] BF AL Faste}y] 9]
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Tlow rate 2eh & olEl(20%) 2 FRato] AAeE eastsich
Pump Operation range 20~100% =] slae o A4 A B Aol o
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ek MPC 7%k} 259 24 Alojdalel g5 A et B2A 22 59T} o] 2 Bo) £AFE HAastets AT L
2 9 20 A4 ol oie SRS WAl Ths stk £ g
AL =nd 78
3.1 Adex ASEE AE Mean Squared Error (MSE)Z LM g4 dHdmt 845 (Back
"hﬂil:._ d&rde iy & 74]01] Propagation)& 55l MSEE #A3tot= HF O R 739 weight

¢} biasE 473tk olwf MSE9] 4F&oll= 1 #=ofl thet Ak
W A& earh AMgEh o5& (Learning Rate)9t 314
(Epoch)= Z+2} 1.0e-4, 10032 A5t

(©2021. Korea Institute of Ecological Architecture and Environment all rights reserved. 57



2ol Y o570 2 T2IZ 45}

=

i

A Part A A= timestep Tttt AA|ZEO 2 11714] glo]H
£ 5. A5 dolHE A, A% 2=, A9 2=, HP &
2k, PVT &42%, HST 425, HST &k, HP 25 /%,
HST &5 1+, A28 oy Aot s Elo]8 = A=, Alo], =Y
B 9 240 285
Part Bl A= S8 x| 7hE of 79t dde 2T Hdx2=
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On/Off Aot/ Sla) Aelslv 44 e=zie +2Ce

< Stzrt >

Part A |Get data]

* Obtain real-time data from sensors

* The data consists of weather, indoor thermal
environment and system operating data
Time (n)

Setpoint temperature (n) [°C]

Indoor temperature (n) [°C]

Outdoor temperature (n) [°C]

HP outlet water temperature (n) [°C]
HST temperature (n) [°C]

PVT outlet water temperature (n) [°C]
HST outlet water temperature [°C]

HP outlet water flow rate (n) [kg/h]
HST outlet water flow rate (n) [kg/h]
System energy (n) [kW]

Part B [Select HST heating/cooling mode]

* HST heating/cooling is controlled by On/Off controller
(deadband: £2°C)

*  When operating, compare the HST temperature and
outlet water temperature of PVT

* Cooling period: HP cooling mode

* Heating period: If PVT outlet water temperature is
greater than HST temperature, operate PVT heating
mode. If not, operate HP mode.

l

[Prediction and Optimization]
Real-time training of ANN
Generate input data (80 scenarios via flow rate variation)
Predict future indoor temperature by ANN
Extract the predicted value closest to the setpoint
temperature
* Define the optimal FCU inlet water flowrate which
afforded the minimum error between predicted value and
setpoint temperature

o

Part C

Part D

[Control and Operation]
* Send signal to each control devices

< END )

* HST: Heat storage tank

* PVT: Photovoltaic thermal panel

* FCU: Fan coil unit

Fig. 2. Process of adaptive predictive control algorithm
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Table 2. Structure and prediction accuracy on prediction models

Models Information
- Input layer: 1 (4 neurons)
Heating Structure - Hidden layer: 5 (10 neurons per layer)
period - Output layer: 1 (1 neuron)
CV (RMSE) 021%

- Input layer: 1 (4 neurons)
Cooling Structure - Hidden layer: 4 (13 neurons per layer)
period - Output layer: 1 (1 neuron)

CV (RMSE) 1.09%




Flow rate [kg/h] Temperature [°C]

Energy [kW]

Temperature [°C]

Flow rate [kg/h]
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(a) Heating period

224

-~=- Setpoint temperature ——— On/Off ++ - non-Adaptive— Adaptive

20+

A A &
V\B2

\ f’lw v \
\

144 288 432 576 720

350

On/Offieseseees non-Adaptive—— Adaptive:

On/Offreseseee non-Adaptive—— Adaptive

29

576 720
Timesteps [hour]

(b) Cooling period
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23 T T T T
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Fig. 3. Simulation results: (a) Heating period, (b) Cooling period
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Table 3. Structure and prediction accuracy on prediction models
Prediction accuracy Control stability Energy consumption
Cases CV(RMSE) Max error MAE HP HP & PVT | HST pump FCU Total
(%6l [°c ° [KWh] punp [kWh [KWh] [kWh] [kWh]
On/Off 1.00 0.52 79.26 7.52 3.59 2.82 93.19
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period
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On/Off 1.00 0.62 87.22 8.43 10.84 5.00 111.49
Cooling |- Adaptive 0.89 1.36 0.24 9430 9.25 6.06 6.86 116.47
period
Adaptive 0.39 0.51 0.07 82.70 8.11 5.21 7.20 103.21
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