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Loss Function (L) e-greedy

T 'y \ 4
[ Action Filter J

y =7 +ymax Q (+1) Q(s:, 0)
I Reward Design filtered action
Target o Main a Energy Saving predicted power /
Network (Q) | everynsteps | Network (Q) + Cooling Load Matching o
A A i 1
reward = baseline saving - penalty
sam_p!ed e s penalty: cooling-load mismatch / / \
Halo s (L U constraint violation Environment
(CoolingEnv +
e ( ] next outputs / System Models)
Rep|ay Memory ( D) < L Rewards » predicted states
J Power Model / Temperature Model / Load Model
yy A

}\ 4

St+1 baseline power
—T State:

Action set:
CHS +0.2, CWS 0.2,
CHSP £10, CWP %10, no-op

St = [Tchwstr Tewrt, PLR, Tset‘norm]
Historical Library ] ’
HVAC Data Data Preprocessing Baseline Model

DQN Learning Modules

Decision / Reward / Action Modules

GUI Output:
State Graph / Parameter State / Energy Saving

Environment
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HE DON agent & E EIRIZE -
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Baseline Model

i

ER : mIRARIEIRGE T - R RFEZFESD
baseline £ _X[a]EF

« Baseline Power

= f(T_chwst, T_cwrt, PLR)

= CO + CI1*T chwst+ C2*T cwrt + C3*PLR + C4*T_chwst2+ C5*T cwrt? + C6*PLR2+
C7*T _chwst*T_cwrt + C8*T_cwrt*PLR+ C9*T _chwst*PLR

« saving_reward =alpha *( baseline_power - predicted_power)

#NZR DQN 1ZH&8 1Y power tE baseline & - reward FLEEE S -
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1. Power Model

YER : 3% F MLP &R - IRIBZEAAAREEEHRE IR AAKINRE - (A DON sH&HE
HEN1F 2 S ENRERVIKIE

predicted_power = NN_PowerModel(CHS, T_cwrt, PLR, CWS, CWR, CHSP, CWP)

2. Temperature Model
TER @ £RFH MLP wfigCag e A > WA/ MRCRFE DB B1/MNAJRE RH » FZRTEHI T —{E time step

2 Al /KEKORE -

predicted_T_cwrt = NN_TemperatureModel(CHS, T_cwrt, PLR, DB, RH)
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3. Load Model

ER : 32 MLP &g & R - RN —1@ time step BIPLR ( BinBHEH X ) - ZREZHKBAE
FHAEH RS ASEMWEEH - FEHI L 2K predicted_next_PLR E 5 DQN 89 next_state - &
DON N —ZZ ol DIRIBEFHB B SRR E R R -

predicted_next_PLR = NN_LoadModel (CHS, T_cwrt, PLR, CWS, CWR)

PLR =SRR8 &/ &ASTE
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Loss Function (L) e-greedy

T A v
y=r+ymaxQ (s4+1) (s, ) Action Filter \

filtered action

Reward Design

Target g Main e Energy Saving predicted power /
Network (Q) | everynsteps | Network (Q) + Cooling Load Matching i
i \ A /
reward = baseline saving - penalty
samp!ed & penalty: cooling-load mismatch / / \
Kraldons v e Tt constraint violation Environment
(CoolingEnv +
e next outputs / System Models)
Rep|ay Memory ( D) Rewards - predicted states
A—J Power Model / Temperature Model / Load Model
A

1& /

St+1 baseline power I

St = [Tchwstr Tcwrt' PLR, Tset norm]

‘ State:

Historical Library
HVAC Data Action set:
CHS £0.2, CWS £0.2,

CHSP +10, CWP %10, no-op

[Data Preprocessing }—’[ Baseline Model ]7

DQN Learning Modules

I
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! () Decision / Reward / Action Modules
: D Environment

]

! () Data/Model Modules
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GUI Output:
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Action Space

DON Z#Z1ZERIBF - £33 —1E time step JREMCIRESH -

Action ID EfEE TR
0 &= CHS CHS+0.2
1 e CWS CWS +0.2
2 = CHSP CHSP +10
3 e CWP CWP + 10
4 [#%{& CHS CHS-0.2
5 (K CWS CWS-0.2
6 (K CHSP CHSP-10
7 (K CWP CWP -10
8 AEHE AT R AIARE




Action Filter

1. 1& DOQN E WA action ZRIEH S BB L SRS E

2. MRBHEE - BEUEZ action » tdAY action 8 : AEI{E

AR SR8 B 2= R pay cetunk 1L
CHS 6<CHS<16 {8 [EA CHS » iifZsC filtered
CWS 13<CWS <35 [GfE[E A CWS » ififfE filtered
CHSP CHSP=0 o[{8H A CHSP » ifZED filtered
CWP CWP=0 o188 [EHA CWP » s filtered




Reward Function

Reward = Saving Reward - Cooling Penalty - Filter Penalty

1 .Saving Reward

230 : Saving Reward = a x (baseline_power - predicted_power)
ER : FZk& = DQN action 2GR BERGFINFE -

2 .Cooling Penalty

AT, : Cooling Penalty =B x |CC / adjusted_cooling_load - target_ratio|
ER  mE LN 2GS AIE K

3. Filter Penalty

fEF : % & DQN B action E&EZEHB L TIE#sE - BHBE S3EEE/ action -



Cooling Load / Cooling Capacity
Cooling Load : HREIZEFEZRZAIE
Cooling Capacity(CC) : ZRAMERIEHAOMZEE
HiY : &% DON RS rgaEmEmft e fes@EZf:z -
HEA8AREE : Cooling Capacity = Cooling Load
CC = CHSP x 4,186 x (CHR - CHS)
Cooling Penalty : Penalty = p x |CC / adjusted_cooling_load - target_ratio|

Cooling Load #AE R System_RT - ARZFBE B ESEEZHAFHKN L ANFEXK -
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1EZREmRE Tset WEEF

Tset 1K — EHEBHEE X — adjusted cooling load &7

Tset @ — B RFTRSE — adjusted cooling load &1

72I0 : adjusted_cooling_load = cooling_load x [1 + 0.05 x (24 - Tset)]
Train Tset = GUI 82 E)RE + 5°C

PRA&IZEE : 18°C~30°C

Tset A fE adjusted cooling load
Tset<24 | (BFAIHAEES 4B R
Tset = 24 R AAIBRAE
Tset > 24 {5 FH & s S 2 AN K A




Main Network EZ Target Network

Main Network : 1R3Z B R state - fh5t=1E action BY Q-value -
Target Network : 5TEEIZER target Q-value -

IL ;o target_g =r_t + (1 - done) y max_a Q_target(s_{t+1}, a)

Loss Function

Hi . FZR#= Main Network 881 Q-value B2 Target Network 4R target_q ZEHIFRE -

AT L=[Q_main(s_t, a_t) - target_q]*2



e-greedy

Pl e #ERIEHEE action EITIRER + DL 1-£ #ER3EE Q-value &AM action -
Al AR YIEA epsilon 8RS - Agent BB FaH#EE action - ERlAEEFHIG I

; BB ARETT -
epsilon Z#EFRIE - Agent ZHIz2KiEk3E Main Network &89 Q-value - EIZBAITEIAE
E&SM action -
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Parameter Setting
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HVAC RL Control Simulation

Simulation  Parameter
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State Graph
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Train DQN

Run Simulation
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Parameter Setting

HVAC RL Control Simulation
. B A= 5% 2 5 — & 5 &

2HRS - R RSB
- Simulation AEREARER AR TERBIED - TREEE1E

Training Episodes

\
smecapn  SERESHBEBEOB - parameter Stte
) 2 S A : NWWW T5|M;l

cHs E cHR - [;8. 10
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State Graph

Train DQN Run Simulation
6,000
5,0
4000
=
% 3,000
(s 4
2,000
1,000
]
[u] 100 200 300 400 500 600

Episode 1500 / 1500 | Reward: 5947.26 | Loss: 9063.57631 | Epsilon: 0.050

DQN 73l gREmR D -

Random Reset Reset

700 800 Q00 1,000 1,100 1,200 1,300 1,400 1,500

Episode

B —i% episode SRRV reward Z1L -

1,600
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Summary

Original Total Energy DOQMN Total Energy Energy Saving

283568.69 279937.19 1.28%

Power Comparison

Type

1,000 = Original_Power
= DOMN_Power
800
600 |
400 ( ” L‘h

200

Power

0
0 20 40 &l 80 100 120 140 160 180 200 220 240 260 230 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 &00

Time Step

Original Power(kwh) : FEHRIGERIE - 58 Power Model THHIZZIF LB 240 THEE No
DQON Power (kwh) : £ DQNZEZ action & - &8 Power Model TEHIZ IS LI BEHY 2458 hFE



Simulation Data

time_step DB Rt CHS CHR CWs CWR PLR Cooling_Load Original_Power DQN_Power DQN_Action DQN_Reward

0 0 296 55.8 12.7 16.7 342 293 0.7712 694.1 612.662 610.1369 3 -13.1186
1 1 29.8 58.1 8.9 13.3 354 30.2 0.8971 807.35 752.1322 752.1322 3 9.8305
2 2 29.8 58.9 9.5 136 34.6 29.6 0.7886 T09.7183 688.2918 625.4426 2 38.8527
3 3 30 56.7 11.5 14.7 322 28.2 0.452 442.7833 354.2224 351.9173 5 53.7165
4 4 283 56.8 10.5 148 351 299 0.862 T75.82 T60.5116 T760.5116 g -63.2567
5 5 28.2 56.8 T.6 12.3 35.6 30.3 0.9642 B&T.T6 T72.9328 772.9328 5 T1.3996
6 ] 28.5 58.5 10.5 14.5 327 28.3 0.7409 666.8117 607.7335 597.3455 2 -33.72659
T T 284 56.9 11.6 15.4 321 27.3 0.7143 6428467 600.6857 600.6857 5 -116.8375

8 28.3 55.7 11.4 14.2 33.3 28.8 0.4862 437.62 384.4776 384.4776 8 38.2692
9 9 284 57.5 14.4 16.4 31 272 0.3013 271.125 4748542 474.8542 ) -275.9778

Export Result C5V

EEHERE Tset mE % - DON ZERERBRET - SERKERAITERAIRE -



TR BEAT R

Tset Original Energy DQN Energy Energy Saving
23.0 °C 283925.64 279930.73 1.41%
24.0 °C 283568.69 279937.19 1.28%
25.0 °C 283017.01 279943.98 1.09%
26.0 °C 282659.82 279940.18 0.96%
27.0 °C 282013.41 279948.89 0.73%
28.0 °C 280610.18 279932.70 0.24%
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