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Abstract: In the field of HVAC (heating, ventilation and air conditioning) control, the model-based optimal control me-
thod has been extensively studied and verified by scholars, but this method highly depends on the accuracy of the model,

the collection of a large amount of historical data, and the deployment of sensors. In response to the above problems,
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combined with EnergyPlus, actual system parameters and historical data, the HVAC optimized control model was con-
structed, and an improved double pools-based DQN (DPs-DQN) algorithm was proposed. Finally, it was applied to the
load distribution of different types of chillers, the combined optimal control of cooling tower fan frequency and cooling
water pump frequency in HVAC system. Based on the constructed problem model, aiming at the problem of sample im-
balance in the decision-making optimization process, the algorithm established two independent experience pools on the
basis of DQN to store load distribution and non load distribution samples respectively. During the training process, fol-
lowed a certain ratio to sample from the experience pool to speed up the algorithm convergence. The proposed method
was compared with the model-based control method and the baseline method. The experimental results show that com-
pared with the baseline method, the model-based HVAC controller can save 11.5% (optimal energy-saving efficiency),
while the DPs-DQN can save energy by 7.5% in the first year. At the same time, as the system runs, the controller can
obtain results close to the optimal energy saving efficiency in the eighth year. In addition, compared with the model-based

HVAC controller, the controller does not depend on the system model, and requires less prior knowledge and sensors in

the online control process, which is more valuable in actual engineering applications.

Key words: deep reinforcement learning, model-free optimal control, HVAC system, building energy saving
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WEIR
B4 =AMNBERIRE

HETE#EE
X (9~ A REAPUERL, Hpl (9
K EnergyPlus LA K DOE-2.1 H[{IFRAEAHIER, X
(12) ~30 (13) REFEBHKFERR, Hfa, b, ¢ 2
WERE RE, 1% RE BRI E S s A
AR RS ARFRASH A ENIERTY, %457 B CoolTool
TR I8 EnergyPlus SKH], [FII HOl g — e 2R 2644,
FARIEE 2. B EIAHK KRG SIS B3
234k, AT TEAARRY, 20(15) 7 FRwater BN Frominal/
Soumpr e T RAHIKEIKIEE (C)5 Toys ;%‘/Azp
IKHKIRE CC), PARIUI%, fRIFEREE, P, /2
BUEINZ, F, W U0KiE (m*/h), CL,Z4AL
E, R&FKERE (m’/h),

0 1 000

4.2

P&t g (kW)

F

nominal,pump

ANEERIGE (°C), approach 2T FIT ZIEUE'J”EIE

cwr wet

IFE, FRair 2T EN CGLRRRTSE ST
IS mE L), FRwater s2/KiE L (SEBRIFZK
WEAERKRE), Tr £AHIBEEITE
Bl CCO WP, T, ) T, ARSI E

(C) (BT, D b~ d~ g VLK Coeff(i) #AZEAHL

wet

TR 8 ) R EL 1% RECKIET EnergyPlus V9.2,
AR R B 3,

FRHKEF KRR (m*/h), T

Wet

Engineering reference {4

Coeff REULE 4.
#2 ImiEEEHEXRENEAR/IVERE

7 AR B PR i1
N F/NESNBRRIR L/ C -1

BN BK ZE AN BRI E/C 26.7
A H IR S R /IME/C 1.1
7 EN PRV i KAH/C 1.1
A HEE UL IR B B /ME/C 1.1
P EN PGV e KAH/C 1.1
RN EIKE L 0.75
KA HKT R 1.25

K2 25 TRl BRI SR AVKE=&0A
ik, T, MT, RWMEELE, T, Rk
EﬂWmJLT ’ HHTT ?}”m//‘\*}l HEHE;, lﬁﬁﬁ '?/ m

cwr

T, Bk, T, AT, (HFEEEAE 3 Dy

jﬁfféﬂ¢$%ﬁl%ﬁﬁﬂ T, WA BewfE . WSl
HIM R AR T, (IR ZEAR 0.1, W 50 4>
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%3 RHAER R

KAHL 1# FIRANL 24

INAL 3#

M DOE-2.1 generic centrifugal chiller ({75: 11 170) York VSD centrifugal chiller (/7%5: 5684)
ChillerCapFTemp ChillerEIRFTemp ChillerEIRFPLR ChillerCapFTemp ChillerEIRFTemp ChillerEIRFPLR
bl. dl. gl 0.257896 0.933884 0.222903 0.4575085 0.6794525 0.07859908
b2. d2. g2 0.0389016 -0.058212 0.313387 0.1313508 0.06694756 0.1950291
b3. d3. g3 —0.00021708 0.00450036 0.463710 ~0.004408831 -0.003625396 0.7241581
b4. d4 0.0468684 0.00243 — 0.01930354 -0.01018762 —
bs. d5 —0.00094284 0.000486 — ~0.0005479641 0.001066394 —
b6. d6 —0.00034344 -0.001215 — -0.001376580 -0.00211342 —
VE: R4 EnergyPlus V9.2 Engineering reference.pdf F Datasets/Chillers.idf
x4 Coeff ¥
YT T RHE YT FHHE FET S FHE
Coeff(1) 0.52049709836241 Coeff(2) ~10.617046395344 Coeff(3) 10.7292974722538
Coeff(4) ~2.74988377158227 Coeff(5) 4.73629943913743 Coeff(6) ~8.25759700874711
Coeff(7) 1.57640938114136 Coeff(8) 6.51119643791324 Coeff(9) 1.50433525206692
Coeff(10) ~3.2888529287801 Coeff(11) 0.0257786145353773 Coeff(12) 0.182464289315254
Coeff(13) ~0.0818947291400898 Coeff(14) -0.215010003996285 Coeff(15) 0.0186741309635284
Coeff(16) 0.0536824177590012 Coeff(17) ~0.00270968955115031 Coeff(18) 0.00112277498589279
Coeff(19) ~0.00127758497497718 Coeff(20) 0.0000760420796601607 Coeff(21) 1.43600088336017
Coeff(22) ~0.5198695909109 Coeff(23) 0.117339576910507 Coeff(24) 1.50492810819924
Coeff(25) ~0.135898905926974 Coeff(26) -0.152577581866506 Coeff(27) —0.0533843828114562
Coeff(28) 0.00493294869565511 Coeff(29) ~0.00796260394174197 Coeff(30) 0.000222619828621544
Coeff(31) ~0.0543952001568055 Coeff(32) 0.00474266879161693 Coeff(33) ~0.0185854671815598
Coeff(34) 0.00115667701293848 Coeff(35) 0.000807370664460284
TEAH AR (R EAF B, Wik B e — A P=af’+bf +c (12)
BEENT,, - BMNRENT,,  ~ T W F, A%
MUY o 4T 1 AR 5 Foo o g (13)
f;lominal
ChillerCapFTemp = b, +b,T, . +b,T; . +
bT. +bT> +bT. T, approach=T7_ -T 14>
ChillerEIRFTemp =d, +d,T, . +d.T;.. + approach =
dr,.. +dT. +dT, T,. (9 Coeff(1) +
ChillerEIRFPLR = g, + g,PLR + g,PLR’ Coeff(2) - FRair +
P, ... = P x ChillerCapFTemp x Coeff(3) - (FRair)” +
ChillerEIRFTemp x ChillerEIRFPLR Coeff(4) - (FRair)’ +
Coeff(5) - FRwater +
T.. =T, +(P,, +CL)=+ % ZI;C(V)VOX Pl o Coeff(6) - FRair - FRwater +
Coeff(7)- (FRair)’ - FRwater +
T -7 +CL = c,xF,xp an Coeff(8) - (FRwater)” +
e T < 3600 Coeff(9) - FRair - (FRwater)” +
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Coeff (10) - (FRwater)’ +
Coeff(11)-T,, +
Coeff(12)-FRair-T,, +
Coeff(13)- (FRair)* - T,, +
Coeff(14) - FRwater - T, +
Coeff(15) - FRair - FRwater - T, +
Coeff(16) - (FRwater)” - T, +
Coeff(17)-(T,,)* +

Coff(18) - FRair - (7., )’ +
Coff(19) - FRwater - (T, )* +
Coff(20)- (T, )’ +

Coft(21)- Tr+

Coeff(22) - FRair - Tr +
Coeff(23)- (FRair)’ - Tr +
Coeft(24) - FRwater - Tr +
Coeff(25) - FRair - FRwater - Tr +
Coeff(26) - (FRwater)” - Tr +
Coeff(27)-T,, - Tr +
Coeff(28)-FRair- 7, - Tr +
Coeff(29)-FRwater -7, - Tr +
Coeff(30)- (T, )" - Tr +
Coeff(31)-(Tr)* +

Coeff(32) - FRair - (Tr)” + (15
Coeff(33) - FRwater - (Tr)* +
Coeff(34)-T,, - (Tr)* +
Coeff(35)- Tr

Y HVIE AR SE FE IR, B A S K
15 A 8 AL dI A%, Hoib approch B T HR5E

cwr

(X (15)), [ approch=T, ~T,. ., NTHED
G RHL PR 400 22 155 100 1 SR At ¥4 20 38 KR B2, 15
B &R MR T, BRiad e 2 pr
No WA —E R (R 0.1) T,
N x, FIA x {15 approch (X (15)), [EHF]
AR Q4 HEREELTINT, (), AEidx
|x-T., ()|, BEIHKFE T, EEFH%, &%
Wi N | x-T,, (»)| XFRT,, A5 AE R SEBR )
BHUKHKIRE . i B RG24 NARK, 17
1E 2 R KETRIK, H=IBB], DL& A 70 KE HK
WIS 35 08 S 58 Ak ) /KL, B 3% RS
IKE IR & LT

5 ZERS

51 XWigE

(D FESH®RE

TR ATREHER AR 1 AR RRIR T, [F
I ORAIE B £ 1 BE 2 AL I AR IH B — & R &R &
PR R, EHEM e W, Asik
EN 0.0005, &, WENO00L: FN, &EFA
KR, BB T W HKIE A HBE A7 iR
AR N, = 1000 , 3T 6 faf 43 I 14 28 56 b R
BN, = 5005 PiZ50 M) minibatch #R¥ B N
32; AT INRHFTR ZIN RS COP W52,
WEy=001; N EREEIENGEE, K&
C,. = 200, %:>]%* learning-rate=0.01,

(2) XFHTrERE

ASCR PRI EHEATH LS baseline J7i%
LB PRI 9 T AR DR B )[R 4E
FFENIETERE, T, SHFES~9C, 3 5L
IR T AR 1 AT

baseline J77%: 4 TARG, KAAHIALRI AL
LI HRIRA ENEE M LIS H B E D 50 Hz, [F]
I EF GBI T o S BLENEELE 6 C o

HET BRIk KA LA G fig 3 e
FHET AL AL A B I ey OCL 77kl
TEUEIER b, v DA A0 /KSR O S AL (R
STVIEN (N RN RS o v e (o
% OCL Jrikmfif Hs & s/ MEFTA LI DR
Al Y7 (ChillerEIRFPLR, x B, ) 3 A[CL—

ref, j
2. (PLR, x CCOIRAAI. K (16) FRAHLK
AERIRRT (SHAER 3), Hp CC, o5 j G NI
A&

ChillerEIRFPLR , = g, +g, , xPLR, +g,  x PLR’

(16)
L=Y" (ChillerEIRFPLR  x B )+
2| cL-3" (PLR, xCC))| an
/1:2CL+Z:1:1(CC].xgz,j+g3,].) s
5 cC
/= 8 X By ;
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WNES L L
(b) SE2EFEHE204:

5 ZidF AR loss HIZR

AXCC/' +Ref,j — &,
2g3,j

PLR, = (19

52 SIS

(1) BRI 73 tr

2t i AN K (loss) B MZaniEl 5 Fr
7~ HHGARAE 5 FoM 7 B 5 S it A7 i b B, Ak
B 200 fron, Hf w=0.999 . &5 i
AFRAREN AP CREAMEIRG Y 1 45, AR
RV AL FE 5 Y loss 18 Cavs loss) . 7ESZEG I FEHT,
5 1/ avs_loss HARMLECR, MEE 2 )5
AN, KA T ITENE, B 5 (a) A
K 5 (b) 43 5PA% 1 A5 20 4F11 avs_loss HHZE.
2 F R 20 4F 1 avs_loss H1Zk.

avs_loss,,, =w, xavs_loss+(1—w)xloss, (20)

M5 @) ATPAEH, FEMEE 2 45 (£494 399 25)
THGIZPWEL. 32 NE 5 (b FTUEH, 2554
(%) 17 596 &) CELIEARWSE 0.027, [FI loss
AR NS, TS 10 4F (2935591 25)
ZJa, loss fHALTA25E, 218 0.014. HI 20 4F 5%
SEIG IR EAE IR 5, AR S WA, BT S ARSI
SEFFARL, AT LR R RS e . BRAh, BT 10 4
WS R SEER PR F AR T, BAESE 10 4F
ZJa, FHREETRE, 585 (b) 10
Z JG 1) loss (EAALARTE, DRk, w] LAgh—3P 3t m o
EIA R S5t

(2) RGUBATRA A

@© AYLFFER T

RGN H\ ¥ 8 0} S i RGuvs a7 2
BEPIWT, FETIARS A NAHLF S, k1 BT
e B 6 4hH RGUBATIFFEHIZE R, FHrhiAkty
T 6 MHIIHIAREL, PAARERIREERI 24 AN
ZIB, BUEIIRRAGE R DAL EIRES: 0 A&
A VHLERCH], 1 RERFF—E/ANAHL, 2 AR RFF
—H KAWL, 3 RERFENHF—E KAWL —G /N,
4 RREFI TR G RAHL, 5 ARERFTE LRI FFH

B 3 RIFRGATATES H. 6 H. 9 AR 10 H
FIXTEN, 757 H. 8 AN RGUA TR, R4 7
TR BN, RBEHE 1 6 KA PLEL
H 1 G/RHL R BORIIN RIBN,
LR B R KA HURT /N A BLE 2 [F I R AT
Bl B 6 FoIFEflIg R 5K 3 WAL AL,
XU IR 0 R, RIS 50 A i 1) A R A

@ A i

F/NAFLE) COP 5 PLR (R MK 7 flw, H
HREAL AR AP PLR 18, AARFRFRRZ PLR T
[FIAAL COP. LEHHATHAT AT, KA 1#F1/NAHL
3# 1. 55 3. 55 10 4R PLR %0440 Hiltn ke 8.
Kl 9 flw, HARRALFRFRAPLE) PLR {8, PALbrE
JNAHLPLR [ AifE. B 10 25 H X0 DQN 5%
1. 530 510 FEN M (ratiosignine) TE1%
IR ESE G I B .



3 Thhak. FEF X0 DQN 1 HVAC Tt R AL s ) 77 ik .« 437+
%5 AT 20 £ S LR FREE
4 1% B2k B3R Ak S RS
14 10 349.89 10 357.77 10 387.58 10 363.52 10 366.72 10 365.1
24 10 535.55 10 509.10 10513.19 10 500.12 10 496.02 105 10.80
W34 10 597.68 10 559.71 10 582.77 10 570.67 10 577.30 10 577.63
44 10 601.53 10 613.87 10 613.42 10 608.57 10 616.41 10 610.76
%54 10 600.53 10 606.80 10 589.93 10 625.97 10 610.18 10 606.68
6 4 10 652.15 10 603.44 10 628.59 10 625.11 10 622.89 10 626.44
574 10 747.57 10 638.37 10 599.96 10 625.98 10 638.49 10 650.07
%84 10 745.00 10 700.56 10 605.54 10 695.93 10 619.20 10 673.25
W94 10 757.94 10 744.98 10 718.23 10 736.72 10 680.65 10 727.70
10 4E 10 752.87 10 734.93 10 742.69 10 746.35 10 752.39 10 745.85
11 4E 10 762.14 10 738.32 10 744.64 10 744.21 10 754.14 10 748.69
12 4E 10 769.02 10 744.01 10 762.12 10 733.01 10 750.21 10 751.67
13 4E 10 756.92 10 744.24 10 747.26 10 748.52 10 756.01 10 750.59
14 4F 10 772.67 10 743.76 10 764.79 10 760.99 10 760.07 10 760.46
154 10 769.84 10 750.26 10 759.73 10 752.60 10 762.29 10 758.94
16 4F 10 762.88 10 744.44 10 765.18 10 743.96 10 756.43 10 754.58
W17 10 761.88 10 750.15 10 754.62 10 745.17 10 762.10 10 754.78
18 4E 10761.18 10 750.95 10 758.79 10 756.46 10 757.46 10 756.97
19 4F 10 758.67 10 759.30 10 756.47 10 756.38 10 770.90 10 760.34
520 4E 10 762.38 10 752.29 10 762.39 10 761.24 10 763.33 10 760.33
00:00F
01:00f
02:00}
03:00}
04:00}
05:00f
06:00f |
07:00f
08:00}
09:00}
10:00F ¥
= 11:00F 42
glz:oo L &
13:00F &
14:00F
15:00F
16:00}
17:00F
18:00F
19:00F
20:00
21:00}
22:00}
O FONOOTFTONOODTONOD FTLONOO TN OF 0 OO O 0 AN O 0 OO0 AN ©
TrRARNAFT TS OShEReeaR oo S mm N ANMRE ST NG ERE NN

Bo6 RAAHLEIFEIRE
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7t T RIS FET R4 H1 777 (model-based) [ HESHE
Y Rt W R INABLIEEE R E . 18] 7 RETNAHLEY COP
5 i: / o £ PLR HU 30%I 0 K, 2 JGBE% PLR ({36 K IZ#i 48
§3 ] /Ny KIAHLF) COP FiiE PLR 3 T3 b, 7& PLR
N —— i pra:dl| 6O%ZE%$€E?§$EEQ T UL BRI, &
i - - NAHL3H PRI SRS 1% A2 73 B R VA s 25 KV L, esb
0 02 04 06 03 0 P2/ NAHL, 515 R/ NAHLE ) COP fik.
i s B8 O R UT, TR R i
— baseline 1 baseline —baseline
st DPs-DQN gl DPs-DQN gk DPs-DQN
AL mmm model-based A mmm model-based AL mm model-based
6f 6+ 6L
% st % sl % st
§4- g a4l §4'
3l 3l 3l
2} 21 2l
1l 1l 1l
0 0 0

0.4

0.6 0.8 1.0
PLR

(a) KEHLIF H14E

0.8 1.0
PLR

(b) K&AHLI# 534
58 KAWMIAEE PLR 434 % i

0.8
PLR

(c) KEHLI# 551048

0.6 1.0

10k [ baseline 10k 1 baseline [—1baseline
DPs-DQN DPs-DOQN 10F DPs-DQN
mm model-based mm model-based mm model-based
8t 8r
£ £
6F 6F
R R
) &
Bl 8t
2t 21
0.4 0.6 0.8 1.0 0.4 0.6 0.8 1.0 .
PLR PLR PLR
(a) /NEHLI# 4R (b) /NAHL3I# 5534 (c) /NAHL3# BI04
B9 /NANIAEBE PLR 53 AT
60 H— baseline 60} —baseline 70F Cbaseline
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50 mm model-based 50 mmm model-based 60 mmm model-based
50}
40 "yot i
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R R xR
m30 P 30 =
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& & K
20} 20} 2ol
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R—p 0.6 08 0 —7% 7 ik 0% 07 08
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(a) BUVERAF A EILRN

(b) 3BT/ RN
B 10 FECKAHLT ratio 734 % ¥

(c) 1064 1A f 73 B LR A A
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KAPLE PLR £ 70% A 47, /NAFLE PLR 7E
55% 7o Ai; baseline J7 VAR H K /NAHLHTA I K
Ui FOAE SR Ay B VA ey, X AR 1S KW LI PLR
YERFTE 65% /47, /NANLI) PLR 4ERF7E 70% /0
iy HET XM DQN B AR 1 FA-1E K&
&, FEPLR MERGHXT /0, 245 2156 3 4F
i, KAPLF PLR BHEZEHIE 70%AE 4, BE
10 £ CAFaEE 75%, FeARETIE TR
41 7 i

FH LG T AR R () g ) 7 v, B0 DQN Bk
TE5 FL B 22 1V A7 4 245 RV LI R B, 43 P 58 /b
A T 25 /N ML, %45 LB agent ¥ 3 /F =5 [H]
RE o FEH| AT 2 BT agent Y 3)/E 25 18] 1) 284G
A& 0.1, TR B4z | g vk B A B AT ratiobigchiller
%* FATLE 0.67 2247, T A DQN 2% B 1) % e

HWE AT 0.7 45 RAHL CnlE 10 frs), X4
SEAAPA PLR 2 bb 3 A2 i 35 1 7 1 1
PLR F K, [RIR X tH 2 5 T X0t DQN 77k ek
I B A R 1 4 ) 9 )T RE RO I 3 R
Kz —

¥ HNEEFI HNAK IR AL RE > B

7 A KR AN A EE AL 2l 5 R 25 56 2
K11 R, HABARAR R R, AR MR
EX RN ThE (B0 (12), Hia, by ¢ X 3 A4
FHH BRI (B E I B A5 AR HD . A
IKIR ANV AV B A7 AR BEE RUE AT A 12
B

B 11 R FR IR ANV A0 55 1) RE AE B 2
G TN AL AL (I A —FE, MR TR HIK IR
T REE K, WHTY/‘\%IUJGE*}EﬁiJJM—%E‘H%
KRR ROK IR S BEFE R TR S ES B REAE, [
I RK R T RENE R T a5, F AR I
R 6. HAPAREE (K MRAKE (K AKX
A HURE L 174 FIK GERNAEI B, KA LT JE B
TFUR AR, WEEE () MR EIKE () 9/
7 LN L7 FNR IR AN AN B, /N HLIT i I
TFa6 TAE

MRIELR 1 AR ERA LB 11 %A
PRV H K S R, TR 4 ) 7 R 4
) f5 AIC v 11 8 KUK 5 M 1R K 23 03 A 2 4y

W= fiift (30, 300 fix. ME 12 rTRUE H, X H
o s 614 baseline /7% ( f,, = 50 Hz.f,, = 50 Hz), W
2 ith DQN BIATESS 1 ARIEEL 1R 8 5 43 A1 VS 1] L A
=l Ko IR B R S I YRR I 1
= sl _ BEMIRRNEFE, X0t DQN Hyk%: ] 258
10} 3 AERT, B AR O AR AR o i e s 1
St 1 1 1 1 1 1 1 1 1 i”gﬁ 10 fF‘Eﬂ" aé}:}FD%ﬂ:*ﬁﬂEg?%%Uﬁ?iﬁﬁéé\ﬁ
00325 30318 e, 0 4TS 00 IR AR A —80, (R, %25 S0 AT LABGF
B AHKERRA KIS RHLI S A% R Xt DQN B A 2k«
ol — model-based sE — model-based 51 — model-based
T DPs DQN “ DPs-DQN —— DPs-DQN
3 50 ///\ £ sof AR = sof
5 / ﬁ\ \7/“ ‘ Jgi A\\% %
A f//\k///ﬂ\//m \| | = A /) £
= \ = 7811 A
X ol |\ \w J\/ %)w \ = 9y /ma =
X » a \ (1 < X N\ /4 a\ ¥
35t / 35t _ ll| ( —\ 351
§ / \ j,% - }/// 2\ %
2 30} 2 50l 7 /0/)‘ 2 5l A
\“ ‘,‘ \K‘_// ‘v' f ‘\ J
ol 5N\ 25
2IO 3IO 4IO SIO SIO 4IO SIO

BHUKIE (R) $H#/Hz
(a) HIEBENG

{“%IUJ@J‘ (R) Hix/Mz
(b) HEILFHE M

BHKIE (OR) $H/Hz
(c) HE1OFE LA

P12 A KA 508 G FEARAR BEE s (A 55
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=6 FEREFE
ik (/f)'] 7ﬁ§,h ) ﬁf DfWh (/ji)'] ﬁf’;h ) /’ﬁfu /ifwn KA HUKWh A HUKWh ’iﬂﬁff? B AEF/KWh
baseline 64908.01647 2558713833  31078.15252 12251.1984 611 127.2573 167894455  779021.7 912 846.2
model_based 2337799124  7907.06462 107334084 3138543602 616325.6191 145865508  762191.1 807 348.1
DPs-DQN % 1 4F  33655.12816 13 027.18418 1570350809 6114719079 603 065.8731 172 638.5861 775 704.5 844 205.0
DPs-DQN %5 2 4F 3035449095 12298.02102 13 562.82658 5219.839276 6149233224 153 671.347 768 594.7 830 029.8
DPs-DQN % 3 4F 2884243923 1209344981 1286063961 5191032207 618803.9614 146572312 7653763 824 363.8
DPs-DQN %5 4 4F 2719399196  11220.04437 12259.24104 5017.730849 620 979.4015 143 765.5538 764 745.0 820 436.0
DPs-DQN %5 54F 266779163 1132042568 123352977 5140941364 6192485502 145 726.6786 764 975.2 820 449.8
DPs-DQN % 6 4 27151.13763  11732.73569 1271844811  5239.95047 6197214394 144 886.1188 764 607.6 821449.8
DPs-DQN % 74F 2608031963 1090135292  11992.71584 4 506.80003 619 883.6275 144 8824102 764 766.0 818 247.2
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