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Reinforcement learning-based energy consumption prediction model
with multi-source environmental perception

PENG Zi-ran, YANG Xiao-yang, SHU Zhong-bin'
(School of Transportation and Electrical Engineering, Hunan University of Technology, Zhuzhou 412000, China)

Abstract: To address the limitations of existing real-time energy consumption prediction models for electric vehicles
— Particularly their insufficient environmental perception and lack of dynamic calibration mechanisms — this study
proposes an energy consumption prediction model integrating environmental perception with reinforcement learning.
First, to enhance the model’s capability of understanding complex driving conditions, a road-condition perception
algorithm is designed based on contrastive learning and coupled reinforcement learning, together with a multi-scale
image feature fusion mechanism. This design effectively extracts environment features highly correlated with vehicle
energy efficiency, thereby improving perception accuracy under non-stationary operating conditions. Second, a
Markov-based real-time energy efficiency estimation model is constructed and mapped into a reinforcement learning
framework. A temporal consistency regularization term based on discounted future energy consumption (where the Q-
function is used solely as an energy-response evaluator) is introduced to achieve self-calibrated optimization,
significantly enhancing prediction robustness and adaptability in dynamic scenarios (without generating control
outputs). Meanwhile, a scenario-aware prioritized experience replay mechanism is incorporated to strengthen the
model’s ability to recognize and learn from key driving conditions such as slope mutations and rapid
acceleration/deceleration events, further improving feature extraction and generalization in complex environments.
Finally, a scenario-aware prioritized sampling strategy is employed to optimize the distribution of training samples,
improving the convergence rate and efficiency of the reinforcement learning process. Experimental results demonstrate

that the proposed method exhibits excellent robustness and stability across two vehicle types and multiple simulated

ks BHR: 2025-10-11; FF HER: 2026-02-13.
BERE: LAt
BE{E1E . E-mail: 123998439@qq.com.


https://doi.org/10.13195/j.kzyjc.2025.1052
mailto:123998439@qq.com

1732 = % 5

xR E41%

driving scenarios, achieving an MAE below 0.2%, an RMSE below 0.3%, and an R? above 99.5%. Compared with
existing Transformer, Informer, Mamba, and LSTM models, the proposed approach reduces average prediction error by

approximately 40% ~ 70% and improves convergence speed by about 30%, yielding significantly higher prediction

accuracy under complex driving conditions.

Keywords: real-time energy consumption prediction for electric vehicles;

condition awareness; proactive adaptive learning
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TR 4R ﬁi?ﬁ? ’J“ii‘iﬁ) S ST
SR 15 s25 W RBERE
AL 90 +0.5 RN FREs)E
LB 45 c1g LEME EISRAME
SRR 40 P12 RBB/LHE B R

TEARRFR TIHLF, 437903 F Wi AP 227 (Tesla Model
3 F1 Audi E-Tron) 317475 3, 1247 Ho I FE2E 43 751 4

(a) Town04

E4 FEINEMNLZITHE

(b) TownO03

(b) iiafTm st
NSRBI THIE

&5

4 F1FE 5 R,

B AR BLSR AT 151 % A T8
AR 72 ¢ 1 R, S0 TEAE RIS
LA L 50 T 50 O S ASE,
TP 5 I R MR
HfiE o IO 4N IR % (MAE) A1 5 IR 22
(RMSE) /B0 30157, LR S0

n

1 "
MAE = n Z(|yz — 0il),
i=1
- (16)

% Z(yz — ;)%

i=1

RMSE =

Horb g N ESEE, 9, o TME, nol BE SR
412 FHEEESH

SCU P & 5 F CARLA 0.9.13 i A, JF 3 i
Python API #F4T 855 28 FRI A9 R 45 BAA(E B4
3 R,

#3 CARLA LESHEE
SR LIS
Hb PR Town03, Town04
FtilprEs 20 Hz
TiEB K 0.05s
RFETFB MBFERE. EE, SOC, Hi&. %%
R Tesla Model 3, Audi E-Tron
@R HIALRGBAHIML(1 280 x 720), 2235 F 47 3k v g,
LA90°; 2240 [ BMS 5 IR AL BB [A) 45 R 45
EAE/ Ty 2138 h ~ 2.7 x 100, EVE/E IR EI 2.6 x 105
s 20 HZ R RE;
RRERERTE i 1B LI 8 505 5, S8 (0
TR 88 K F SJZCNN (i $764-128-256-256-
s 4 512), J&i 2 0Z Transformerfi i 2% (B 4E FE S5 12,
e RT3 ELS), i S BN XUZMLP (R 2
128, 64)

P Z2J# 1 x 107, batch size 128, #TNE T~ = 0.98,
BEUUE soft update 7 = 0.005, e ¥J450.93% 5 ik 2£0.05
VRIS k2 x 10458, 417 h

A ey H 2.
LT 256 BOIEAE R2IES500%58 ToHE TR HH 42

2 315 1e-5, Se-4], batch [64, 256]

4.1.3 REREEREE
CARLA /i H-F G = B REFEBA, Tovkd ik



L

BARF: RS FIRIAFE RS IRLS T BTN AR 1737

S REFEHUE, DRt AR SCHET AN ) R B AN 2R
WZE, B SRR AL RS R sh 12207
T, R R 2 5| S sE S ) B T S
BH 73 BL K I BE 7, 2 T

Foion = é,oOdlAv2 + mg cos(0)C,.+

mg sin(0) + ma. (17)

Hr: C,oA AR 25, ANERIE K, oA
AR, moNEE LR, ONTE M E M, CONE
S EVAES 8

peid | (TR - e ] :[jJ%Rmction = Flraction * U, ZREH
U, BB BEFEN Puive = Praction/n. TEIE T
T, N AESISHLE], FLIIZE A P = Mregen X
mav. WAh, B RGREFE P, AENEEES S BT

o AN B B FE T ST B

Etotal == J\ (%ﬂv + Paux - -Pregen) dt (18)

ZEALE T CARLA ) Python API SZi 3R HX 4=
AR DN L T R R A R, SIS R AT
NAFREL AT T I REAE S AL, 1 THT H R AW
Y — B TR SN Y.

414 BENMTFEREZRESHH5T

ik — P UG U A AR AN [ BE AL AT 46 4k 2% 11 T 1Y)
FaE PE MG T Ay SEME, A SCEF X EARL-ECP AR 1
17 5 AN FIBE LR 7 R BB B G S0, Rk
BEVPA FR AR A L bR 22 A K 95% BEAF X ). SK
IEE RNk 4 fis.

&4 FTEFEHMT T EARL-ECP A 4 sER ST ER

BENLRRT- (7 5) MAE/% RMSE/% R*/%
0 0.172 0.243 99.66

1 0.181 0.256 99.75

2 0.188 0.246 99.73

3 0.171 0.238 99.68

4 0.179 0.257 99.77

BIE + hrdE % 0.178 £0.006  0.248 +£0.007  99.72+0.11
95% B A5 X i1 +0.005 +0.006 +0.10

%% 4 7] W, EARL-ECP # Y 7F 22 Y b 37 )l 25
o 2O R B M RE, L MAE N 0.178 £
0.006%, RMSE Jy 0.248 + 0.007%, k& % % R*H
99.72 + 0.11%, 95% B 15 X [A] 43 il % il /£ + 0.005%
~ 0.01% Y05 Bl . S0 285 3R 0, A5 B TE BEN LI 46
WAL KA BN T TP A2 5200, T re fe e,
HA R S S A e k.

DNk — 25 B UE AR R R Sk B ) e 1, AR 0%

AN [F LR (1) 2 o) M 4 (DI ZR%EE IR vs R?), 45 R
% 5 fios. B3 5 A4, EARL-ECP E4) 5000 %)l
ZxJa RIA A3 R? ~ 95.7%, F4E 10000 %6 Py IGE 1L
S & R?*=~99.8%, # B T Mamba. Informer.
Transformer 25455 1 42 {7 29 30% 1A B UL SE € B B
LSTM Wit 5 1% H I 3h 50K, %45 RE W], EARL-
ECP MUAEREFE EEA RS, RN, fE ISR AR
€ PEJ5 T M T HAR AR AL,

xS ARIERENZGIRRTH R EUITEE

(F S HUIE)

Epoch  EARL-ECP Mamba Informer Transformer LSTM

0 65.2 60.1 59.8 57.4 50.7
2000 88.5 84.1 80.6 78.9 72.3
5000 95.7 91.3 88.2 86.9 82.5
10000 98.2 94.8 93.1 91.4 85.9
15000 99.3 96.5 95.4 93.6 87.2
20000 99.8 97.1 96.0 94.1 88.0

Rt — LW G, A EARL-ECP, DQN

5 TD3 1E#) 20000 #& I ki £ P (1 °F £5 2 Jih A8 Ak,
2847 %5 Lh o b, 25 i 6 fow.

1

- e
=
B
B
[ -3
B —---EARL-ECP
— — DQN
........ TD3
_5 1 1 "
0 5 10 15 20
[Hl &40 10°

Ele RENNGUERTLL

H & 6 7] W.: EARL-ECP 7£ i)l 25 #7) 1 B sz 81 5
AR T, T PR Ss, thZi B
R EGL BT, RBEECR WIS A LT,
DQN 5 TD3 SARTEF I B K, (Hg & T
SE. KT S, EARL-ECP DA SE Az SIGH FE A EE w5y
(A MR I H A0 3 (0 5 2] AU FNZ AR 77, BRniE
T AT F IR AN B A A A T R A 1 R0 R
.

4.2 TBIRCR BT L segy
4.2.1 ZEEATIEBRFETRM R

VPl A R 7R R A A N SRR, AT
IR SOH /K, B v FE 32 37 55, 8 il
AT B A2 T B DRV AR (BLFEIRBN D)2 P, yeny P
BhD) 2 P, ), VB ZE S 1E 4 2 1] 1) BL N IR S REFE
THE W Fios:



1738 #= % 5 Xk K %41%
E = [ (P + Pu)at. (19) "N
240t

B 5, KR REFE S IS B KR, A SOC g 120 \‘\

(KA LR, BT SR B A e
= 120 3o A -]
S0C,,, = SOC, — a - -100%,  (20) 602 fﬁn@/{j / K
nominal 122 o

Horh o g AT R A TR R R R 0,5 0 R

BT ik SOC 5t 2, 8 1 B B M g 7R A5 1/(10%)
RULE BB PR RR IR AL SR A T Bk T RR ), AR — (a) SOH=100% i} ki1 2k
55 MR IN E SOC 1B AREFE/K T, il 5 2259 1) % 300 e
AT YLD, VI F: 2401\ Zg*—‘—m—f e

) = : fﬁuﬂwa
D = —Soctfl Q‘“‘““‘], (21) &2 180} b 205 21.0 21.5
P /vy, gﬁ 120} \\

Hd: Qe MIBAL G L S2 bR 0] 25 &2, PP 60} - &
BIDIZAEHE, v, NP . 0 . . .

] 7 R 8 1599 vt e BEIR A5 AE (I, 280 1 0 H /(1032) 33

t S

PIRRZE RS B Al R I, SR AR AL T N I IE
IR AR F 7 .
200 -

150}

100 80 s
i [ T s

T e
sofrel el ] \

(7| —
146 150 154 15.8

B/ km

0

21

(b) SOH=80% I () fiti it i £k
E8 ZFI B RKEBERMitehik

TEANF 28 54N [7] SOH 2 11 T~ ) MAE. RMSE #l
W E RBRPHAT G 0 b, HEE Rk 6 Fios. %
PRI &, S TE & L0 T SR FEEUR IS TR 2= A
I 1R, AR I RUFRORSFE . &Rtz 1B
77 3k — 0 45 G T LA 56 45 R TT L, 5B AE AN [
SOH 2% 1 5%k 9 ot 2 24 35 2 AL LR o P — B0 k- 7
SOH A 100% H190% I, B %442 MAE 1 RMSE
FHZERBHAREZE (p > 0.05), R FTHE BB ALE
i HEIRZAS T OW AN A 4 RS RE A R 4 A o B — B

0 7 14
t/(10%s)
(a) SOH=100% i HIfhiit 2k
200
150} \
= \
4
= 100t
EE'; 69F  TRMI{E .
so[68Rad . ]
67F f v~
66 L. J\FMH )
0 11.0 11.4 118 .
0 5 10 15 20
t/(10%s)

(b) SOH=80% I {11 ih 2%
E7 FH A FRBIEMGTTZ

ZiG 7 AE 8 Rl B AESOH = 100% Al
SOH = 80% &M F TN 45 SR T WL, 75 A ST I
PR T A2 R (R 2 R0 SUV) B £E AN [A] SOH
RET, BRI LR S B HERRE T
Bm— 83U, RERAL T AKX R
Bl i) 22 28 T AVE BERAS T = A& R I 1R FE AN
FoE vk, 7B Se e, AR AR 424 & A
W)Wﬁ %lﬁ //gmlE.

SR A TR VP BT 322 57 X 4% 1) Ak 1P i, AR T X 3L

flTHPERE; XAE SOH A 90% [ R? I Hi B i 35 22 5%,
ST /b ZE R 2 S o UL B AR B P AR IR R RS
#+6 [E SOH &M THEE M it1EaE e X
SOH/% 18¥#8/% A% B%E tE pfl WEM
MAE 0173 0.170  0.847 0.401 -
100 RMSE 0239 0248 -1.789 0.079 -
R? 99.77  99.81 -1.936 0.058 -
MAE  0.171 0.178 -1.942 0.057 -
90 RMSE 0252 0253 —0.192 0.849 -
R? 99.75  99.69  2.905 0.005 o
MAE  0.184 0.167 4.684 1.7 x 103 ok
80 RMSE 0255 0243 2332 0.023 *
R? 99.63 99.83 —9.682 1.0 x 10°3 o

2 SOH P& % 80% I}, 3 Tifahrtsy R & P 2=
5t (p < 0.058(p < 0.01), FHH MR AR ZER
(] )R B 43 A BE I B . E R FE MRS T, B4k
R ZEAT IR AL T AR K, 3 W BT £t ABE B A S 5
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AR E: S D RIFFER LIRS 5] REAL TN AL A 1739

FhAETY DL S AN R 22 IR TR P AR 2 A% R 4 3k F 12k
422 BEEFEF X TN R85 S K e
Py

N HE— 25 56U 22 Y N T 5 AR I A 2 7
RE AN S 1 5 T (R 2R, AR SCIRETE 0T B SRR, 4303 5K
&40 BMS i J7 £ 5 il & 1545 Sk BB 1) 2 T 4L
PEAE N, LB P 7 AEA R SOH 2644 T 1T
TS L S 8008 DL HE T ) 22 57 SIb 45 B in %
7 Fis. WERZE BORE, Z N (BlE + BMS) f£
% SOH R T ¥ HUAS H AL MAE. RMSE DL ¢ 5
m ) R2, AH L T G N RIS AR, R 5 N EER
5 SRR I 2 I SR AR R PR R R BRI B8 D A TH I R
TR R, 28R bRk 2 52 5w R %
St #E SOH N 100% £ 80% 2644, MAE. RMSE #ll
R RS FE R F T (p < 0.01), R H
Ak TR BOR MR A, 2 U845 AN REE I B8 &
5 KS B ; /£ SOH = 90% I, B4k MAE % % R &
#,{HJ2 RMSE 5 R*IARILH B3 2 7, KK
BAE B Rl 1E S BEIRAS TR B T4 FH A
RS A A B8 ). LR TE R* 4845 b, Z UM
HUTE % SOH [X [A] 34 fR £F &2 3% L %, HAH7E SOH =
80% HHTIAR AT IE 99.88%, B /R AW 5t F- IR AL AFAE )
SRR

®1 ZRSRIFMNERNME RS EE L

SOH/% fits RS ZWWA tE plE  BFEHE
MAE% 0202 0176 6644 1.2x1078 **
RMSE% 0284 0239 8300 1.9x 1071 **

100 R*% 97.81 9959 —86.174 <le-12 ok
HEH M/ms 46 69 -

MAE% 0188  0.185 0779  0.439 -

RMSE% 0271 0257 2566  0.013 *

% R*% 9758  99.54 -94.888 <le-12 ok
HEHL [A/ms 41 66 -

MAE%  0.195  0.173 5778 3.2x 10~7 **

RMSE% 0268 0238 5731 3.8x 107 **

80 R*% 98.05  99.88 —88.594 <le-12 ok
HEHEF/ms 44 69 -
ZHE/M 2.5 3.7 -

FEPERE ST R IR, 2 YRS Y 1) 2 B i AR

25 M G Z 3.7 M, {HZHEBLRS (A fRFETE 70 ms LAY,

BANTA SOH A4 1 S Bk o o7 25736 2 2 FH 75 3K 3

FHE HR B 18] T, 5 B8 L RIUBE PR N 4E B DIV K Rl
NS R, B

Thm~a-P+5-D+e. (22)

Hrt: . BREEAFE ORI E AL, e B ML %

ST AT 25 A7 IE B4 H 5 T A R SO FEE 1) [
B, SR LA R AP I TH B8R A S I PR R B
4.2.3 AEEIEMGTHBERRT

4T AL BT ) EARL-ECP #558 () P B, 4
73 BT A R B TR 7 vk —— LSTM.
XGBoost. Informer 5 Mamba #3E47 % L.

IR TR N T SR G AR AR R IR A
TIUI, G805 DA [R]85 i WASS R A ) e e A5 R 2Rk
Feak UL R J TH0E N T T RE . HAEA A
SOH 24 T B Ek 1t RE e A 36 8 . N T B
Wb FE 7R B AR 7 SR L Al T RE S, AR E S
22 A Z2TU7E SOH = 90% 17, S Bk R B
FE T 28 (1 9 Frm). 1% SOH 7KXW L it o
FE TR B, T 20 L S e WA TR A SR Ak T )
ZACPERE RS M. tIE 9 AT L, & J5VESE SOH =
90% Fif B THMIARG P 22 5 W 2 LSTM B 2R % sl i K,
£ b LA IE RN |5 XGBoost BEME I [ 344 8 34
B AE JR) 350 X B 7 75 #F 82l 2 ; Informer A1 Mamba
PLE BN T R4, Hodh Mamba 78 5 7 3% b R Bl i
f; L2 T, BT EARL-ECP 4R 4624 5 B 92l
mEE A, RETEBORIX A7 BN iR 22, I
B SR [ PR IR N R ) R R e k.

+=8 AREEXHEMREIENR
R A B
SOH/% MAE/% RMSE/% R?/% MAE/% RMSE/% R?/%

100 0.694 1.138 90.72 0.684 1.091 91.03
LSTM 90 0.739  1.204 8502 0.744 1.121 8451
80 0.781 1.309 76.02 0.778 1.321 7744
100 0258 0339 96.72 0271 0351 96.41
XGBoost 90 0332 0401 90.84 0318 0.389 91.02
80 0362 0453 8321 0347 0449 83.55
100 0249 0332 98.10 0245 0329 98.16
Informer 90 0279 0366 9221 0273 0359 92.74
80 0349 0395 8837 0336 0381 88.62
100 0238 0311 9872 0239 0314 98.65
Mamba 90 0.261 0346 9832 0264 0352 98.04
80 0272 0352 97.63 0283 0382 96.98
100 0.173 0239 99.77 0.170  0.248  99.81
EARL-ECP 90 0.171 0252 99.75 0.178  0.253  99.69
80 0.184  0.255 99.63 0.167 0.243 99.83

g TR bR — P IRUE T iR
LSTM Bl SOH P& 5% % i & 1 K (MAE M 0.694 Tt
£ 0.781, R?2 FF% T 14.7%), Fae 5 2; XGBoost 1
3 Fh SOH T # A% 7 (e, JUH 2 /E SOH = 80% I}
MAE i id 0.36%, X DL &b # 5 J% 9k 28 1 52 i ;
Informer 5 Mamba 3] 5 5 8 47 (L& 68 77, Ho



1740 = % 5

xR E41%

200

F*\\
150} ™
E 120F LS';%/I .
~ X GBoosy s,
B 100 W ’)3 / “
] (RE] Ry S -
g =<0 Informer \
50F |k //\\/
EARLY (el S
lo4p ECP VO AU,
0 100 105 110 , 11.5 '
0 7 14 21
t/(10%s)
— SRl — Informer — EARL-ECP
— Mamba LSTM XGBoost

E9 TEEERRER ST

Mamba 7E 1% 4t 77 ik e J9Ad € (SOH = 90% It R?
SR B I 98%); # Lk 2 F, EARL-ECP 7E A [A] SOH
FAF N T R R, A % SOH = 90% B} MAE
AN 0.171%, R2iEF] 99.75%, H B SOH %8 14 fE

AN, R I 5 IR At AN B A HE R

g5 b, w7 R i I R 2 T N A7
TEAFEIFEFE IO PERE N B4, T B4t B 7E T 3
Mg 7 Tt DA K F iR Ak B 5 A R I R AT AR (R RE Rk
TR, 7853 A0 T BT 4 H 2R 355 8 a4k, 27 ) HE 22
OEER g
4.3 VERLSZIS

SN UE R A B B R i A 2 ST 1 FL Bh VR 4R REE
Tl (EARL-ECP) Sy i34 SIS 68 FE Ak 11 BF OB A5
S T S O O NSl 7 e W I S A D W L
Transformer Jy:fill, 383 25 3 w39 0 G S B, I
ANFZERAEAF T T IR AR TR AR, 3 9 T il SE 48
g5 DR, S AHO T BEFE TN ¥ DT Mk FE A7 TE 2 5
T AR A (S EE  EAT Bk A AT

=9 HRRSLIZER
ik

¥R £% R A B
DN ERL SAPSM SOH/% MAE/% RMSE/% R /% MAE/% RMSE/% R*/%
100 0.271 0.341 96.02 0.276 0.344 95.98
D J 90 0.285 0.343 95.49 0.262 0.326 96.61
80 0.266 0.326 96.72 0.281 0.321 96.09
100 0.259 0.316 97.10 0.279 0.319 96.32
E-T \ 90 0.295 0.344 9321 0.294 0.346 93.02
80 0.309 0.371 91.62 0.320 0.386 91.09
100 0.252 0.306 97.88 0.263 0.310 97.55
S-T J 90 0.288 0.334 93.93 0.283 0.333 93.63
80 0.304 0.378 91.72 0.293 0.368 91.97
100 0.259 0.317 97.68 0.220 0.254 98.16
DE \ \ 90 0.269 0.320 97.05 0.271 0.318 97.52
80 0.239 0.300 97.70 0.210 0.247 98.24
100 0.254 0.314 97.15 0.256 0.315 97.33
DS \ \ 90 0.259 0.300 97.74 0.231 0.267 97.95
80 0.258 0.322 97.19 0.259 0.305 97.39
100 0.173 0.239 99.77 0.170 0.248 99.81
EARL-ECP(% ) N N N 90 0.171 0.252 99.75 0.178 0.253 99.69
80 0.184 0.255 99.63 0.167 0.243 99.83

TE AT OO RSB AT 2000 B IE AT, B S 6 4% 4 L
IR 28 B 2H AT U : D R AUE H DQN; E-T &7
1N BT % 0 8% N AR B H 2 R A DQN (B
Transformer E A3 45 #)); S-T K~ d FH AL 56 R AE
ML E S 2K A F DQN A i 86 S A B ([ B 2 1
Transformer); DE #1 DS 73 7| 7~ DQN 5 % /5t B 1
Bik, DQN 5056 RFENLHIMAH G %k B B ETE
BT PP At AN [FIASE RO T T2 e (1 Ak 7 IR A5 TR,

NIRRT EE R 9 1 DL B-T
5 S-T W5 3 A] IL: D MZRAEATH] SOH 414 A8k
BN, WA ZER2IN 96.02% VAR THE 96.72% (3 IE

%] 0.7%), MAE 5 RMSE )3 sh IMERETE 3% LA,
1M E-T A1 S-T fii SOH F&AIKA HI I 6% ~ 10% (1] 1%
ZEWENR LA K 4% ~ 6% B R? R B, S 7m Hox T 3 ik
TS U, KRB DQN RS %ok e FE A I 25 1)
I} — SRR B 2 B

H—FHEIMA ERL ] DE 51\ SAPSM 1
DS, AT LUWEE 2| 3 B2 0T D M 4%. DE 7£ SOH
=100% I} R*AHEL T D $8F 1749 1.7%, 7E SOH = 80%
I MAE #1 RMSE 73 5l F£4IK T 8% ~ 12%; DS 1E
SOH =90% I A 4= MAE Hil RMSE 43 JIB#IK T 29 9%
A 11%, R*RTE T 41 2.3%. X F W ERL A B3R 5S
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TN [ RSHERE 11, T SAPSM RENS A 25m AL %t 1)
.

Zi4 K, EARL-ECP 7fETH SOH 41 ¥HY
57 g . i £E SOH = 100% i, A % Rk %)
7 99.77%, #H¥ T DE 5 DS 73l F+ 1 21% 5
2.4%, MAE 1 RMSE [ i 28 i 25%; 7£ SOH =
80% I, EARL-ECP 38R fR #F R? ~ 99.6%, “Z 1k 1%
FEA R 0.2%, WER T HRBA. 455K 8, DON +
ERL + SAPSM X G ALHITESE FH ARG FE | A20E 1
AEE Tz A RE ) 77 T B A B R PR 26
5 GEEY

ARSCHEH T i 1a) FEBh R 4R 1Y) RERE T AR 2,
T I AT H AR SR RERE R AN T BN 9 P — Sk 1
T (g {45 ) 1B 2% A AR Ak H bR, 4B 2 IR
KNS TD 2% 3], ST 6 REFE/S T BLRE 1) A T
AUTTOI A ES T8 E RS AERE 7). BT ER A PR 5 IR R
5l S IINAESE, 78 2 RFEMEERAE Zhas ik
TR S SR B B, 5IN T SHdL =
MU DASRE TR AE 52 U SR 25 > [ W [m] 226 e
H 5 VR RS A RN B A TR R AR 50 Bk A,
FEAE BT 42 B R0 T 503 Bl N R B R A iz At
B (2 ERSR T B —BI0AIE). SLi 45 R0,
JIT i AR AL 22 B SR T 050 R 1R OO RS B2 3 £ T8
B EW T, RHESVR AR FE R AL R AL T T R
T B 2B RHE IR R G, AR B A E
VLA [F T8 6 R BE 26, 1E— D4R T 1 T00I RS 2 AN
TRt AR, ZEAR TR 2 -1 - P R e VR
5, SCRERYRE 70 F U L SRR AR AL S
NET REIRIVR G R R K R Re A H BT R
J S LBLA.
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