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Abstract

Abstract: To address the problem that the traditional short-time passenger flow prediction method does
not consider the temporal characteristics similarity between the inter-temporal passenger flows, a
shorttime passenger flow prediction model k-CNN-LSTM is proposed by combining the improved k-means
clustering algorithm with the CNN and the LSTM. The k-means is used to cluster the intertemporal
timeseries data, the k-value is determined by using the gap-statistic, and a traffic flow matrix model is
constructed. A CNN-LSTM network is used to process the short-time passenger flows with spatial and
temporal characteristics. The model is tested and parameter tuned by the real dataset. The test results
show the model is able to predict the spatially correlated data more accurately.

Keywords
CNN, LSTM, spatiotemporal data prediction, k-means clustering, passenger flow prediction

Authors
Jing Chen, Zhaochong Zhang, Linkai Wang, Mai An, and Wei Wang

Recommended Citation
Chen Jing, Zhang Zhaochong, Wang Linkai, et al. Short-term Bus Passenger Flow Prediction Based on
Convolutional Long-short-term Memory Network[J]. Journal of System Simulation, 2024, 36(2): 476-486.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol36/iss2/16


https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/16
https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/16

Chen et al.: Short-term Bus Passenger Flow Prediction Based on Convolutional L

%36 B35 2 # RO E#HO Vol. 36 No. 2
2024 42 H Journal of System Simulation Feb. 2024

F T BRI 1EAZ W 28 F R 2 22 2 2 T

MR, kmEa T, Ak, hk?, EAR!
(1. REBMEHARIMIE RS 5 EHARTEYEE, Kid 300222; 2. i RiEAESME SRS BEHTRER, Kid 300467)

THE: Atz e s e s i BTN 7 ik 8R4 S B B 7 AR AR o 35 B BUEAZ IR 69 AR 1) AL, B
—Ff B k-means IR K J k5 B ARAP L2 W 44 Fr K AL B 12 [0 W 24 A0 45 6 69 42 B B A £ TR AR
k-CNN-LSTM. 38 1¢ k-means f£ %51 55 0 Bt /7 B ABHATIRE, 12 ] Fa 43t o0 € kA, #E Ki8
RAEIEARA , R CNN-LSTM M 24 4L 22 FLAT Bf 54 AE 6942 BF K7, 1% ARA e b BT 2 1Al AR K
A IE AT A EA TN, A AL ZRE SR BT ASOAR, FREREY:
k-CNN-LSTM AE A 4% H b AS R A7 AR 242 55 69 TR .

KRR ABAYZ L%, RAITICNS; B ZHIETN; k-meansRE; ZAEAN

] 4r985: TP181 SCHERbRERS: A WEH T 1004-731X(2024)02-0476-11

DOI: 10.16182/.issn100473 1x joss.22-1168

Bl W, SRR h, R, S5 3 TR KR I 0 AZ 0 45 (O RLIN A 28 R TR TN T]. R G50 BL2E AR, 2024, 36
(2): 476-486.

Reference format: Chen Jing, Zhang Zhaochong, Wang Linkai, et al. Short-term Bus Passenger Flow Prediction Based on
Convolutional Long-short-term Memory Network[J]. Journal of System Simulation, 2024, 36(2): 476-486.

Short-term Bus Passenger Flow Prediction Based on Convolutional Long-short-term
Memory Network

Chen Jing', Zhang Zhaochong"", Wang Linkai', An Mai*, Wang Wei'

(1. School of Information Technology and Engineering, Tianjin University of Technology and Education, Tianjin 300222, China;
2. Smart City Development Authority, Sino-Singapore Tianjin Eco-city Management Committee, Tianjin 300467, China)

Abstract: To address the problem that the traditional short-time passenger flow prediction method does
not consider the temporal characteristics similarity between the inter-temporal passenger flows, a short-
time passenger flow prediction model k-CNN-LSTM is proposed by combining the improved k-means
clustering algorithm with the CNN and the LSTM. The k-means is used to cluster the intertemporal time-
series data, the k-value is determined by using the gap-statistic, and a traffic flow matrix model is
constructed. A CNN-LSTM network is used to process the short-time passenger flows with spatial and
temporal characteristics. The model is tested and parameter tuned by the real dataset. The test results
show the model is able to predict the spatially correlated data more accurately.

Keywords: CNN; LSTM; spatiotemporal data prediction; k-means clustering; passenger flow prediction

0 HlE 8 R B S 0 L A A
A HEIREONN, RS, 2R
R RRAS IR AR A AR \ . .
IRPORIEARESIUMIEIBI e, o o de A s o W . 2007
Wi A S RS T G S R S

W HH: 2022-10-04 B[R HY: 2022-12-08

FEETH . RETT AR I(2021KI008)

HEE: 01984, 2, RIEEE, WA, it BT ROIHLEEY ). E-mail: c_j_223@163.com
EIER: TkIAM(1999-), 55, R4, WFFE5 AR S EEE TN . E-mail: s789658@qq.com

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 2, Art. 16

2536 4555 2
2024 %2 H

AN, XOTGTR R A SRR . k]
W, —HEAN AR FRRE R R, A
AL B bR A 3 R R S o Pt DA ]
FERA 2 LTINS B0 TR 26 8% . 15 4 Re Ui
AAHEZER .

H AT, iz FH 3050 I 25 i 0 07 v 32 A 4
BT, a-RRSIEMAAA . K ORI
N RERAL, W BP MR 4%, SVR [BHRA
LSTM %%; JET DL BRI RG-SR, K (o fi
TIZH A By K v KA AL LSTM 4H & SVR AR B 4%,
FERCFR G T, RO (8] JH RS 5
SRR o B A S 2 AT TN s B A e A A
P AR R S BB TT RN 2 A8 P LIS 2 R AT TR0
B g E A A R g IR U th o IR K AR A, (H
DL B ARG TR 2t AL A 5 it P 2 3T 00 A
B2, fEN T B RERE 1, Yang ™ f# H] SVR [H]
EBEAY, E I AR AR BRSO AT A, RE
A5 0N R I ) AR e PERRAE EAT f 4 s XK
i 0 A SVM-KINN T 45 A5 82 000 R 25 F 1 4
2% s Chen % “SiE B T LSTM 7 0% 45 23
& T A B T, e Al DR S i (] (] i i
K SEI 7 A5 B, Himeig s d H BP M
WA 286 0k A2 3 v Al 4 AT TRAL BE, A8 FH LSTM Hfi 3k
[ SR AT I B IS P REAE R A ) i A R
AZ| SVR #HAT A S T . AH BB — A, 2
£ R AT DIOSHRRAE HEAT 22 IR HG, i) ) 4
I 17143 08 36 5 o0 (GRU)#E AT 22 38 I &= 7l
I AT 22 IR 7 V5 € S fE T 1B e B, B
SR BE A% 3 G R B4k 1 I ) 3255 52 T 2 B 45
WA, (HIZAR A 2 1 Sl i 5l p 2 TR P 2 TR O
Wt ; Zhao 25"fd F S M — H A o A ¢ M K B
(origin destination correlation, ODC) % 71 A~ [ 4 Bt
Z AL F s ONNT R AR AT 6 11 22 18] (1) 45 1]
KEL, CNNA R, A EIL S, Mk
T ODCHEFE, CNN#EGR /2 EREE, A%
BN 23 8] 73 A BEAT FUAC B, B 24T
BRAN R AEH ;. CNNALSTM ™ R] DA G i 1

Wrig, S5 BT B PUCHIN 012 W9 2% LI A 22 2 it & Tl

Vol. 36 No. 2
Feb. 2024

PR I A R AT, 9822 22 26" d ] CNN+GRU
S /Al i 118 i PO S < = [ o
LSTM-RNN Y, 485 52 38 3t 1) A 225 4 26 P 58
i B 2 R B A o (HL DL B AT 0K T R (I
R, B DL BB A R AR ALK
M H AR B, REEE R R — RPN BRI
S5 B HA PR B R BT (] R B A AR AR . iR AR IE
B I B ) 53 AT AN Y515 1 T RS T 5 9 2 1) PR AH
ALPE™ . Li 25" 38 1 {# ] k-means 58 28 7 155 4t
— I () 3 [ P S8 e PR A A R () X AT SR 2%, @
T A % bR B o R SR R . AR T R T
AR, BRIRREZE M CNN #2482 S 52 1)
PRSI, i LSTM #2418 7 52 Y Ak Tl 2 () Bsf
iR, I d ] k-means++% Jj s B g #4720 25,
1 F 56 B8 R 50 B AR TR, M e R R
A5 BB D)3 AREE, $m 15 )2 0 i
WERE, {HEGBR 2R BUAE 1 i SR R = I 18 2 1 [R]85
e, ANFITXF B ] () B 45 K 10 g sk & B s it A7
S

DR, S SCHE HE k-CNN-LSTM BB %f 28 22 4
i 2 B HEAT T, {3 FH k-means X} 29 AL
SO [ B Bedb AT SR %, i TR e it B g
WU SRR, B FahAE, AT RO 2 = A
R TRE BE o B TERARZE 5 CNN FEHU A 22 0
RUE] ) 23 (AR AR EAT Rl G, A A LSTM 32 5L
SRR B PR, AT VAR B SR AR
LR AT SEES A I

1 3 F k-CNN-LSTM A&7 {1 ) 2238
& T

1.1 AR R &
AN TR AR, A SRR

B2 T 5 AR AR S A R

R [ S 5 10 37 T 38 %, 568 4% [ A1 DA

IR [ 7 BT (94, % SO CNN+LSTM $HR

295 0E, TR,

http: // www.china-simulation.com

<477+

https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/16
DOI: 10.16182/j.issn1004731x.joss.22-1168



Chen et al.: Short-term Bus Passenger Flow Prediction Based on Convolutional L

%36 B 2 M
2024 %2 H

YT A Al s 2 LR AR IR 40 A1, A O A )
G TTE AR EHAT ST, HARIE R A% 2
/N, fERANMRE P REZA DA, BAAK
i JS R A AL B IR ER A9 0, Ea R4y B A W]
12 n AT m BV EFERE, 55 FE X KORIBR s, uh
FABRR N G )) 2, Hrh, 0<i<n, 0<j<m.
FER PP b, ARSI A LA I B B 20k T 24

RGN AR

Journal of System Simulation

Vol. 36 No. 2
Feb. 2024

KA CNEIBEE BRI xS R E iR AL T4
B (1,)) P S R & E
1.2 B BRI

N SRR ERR T 2 2w 2 &5
W2 Ak, 5 B BRI 2 A s, DA
H R A AR R M TG SR, 12 AR SR
SIS B BA 1 b g N B A 2L P 2 B %

I B &, S s 2SS o
00 0D LOm Al W, 07:00—8:00 5 09:00— 10:00 ) % I &= B A 46
t t t
| ) O [ _ETF& %, 10:00—11:00. 18:00—21:00 (117
1= : =] —
: : : mERA MR T FEES
xgn. 0) xEn, 1) xgn. n)
xgo.()) x(to,m)
Xt(i’j):
xgn. 0) xyu m)
BT BSR4
Fig. 1 Gridding of bus stops
100
90+
801
70t
g 60
<
UﬂfﬁH 50t
IS
¥ 40}
30t
20t
10t
0 " " " " " " " )
06:00-07:00 08:00-09:00 10:00-11:00 12:00-13:00 14:00-15:00 16:00-17:00 18:00-19:00 20:00-21:00
i B
K2 AIEIEEN BRI

Fig. 2 Passenger flow during bus operation

http: // www.china-simulation.com

. 478 -

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 2, Art. 16

2536 4555 2
2024 %2 H

N T SRS I B I L B AR B, i
RTINS P, A 08 F k-means o 25 5 B IR 2517
TR, S k-means T RF VLT EF 8% €
WM kM8, HAEFORENLIER, 255 AR
WA AT BRGS0 bl , il H A
AN TSI B b v LI 2 1) P IR B - T A
NG LA IE Y50 50 A AR SR K 45 R v 2 ik
1T A%, U e s EREHE . Bipd i
AP SN Iz

521 3T k-means J7 V5 IS I BRI R
EALIER TN

BN Hbruk lARARAL B N (a,b), FRELH
b ol m BT A BN B OE SR R AR N N,
(o ofos S} FEE m AN B n ANMRHIE, BB K
FERL, AT RREON,2, - k)

. REERRE

for k=1,2,---,K
k-means 3 B 0 [C,. C,, -+, C, 1, BHEIRE
[cl’cz7 ”"CZ]

THE A AR 5 H T R0 C MR 2
AW (D AT SR RFAE S o7 O BRI EG B 28

m=2muﬁﬁwﬂhwuxm¢m

for j=1,2,--,B, I, BRNZFR R ig A
W

By 5] oy AT AL A 5 IR A6 e AR B — 1 22 1) Bl
PHEAR={r, .10, -1,

{8 H k-means J7 7% 3k HUBE AL FE A R 1 5T 0
la, 05,0, )y BFWRZC G (]

BEHLREA 5 57 o PR BE B 2 TR

Wi= 3 D(ir}.riu-r b dal o al)

end for

PR ZME G=E(InW,)~InW,

S,= 1+ B xt(InW,), 7 JyitSx#absi 5
FHFEAE IR v 22

if G, ,—G,+5,>0

Wrig, S5 BT B PUCHIN 012 W9 2% LI A 22 2 it & Tl

Vol. 36 No. 2
Feb. 2024

AR (e 2 25 A (R /0N K AL

end if
end for
1.3 CNN
CNNE Ky —Fhpl s ex'™, ©2 1 BIUG5

K. HIRE S S GURIAG 22 R . CNNAE
RE B IME, 2 RO MRS EdE, W
BIG SR . I e P 2 e, 2 im B 8 T N A e
F B, H— 4 CNN 7] BLAR BN ] /5 71 i) 4
ik, WXt S @A R AT PR AE AL T, i 3R
TN IS BRIN kB ARER N ) R R, —4E
CNN A 22wy 555 3 e 2 1] 1 25 18] OB o

— 4 CNN AR W E 3w, CNNEF 24
R ) 22 X 28 )2

AL

S ]|

K3 — 4GB

Fig. 3 1D convolution process

(1) BH)=

GHESB NS IZE, £ 77 BT
J AR AIE ) 2 o

x/=f (Conv ID(F(xi_ xwi +5))) ) ©)
Ao X/ NBRERH EEE . ARSI R
#; Conv IDN—4EERURAE: xi_ N ANEHE;
wiNZE SRR FIBCEAE; b %2 1 I AR
DRET PR i A RO R Ho B (R AL

(2) i =

Mk 2 1] DL A ARG 3 1) JR AR AT —UCR
e, HWEATRERASH, AR TR IHEE
FURIERCR, &add R e R 2l 45

x{,;=polling(x]) 3)
e polling A AL EEAE, A ik max—polling
AT AL ERAE ;s X/, N RS R o

http: // www.china-simulation.com

« 479 -

https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/16
DOI: 10.16182/j.issn1004731x.joss.22-1168



Chen et al.: Short-term Bus Passenger Flow Prediction Based on Convolutional L

5536 55 2 1 ARG B Vol. 36 No. 2
2024 42 H Journal of System Simulation Feb. 2024
1.4 LSTM 1.5 k-CNN-LSTM &%
5 45 ) RNN AR Y A] B 1 AL PR (] 7 51, RNN k-CNN-LSTM R ZE R B 5 BT 7w o
o — 56 B 4R 2R NS — I ZI 1 e E B
{ELRNN FOIEAZ A e, L 283 B — Wi i Yo X oox dy dy di dy
M dy d; di d
B, P FERCR O ECK, RNN {3 B i PR Ly
P2 B WD, W] RE 2 W BLRR L SR RN R FE R X0 xl o XM d’ d! dF d}
JEP. LSTMZESLIERS 1A TIETTL AT — é"%m
o . JH 1L gap-statistic Ik
Wtk A L R, S 4 e
. ]
‘c 5 H bRk 1 I B
. > B R

T

P
i * : h,= .

fi, 0,4

(22 o

4 4

Kl4 LSTM4iHE
Fig. 4 Structure diagram of LSTM

WS ITH TSR E E— I Zd 12 #50

Co HIHA R, AT TRBMER S e

I 2% N BOHE X, 1045 2, R SR 4 AT gz Bt S I CNN-LSTM R 25 figE e
C, Wt THTHEE T —NZMEEEE R & Fig. 5 Model Structure Framework of k-CNN-LSTM
B0 BN T DI TT I NIRZS C AN 37 . ‘ R
emé#i o ' CETRS o A Y, BT 1) O A S
! JLC: e = RN
v TE T BOA TZE R . o, M=mxi+j, (j) A
fi=oW [h, . x,]+b,) @ . N . IR ‘
' RSk AL B AR R, TR B . N T IS I B
i,=oWh,_,x,]+b,) (%) S . .
¢ — anh¥ [} o) © M Z BIARAE, DAL ho—HEEE, F£1h,
= 27t + = . N y, S} Y =] N
=tanhelh-x J+be F5H6 15 min ZeiF— v FL RV A ViR, 1051
Ct :ft*Ct—l + it*Ct (7)

WNEI R KA BME FIERRHEZE d)
d'\ dl d}s BHAF RS IZI BURRAE .
TR FE AR
step 1: BLd] NI N EHs, 1% Gap-Statistic

AP *Jy Hadamard e R [ PYEUE PHEZ: W,
Wi Wes bys by b 28 HINETTS A TTAIL
2B JC IR E A B {H s o N sigmoid PR %L; tanh

L TE Y o
o I T
' e step 2: LA {F 9 k-means % 25 501 [ W) 4 5
ool il the) @ gomimirmek, 50 H bR I BT RS
h,=o*tanh(C,) 9)

%%, K55 xM & 1T concatenate A TRIIE 5 I

Adhte W R THORUR: b, 4 step 3+ X4 35 B0 K HE 4T — A UL

http: // www.china-simulation.com

- 480 -

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 2, Art. 16

2536 4555 2
2024 %2 H

PRELNAE il 4 5 3l 2R R A TR DR E, AR 5 @t
AT —IRRFE

step 4: FFIB AL S B EHE 242 LSTM Ab 2 5 15 31
THIME ;

step 5:  FH TIUMIME 15 LS B AT 31 0% 7 loss #EAT
RIn LR, TR BUE, A5 EHE step 3~5, H
F| loss Fa 8 /N T 5 — B B Bk B 5 R Rk UG
15 1IETEER

k-CNN-LSTM & 84 A #R 5 44 40 18] 6 JT s

input: | [(None, 9, 11)]

convld input: InputLayer
P P Y [(None, 9, 11)]

output:

.

input: | (None, 9, 11)
(None, 9, 45)

convld: ConvlD

output:

!

input: | (None, 9, 45)
(None, 9, 32)

convld 1:ConvID
- output:

v

max_poolingld: MaxPoolingl D
input: | (None, 4, 32)
(None, 4, 32)

input: | (None, 9, 32)
(None, 4, 32)

output:

convld 2:ConvID

output:

v

input: | (None, 4, 32)
(None, 4, 20)

Istm: LSTM

output:

s

input: | (None, 4, 20)
(None, 4, 20)

dropout: Dropout
output:

.

input: | (None, 4, 20)
(None, 4, 16)

Istm 1: LSTM

output:

.

input: | (None, 4, 16)
(None, 4, 16)

dropout_1: Dropout

output:

¥

input: | (None, 4, 16)
(None, 16)

Istm 2: LSTM

output:

¥

input: | (None, 16)
(None, 1)

dense: Dense

output:

P16 k-CNN-LSTM 5% Py 4h 4y [
Fig. 6 Internal structure diagram of k-CNN-LSTM

Wrig, S5 BT B PUCHIN 012 W9 2% LI A 22 2 it & Tl

Vol. 36 No. 2
Feb. 2024

2 SZIGHRST

2.1 BAERIE R

ENTEWIE ST J= PN AR e th e
AR, BE AN 2020-09-01—10-31 ) 5 452k
B, 176 M AW SRR E, B Sl
430 834 %%, MIBREAE TR HE. TMEH. AL
WF SIS RIS A 05:00—21:00, L1 h s/
LR RRAN S s B AT S

W XS N AT 3 2k 2 i A p Mk g s, SR AR
Rr KL NFR FIREIRFN G, WE TR,
of s M Ak 500 5 H IS S I B S IR AT T
P 8 Btz R M A il (1) R B AT R PR B 2
K T M A7 3 VB R AS IR S 1K) E Al . N 7k
T —VE, WRIFEAIZ AR T, BR TIERUAER
WA Dy H ARG gL Ah, S AR 3 A% 2k i
T 25 R 0o it 5 68 = 4 DX HR St R AT K ELATE 7T

7T NSRBI
Fig. 7 Route map of public transport vehicles

2.2 PR

N T PPAS AR T 5 R AL, A SRIR
KM BITTRZE PRI AR R I 5 XFRE B 4805 7
G LR 2250 I 45 A2 AT VAl -

15, -
Eys= - > (5i=3))’ (10)
i=1

13 N
Eya= ;z|yi_yi‘ (11)
i=1

http: // www.china-simulation.com

. 48]

https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/16
DOI: 10.16182/j.issn1004731x.joss.22-1168



Chen et al.: Short-term Bus Passenger Flow Prediction Based on Convolutional L

55 36 56 2 ARG B Vol. 36 No. 2

2024 42 H Journal of System Simulation Feb. 2024
n 5 v ST AR R 23 (] P I SR B %

Equun= %z ly:—yil % 100% (12) TEA T A 1B B 25 (AR PR, B2 R IbAH OC 2R 2L

i=1 (|j}l| + |yi|)/2

K 9 N E PR A S SR TAE; v, v BAs
INAE U RUR I B SE s n AR BERI o) 5 s
M
2.3 A MR ES T

TERE ST ) U, 3 553 e 2 TR A A A7
TEZ A R, PRk, 7E B 7 H a3 I w7t
WA, B A 555 1 h AT RLRE ) RT A
AT R LRI ARALE 7347

T EEAMVEARR R A IGRERE, U JR
AR SR RO A% Tk TR A B AR (A BEAT 20 -

(K- D, T)

/ZMfXY/Zm—ﬂZ

b OANBG X, Y ADNER i N BOA, il
X5ui R YIERE; n NN BUS AR

PP R SN =l 1 =i X e T < )
N E bRk n v bt 5 H A 25 o R A O R

(13)

160
140
120
100

i (N\/h)
S

N
(=}

[\
(==

09:00-10:00 17:00-18:00 09:00-10:00 17:00-18:00 09:00-10:00 17:00-18:00 09:00-10:00 17:00-18:00 09:00-10:00 17:00-18:00
$1H #2H #3H 4H #s5H

K8 mlk s R R

Fig. 8 Passenger flow of commercial street station

0.8
0.73

0.6

0.453

AYE

0.4 0.4 0.39

0.308 : .
0.3050.305 0.304

0.194[880.224
0.2 0.183

FUFRERIR TR IR RE N R Y LTORER DI R D
J 3 Y, 7§l\ \‘ & & NS X ’S% X {}" /\(\\ 8 ARG
F38 VI ES SRS TS T e EFFITEL T
SEE TSy TS FEVEF FSHFAFREIS

& vy K F &y £ R

A@— j}i@\; ‘2%, )g‘j@‘ R R

B9 kAt 5 Fe A ) B R A 9% F %K

Fig. 9 Pearson correlation coefficient between commercial street station and other stations

http: // www.china-simulation.com

. 482 -

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 2, Art. 16

2536 4555 2
2024 %2 H

FRAE Rz /R AH G RE BUE TS, B TE 0.2
DATF Bl s 2 A TEAE G BUE S HI7E[0.2, 0.4) 11
NI [0.4, 0.6) M AT EREEA G [0.6, 0.8)
DA AL AR 0.8 K PA AL AR 58 AH < o

2.4 HERSEHE

{87 F k-CNN-LSTM 7Y 5 4% G 5 R 3R 47 LU,
A 5 B S B B R 1 R, S8
4% FK B A Batchsize, fRE—RINZGIEEHIEK,
Batchsize ixt K 2= 525 Y (1) 91 253 B AR AL G B
FRARA Az AL RE /T, /NSRBI 2, A
ST, B 2% Batchsize N 128; EN
Epoch, R KGR EL, A CEFE300 A5 K
AR OPT WAL : LR 2I%E, HEY
Mo 2 ALY U S s ADNBOE L, A SCRA
ReLU fE NS R % ;s LOSS Atk ki Hl, L+t
MSE AP bRifE. SVRAERI R, B Bukfm
Wiz ek 3, 2 X IUESH(CV )48 X3k .

Wrig, S5 BT B PUCHIN 012 W9 2% LI A 22 2 it & Tl

Vol. 36 No. 2
Feb. 2024

25 SERAR S0

ff AR SCHR O iR E R R R E
Gap-statistic 5721 5~ & B RBLD R 28 ik /i
(RISEEs, HUA 300 B SR EEE TF e . EI10~12
o R A R R R WA In W, SR
WMEEWW,), ZHEGUKG, -G, +S, FIHEESR
KE WO, HE1205, Sk TH,
G, -G +85,>0, Hkfam/, MmERLKEH
7, BIRDE— KA By 9 7 2K

9 mI T, AN FEAH O¢ R EAE 0.2 LR gk
R AT E bR RS AR AR S R A3 (R A DG
FH AT HAR SEIIAT n R 100, TR ZE feds, ok
B R B R 1038 2% B bRt AT 700

{8 F k-CNN-LSTM #5284 15 4% 45 450 24 0 47 Eb
B, BN TS R 13 Frow, AR PEAN
RK2HTR, Wi 454 AT AT k-CNN-LSTM (1) T &%
RBRT HABR.

1 BHIN%GSH

Table 1 Training parameters of model
R A4 R SR S8a
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Table 2 Comparison of model evaluation
. P W5 i s AL
- MSE MAE SMAPE/% MSE MAE SMAPE/% MSE MAE SMAPE/%
k-CNN-LSTM 22748  11.30 45.44 164.60 9.77 45.16 150.44 9.37 47.26
CNN-LSTM 280.55  12.15 48.39 217.99  10.79 49.94 186.23  10.34 50.87
Bi-LSTM 271.56 12.10 48.13 191.76 11.18 54.49 168.11 10.19 48.00
LSTM 311.93 12.67 47.85 198.88  10.85 50.98 28336  13.68 55.68
SVR 252.74  12.90 50.77 164.93 9.82 45.80 160.00  10.27 49.57
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