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Short-term Traffic Flow Prediction Based on VMD-BIiLSTM-BLS Model

LU Hai-Peng, HAN Ying, ZHANG Kai, ZHANG Ling-Yun, DING Yu-lJie
(School of Automation, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: Accurate short-term traffic flow forecasting is very important in smart transportation systems. In recent years,
bi-directional long-short term memory (BiLSTM) has been widely used in short-term traffic flow prediction, but due to its
structural characteristics, it is prone to overfitting, affecting the prediction accuracy. Given that the broad learning system
(BLS) can solve the problem of overfitting, this study combines deep learning with.broad learning. Furthermore, the
variational mode decomposition (VMD) is introduced for noise redﬁction so as to minimize the interference of noise on
the traffic data. By doing this, the VMD-BiLSTM-BLS short-term traffic flow prediction model is proposed in this study.
The PeMS traffic flow data is used as'an example for predictive analysis, and the results show that compared with the
baseline model, the ablation model, and Lthe existing model, the proposed model has the best prediction accuracy and can
better reflect the short-term traffic flow at the intersection.

Key words: short-term traffic flow prediction; bi-directional long-short term memory (BiLSTM); overfitting; broad

learning system (BLS); variational mode decomposition (VMD); deep learning

1 95 $ok, 8 o S R o AT AR TR, AT R, AR
FHEAZIE R 4 (intelligent transportation system, LI A JE VAL IO AN i g AT 5 SR A B P T R AR,

ITS) F AN TR fE THEHLE AR 12 F 118 i 238 45 PR TE B R R, R I 3 RER A PR A A2 T BE EAT &

O HEETH: FHEARRAHES (62076136)
WA ] 2021-07-26; 45 BUT [R]: 2021-08-20; K FH IR [A]: 2021-08-31; csa 7R Hi R [H]: 2022-04-11

238 AR H % Software TechniquesAlgorithm

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/8469.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.008469
http://www.c-s-a.org.cn

20224F #5314 5

http://www.c-s-a.org.cn

i H AR SN A

HH 2, J/b 2B U R AR

AT, A2 3 I T IS A rh b L I A A el e vt
R R 25% 22 ST R o G A 2 v Y R R 2
Z4y B [ A% 5 714 (autoregressive integrated moving
average, ARIMA) 15 84. SC#R [3] H) ARIMA B 7E ]
HA A 8 AR T AT RN A I R T SOk [4] 48
th ARIMA 5 8IE & T 2 11 1 i Tt o T JE 2tk
PR 5 A5 PR S8 A I TR AT — 7 1) R PR . 5 T A O,
B AR LR INLAS 5 STk 2 Hi SR 380 58 38 o .
Y HF AL (support vector machine, SVM) &£ G H 2%
TR R RS SR (5] A SVM AR A T S
HORA T ASE N, UEB T SVM B2 GEa8 52 = TR
. AR, W TR B LS 2% 2 LU P2 58 @ i 7 Z1HC
TCAZ IR s, AT S M AL 28 27 >0 FiRS 2.

AR, BAE N LR RERR R, IR @& N
2 SR, 2 S TS B s,
ik [6,7] %Kﬁﬁﬂ'iﬂ‘l‘z‘lﬁl%‘ (long-short term memory
networks, LSTM) M. T2 i@ 7t Fll, it LSTM X 52
T LA T R AR AT SR E, AT B B b R A I I
R AR 2, 18 30 T A B T 45 2R O T $R A I
T AR 2 () HE AR P RO A 1, SR [8] $ i T2 TR
AT LSTM A . SCHk [9] F FH 6 A ph 48
#% (convolutional neural network, CNN) 5 LSTM #H 4%
GIRBESE M, M M A G IR AR, 8 3k
AT I I 28 PRI 25 A G ME AT A 2K TN SRR [10] 7E
CNN-LSTM B ALl A T 3 & /1 HLi (attention
mechanism), I v 7= J7 AL 25 3 40 e AL i s, ik

T R 1 FRS BE . £ 5L 18] 5 510, 25 RS AT AL |

S 1A U4 (S AU A B T e s B R L& R B, S
Wk (117 PR 011 K A2 P46 (bi-directional long-
short term memory, BiL STM) 4 AL v o 22 i A2 it ¥t
REAT TR, 45 5 B9 BILSTM B2 FRS Bt T LSTM
BERSTIIRE BE. STk [12] 8 7 7893 K3 CNN X 23 [H) 4
AEFE PSR ELEE 77, [FIES R H BILSTM $2HUH [a]R#1E,
F4% CNN-BILSTM &S5 8Y, 385 S5 ik B i AR AL 1
TG 5 B SE E NS A, UEH T BiLSTM 248 £ 4 45
fiERE JJEE LSTM B 58, 0152 2% 1) [B] U5 [ B A 3 4
PG Re. IR BSR4, BRI Z, 55
FEa N S5 30 s 0 RT3 0, DN T 55 T 000 S 52, 4R X 3 2
iy A2 38 L T

N T R BRI L, 2018 49 E A4 3] R S5 (broad

learning system, BLS) H4& H 8% )72 N F T 2% S Tt 45
B, MERE FAE B3 T BLS 72 [ 5510 O T F B B
BT 1) B HOB T A 77, LIS SEB6HE W] 7 BLS 7 A
fe BB RO, SCik [14] FIFD KNN 97 i H N 23 46
S PRI K AN B, K50 LI B BASE T4 B BLS
90 2% P HEAT TN, TSR 0 52 1 2

ITS FAE A 2237 B () R S 17 7 — T R,
oS IHCHR  E BA T, T R Ak B SR A5 54
RAG 7R, SCIR [15] 35 2 40 ARSI oSS KO
HEAT 23, LASHE ARG A o RO 7 S T 25 L 0 B2 0,
HAF AT K ISR ) R 73K, 2 it BILSTM
KRBT W . 25 W, L7 M2 A
% (\;ariational mode decomposition, VMD)% fi# 5 i) T
IR P 5

BB AR L R 7 i A AR T I I TR 45 S, EL
IR TR 25 145 9K S 4 I8 A 1 0 A S 1 3 5
TEASEATUR B 03I N BLS 151K 1 2 51 45 4, it Ho 78
B 4 J5 LR, MR B TR I8 2 51 55 W N JR) 8 I A M T 5

H, 5INT VMD BT RERE AR R, T, A SCER AR T
VMD-BiLSTM-BLS #5714 1) %5 I 22 38 i . 4y 13k
A A SR AR FUIN A o Aff A A AT R P, e E T 32 [
FUAE JE I M 22 3 J5) PeMS (performa{lce measurement
system) A2 3 ¥4 e S F A Koo AT S0 Sl
X AR T | M) D) R AT B, 2 SR
SR 7 DI B P 5 A T 5 AME A A,
RSO H HTERJBE 5 > M58 P2 5 I AR 26 & O PO 2 A
(AT DR F A0 AU, FoAE G, A%, W
SO R N ] 3 471 43 B PN S ARt A2 R S T

2 IR R
2.1 VMD #&8!

2014 4F Dragomiretskiy 25! 2 H! 7 AR p B2
i, fR R T 2 IR S o A R A7 AE T Ui R B R 2
BIRS MW, BRSO D R

Step 1. B (1)K (2) H AR 7 29 3 i) .

]J\

A
éj\

min {Z ||a,[6<r)+j/m)><ukm]e—f“’kfn%} )
k

{ug.wi}

K
s.t.Zuk =f 2

k=1

Software TechniquesAlgorithm #1F4 AR 5% 239

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2022 4F #5314 55

Hr, K N3 IS AN L {wd~ (w0 R i s
B kMRS B AR O AR, 6(6) MK T R AL
Step 2. 1@t (3) F AR LA AL 4y v .
L({ue}, {wr}, ) =0/Z 10,[(8(2) + ji/mt) X ()] ™7“¥|3
%

HFO =D wlB+ <0, f- > wo)>
k k (3)
Horh, o ZUAE ST, 4 At B H TR BT
Step 3. % F-#4) Lagrange BRI 1 #4% , 228 L
AR ) (o) B 2, FER AR @)L (6).
f@)= ) i) + Aw)/2

ﬁn+1 — ik 4
k 1+ 2a(w—wy)? @

[wli (w)Pdw

A E— )
[l (w)Pdw
0

An+l () = 2"((,)) + fy(f(a)) - Z ftz+1(w)) (6)

k

Hor, y RS R A, a0 (W) ti(w) flw)FlA(w)
SRR E W) ui(0) s F()FIACe) 6 HLIH AR 4t
2.2 BIiLSTM JRIE K45

LSTM P 25 75 & B4 i 45 9 1 36 il b 388 0 1 N
F1s S TR ], B X 3 AT, LSTM B g v
T B L2 I 2 K A AR 1) R LSTM 30 Ji
HizH AR (7)-X (1) Fiow.

fi = oWypxs + Wyphy_1 +by) (7
iy = o(Wyix; + Wiihi—1 + b)) )]
01 = 0(Wxoxt + Wiohi—1 + by,) (9)

¢ = fi®cr1+iy ®tanh(Waex; + Wich_1 +bo)  (10)

h; = o, ®tanh(c;) (11)

HrA, Weps Wips Wais Wiin Waon Wios Waes Wiesd

MFRMAMESHEE T WA eiZ80. M

ITZ 1A IRLERLRE, biv bps bes by NIRE I, %R
HiF%E ) Hadamard F2.

BiLSTM &t B[4 LSTM 15 ] LSTM ¥4 5%, 3

A7 A ISR, BEAREE T LSTM B8 b 38K I 18] /5 471 fr)

R L, OB BB T TS B A e (R, S T RHIE R

I 4 Ry P, 6 152 2 1 [l 5 ) AL A 2 0 R 4045

240 #AHARH % Software TechniquesAlgorithm

fie. BILSTM &5/ i 1 fros.
2.3 BLS [RIEN 4
TE BB ) 5 bR BB F2 40 45 0 2% () e Aill 4% 1 BLS,

SRR,

Y ¥ Y

I

tanh —»{ tanh —»[ tanh ’
| R
LSTM _fe 1 LSTM e LSTM
L 8
\ 5
\
# ~‘ LSTM » LSTM LSTM ’
X X, X

K1 BiLSTM 45 &

O OO - O OO0 - O
Z, VA Z, E, E, E,

FAES A1 FHAET A 2 RHET A n JEEY R

A %

¢ X Wﬁﬂé)’ =l n. E((Z1s Zors Z,]) Wyt By, j=1,, m.

X ¢\

K2 BLS ZM A%

Step . TEGACHI ABTRCIE JoX, 253 5% (12) 30
HEES AL A2, 20 2
*Step 2. HHRHETH 2 20 I B M P, 7
FmZ 5257 1, K (13) P,
Step 3. HPHHEHS AE4L 5 015 S AL AT R I
RAMIRAA, RS R LA (14) BT

Zi = p(XWei+Bei), i =1,2,-+ ,n (12)
Ep = EZyWimn + Brm) (13)
Y =HW" = [Z,|E,,,]W" (14)

Fort, Wein: Wi M1 Bein Brm 73 911 3275 BEAL A B AL E
R OB R v 2 B, W Ay R LA
2.4 AHER

IS FIRIT, ASCHESR TR S I R ) R4
MAREA, FH5INT VMD R AT A3, #2447 VMD-
BiLSTM-BLS & Fillisi A, BiA g5k an & 3 fros.

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20224F #5314 5

http://www.c-s-a.org.cn

i H AR SN A

St

T D

5l
i

i

&
P
I

%
i
m

IMF4 il
W5y

IMFO T
Moyt
[

Tl
| i

i .

B 3 VMD-BILSTM-BLS #1544 [

H1&l 3 AT LA M, AR SORERY 2 3 5 51 AR 22
PIZE I GRTII . TS 3 MBS . BRI T
AL FREFAIBALE. B TERSER BTN
YR ey 1, 223 S5 n Fr 9 AT REAFAE 77 R AE, 9 1 b
A AR R I AN 0 B 2 SRR BE T B, A
SCH SR SR B BEAT VA AL AR B, Rtk A i

2 (15) PR, 359 1 Il W 7 o 22 2R 0 45 R |

s, A — A 2 JE R BEEAT VMD g il A5 38 2 A4
ENGE ESNESE 2 g T

Xscaled = % (15)
H, X280 E, Xnne B0 215 ME, Xmax
RN E RN E.

SPUR 2. I ZRTIIN . AR AR ST B A,
AR AL R S5 A ECE S N B) BILSTM #EAT 145, 2
ERAEERENE B AERNAT n 2R R ERZ =
(21,22, , Zy), e B — 25 p /N1 55, MRFAE 5 A3
B IEE 1T s B np, 545401 BLS #HLE, SEET RRE
AIET A5 HABL EE A BE ML £ 1. X SRR AIE Y S T
5 BRI B AR 2R AR M AR e A 5 Y A, nal (13) R,

B — A AT A, S5 SR B2 T SO
mq. WRFAETT A SR S 44T P, 2 R (14)
A5 BILSTM 5 BLS ZEE WA 4 fis.

BiLSTM

BiLSTM —

)
| -.BLé{ CEDO=CE
l‘\

“

4 BiLSTM-BLS #%#:&
B2, KigwraT =X (16) For:

min f(W") = min||HW" = Y[} (16)
Hor, ||l p Fon 8, HFERBEZ, W3k (17) FiR.
H=[Z"E") = (h1.ha,+ o) (a7

3 (16) A& — Mg/ 3 ), 2 kT WA A
T, B AESR R /NI ZRA% 22 0 (0 R . X (16)
73R M, =l (18) Fras.

W'=H'Y (18)

Horb, B R HIOO0, = BEHIR , “E AR 112 i 22

AT A SR, LA R A L PR T 4R

RGNIZ IGRE 7, 1678 (16) L0 36 %5 1E 5 9 11
g2, Ik (19) FR.

min f(W") = min|[HW" = Y|l + CIW"I;  (19)

K (19) A—NIEENH A L. C 3R AL E - J7 Al
fRIE— B A, 7T LR (20) S &SR RS BIR E W™,
W'=HY(CI+HHY) 'Y, K<L
{W" =(CI+H'H) 'H'Y,K > L
TR 3. TN . e A IMF 0 45 R AT
TNBCGR AN, FEEAT S OA— b3, B 244 i Tt 25

(20)

3 SEBla
3.1 BIERIR

AT B B SRR T S5 [ I A A JE S 2 3 R
PeMS A2 3 As e Sl (¥ A2 38 it A, A S0 FH ) 2258

Software TechniquesAlgorithm B EH: R 572 241

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20224F #5314 5

IR 2016 1 H 4 HE 201642 A 16 HH T
TEH ) 1 FEIE s 5 Bk — RIS @i, 3L 7 776
HEARE.
3.2 FEBSHGEMITNIER

MR 48 A SCHUHR S R i, o 27 R 7 776 AR,
BT 90% 18 RIZREE, J5 10% 1E AR EE. A TR
A, W E R 3 E 1A 6. FIH VMD {5
WIFF 5 R S ST IR, B 1 7 564y = 4 1)k
N4 BILSTM M 2%, 5 T B b & E &=
BiLSTM J& i I Dropout #Lii|. Fil Lt 4 i%E# 2, ¥ H
iyt AE 9 BLS J2 FIRFIE ST i, RRAE T A 200 B0 ek 2
AR LA AR e A I BT R, SRR R e B ARSI
Je T IR 2 SIHESE Keras SEHLAY, 1 & k& ok

%, T RAUE SR EUE. BRI S HOLR 1. e

Alpha TGS T, K 70 il RS, Tol J9YSesint ]
A, N1 YRR WS REAETT A NEG N2 Dy il S AR AiE
ﬁﬁmuﬁ%ﬁﬁﬁ?%c%EM%%ﬁ

%1 VMD-BILSTM-BLS i 5%

J5i3: ZH il
Alpha 10
VMD K 5
Tol 1E-7
Timesteps 6
Layers 4
Number of neurons {64, 64, 32, 16}
BILSTM Dr(.)p<.>ut 0.2
Optimizer Adam
Loss MSE
Epochs 45
Batch_size 64
Layers 2
Dense Number of neurons {10, 1}
Activation RelLU
N1 : 10_
BLS Nl p 30
N3 N 280
N 8 1E-5

i

s, B H T ¥ 77 RIR % (root mean square
error, RMSE). “F¥J4%] 1% Z: (mean absolute error,
MAE) VLR k€ RBIR? scoreVENA LIV Fabs. H
PRSI E L0 e 21)-20 (23).

_ I, o
RMSE = n;(y ) 1)

MAE = - Zlyl Vil (22)
i=1

242 AR H 1 Software TechniquesAlgorithm

Z(yt yz

R? _score = 1—— (23)
Z()’z yl

Horp, yidon HSHA, y,-i%mff’ﬁﬂwﬁ, VAT, n K
N EZNIDE- e

iRt
4.1 VMD SRR \
B I 45 7 51t AT YMD 9 fig, BH) 5 R

IRl I S S R AR, IMFO Ay
%ﬁ%&%?iLﬁ?ﬂ%ﬁ%%%iﬁmﬁkmm
HUEh AL, e T 2R B S T SRR P
5 SRR BRA L, SP R PR TH 7 L A, AL
1 LSS, SN S

P

S o5 RN |

S ost WA M\

2051 MARAARAMAARARARRAARAARARRAR

o 0 1000 2000 3000 4000 5000 6000 7000 8000
K7

s (a) Signal input

a3

= 050 k.urr RhERARRRERRRRARR KRR N

2 025 L |r r|||.".'."".u||"|‘||h.r.r"

| 0 JUYYN VY VUV YV VU VY

O 0 1000 2000 3000 4000 5000 6000 7000 8000
K H

i (b) IMFO

b ‘

T 0 [ areoninepthetnoa bbb

| L : : : : : : : :

0 0 1000 2000 3000 4000 5000 6000 7000 8 000

I
. - (c) IMF1

0 1000 2000 3000 4000 5000 6000 7000 8000
PR
(d) IMF2

—_o

|
.

R AT

0.1
—0.1 E~ . . . . . . | .
0 1000 2000 3000 4000 5000 6000 7000 8000

PR
(e) IMF3

Ty,

0 1000 2000 3000 4000 5000 6000 7000 8 000
PR
(f) IMF4

(RIS i k- €1

LERIFEE
(1) HELBRIR Lo Hr

IH—fE LA

H— LA
o
oo
I

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20224F #5314 5

http://www.c-s-a.org.cn

i H AR SN A

HY T I 2 AR L A 20 i, I A S B YA KA A AE —
SE [0 J b, SR R R A B A A I P e b T
RIE S BUFRIL. O9 1 RAEA SC T SRR X T e
01, ESREA SRR 43 55| S HE LR BT ARIMAP, SVMP!
BEAT S BL, PP PR AR S5 RN 2 PR, B AR 24
AR I 2 SRR AU & ROR fo (A H .
K2 AR AU S bRt

LY RMSE MAE R?_score
VMD-BiLSTM-BLS 19175 1.456 9 0.9975
ARIMAP! 151575  11.0774 0.846 5
svM™ 162471 11.6358  0.8237

MFE 2 AT LLEH, ARIMA. SVM & EL({] RMSE
HKT 15, MAE KT 11, i VMD-BIiLSTM-BLS #£#

) RMSE. MAE ¥ 2, H.R% score ik |

0.997 5. 4B T A SR 76 TS fE - ) 038 b e 2
0 T A P, 5 T 2 RO 4 4 52
Je AR RN A R

(2) 5 BB LS B

FLIR, B ASSCBR 5V RS BiILSTM-BLS. VMD-
BiLSTM!"* JE47 5%t Lk 40417, 37 VMD-BILSTM 2 it
B SPA TR bRLS B 3.

%3 MM A SO P AR e

7 0.865 4, iX & T CNN-LSTM A FEHL T i 8] 45
fiE, ICAZHE 7 23 (VR AE, W] DABE T ToUIIAS FE . 7 it FE Al
B b R IR B, TS B R T, IX A2
TR IIWUG AT BB G, B T TR . AL
1% 55 CNN-LSTM-Attention A1 Et, RMSE. MAE 43 5
TBET 5.784 6. 4.991 1, RZ scoref T+ T 3.71%, HiiF
T ARG RTINS A,
F 4 DEBELS A SCBRI P Fa bR X HeR

’Iﬁﬂ RMSE MAE Rz_score
VMD-BiLSTM-BLS 19175 14569 09975
BiLSTM-BLS 102052 74568  0.9395
VMD-BiSTM'™* 59679  5.0755 0.976 2

HidR 3 T BLE M, A S BILSTM-BLS.

VMD-BIiLSTM #H Et, RMSE 4373 1% | 8287 7. 4.0504,

MAE 735 FB&ET 5.999 9., 3.6186, HR? score/y il
T 5.8%. 2.13%, TR & ERIE. IR T T AL
BAY, 42 5RT VMD o Bl 8 75 (1 4F A, BILSTM 72
O3 T I LB OB, BLS fif e = i B PG O 34

(3) HIA A L4 #r

WS, T B0 UE AR SOR A AR SCRE Y T kG 5 A BT
BTE, 9 5 IA R BILSTM! ! 24§ JF 78 5
CNN-BiLSTM"? B DL K S 5570, 4545 ¥ 7 I L
(attention mechanism) ) CNN-LSTM!" " #7347 % Eb
SR, VR S Rk 4 FR.

MF 4 T LR, AR SCRERL 3 AN PRA FE AR B 2
T IMABA BILSTM, H ' CNN-BILSTM #4 5
BiLSTM # R4 LL, RMSE F %1 1.009 5, MAE | [%

FEA RMSE, ~ \ MAE R?_score
VMD-BiLSTM-BLS 19175% 14569 09975
CNN—LSTM—At%ention['O] 77021 64480  0.960 4
BjLS”EM”H 103712 7.5537 09282
\ CNN:-BiLSTM!"”! 93617 6.6883 09415
-
(4) ATRRAL XS EL A3 AT

N T SN BB IEA S (R e, e i
T n — RSB A AT 5 2047, 18] 6151 10
TG T AR SRR 5 HLA AR G T 45 ST EL IR

175 + { —— True data
fl. -~ BILSTM

150 U"

s ﬁ;‘ . A

£ j00 | E L )‘}’% i #VA .

1 | |

= 75 } W ! :

a A !

wn

(=
T

—

E o

K6 BiLSTM A T {E 55 FCSLAELXT LA

ME 6. B 7 ] LE WA VMD-BILSTM
BERAH XS T BILSTM B & 24O A BT &, 1X A2 i
TR H 25 VMD i 2 Ja, 15 214 [ 452 1) 1
751, FEA 1 M 75 %o Ji 2 B 3 AN R (R R, A 4340
SRR WK 6 A 8 AfLLE W, 75 1 HE e 4 11 11
I BILSTM BRI & 2 R A a0 BILSTM-BLS £ 4!,
MIMIEIE T BLS f# ok T Ja il fee 0 10 1) L, 42 v 17 19000
FIAERR Y. o HrE 7 A1 8, T LA B B, AR
VMD-BILSTM 3£ f& BILSTM-BLS A 74 78 i i Al
WA BTG A RO FEA R R BLAR, (H 2 M 9 AT LA
& th VMD-BILSTM-BLS #5848 & 4035 1 I I R A5
AR P () 1) . SE ke 1 9 R 10 JEAT L, AT LA

Software TechniquesAlgorithm #1F4i R 5% 243

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20224 314 F 5

R 8 A F 15 A%, VMD-BILSTM-BLS fH#Y
A R LB A R R A5 K ) CNN-BILSTM A Y

Bl

175 h\ —— True data

150 L «~- VMD-BIiLSTM

125
100

75 ¢

R )

50
25 F ¢ f
0t 5 ) ) ) ) ) ) ) ) ) )
A\ PR\ TP\ TR\ SN TP\ PR IR\ IR IR\ SR\ SR
s [ i a N
7 VMD-BiLSTM *ﬁ@%ﬁi}ﬂﬂfﬁ'@ﬁ‘iﬁﬁ%

4

175 —— True data
«- BiLSTM-BLS

150 |
125 | -
£ 10 | f _
i A
=75t "

50 |

25 ¢

'8 BILSTM-BLS #A! Filill {5 FL S AE X Lk ]
175 ¢ —— True data -
150 + ’%lx «- VMD-BIiLSTM-BLS
gwl | M
R g vl {iwﬁ%
50 ' ty
25 |y f A
Bl

Q Q q;QQ vQQ bQQ OOQQ QQOQQ\b\QQ\bQB QQ,.»QQQ%'\PQ
B 1]
9 VMD-BiLSTM-BLS A% 74 {8 5 B S2E %) He &
WA PL B S R b 45 ROk E, AR ST
VMD-BiLSTM-BLS # A 7EEM FEF5 RMSE. MAE.

244 B AFHARF% Software TechniquesAlgorithm

2 score SR B LR UT 45 B, o R I A8 I B TN A

%Et%ﬁ’ﬁﬁ{m R, B T A AL AN HERA PRI )
175 ¢ —— True data
150 | «- CNN-BILSTM
125
€ j00 |
ﬂﬂlﬂd
=75+
&
50 b
25 +
0 5 . . .
\Q..QQ V‘Q ‘-QQ‘OQ "‘@\Q@Q \N'QQ\‘GQQ\%'QQ@QB@PQ

T B 10 CONN-BiLSTM K FUi i 15 20 S fi ot b

5 2B

Y 100 5L N S JE A TN 2 4 NATTH R AT SRR
AR, AR A R AT 2 W, T HLkb 1 .
HE iff 4D R T 2 T8 9 O 2 ) R R I Y O B, BT DA
TR P 25 48 R I S JE L 1 A e e S S A T T
ARG, ART A M A BB 5

AR ST TR H P R I A8 G I T AR Y, e R A
S 558 RE 2 ST AT S5 G, B T I AR Y TR0 AS T 1
) 1] R W A SCH H R AR 2 %%%&e V VH AR DL
e BUAT R AT B, SR 06 4 %%@stﬁﬁﬁmmm
ETﬁCL_/mTﬁ{WM;\l”T'RMSE\ MAE. R?> score =AY
Wa\hti’ﬁ%fma& SR, ASCHTEE ) VMD-
BiLSTM-BLS 4271 7T LA v i b T 0 4 2 9 6, 92
ERIERME T AN S FEME.

SE Rk

1 Zhao JH, Ni SJ, Yang LH, et al. Multiband cooperation for
5G HetNets: A promising network paradigm. IEEE
Vehicular Technology Magazine, 2019, 14(4): 85-93. [doi: 10.
1109/MVT.2019.2935793]

2 Huang W, Jia WW, Guo JH, et al. Real-time prediction of
seasonal heteroscedasticity in vehicular traffic flow series.
IEEE Transactions on Intelligent Transportation Systems,
2018, 19(10): 3170-3180. [doi: 10.1109/TITS.2017.2774289]

3 4046, ZEmE, FEAERT. =TT ARIMA BRBUTER R AC IR T
BT 5 . s %58 3B R, 2014, 31(4): 130-135. [doi:
10.3969/j.issn.1002-0268.2014.04.022]

© ERSEBIK T

http://www.c-s-a.org.cn


http://dx.doi.org/10.1109/MVT.2019.2935793
http://dx.doi.org/10.1109/MVT.2019.2935793
http://dx.doi.org/10.1109/TITS.2017.2774289
http://dx.doi.org/10.3969/j.issn.1002-0268.2014.04.022
http://dx.doi.org/10.1109/MVT.2019.2935793
http://dx.doi.org/10.1109/MVT.2019.2935793
http://dx.doi.org/10.1109/TITS.2017.2774289
http://dx.doi.org/10.3969/j.issn.1002-0268.2014.04.022
http://www.c-s-a.org.cn

20224F #5314 5

http://www.c-s-a.org.cn

i H AR SN A

4 Niu K, Zhang HY, Zhou T, et al. A novel spatio-temporal
model for city-scale traffic speed prediction. IEEE Access,
2019, 7: 30050-30057. [doi: 10.1109/ACCESS.2019.29021
85]

Chen L, Li QR, Tian XY, et al. Paratactic spatial-temporal

W

two dimension data fusion based on support vector machines
for traffic flow prediction of abnormal state. Advanced
Materials Research, 2012, 532-533: 1225-1229. [doi: 10.402
8/www.scientific.net/ AMR.532-533.1225]

6 Chen XW. Research on short-term traffic flow forecasting
model based on LSTM. World Scientific Research Journal,
2020, 6(5): 191-200. [doi: 10.6911/WSRJ.202005_6(5).0021]

7 SR BL, MRRE, B SRR, AR R TR LY 5] LSTM X A2l

RS H TN, HF S 5 IR, 2021, 51(4): 47-56.

BRI, A R AT I LSTM 28 d@ i & Tl th &

LT 5 W1, 2021, 42(4): 1103-1108. [doi: 10.16208/].

issn1000-7024.2021.04.029]

9 Yu HY, Wu ZH, Wang SQ, et al Spatlotemporal recurrent

(e}

convolutional networks for tr’afﬁc prediction in transportation

networks. Sensors, 2017 17(7): 1501. [doi: 10.3390/
s17071501]

10 EPRER, HRTA], R B8, &5, Rl 22 DR 3R 10 R I A2 el o i
MWk F. TFEHL T AR 5 R, 2021: 1-12. hitp:/kns.cnki.

net/kems/detail/11.2127.TP.20210806.0837.006.html. (2021-

13

15

08-06)[2021-08-23].

TR, AR, B, % AT 2 TR Bi-LSTM &
ARSI, THENLR SR, 2021, 30(6): 184-190.
[doi: 10.15888/j.cnki.csa.007969]

Li T, Ni AN, Zhang CQ, et al. Short-term traffic congestion
prediction with Conv-BiLSTM considering spatio-temporal
features. IET Intelligent Transport Systems, 2020, 14(14):
1978-1986. [doi: 10.1049/iet-its.2020.0406]

Chen CLP, Liu ZL, Feng S. Universal approximation
capability of broad learning system \ and Its structural
variations. IEEE Transactions on ‘Neliral Networks and
Learning Systems, 2019, 30(4): 1911204, [doi: 10.1109/T
NNLS.2018.2866622]

DA J, FRJE, PRUE, AEE ARE O A A A0 S A B 5
TR, L -5, 2021: 1-6. http://kns.cnki.net/
kems/detail/11.2127.TP.20210316.1912.023.html. (2021-03-
17)[2021-04-20].

Huang HC, Chen JY, Huo XT, et al. Effect of multi-scale
decomposition on performance of neural networks in short-
term traffic flow prediction. IEEE Access, 2021, 9:
50994-51004. [doi: 10.1109/ACCESS.2021.3068652]

Zosso  D.
decomposition. IEEE Transactions on Signal Processing,
2014, 62(3): 531-544. [doi: 10.1109/TSP.2013.2288675]

Dragomiretskiy K, Variational mode

Software TechniquesAlgorithm #1F4i AR 5% 245

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/ACCESS.2019.2902185
http://dx.doi.org/10.1109/ACCESS.2019.2902185
http://dx.doi.org/10.4028/www.scientific.net/AMR.532-533.1225
http://dx.doi.org/10.4028/www.scientific.net/AMR.532-533.1225
http://dx.doi.org/10.6911/WSRJ.202005_6(5).0021
http://dx.doi.org/10.16208/j.issn1000-7024.2021.04.029
http://dx.doi.org/10.16208/j.issn1000-7024.2021.04.029
http://dx.doi.org/10.3390/s17071501
http://dx.doi.org/10.3390/s17071501
http://kns.cnki.net/kcms/detail/11.2127.TP.20210806.0837.006.html
http://kns.cnki.net/kcms/detail/11.2127.TP.20210806.0837.006.html
http://dx.doi.org/10.15888/j.cnki.csa.007969
http://dx.doi.org/10.1049/iet-its.2020.0406
http://dx.doi.org/10.1109/TNNLS.2018.2866622
http://dx.doi.org/10.1109/TNNLS.2018.2866622
http://kns.cnki.net/kcms/detail/11.2127.TP.20210316.1912.023.html
http://kns.cnki.net/kcms/detail/11.2127.TP.20210316.1912.023.html
http://dx.doi.org/10.1109/ACCESS.2021.3068652
http://dx.doi.org/10.1109/TSP.2013.2288675
http://dx.doi.org/10.1109/ACCESS.2019.2902185
http://dx.doi.org/10.1109/ACCESS.2019.2902185
http://dx.doi.org/10.4028/www.scientific.net/AMR.532-533.1225
http://dx.doi.org/10.4028/www.scientific.net/AMR.532-533.1225
http://dx.doi.org/10.6911/WSRJ.202005_6(5).0021
http://dx.doi.org/10.16208/j.issn1000-7024.2021.04.029
http://dx.doi.org/10.16208/j.issn1000-7024.2021.04.029
http://dx.doi.org/10.3390/s17071501
http://dx.doi.org/10.3390/s17071501
http://kns.cnki.net/kcms/detail/11.2127.TP.20210806.0837.006.html
http://kns.cnki.net/kcms/detail/11.2127.TP.20210806.0837.006.html
http://dx.doi.org/10.15888/j.cnki.csa.007969
http://dx.doi.org/10.1049/iet-its.2020.0406
http://dx.doi.org/10.1109/TNNLS.2018.2866622
http://dx.doi.org/10.1109/TNNLS.2018.2866622
http://kns.cnki.net/kcms/detail/11.2127.TP.20210316.1912.023.html
http://kns.cnki.net/kcms/detail/11.2127.TP.20210316.1912.023.html
http://dx.doi.org/10.1109/ACCESS.2021.3068652
http://dx.doi.org/10.1109/TSP.2013.2288675
http://dx.doi.org/10.1109/ACCESS.2019.2902185
http://dx.doi.org/10.1109/ACCESS.2019.2902185
http://dx.doi.org/10.4028/www.scientific.net/AMR.532-533.1225
http://dx.doi.org/10.4028/www.scientific.net/AMR.532-533.1225
http://dx.doi.org/10.6911/WSRJ.202005_6(5).0021
http://dx.doi.org/10.16208/j.issn1000-7024.2021.04.029
http://dx.doi.org/10.16208/j.issn1000-7024.2021.04.029
http://dx.doi.org/10.3390/s17071501
http://dx.doi.org/10.3390/s17071501
http://kns.cnki.net/kcms/detail/11.2127.TP.20210806.0837.006.html
http://kns.cnki.net/kcms/detail/11.2127.TP.20210806.0837.006.html
http://dx.doi.org/10.15888/j.cnki.csa.007969
http://dx.doi.org/10.1049/iet-its.2020.0406
http://dx.doi.org/10.1109/TNNLS.2018.2866622
http://dx.doi.org/10.1109/TNNLS.2018.2866622
http://kns.cnki.net/kcms/detail/11.2127.TP.20210316.1912.023.html
http://kns.cnki.net/kcms/detail/11.2127.TP.20210316.1912.023.html
http://dx.doi.org/10.1109/ACCESS.2021.3068652
http://dx.doi.org/10.1109/TSP.2013.2288675
http://www.c-s-a.org.cn

	1 引言
	2 模型的构建
	2.1 VMD模型
	2.2 BiLSTM原理及结构
	2.3 BLS原理及结构
	2.4 本文模型

	3 实例分析
	3.1 数据来源
	3.2 模型参数设置和评价指标

	4 结果分析
	4.1 VMD分解分析
	4.2 结果对比分析

	5 结论

