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Abstract: By imputing missing data to enhance the quality of traffic flow data, accurate real-time predictions for highway traffic
flow can be achieved. This study adopted the low-rank tensor decomposition theory to repair the missing data and used the
convolutional long and short term memory neural network based on the attention mechanism to build a prediction model. The actual
traffic flow data of the Shandong expressway toll system were used to verify the method proposed in this study. The experimental
results showed that: by classifying and identifying missing data, using the confusion matrix to determine the threshold of identifying
missing data, introducing the three-dimensional tensor model, and using the low-rank tensor completion method to repair missing
data, the data repair effect was the best compared with Lagrange interpolation, KNN, and SVR methods. Compared with SVR,
CNN, LSTM, and CNN-LSTM, the combined traffic flow prediction model proposed in this study had higher prediction accuracy in
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different road sections, working days, and non-working days, and the M, and M, of traffic prediction decreased by 22.47% and

8.41%, respectively. The average speed forecast for My, and M, decreased by 42.83% and 6.32%, respectively. The proposed

model provided new ideas for research on highway traffic state prediction methods.

Keywords: expressways; traffic data repair; spatiotemporal correlation; traffic flow parameter prediction; deep learning
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toll gates, and toll stations distribution
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Fig.2 Traffic flow data missing on March 5th
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Table 2 Traffic flow data missing evaluation index results
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Fig.3 Schematic diagram of the third-order tensor
of traffic flow
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Table 3 Comparison of the overall repair results of
each algorithm
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in low-rank tensor completion model

p— ‘iﬂ?jﬁ#'éﬁ
M,/ (515 min™") M,/ %
e 8.562 4.188
T 7.250 4.123
{iifi=] 6.500 3.417
TR 4312 3.977




53 3

BEVKDK 45 HE T ETC WS BR BOHE 19 e 18 2 % 5308 i K5 5 B S s it 63

e 3 J1, 75 4 R rh fIRRR o f kb 2 AR £
M T M 359 R T ARAE, 5 AR U B b 1)
SVR #5 B X} B, M FIL Mo 53 3 FE AR 47. 80% Al
39.37% , ARG R O g, R 4 AT A ST IR
BRI E A IR B A TR B , 45 TR bR AR X
BAR, IR — e RuE

2 ETEEANHERKEWE
P £ 23 38 i 2 A B O ik

2.1 CNN

LA 22 N 2% ( convolutional neural networks,
CNN) S22 A G AR Bk 2 — e — e
BB LM Rl 22 2% | AT LA S B 3]
Ui A% 2] . CNN I L & Bl A2 B2
JZ2 A E R AR AT A 2 RO

T SERE Y CNN G541 A6 3838 U 7 1, CNN
BRI M AZ 38 I T B 25 R 38 o 5 R A
AR A 2h2 >0 R4 BB Hh 9 23 (BRI 0 JRg B
B, HUK,CNN Ii H T i 28 dA i i 2 )2 5 AR A
ARV RS R BE I 28 254 | REAA b A 2 58 30 A5 A
rh s R
22 LSTM

LSTM /2 1/§ ¥ ##1 25 ¥ 2% ( recurrent neural net-
work, RNN) fy—FAE A | FH it ok — 5 16 1 b 22
28 vt 3 A7 R SRS ) A, JHCA% O A 7 T 4
RS A S 1717 25482 LSTM 1] LAARSE Iy s 48
R 2] 2 AR S B AR AL AL AR I T A R 1 28
WAL, LSTM AL [y s 28 3 K4l 48 0 i AT
G, K AR ) A2 38 KRR A A o s e 91 A R 5
TH U 2 2 S AR AR AR REAE | DT S5 30 7R 1) 28 38 i
TN, LSTM A A A2 B W& 4 Fos

“ ¥

X m X
L\ Canh>
() >(x) f
[0 ] A ,
>

: e
QanhD>
O, O,
,,1 (o] [tanh] [0
>

@

@

K4 LSTM fAI 2
Fig.4 The flowchart of LSTM model

TEMSIR] 2D ¢ &b AR A x, | il — I 220 ) Bk
REN b, BICIREHN ¢, LSTM B 115340 2 4n
ToE S, TR S, R — 2 BT RS B
BSFEE AN

fi=o(W,x,+U h_ +b,), (5)
S W, A x, BB R | U, S i 21
R b WBCEFERE b, 72 & 1) i, o /& sigmoid

HR SR AT J,, FEHIHE B AL,

AW

i, =0 (Wx,+Uh,_ +b,), (6)
K, W, A x, FIACGERERE, U, J& 51— B 2 B
ARZS b BIACEFE IS, b, 2 (7]

FRU IR TR ¢, , T SR M i Tk

¢, =tanh( W x,+U.h_,+b.) (7)
K, w, B A x, WACERE R, U, 21— ZI R
RS b, OB RS b, 2w B 7] # , tanh 2 0L
IEVI R,
B, TR R 20 FRITIRAS ¢, I BB B
ARZS h, , NTITAS BIARCRY 1) , 252Xh

Ct=ft®ct—l+it®gz/’ (8)
h,=0,0Otanh(c,) , (9)
Ot:o-(Woxt+Uohr—l+bg) ’ (10)

K OFRBICE I 0, R HarHH T, F T 5 1l
AR W, B A x, WBCEAE M U, J& R — i 2]



64 TR VNI S

it (T 2% W)

55 %

FRCIRES b, FORCEE R 5 b, 2 I B ] £
2.3 EEHANH

ER JI L (attention mechanism, ATT) J&—
FRAEML A 27 > 0 SR 0E 5 A0 81 e 7 2 1 A 4
AR BRI T AR AL B B Ay i
TR A XA T 5 R OR [E A (S BT AN [
ARASLER | DT 4 R G 7 X 24 Wi AT 45 A5 ARG 4
AT H ) 2 A5 R R 4 7E A0 B AT 8 SR S
B B SN 2 3% Hb OC T F BRI 4, TS 2 — Ak
6, TEVREE: ) 408, ATT 18 i 3 245 40 ic A 25
A TIASTRIER 2, (o 7545 78 % 7 AN [] Ay ek 1] 2 B
i B PO R R OCTEBE . (R ) vh  ATT id
BT AP 5B, vT LLES B AR A A Ab B 51
i B G M AR O A R, , AT S i A D AR ) A

T IHUH AT LAY 0 2 A 2 Y
FEREE R I HLE b IR B e B — D AT R AE
HEE IS, AR ARITR,, X E M T GE
S o Ry BRI 2 A A B A 2 1) i A\ BRHE AT
G5t o B IALH A B S A TR S — A i
SLAYTE R IBE , IR X S A R T AT N
BOERG o 3G 2 I HL AR 40 S A B /9 B SCAn
S ERS B M BEE BT, BB EZ AT R,
FERE R AR A L BAS [ R B 3 R 9 i
PRIy B TR 0 3 0 M N SR G RE T AT
FEE AR R I AL R AT A

B T HLTE A B A 2 T A ) A T A

BAERmA

|

25 [ AR

[ Conv ] Conv } Conv ]
v v '
{Pooling] [Pooling] [Pooling]

CNNJZ

T TR, ARl
a,=p(z=nlX,q)=softmax(s(x,,q))=
exp(s(x,,q))
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s(x,,q)=v'tanh( Wx +Uq) , (12)
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q) HEEIIAT5r Ry W U AT S
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, (11)

att(X,q) = zN:anan (13)

2.4 ATT-CNN-STM
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Fig.5 Frame diagram of the ATN-CNN-LSTM prediction model
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Table 5 Comparison of error in data completion results
el =N N7 A ‘% iR
Hil k) PR
Mg/ (i#i-15 min™") M e/ % Mg/ (km-h™") M o/ %
ATT-CNN-LSTM 313.909 12.052 14.104 2.723
Pre-ATT-CNN-LSTM 87.335 7.757 7.535 2.031

3.2.2  R[RIE B A5 A o b

R PEAG A5 A 7R AN [R] e B i) 0 4 R R T AR
L—AE 13 R B s Bl Xl TAEH (3 A
20 H, A=) MAETAEH (3 A 26 H,JAH) K5 E
it R O R 2 AN IS Bk HB X T AR
H GBS RAEFFRTE S T8, 13 BB TAEH Al

ETAEH AR 5 FMEIRL G- 4 B 2 22 25 R a0k 6
MR 7 Pron, B3R 6 F1FK 7 Al A1, ATT-CNN-LSTM
D7k R 2ZEYEAL T HAl XS e ik, SR RE, il
D) Mg B M o 53 50 T B 22.47 % F1 8.41% , T
DS 359 3 BE () Mg, R M 53 900 F B 42.83% A
6.32%
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Table 6 Average prediction error of different models in13 sections from Taian to Zaozhuang on March 29th ( Wednesday )

hrol =N ) AT
U L TR
Mg/ (i#i-15 min™")> M,/ % Mg/ (km-h™")> M ,p/ %
SVR 253.245 13.215 23.035 3.604
CNN 257.404 12.183 17.540 3.165
LSTM 195.832 10.942 15.523 3.005
CNN-LSTM 91.451 8.094 14.534 2.942
CNN-LSTM-ATT 53.650 6.837 8.612 2.456
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Table 7 Average prediction error of different models in13 sections from Taian to Zaozhuang on March 26th ( Sunday)
T 7Y : m{i Jﬁi’gﬁﬁi
Mg/ (i#i-15 min™")> M,/ % Mg/ (km-h™")> M o/ %
SVR 197.673 12.042 24.933 4.483
CNN 112.614 8.048 29.697 3.140
LSTM 57.094 7.124 22.310 2.702
CNN-LSTM 54.368 6.928 17.245 2.473
CNN-LST-MATT 52.403 6.838 9.500 2.569
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Fig.6 Real traffic flow parameters and ATT-CNN-LSTM prediction results for the Taian road
section from March 26th to 31st
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Table 8 Comparison of error in prediction results of Taian Road section
Nroli =N MZAATY
S Vi -4 3
Mg/ (415 min™")? M i/ % Mg/ (km-h™")? M e/ %
SVR 348.933 14.957 35.068 3.521
CNN 200.785 12.640 14.219 2.819
LSTM 283.780 11.589 9.946 2.425
CNN-LSTM 112.768 8.149 9.129 2.316
ATT-CNN-LSTM 87.335 7.757 7.535 2.031
2O BN G5 SRR XS L
Table 9 Comparison of error in prediction results of Manzhuang Road section
Nroli =N MZAATY e
i UILEL S R
Mg,/ ($%-15 min™")? M o/ % Mg/ (km-h™")? M o/ %o
SVR 292.890 15.646 13.227 2.864
CNN 502.472 13.791 12.420 2.749
LSTM 487.822 11.486 10.020 2.517
CNN-LSTM 239.665 8.085 9.176 2.426
ATT-CNN-LSTM 50.574 5.286 8.612 2.366
F 10 R BRI 45 AR 22 X L
Table 10 Comparison of error in prediction results of Qufu Road section
2 EL SNZ AT Y
Hi e PR
Mg/ (%15 min™")? M yp/ % Mg/ (km-h™")? M o/ %
SVR 161.212 11.477 29.199 3.128
CNN 17.093 4.040 15.436 2.985
LSTM 16.307 3.965 10.457 2.549
CNN-LSTM 6.985 2.655 9.411 2.445
ATT-CNN-LSTM 4.895 2.103 8.985 2.429
AT JRIN BRI S SRR 22X L
Table 11 Comparison of error in prediction results of Tengzhou Road section
Nl =R MZ AT
A UL E YRR
Mg/ (%15 min™")? M ype/ % Mg/ (km-h™")? M yp/ %
SVR 139.323 12.709 39.344 3.728
CNN 27.804 6.804 16.933 3.373
LSTM 29.058 6.934 10.710 2.738
CNN-LSTM 14.982 4.931 9.990 2.629
ATT-CNN-LSTM 10.730 4.161 9.500 2.569
L 29 H (M v Wemk B 4 b i g e e 4 2 e DI A, — EL
=) A3 A 26 HOHH) MEbRAERER SR, HELEF] 20.00, HETAFEH #9225 B A 10
ATT-CNN-LSTM i 45 2 (4 5236 i & 4 KL iz, 3ok Be i [ 42 3 0% 368, DR ol AT e 8 75 5K 45
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FIHF 5 B A i 7 ~ 10 Fras, TAE B
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TAEH A9 2230 7 Y 3 B2 an & 8 BT, 7F R B B
W, AETAEHEH MA@ WE 9 iR,

Ko PB4 B Ak, EE AN T4 4 R
it B 5% Gl AT e e o Bk BT B2 A R
TSR A Y A R S AR B R
78 T ATT-CNN-LSTM il illl 15 £I| i) 22 38 i & A1
Py BE By 1l i X e AT L& B, ATT-CNN-
LSTM Tl i 25 5 5 S BRI AR H W &, B REHE
U A 38 9 5 BN AR Ak, I EL AR AR R B B 1 4
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Fig.7 Heatmap of actual and ATT-CNN-LSTM predicted traffic flow for 13 road sections on March 29th
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Fig.8 Heatmap of actual and ATT-CNN-LSTM predicted average speed for 13 road sections on March 29th
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Fig.9 Heatmap of actual and ATT-CNN-LSTM predicted traffic flow for 13 road sections on March 26th
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