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Traffic Data Repair Technology Based on Parallel Dual-channel Spatio-temporal Network

CHEN Qing-Yu, ZHANG Yan-Yan, ZHAO Wei-Yu
(School of Electronics & Information Engineering, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: Traffic data loss is common in network systems and is usually caused by sensor failure, transmission errors, and
storage loss. The existing data repair methods cannot learn the multi-dimensional characteristics of traffic data. Therefore,
this study proposes a dual-channel parallel architecture that combines bidirectional long short—te}rn"memory (LSTM)
networks with multi-scale convolutional networks (ST-MFCN) for filling the misﬁsing values in traffic data. Meanwhile, a
novel adversarial loss function is designed to further improve the prediction‘accuracy, which allows the model to
effectively learn the temporal and dynamic spatial features of trafﬁ"c' data. Additionally, the model is tested on the Web
traffic time series dataset and compared with the existing repair methods. Experimental results demonstrate that ST-MFCN
can reduce data recovery errors and improve data repair accuracy, providing a robust and efficient solution for traffic data
repair in network systems.

Key words: traffic data; time series; data missing; parallel architecture; traffic identification; data mining
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[FJ B, SR FI X A] LSTM A5 Hent il & RRAE AT Ab 22,
FAEREAD A LSTM BEER 5 & 3 — 2 e i, L
—™ Dense B H BN S RERAEILFE R T —
WUl LSTM A5 Iy NAHL, 2830 56 8 (1 2500 A= mi ik 7&
335 MR Y, B

Y = Dense (BiLSTM (Fiusion)) @)
R, X FRAE R M 4 im S5 X, A5 T

FERDAE R MOR R 7R A Hh SRR B 2y, FF R I FAT X8 IE
I 2 A A SRR i 2 RS P B A T R P Y ) A

A1 77 S AN B RS I B0 B A ) R R 4y,
HiR & 5e BB B HREX, B
X=XoM+Yo(l-M) ®)
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2.3 MR R BRI

FEAG R BRI BT R v, AT T ot s
T AR b B L2955 R £, AR SCHE L2450 2% pR AL ) B
fitlh b SIS BT 45 2K BR H A 58T ) 402K R B LR
SCHIRT DTS R B UL GAN R LR, 4 ST-MFCN
BNy A B AS TR A S G5 4, [ I o) 28 U 1 B A
B HATRHESE HUEE 122 Dense JZ 5 Sigmoid B
AR S A B N ER A R, I R g AR AR R T e
IS HAE, 00 A R AT RE R B N I i e LR 1)
XFHUPE YRV B4 2R eR A0 o 2, B 20 %
BRI ESB TE D [ 458 2K R B S R B e AR SR B B AL, R
T B AR E 45 R R B TS AR

GAN I8 AL 8 AR AR 5 S 28 PR 8 4, AR s 2
> IS A 25 () 21 0088 25 1A) R B 55, 4650010 88 2 >3 UM
27 17 380 S AR =[] ) At S, SEZAR = 1) R 7 4 il i A\
HRHEIMEZ. GAN i@ﬁiﬁi%&“—?%%ﬂ%ﬁﬁ‘]ﬁ?ﬁ?ﬁ?
MREAT 72, %—%%U%ﬁlﬁlﬁ%%ﬁiﬁi%&ﬁ%ﬁﬁ%ﬂ%%ﬁ
SR, FREEATIX 7, A2 Ak B d i = A2 RS ] BE B
(R E R TR R S 2% @i ik DL B2k R £, TT DABG
B IR BN A B2

n};inmngxex [log(D(x)] +Eez[log(1 -D(G@)N]  (9)

Horb, XRREHE 2 0 B SRR A, ZRoR T L2511
TR, G R, D3RR E o ds. b )4
P 5 R B SR A [ R ST M A RS B £ R M A
T A AR ) A HARAR .

AR SORE AT VOB TE N 22 B 18 RAE AR N s
T PN B 5 A, () IR A 5% 9 B A SRR v ) AT AREAE

RHGEIE % Dense 25 Sigmoid 5 ¥{l A % mlHe g

ST ﬁﬁf&i&iﬁi%&@ﬂﬁéiﬁ%ﬁiiﬁ?ﬁ, Lyl
IR R FRA TR TSN R R P E IR el | E i
BUMEA ok R, oAb R 8 T
BRI, B 1) 32 S8 X5 28 s A8 s
1) R Y VR D S0 B8 g N, I XA LSTM 2 5
Z REGRBEIRIIFIIRHEIR I, e — MR
A Sigmoid i B HOK BUE 2 HIE[0, 1]217], KA
S0 2 0 B S B AR R P, R AR s K P A
RS AT BE 42 10T B S A TR0 R Sk Bl 65 ) 2%, X
P BT Lagy TT AL A:
minmaxEcx[10g(D(x)] + Exex[1 = log (DG )]
(10)

>
— ST-MFCN | = -
| | &
I Generator |
N i
~ PRESSSsssamsassasssS=mss 1
< |
= | E |
& | = |
[ | :
|| = 8 B !
Lyl §—> & — A l¢
| a o0 |
I 2 |
Z Z |
| [OR®)
| jso |
I = = :
I |

________________________

] 8 4 X B 55 o B HE A

A T REASH) TN AL &, 38 W SR X Rl )3 45 2R ok
WSS, B34 7 i 22, 124 Ok R B0 SUM:
n—1

1
LysE = _Z()’i@mi_xi@mi)z (11)
iz

Forp, o FOR B R, my TR A W o M, x5
V4 R N AR B X 5 AR Y o
L TP R BB A DT 2 B 5 0 i
B2 A, B SR
L=2Lysg + (1-2) Lagy (12)
oo, AR R B S0 AL
S 2K 6 B 1 5 R e, 7551
SRR AL, A7 T 4 A S A v 26— L2950
B KL ) - T3 A 1 449 LA MSE J /MU )
L, 2 2 SR T Ry, RS 75 B0 5 2 0 )
st AT V125, LA BB OB O Al

3 SEERAHT
3.1 ZWIME

AR SEB ) EAUBCE: #:1E RGN 64 £ Windows 10
E1E 245, CPU A Intel core i7-9700H/3.00 GHz, 32 GB
WAE, TF R Python 3.7.0, TG S5 4# F] Tensor-
Flow 56 . 2% SCA8 FH B A4 2% R 455 0o P 451 2K 1R 2
(20 Sk A AR TR () 1k R, B AR S N R 1 B,
BE LI 88% ML AE A SR EiHE, 6% 1E AT EEL
i, 6% FMHAEIE. batch K/NEE N 64, 5 2 Z N
0.000 1, YIZR[EI & %0297 1 epoch. HI T LKL H 2
Bt FE I 2R, DRI XoF 1 25 i ) RS 2R A 6 i 28 56
HEL
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K1 BHESH

40 e
V%S 127600
IIE4E 8700
WA 8700

1)l batch 64
YGREIA 1
S 0.0001

3.2 XINHIRE

AR 2017 A E SR Kaggle 4EH: 5 B
0 23 i 2 B 1) 2 71 T 000 4R, 1% )1 R B 4 K 2
145000 NI E] FEHIH K. 2015 467 F 1 H-2016 4
12 A 31 H, FAB 75 R A R 45 5 R = 15
H Y& X T RN 7 51, # PR pt S i A RR BA

Sz 18] 7 4 B AR I 22 (all. mobiles desktops”

spider). A T A1 F 1414 4545 4 B LID. T 1
ZFRARAS TD 2 1) [ e 78 6 5 SO PE v 2 1 %008
e XA 9 BT (k1 Kaggle S9E°T & Web traffic
time series THI K0 HE 4 A 28 FLTHT), DAL KT A 190 77 5 780
AR, REAST A B 7).

Ko ot
3.3 BUETALTE

HE A B AR SR E . B 5 B |

B, RSO 1 HH R U T A JFHURE Wieb traffic
time series 15 2 Wy B H 1 45 Bed o 1 Ho i 4 A
CSV M SO, BAKRAE B JRn T

1) B (L B O Bk ) 3 RS L
Tk RSRRBENLE R A RIBENET K, ML 4 1
B, RSB BENLE KRB, FERRAE B R R BT
M, 0 AR T K, 1 EARERE R,

2) Bl bh T SRR BN HE 0 b e L
25 AR L, D8 75 0 9 24 U B S B o £
Wi 3, 044 70 KR A TR A2 (8, DRLBOR =01 fi
HUS G5, (RFFEUR I B, I e
AT — A Z 43K, N ST-MFCN B4,

3) M0 2 9045 I 500 4 RS e 5 RO
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R, JF AR TR R R R, B 5 20
YR MR, R BT AR A i
T84 SR, M4 TR BUR TR I M, (G
R REAE AP T A4S, DR S e R A
Jr A8 T 54 B 98 B, DM e 4 i
KA.
34 PR

ARSAE AT HRAR 22 (RMSE) F1T- 35 246306 4% 72
(MAE) PS4 $5 b7 ok 0 5 90 280 0 08 15 52 )
RMSE F7% FE R0 18 2 [1) 5% (B3 22) Hp
AR %, T MAE Feom 50 (L RIULIE 2 1) 26 5% 2
ERESTE RMSE %5 MAE 1175 4 1 A:

RN S PR
RMSE = ni:ZI(XI yi) (13)

l n
MAE =~} lxi i (14)
i=1

Hodr, i RoR I WIME, yi Rom 5N TNE, n&oR
JF AR A, 5T RMSE 5 MAE 1 &, {E BRI, B3
KRR LT
3.5 LR

NESE ST-MFCN #LA/E it B R 1B R AT 55 110
PERE, A CAE Web traffic time series iR & Fif4T T
3 41556, 4 3.5.1 RN R FAZRF MM ST-MFCN
W5 LTC®, NTC', BRIBS'?. GCRINT!f
H MAE ELELE 55 3562 S A AKURY (330 L SE 6, 43 b7
P TR SREEOEE T 2 1 5 2 B T A o 45 2
EL CIPNF2E1i
3.5.1 T e LR

ASCHRHE 20%—70% Bk 5% Lh 3K B R AH 51 AN
HIWRANEE R F F LTC. NTC. BRITS. GCRINT
5 ST-MFCN B8 [ MERE, 1845 MAE, R 4T,
A=0.05. L LTC M5k B iRk, U5 i &
B (R S 2 [BHFAE; NTC NI 24 2] # 8 (3D-CNN)
L T 5K B 40 0 7 v MR 45 4 1 I 288 R 1 A A TR
BRITS #5784 45 (X0 ] RNN S s R, A 143 2 5]
KO 1) IR IR 47 AE A0 5 AS 25 AV RRAE; GCRINT N2 T
CNN 5 LSTM (AR A, 1245 Y g 2 2% > £ 1 B[] 4
fiE, FAE I TR AE A R b 25 >0 $0Hs 10 25 [a) R4, Bl BL
L) X4 B R HEAT R AE 22 2] SR AE Rk 2. B 10
FiR.

© TEREBIK R

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


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

2024 4F 55334 5 13

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

i H AR SN A

K2 IR L S FOREARTEGE LR

ERE (%) LTC NTC  BRITS GCRINT ST-MFCN
20 0.0823 0.0763 0.0633  0.0701 0.0555
30 0.0845 0.0785 0.0665  0.0703 0.0575
40 0.0851 0.0820 0.0661  0.0705 0.0631
50 0.0872 0.0843 0.0664  0.0650 0.0649
60 0.0879 0.0867 0.0685  0.0645 0.0648
70 0.0883 0.0871 0.0670  0.0642 0.0650

0.095
0.090 |
0.085 | g —AR 7
0.080 | /
5 0075 |
S 0.070 |
0.065 | — o—§
0.060 |
0.055 |
0.050

20 30 40 50 60 70
RRE (00, §
—'—’-‘GCRINT

—#— NTC

—@  BRITS ST-MFCN

L"l;C i
10 AN R Z50 RAR T M R X bh

SUAT 5, BRITS. GCRINT 1 ST-MFCN 7£ % 2%
A A LT TRk R o R ) v, o ST-
MFCN Y7 Bl A8 e e B 1 AR BT 1k . AN 10
ATUEH, MERBLAT 20% 30%- 40% I, ST-MFCN
BAME S G I MAE (HIRZAE T HoAh 4 M2 R, 5
LTC F1 NTC #tt, ST-MFCN T [£1% 33% /245 1)
MAE 18, U BIR B % S BERAH X T4 e vk 2 7 i %
TRER BRIk %A, 5 BRITS. GCRINT M tL, ST-
MFCN R EAC S 25 2 38 A B B e Bk
A, HLIGUE 7 0UE E P 2% 3 F B 75 7
DL 2 HHE 52 R R AE 50%-70% fif, LTC™S NTC
WU MAE AT BRIE RS9, MAE 1130 T ST-MFCN
77, ST-MFCN 5,GERINT #2301, btk BRITS #i%4!
ik, HBE%E E L RN _ETF, ST-MFCN 84 ({) MAE {5i%
- TE, TR R R AR 22, R AZ A R AT v R R
WUR, VERERCR A B2, (HR R E R0, & E kR
L.

L5 DL B S 25 ORI DUR H, AR ST HHE 2 2 A
RUFRACT FARAE RS B bR v, AR T 2 T 9k &4 ff
MRS RY, PR 2 2 T iE R BRI . DU IR I E &
29 20% I S TR BE 2% 2] (8 (BRITS. GCRINT
1 ST-MFCN) Ab B R AT L, 3 MR p e — B

(A R

I £ i AR B R AR W 11(a)-F 11(c) A, H
HER O UL, 4L B B R, i 3 MR
B R HAT L, RIAE KR 20% MBI T,
ASCH) ST-MFCN AR X T HAb g MR T S 18 5
HHE B A S AR

0.7
0.6
05 f

04 F| MV

o 247 B RO A

03 |

\
A
pies

045-\|"ll|\p |

o0 1 WM WA A e o |
oss F IR VUL SO, A
030 | | - N VIR
025 |
020 |

RE k=% C (e}

K
(b) GCRINT
0.60 |
a 0.55 | ‘ M } ”u |
ES . ~ \ -
s 0 (I ~ i
o045 || |l ui | J ”
.8 iv-\,\/,‘A|“,' / v “” "( | M il
R M| f\[W ‘| v "V\, r \f ‘u‘ H
\LZ 035 [ 1| | | \"\v‘ f ,“ I [”
0.30 ‘ L L
0 20 40 60 80 10 12
KE
(c) ST-MFCN
— HSUE — BEEE
Bl 11 3 A AUE E R
3.5.2  VHRhSLEG
AT 3 A S2I kIR BT ST-MFCN #i AL %31
EFE, B 1 NS0 U0 UE I R R E R E 1E B A

PE; 28 2 AN S50 R B0 UE 2 (R R AE 42 HUEE 1 & 3 2R
3 AN SEES 2 B UE X PR K B AT A B, O B
A SIS AR T RV B N 20%, MEBEE N 0.05.

#* 3 @ kb ST-MFCN Al (w/0) BiLSTM )
RMSE 5 MAE B35 1IE I (8] R¢ AE 42 O 8 (1) & BV,
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W (w/0) BILSTM 7R A K H B (B R AE R @ &, Ho 52
3645 R RIR ST-MFCN LT (w/o) BiLSTM, 1% 3K B (7]
FHESRURIESE & T BAMEERE ). % 4 X} ST-MFCN
F1 (w/0) MFCN #47 T L%, (w/o) MFCN x4 K H
23 [ B IE $REE 18, ST-MFCN ] RMSE 5 MAE 181
fi& T (w/o) MFCN, [A k51 N\ 25 [A)REAF $2 B 18 Lk A% 5t
(1) LSTM If 8] J7> 4] s 45 77 v B AT S A (A8 S 14 g )
P, % 5 %] ST-MFCN. (W/0) Laay~ (W/0) Lmsg AT T
FEL, (W/0) Lagy TR TN AR K BREL, (W/0) Lvse
FoRATINENHH K B %L, ST-MFCN 7 RMSE 5
MAE AT H At AR 33X R B 51 A% Bt 2 s 44
AELT.

3 B IB] R AE 4R I A Y R S IR & R
7Y RMSE MAE
ST-MFCN 0.0828 0.0555
(w/o) BILSTM 0.0873 " | 0.0566
' ¥
R4 2 [AFRE S B T Al 4G
Eei) RMSE MAE
ST-MFCN 0.0828 0.0555
(w/o) MFCN 0.0857 0.0618

K5 PUESUA R EOE LR 45 R

BiRY RMSE MAE
ST-MFCN 0.0828 0.0555
(W/0) Laay 0.0884 0.0585
(w/0) Lysk 0.5899 0.5482

4 digHRE

tiihen &/ S S RN EIESR ¢ B =N P TE & S

X AT I BRAS  J7 v BA R BRE, AS SRR T
37 U 8 I 75 4545 165 SR S R 0 K 390 i
V2024 5 %2 IR 15 35 5000 2% 2 M HOOHCHR (1 [ A A
BN A % IHHAE, I LI 2 0 AE 2 HE 38y SO0 1 2
DAFE 4 SRR IE O 405 125 L, AR SCTE SR O 4K 9 5
Tl R 6470 A% B L B A A 1 0
B &SR EBOE K12 5. 7 Web traffic time series %
Pt BT LG, SLIG 45 SRR B, ST-MFCN Rt A &L
Hi /D B IR S 1R 22, 3T T MRS R BT (1
Rl b T 1 SR AS I, BT F 5 R 3 R B
A, AT 7 R P R B e 2 R A D 4 A,
SIS F R R T HE 1A AU R R 4 BRI
] .
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