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Travel time prediction of construction freight vehicles based on multiple features
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[ Abstract] Objective The travel time prediction of construction freight vehicles is very important for project
management. Its driving in the city is affected by different factors. It has become an urgent problem to improve the
prediction accuracy by capturing the characteristics of influencing factors. Methods Firstly, the spatial features of
travel tracks in the urban grid were captured using the Graph convolution network (GCN). Then, the Transformer
network was used to capture the time characteristics of the driving trajectory in the urban grid; Secondly, the external
factors were taken as text information, and the attribute features are extracted by embedding the model. Finally, the
travel time prediction model of construction freight vehicles based on multiple features was constructed. 2320 driving
tracks of a construction project in Wuhan were taken as experimental data and divided into grid sequences with
driving areas of 500X 500, 1000 X 1000 and 1500 X 1500m. The travel time of engineering transport vehicles was
predicted by this model and compared with the baseline model. [Findings]The results show that the root-mean-square
errors (RMSE) of the model prediction results are 89.08, 111.32 and 141.6, respectively. Compared with the baseline
model, the RMSE of this model were reduced by an average of 25.83%, 28.43%, and 27%, respectively. Conclusions
The research results provide a new idea for the travel time prediction of engineering transportation industry, and can

provide technical support for project management.

BAEEFEA: AT, B, SYNEECHA, AF, TR
HIREE: EFH

-25-


https://jer.oajrc.org/

FEVL, T8R0T, VLR, M

HeT 2 JURHIE I R 5 TR 032 22 947 R I T3] 300

[ Keywords] Transportation system engineering; Travel time prediction; Construction freight vehicle; Graph

convolution network; Transformer model

515

TSR IR TR BA B 28« B 47
IR, HR e T I H A R e AR .
AT AR RIS 6 T TR I H & F ) s e T 20 E
2, AT O E BN R L AR R, A
R FEE R e PRI IR AR AR,

RS B B AR WCER T i 7 — M) LA, (LS
Z X DU A B /7 22 B & FRIER L 20 #1561 GPS . WiiFi
S B AL BRI RS H g 2, 7~
AT REIR TR EE, X R AT
JRAT AN NFNZEAR B I SR B3I . 1% Le Bk H e
{10 A Bf R P O T SR AT 00 52 2 37 5 R 1) AR S
FEAASEAT N B R H L

VF 22 50T 22 188 A AT 96 0 4 v A0 0 22 8 A 1)
1 P SO o i = W b SN T A
FRESU-T, A7 RIS 8] TN A e AT DA OR MG s A f
155 20 7 IR SIS0l A EEAN O T A B 15 B IR SS
(Location-based information service, LBS) fi## 77
ZEHHNE A Scellato 553 HT H - B9 28 Fifs B
INF[E] ) AR PR P 71, PN AR R A B OO, A &
TN AL WA 268 MABALLF P AE S A0 () B0 s v it —
HHRGHATEE, FH P IRANER ST R
HEATAC B AR, AT SAK P 3RS M2 Bl i e R 7 D1
Do Al Gatica-Perez i it 88 il J5 15 HE IR A& A [A] 1Y)
R Y AR ZRHELE,  FIOM T — > ORI 2 B B
(B2, Du %54 RNN A (8] s g FR 4 G i R 76
oA d i) A 5 3 2 (Recycle marking time point
process, RMTPP), LA[RIIf #5480 7 i1 1] B 8] A A7
B, Krishna 55 N i i 2 B35 3 A1 22 18] 7 41
VB9 07 se s, ik 79N AS B 3 K H I g 42
(Long-short term memory, LSTM) %%, fhiiAk
HeiE B o FRF S (R R ME S04, Chen 55 NS5 G 12k
T E RNN B A gt 2% . =) bR SCHEEL
A R B R SCHR B DL R T A R R A AR
Ay 18] bR SCER IR, FH T A A S A TR r ST

SR, EEXT TR Bas 2R 50 (AT A% I [R] Tl F 72
b HIFRATREAE T, TS EHAEA RS
T OREDH A RS T AABR S, RAggEy#H
ARWEM. HHh, MRS SRR R R BT @ AT N

-26 -

5 R EAAAEE T, AT B USSR A
—EMIMERE . BT, 2R ER E S e AT R IS TR T
FEBE, RN FUIR L R 2 (1) AE F AR DA = Tt A
B e A EE

Rk, Z5EATHPEEYE, ASChEH—MEET
% JURHIE ) TS 0208 24047 RE IS [R) oS 2 & 4,
K H B4R (Graph convolution network, GCN) Fll%
2% (Transformer) JHEAT B0 HNZEEHE (I 23 AH 5K
FHE. )5, FRER LRSS EMITIN S Z 3K
AR AT ] B AR LY RS R R s, A ik
ARG X L AR E R, AR A A&, R
NIEVERERE PR . B JE, MRS EIRFRERAT
FEIF A PSR, I ad ik 3 SR T LU 3 E A SO
R Rt

1 =B

1.1 R L

HR AT BT R] FR0 A — Ao A () B 2 Tt [ . A
WEFLH H 2R GPS s 10 67 2247 F2 i 1] o
AR BATRRIE S 3 A T3 AN [F] X, TR R—
i cnl 105 271 IO 8 A P A O i R o <
GWV.EA), 1 1 FrwR. W, BB LI R RS
200m>200m FRIHERI ST X, - A BE D 6%6,
D73 8] AR 3 T Y TR 1200 1200m e AKX 43675 26
WS MG X IR, AElFRRRET . S8 6
Sk BRI GG AT B A, A R M R
N mio Hi VR WaEs, BB XM
“%. E RINES, RRFEREFIIX NS HE
1%, AN DAT IR ONTE, A MASEM s
FHEE . A FIRAHIEPI RS X I IE B R

11213141516

1 A il
2 /

2

4 T
S| r
1=

1 Y R R 5



FEVL, T8R0T, VLR, M

HeT 2 JURHIE I R 5 TR 032 22 947 R I T3] 300

AER™ AR, RPN P 45 [X I 2
Al B IERE . ATRE [AE 9 JE PERAE, 73 5 i LR
—JE AT R R R ST A R R AR R
X=XtV Xl XouiR 2

Win Wnp 7 Wy,
A= W21 sz Wz,' )
Wi Wo 70 Wy
xltﬂn x1t7m+1 xlt
Xy, Xy, X.
Xm — 2t. m 2t 'm+1 ‘2t (2)
‘xntfm xnt7m+1 xnt

A X BT SLATIER (] n 27T 5S4
TR X2 B ¢ Rom AT %1; EAR UL KM
R SIHIRZNHT— A BT R R XYy Xl R X R
I3 MR X IR n FERT— J8 VAT — R AR ¢ B
ZI T AT RERS TSN s m SRRV DK, FRoR
BORRAT RIS 8] (%) [ Sk 1) 7 2 $

1.2 EALH

1.2.1 =E[4FAE

— MG A 5 P 52 0 I ASE AR A AT 0 5 3 X 4 A
ARG EE R, T IN 2% A ALK TR FE 1)
M EARTIH, FRATRIH GCON RImHLiE i 2c il
W& ik 2 IR R . BB MEEE 45
R 2%, HA IS REEME RS, K
W2 BT 2 kiE. HAl, GON EEHMR
(2 (a5 ARG /), DRI FAS @ &
. BFREINEEE, JF H CEUE 5 I T
06181, KHFFF, GCON 5 H T4 il R A3 9 2%
AR AN EAT i, AT ERAT AR A 2 [l
A o

- - a
&3 }@ ’ i\
& {3
Pl
T
7

’ ‘\ A
4 LY Al
7 Y
‘ A
; ?
S $
& /f: %
- il s
=
v

T
v
iy
i

Vo
1y
g o'
' =
i el N
i & P
‘ /{" R by
b i

2 EHRITIERE

-27-

G NERERRE AR 5, EIEHIM
ZAGIZ R E PG R, R EMIT
PUB IR AR . B

1 1

' R(D2BD > X"'W") +b)

(1+1

X 3)

B=A+1 4

s XEDRREERINGE S +1 JZHRHER
FE; R NBIGRREL DER™" AN AT S EHEE; B
NEERERE; XOER™ Hy n AN AR | 2 HIRHE
HiffE; wOER™* JE | JZINHGMR BB EFERE: b
ER™ NME MR [ER™ NEAFERE.

X T AKX 28 Fr b2t pe), I AR R AT A Rl
SREEEAT SRS W 2 B, T
3 FIFT AL 6, GON 3l 4R 485 A0 1. 719 50 2 IRR
TS B RS 2 5 3, P57 1 A8 HIRHIESS
BRE R 6. AT —HBRZ, GON i1 Al
4 PR JETT A 3 TS AT A 6 HRFIEAS B3k AT Rk

I
T o

T AFII 2540 B 45 A 4 AR B, GCN
Refp 2 B EHE B IR BT A 5 A & ()
FEAFIART ) MRHEE R . Rk, &A@ GON
AR TR IS S 22407 B aZe il 2 TR A DG 1% o A B |
AR, R S m D 28 B S 4 48 4 A B o R
AZE| GCN 1, i Y Zak AT A EAE R, 450 H
S EERIRUERERE,  DASREUE A I 2 [ AH SCAR-AIE o

1.2.2 B [A]RFAE

Transformer ZEA4 45 H V£ & AL R He A1
i H 2 TE) P 4 TR AR DG, IRV B 1 X A REURT s U
L2 1) Fq B0, X VPR ZFEAT IR, e 1
AR E TN RE /7200, P 3 7R T Transformer A5 44 41
AT b R AR AME 2R 1 2 BT AN S BT A A A= R Pt

3 HMERERT(ERIE



FEVL, T8R0T, VLR, M

HeT 2 JURHIE I R 5 TR 032 22 947 R I T3] 300

Transformer #5838 158 B 8] 7 471 4 N\ SR 3R BT

B e BOM A M A 3 S B
FHES ARSI -
{Cf}il :[ctl,ct2 ..... cf} (5)
h, = LayerNorm(MLP(c! )+Position(t)) (6)

X {CG/} =%eRS, of TR t 58 1 NI TR P
HIffE; LayerNorm 1 MLP 43 7R Z LA 2
JZ IS Position &7~ 10] t B AL B RN

Transformer &80 75 07 B 4w tD, 14 A A
A 1) 1E 5L 4R 5% SR B R 7R i 25 RN A SR Z1 st
. &AL ML ANE, Transformer F4
= gt B AS B A 7720 B, O T R
15 F 7 AR R TN ARG, A7 B St 2 L
TX G B 2 3 Ao Al FH A [ 40 26 1) T 5% AN 4R 5% bR 5
.

Position(t) = [pt m,--

,2,(D)] N

p,@)= sin(pos«lOOOOé),if i is even number
p, (i) = cos(pos -10000§),if i is odd number ®

b pos NALE, 1R ERIDH4ELR, 5
RN GEEAH ] o

Transformer #5784 4 ith 25 AR 255308 5 1 LA AH
FIREA R, f—BEEEE HEH, ZE KT
PL 5% >0 & W JE B O=fo({h}m®) « B JH FE
K=fi({hi}i=r )N RL BT RE V=fi({hi}i=r®)o XTT &
ANBRAE R, IXECAEREIAERCH di EREFEAEECH
dyve 9T TN R —/ M, 8] Softmax pRIEHEAT £k
YAk Rt A . 5, AR R

T

Attention(Q, K, V') = Softmax( oK

Jd,
ESSEN=WaLIN b WAR Rt NE VA RGPS
EZANFRMPIRAE, WFrR:
MultiHead(Q, K, V) = Concat((head, ) )W (10)

an

Vo)

Head, = Attention(QW,° KW . v W)

BN Concat MAESLZEMH TEH m AN
7, ﬂﬁ@iﬁ%ﬁf‘i Wee R, wke R W e
R Jo W e Rmv X MeI R T A, DA R
TR IR IR BE

-28 -

123%@%&

TR MATRENS (8] 52 23 2 A R R i s2m, {1
WRAEE HERTE, FAL R, W 4 For,
RV T R B R R HUX S A R 2R (1AFAE -
BRAUE R BRI R L A A E B,
i F R AN AR B AR X eSO AE B RSB )4
JE ARG BB R R

—= {11
—M'

RIEHE | RSER | HRRE | AEESR

Xautr Ko Xy Xy

4 ERNIRBREUR MHFE

A3 00 B AT IER, AN A Z A
ﬂ?%iﬂi%ﬁﬁﬂ@}%ﬁﬁ@ﬁi, 1(:‘7'] Xatr FFHIN
B, PR

x,,, = FC(concat(Emb(x, ),Emb(x, ),Emb(x,))) (12)

K FC RRETEHMZS; concat R iE g
fE; Emb FKIRIRAIAE; x RARKRAGEE; xa BN
HOR AL X, ORI R(ZIR .

1.2.4 TRINBLAYAELE

ShAm A, A A R PR A T
% JURHIE I AR B2 24047 FE IS TR T A A o dn 1]
5, B X AEE NS, SREUSA] . 73 [H]
KMIBVEAFIEE B, Fr i T EE R X o ASCRAH A
JRERERTRI, E BRI AR A AT FER 1]

B 5 IREREREFHRITEMNETUIERRIES



FEVL, T8R0T, VLR, M

HeT 2 JURHIE I R 5 TR 032 22 947 R I T3] 300

2 X

2.1 E£HiEE

2.1.1 HEse

AR BT X A B — T A ITE 20
TR IS AT W B, 3L 2391 4%, B
54.87 JiNMEIE AL, PUEIERG 10 Fhidsk—Ik, ik
1 fizr. $diEitees H R 2022 46 5 H 30 H, 45K
H AN 2022 4E 8 1 30 H. %51 TR H Hikk
X, $eWEATREN S0km, i T EA 7: 00-19:
00, FETAEHMREFIERET, XEIMEEA £
FH.

® 1 IRSEEEMTRNTTR

LR UETES TE SR (] 2 i
THRAER 5-30-2022 07:10:17 114.7502  30.6213
TR AR 5-30-2022 07:10:27 114.7444  30.6199
Sk 8-30-2022 18:59:45 1143397  30.5416
Jkkk 8-30-2022 18:59:55 1143410  30.5404

b B R R, 3T X 23 il L 500%500 |
1000x1000 1 1500x1500m >y % [ &il 43, ix g6
(RS A R R BE g e i AT RERT B, VENERAN
el o TEM N B 2 |/, A FH e - KA HEAL
TSNS BT A I B B 90,17 £EXF ELVFAR A, Tt
ITRERS 5 B S B N ERE, AhTHE
SATRER RIS . S 4h, HREELL 8 11 1 1 ByLLfl
R AN IRAFEE AR .

2.1.2 VN FER

AR FH FIINAT FE B () F1 3 SEAT FR I 845 22
] R ZEAE PP A B TP e ) b . B

(13)

(14)

X

X =i J
(15)

A H: RMSE. MAE 1 WMAPE 43 5l %7~ 4 75
FRARZE | T AR 22 FUMBCT- 465060 7 43 Pl 22 5
xi Kl x; 70 3RO TREBIS 2240 i A j AT AR [R) B 5K
B yi Ron TREDS 2250 i HOAT FER [R] A -

WMAPE = {
P X.

X.
j=1

-29-

2,13 ZHRE

SEIGHE — G4 GeForce RTX 3080 Ti GPU )
2% 2% FEAT 8. BT B 4 F Python (3.8)
5 S S . PyTorch PR 22 STHEZRH T 94715, AT
DA 2k T SR O bR R B R B S A R4
R ERCR .

JE AR R R A L HA B TR At R 8] R N
2 P e PR T S2 6 5 AR AE 4 R R, mIE A
XEGUETT I T AR ANERE: 3. 16 8. KM
B AR E RIS 5,
B s tEge . o, BB ID INZERE N
32; BB EI B KN 6 AN IRtk
N 32 ANEFEFAZ A 15 4>, Transformer [FZE %5034
N3, BEUIRASLERE SN 64, BHAIAIFG K ¢ W HE
N6, BRI o EH 107,

22 R

T VAR SO I PERE, K S LR AL
1T 7 HeEE o X e R R AR PR EATT I B S A &5 R ik
B . dbAh, IV Rl SIS AT IS T A RIS AR AL
R ey (R TR R JELRAR AL B R B

HA: 57 52550 1P E SR B0 R — )25

e,
ARIMA: BESH, 45 4 Fl
FHARR,

SVR: i F 7 s2 8 AR JvdmN , adad Il ZrRasiiml &
KA BRI T, T 722,

GCN: 15 s FHRFIEAS B T 3R B AH G PR A
TR A2 845 B o EXIIF T, FRATEH 115 458
2 1230,

Graph-WaveNet: H4 R B IR G A & LA IR] i
25 > 73 ) -6 [A) A S 24

Wk 6. 7 K 8 fiw, SFFFERIA (SVR)
Al ARIMA BAAHLL, IREE S )T EAE TR
RIH B EFERE . X —ERRY, WEFIHIEE
A BRI T S Bl PN PR 2 A A B I LA R IR
FAAEPRINGE /7. BT ARIMA FEARLZERHE AR ME s
FEJT I RE I IR, S SO IR0 R R AR — M. AR
T SVR Al ARIMA #A M5, =R mki T, &
HEH AR RMSE 735 PR T 44.76%A1
31.23%. IX Ui B A SO AR AR I SRR [ R 70 23
HAh, 5 EARSRHMEFEIGE /18 Graph-WaveNet



FEVL, T8R0T, VLR, M

HeT 2 JURHIE I R 5 TR 032 22 947 R I T3] 300

TERAH LG, AR SCBEAY (1) 535 RMSE 43 5l B 1 6.39%,
BB IRIE T AR g MBI AE R B AN R 2=
SEMAVRFAIE T T A 2501

FE =P (AR EER , 6 b AT AR AR (G T 5 R
ACER R I, HITTHR 2 RMSE IR
T 25.83%-. 26.43%F1 27%, “FHILENTRZE MAE *F
PIFAK T 15.72%- 18.04%F1 22.13%, JIACF- 348 5%F
B3 iR %ZE WMAPE “F3JFRK T 5.83%. 7.25%H1
9.61%.

——
- BRI
—h— VR
—— G
&= Greph-tavalist
- EwH

220
200
180

w

2 160

H

140

—

120

100

500%500 1000¥1000 1500%1500

N T IR AR I TR SRR A R, AR
SCARRIEAT I BhSEEG, SEIR st RNk 2 FiR. AL
BE, SASCERFHUNACRA L, Jem R A
(RS RL T 1 RE— %, RMSE (KT T4 15.28%.
[EJHS, A OB 0 F0000 1 AR T 2 st M AR A
A, =FhaalkiE R RMSE “FHBE(K T 21 8.29%.
XRERAE D R TE] R 20 5 3 Bk A
TR HERR 3G — 2 B, ABAE R 1 I 8 AR
PRELIA 20

——
- AR
—h— SR
—— G

140

=@~ Grash-Wavohct

—— ASCEDY
120

w

£ 100

80

60

500%500 1000%1000 1500%1500

ZEIE R m A m
Eo6 =f=ERE T ARFNERAEFRIZRE B 7 Z=f=EHE T ARFUNERHEIEINIRE
0.7
: E?:ph WaveNct
-0 iR
0.6
%0.5
0.4
0.3
500%500 1000%1000 1500%1500
= (AR E /m
E 8 Z=f=ERE T ARFNER ML E D EIRE
F2 HRASCIETUNSIR
2[R 500x500m 1000x1000m 1500%x1500m
PN FE bR RMSE MAE WMAPE RMSE MAE WMAPE RMSE MAE WMAPE
F BRI T 101.54 56.93 45.92% 132.97 73.08 41.35% 171.24 97.81 38.78%
e A 96.38 53.37 40.65% 120.63 68.27 36.89% 156.57  91.72 33.29%
AR 89.08 51.64 37.42% 111.32 64.84 33.17% 141.6 86.96 30.84%

2.3 EBHFR
2 S e BRI T P e — AR AR I E A
RG], 43 A AR AE A [) 25 [ADRE BE T B T R0

-30-

I 5 SEPRATREM M BEAT X B, R R (0 T A 2
ASERE . =FpsakL T 5 — TR S T s
IS T PR LS A SO AR 0 R i 28 A5 R o0 .



FEAT, TR, B, P, T

HeT 2 JURHIE I R 5 TR 032 22 947 R I T3] 300

BATINE X . X —TREEHEREL 555 AEZ XM BIERORR . K2R X

Bym e B [A) EER — %, 9. 10 A1 11 fios, 7E
5 B SAT RN (AR A AR OR 4R [R) 0 B 6t B, A
B R R Y RO E R . TSR], BT
1000x1000 F1 1500x1500m == [E)F7E, 500x500m

MK HE L, Transformer RE W A I LT 18] 7 F1RFE
HIRET

XD R W, R RIRRIE A BT 5 e T
AE ST

200
HA
ARIMA
#— SVR
“— GCN
—&— Graph-WaveNet
. —o— AT ‘
B - ESE i
g
o
+ 100
[==4
i
-
-
0 T T T T T T T T T T T T T T T T T T T T T T T T
1 5 10 15 20 25 30 35 40 45 50 55 &0 65 70 75 80 & 90 95 100 105 110 115
i sl B e b = 2
E 9 500x500m Z[EHE T HE—FEMHITIEREHHIE R
400
HA
ARIMA
#— SYR
& GCN #
3001 —e— Graph—WaveNet {
—— FICER
—x- HIME

ﬁ'ﬁﬂi &)/ Fb

100
0
1 5 10 15 20 25 30 35 40 45 50 55
39877 X 4 P 45 Fr 571
& 10 1000x1000m Z B E TR —FHITIZRTEHEIER
500
- HA
ARIMA
o SVR
4004 —=— aeN o
—&— Graph-WaveNet
—— A }
= —®- HS
L R 2
=
-’_—|
O
T 2004
~
100
0

15 20
W X A S

25 30 35

B 11 1500x1500m Z[EIRE T E—E I TIER B A& R

-31-



FEVL, T8R0T, VLR, M

1o
S

HeT 2 JURHIE I R 5 TR 032 22 947 R I T3] 300

3 &g

AT FC L TR 68 2R 54T R I 18] T It Fesct
%, GPS BB/ NEESCEE, R T TREGUZ R4
ATRERS R AR . ASCRE R AT R B T s £k
I I B AR SRR, B2 1 TS L o Ak, A SO
BRI RAUEE . RN TR 242 A5 A1 R A
O TRINRE FE A FEME , G R A S B T X 83
A5 B 8 PRI %ﬁT&W%ﬁMﬁ%oﬁﬁ
TSR AUIRIE TR AR, B ARRATRE
I 1) FL RS AR PR R ST SR 3 OB 18], e AE
J& 2 TURFAIE R B AR P 57 S BOR R J5 T » 25 1,
AR EE T 2 JURFAE A PO AR R AN e Oy T
PRI S BN GRS HE NS £ TREM LR Aok S A
By v R I o 2 e B AR SR (N T A

STk

Moniruzzaman M, Maoh H, Anderson W. Short-term
prediction of border crossing time and traffic volume for
commercial trucks: A case study for the Ambassador
Bridge[J].
Technologies, 2016, 63: 182-194.

Transportation Research Part C: Emerging

Golob T F, Regan A C. Impacts of highway congestion on
freight operations: perceptions of trucking industry
managers[J]. Transportation Research Part A: Policy and

Practice, 2001, 35(7): 577-599.

[3] Theophilus O, Dulebenets M A, Pasha J, et al. Truck
scheduling optimization at a cold-chain cross-docking
terminal with product perishability considerations[J].

Computers & Industrial Engineering, 2021, 156: 107240.

(4]
et al. Novel modifications of social engineering optimizer
to solve a truck scheduling problem in a cross-docking
system[J]. Computers & Industrial Engineering, 2019, 137:
106103.

[5] Zhou M, Kong N, Zhao L, et al. Understanding urban

delivery drivers’ intention to adopt electric trucks in
China[J]. Transportation Research Part D: Transport and

Environment, 2019, 74: 65-81.

[6] Bai R, Xue N, Chen J, et al. A set-covering model for a

bidirectional multi-shift full truckload vehicle routing

Fathollahi-Fard A M, Ranjbar-Bourani M, Cheikhrouhou N,

-32-

(7]

(8]

(9]

[10]

(1]

[12]

[13]

problem[J]. Research  Part  B:

Methodological, 2015, 79: 134-148.

U, B s S AT 2 0 B R R A A
B Y B A TN Y 0], A B A i@ R 4,2023, 40(10):
175-182.WANG Jiu-sheng, DAI Xu-hai, MIU Zhong-yan,

Transportation

et al. A Model for Time Series Prediction on Highway
Traffic Flow Based on Multivariate Spatio-temporal
Relationship. Journal of Highway and Transportation
Research and Development. 2023, 40(10): 175-182
https://doi.org/10.3969/j.issn.1002-0268.2023.10.020.

Nadi A, Sharma S, Snelder M, et al. Short-term prediction
of outbound truck traffic from the exchange of information
in logistics hubs: A case study for the port of Rotterdam[J].
Transportation Research Part C: Emerging Technologies,

2021, 127: 103111.

Borowska-Stefanska M, Kowalski M, Kurzyk P, et al.
Assessing the impacts of sunday trading restrictions on
urban public transport: an example of a big city in central
Poland[J].
100049.

Journal of Public Transportation, 2023, 25:

Scellato S, Musolesi M, Mascolo C, et al. Nextplace: a
spatio-temporal prediction framework for pervasive

systems[C]//Pervasive Computing: 9th International
Conference, Pervasive 2011, San Francisco, USA, June 12-
15, 2011. Proceedings 9. Springer Berlin Heidelberg, 2011:

152-169.

5 I, 2 1R, VR A R, S5 R P IR R R A 52 0 46 T Sk Ak
R ZNAT T [J/OL]. v S AL % 4k :1-16[2024-10-10]. XU
Shuai, LI Bo-han, XU Jian-qiu, et al. Intention-Aware Out-
of-Town Mobility Prediction for Social Network Users.
Chinese Journal of Computers. 2024-10-10: 1-16.

Do T M T, Gatica-Perez D. Contextual conditional models
for human

prediction[C]//Proceedings of the 2012 ACM conference

smartphone-based mobility

on ubiquitous computing. 2012: 163-172.

Du N, Dai H, Trivedi R, et al. Recurrent marked temporal
point Embedding
vector[C]//Proceedings of the 22nd ACM SIGKDD

processes: event history to

international conference on knowledge discovery and data



FEVL, T8R0T, VLR, M

HeT 2 JURHIE I R 5 TR 032 22 947 R I T3] 300

[14]

[15]

[16]

[17]

mining. 2016: 1555-1564.

Krishna K, Jain D, Mehta S V, et al. An Istm based system
for prediction of human activities with durations[J].
Proceedings of the ACM on Interactive, Mobile, Wearable
and Ubiquitous Technologies, 2018, 1(4): 1-31.

Chen C, Wang Y, Li L, et al. The retrieval of intra-day trend
and its influence on traffic prediction[J]. Transportation

research part C: emerging technologies, 2012, 22: 103-118.

YU B,LEE Y,SOHN K .Forecasting road traffic speeds by
considering area-wide spatio-temporal dependencies based
on a graph convolutional neural network (GCN)[J].
Transportation Research Part C-Emerging Technologies,

2020, 114: 189-204.

MOU L CLU X QJLI X L,et al.Nonlocal Graph

Convolutional Networks for Hyperspectral Image
Classification[J]. Ieee Transactions on Geoscience and

Remote Sensing, 2020, 58(12): 8246-57.

Wi 55, 5 PR DL, i B T 2R RO AT B AR I 2% 1)
B Ok SR B A I U TN AL Y (0], 2 B AZ G B 4,2023,
40(09): 205-214.CHEN lJian-zhong, LV Ze-kai, LIN Hao-
meng. A Prediction Model for Traffic Flow with Missing
Values Based on Generative Adversarial and Graph
Convolutional Networks. Journal of Highway and
Transportation Research and Development. 2023, 40(9):
205-214 https://doi.org/10.3969/.issn.1002-

0268.2023.09.024.

Zhou H, Zhang S, Peng J, et al. Informer: Beyond efficient

transformer for long sequence time-series

forecasting[C]//Proceedings of the AAAI conference on

-33.

[20]

[24]

artificial intelligence. 2021, 35(12): 11106-11115.

Tang B, Matteson D S. Probabilistic transformer for time

series analysis[J]. Advances in Neural Information

Processing Systems, 2021, 34: 23592-23608.

X EE, KM SOB TN TR LRE . A AE R
2004, 21(3): 82-85.LIU Jing, GUAN Wei. A Summary of
Traftic Flow Forecasting Methods. Journal of Highway and
Transportation Research and Development. 2004, 21(3):
82-85.

T T RT R, T ARMA-SVR [N 388 i
2 T AR B A (0], A B A B $2,2021,38(11):126-
133.WANG Bo-wen, WANG Jing-sheng, ZHU Yin, et al.
Study on Short-term Traffic Volume Prediction Model
Based on ARMA-SVR. Journal of Highway and
Transportation Research and Development. 2021, 38(11):

126-133

Wang X, Huang L, Huang H, et al. An Ensemble Learning
Model for Short - Term Passenger Flow Prediction[J].
Complexity, 2020, 2020(1): 6694186.

Wu Z, Pan S, Long G, et al. Graph wavenet for deep spatial-
temporal arXiv preprint arXiv:

1906.00121, 2019.

graph modeling[J].

FRAUFEBE: ©2025 1E# -5 FFBGRBUY I 72 0 (OATRC) it
Ho RLFLBIMPILZELTAIZRKRE.

https://creativecommons.org/licenses/by/4.0/

OO


https://creativecommons.org/licenses/by/4.0/

