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ABSTRACT

ABSTRACT

Spatial-temporal trajectories, which are typically represented as sequences of times-
tamped locations, capture the travel and movement behaviors of individuals and vehicles
within a geographic area. These trajectories play a crucial role in a variety of applica-
tions in Intelligent Transportation Systems (ITS), enabling tasks such as location classi-
fication, movement prediction, traffic flow prediction, transportation demand estimation,
arrival time estimation, traffic anomaly detection, and trajectory-user link analysis. The
increasing prevalence of devices capable of recording spatial-temporal trajectories, such
as smartphones and vehicle positioning systems, has contributed to the availability of
large-scale trajectory data. On the other hand, the growing demand for ITS and smart
city applications necessitates the development of comprehensive and effective models for
analyzing trajectory data.

Traditional machine learning algorithms rely on manual feature engineering to im-
plement data pattern mining. However, this kind of approaches is costly and struggles to
effectively extract complex features from spatial-temporal trajectories. In recent years,
numerous studies have demonstrated that neural networks and deep learning methods
can automatically and effectively extract features from data. Most existing deep learning
methods for spatial-temporal trajectory mining adopt an end-to-end learning approach.
However, this solution depends on large-scale labeled datasets, which are often difficult
to obtain, limiting its feasibility in practical applications. In contrast, self-supervised
learning aims to extract supervisory information from unlabeled datasets, which are gen-
erally more readily available. The models trained through self-supervised learning ex-
hibit better generalizability and can adapt to a variety of downstream tasks. Applying
self-supervised learning techniques to spatial-temporal trajectory data mining eliminates
the reliance on manual feature engineering and large-scale labeled data, and enhances
the computational and storage efficiency when applying spatial-temporal trajectory data
to various downstream tasks. Therefore, self-supervised learning methods for spatial-
temporal trajectories are gradually becoming a key research area that promotes the devel-
opment of trajectory data mining technology and applications. However, the complexity
and specificity of spatial-temporal trajectories pose multiple challenges to the construc-
tion of self-supervised learning models. Specifically, self-supervised learning methods

need to effectively mine and integrate diverse information from spatial-temporal trajecto-
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ABSTRACT

ries and flexibly adapt to the varied trajectory inputs of different scenes and tasks.

This dissertation aims to develop a self-supervised learning method for spatial-
temporal trajectories, addressing the challenges faced when applying self-supervised learn-
ing to spatial-temporal trajectory data, and realizing a spatial-temporal trajectory mining
model that can be applied to a variety of downstream tasks and improve task accuracy.
Specifically, the dissertation revolves around the visit time information, contextual in-
formation, and itinerary information in spatial-temporal trajectories, constructing a self-
supervised learning method for spatial-temporal trajectories that effectively mines and
integrates diverse information. At the same time, for the varied trajectory inputs of dif-
ferent scenes and tasks, a trajectory self-supervised learning method aimed at a general
model is constructed. The effectiveness of the constructed method has been validated on
a variety of trajectory datasets and downstream tasks.

The main contributions of this dissertation is summarized as follows.

1) Regarding the visited time information within spatial-temporal trajectories, the
research on visited time-aware trajectory self-supervised learning proposes a time-
aware location embedding model named TALE. TALE introduces a novel time Huffman
tree structure that allocates trajectory points into time nodes based on their access time,
thereby extracting functional features of locations from the visited time information. Ad-
ditionally, TALE suggests a soft temporal partition mechanism to minimize information
loss during visited time partitioning, thereby enhancing the accuracy of modeling infor-
mation. Experimental validations across four trajectory datasets and three downstream

tasks demonstrate the effectiveness of TALE’s self-supervised learning.

2) Regarding the contextual information within spatial-temporal trajectories, the re-
search on contextual-aware trajectory self-supervised learning introduces a context-
aware location embedding model named CTLE. CTLE proposes a self-supervised learn-
ing approach considering the dynamic contextual environment of target locations within
trajectories, capable of accurately modeling multifunctional location features. Further-
more, CTLE introduces a time encoding module and Masked Hour self-supervised tar-
get, considering both absolute visited time information and relative visited time differ-
ence information within trajectories. Experimental validations on two trajectory datasets
and the trajectory prediction downstream task confirm the effectiveness of CTLE’s self-

supervised learning.

3) Regarding the itinerary information within spatial-temporal trajectories, the re-



ABSTRACT

search on trajectory self-supervised learning for itinerary information modeling in-
troduces a trajectory itinerary correlation-based origin-destination generation model named
DOT. DOT initially introduces a trajectory itinerary representation robust to trajectory
noise, aiding the model in distinguishing trajectory outliers. Moreover, it proposes a
self-supervised learning method based on diffusion generation for modeling trajectory
itinerary correlation, capable of capturing the correlation between trajectory itineraries
and origin-destination pairs. Experimental validations across two trajectory datasets
and two downstream tasks verify the effectiveness and interpretability of DOT’s self-

supervised learning.

4) To effectively integrate multiple the diverse information in spatial-temporal tra-
jectories, the research on trajectory self-supervised learning for multi-view fusion in-
troduces a multi-view maximum entropy trajectory embedding model named MMTEC.
MMTEC models two views of trajectories — travel semantics, and continuous spatial-
temporal information — through discrete and continuous trajectory encoders, respec-
tively. It further proposes a multi-view maximum entropy coding self-supervised frame-
work for trajectories, comprehensively integrating the two views of trajectories. Experi-
mental validations across two trajectory datasets and three downstream tasks confirm the

effectiveness and comprehensiveness of MMTEC’s self-supervised learning.

5) For the flexibly adaptation of sparse or incomplete trajectory input, the research
on general-model-oriented trajectory self-supervised learning introduces a general
trajectory model named GTM. GTM divides trajectory features into three domains that
can be masked and generated independently, allowing the model to flexibly adapt to in-
complete trajectory input in diverse tasks. At the same time, a self-supervised learning
objective for recovering dense trajectories from sparse ones was designed, maintaining
the model’s performance when dealing with sparse trajectories. Experimental validations
across two trajectory datasets and three downstream tasks validated the model’s effective-

ness in addressing various tasks and scenarios.

KEYWORDS: spatial-temporal data mining, spatial-temporal trajectory data, self-supervised

learning, pre-training
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Figure 1-1 Example of a spatial-temporal trajectory.
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Figure 1-2 Comparison between end-to-end learning and self-supervised learning.
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Figure 1-3 The visit frequency distributions of three types of locations by citizens vary over time.
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Figure 1-4 Example of multiple users’ spatial-temporal trajectories.
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Figure 1-5 Information revealed by relative visited time differences.
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Figure 1-8 The multiple aspects of correlations reflected by the itinerary information in trajectories.
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Foursquare) Hi H FTERIARAN GRS, 7EF& B B CRAR U7 B AR
AT BEREEBNERE " A — MU ERF G E 2.3 1) POT 3 i A1 %5 31 I ] 8L )i
Ko S IR N B2 B SR BRI R HESY BT — SR s

ARSI R SR 7 =SB BRLE , 7 ese -2y, HAR-ZR A
B[ 5 J2, 75 37 - HE N 3K 1Y Foursquare 25 3 544 ', i/ Foursquare-NYC, Foursquare-
TKY # Foursquare-JKT, FEEHR AT, BBl Eg /T 10 i P fbT
5 LR T . AU IS B G THE B 2-1 iR,

#2-1 BRNCFBREST

Table 2-1 Statistics of check-in record datasets.

Hinde MPa #iafE Pul s
Foursquare-NYC 1,077 3,908 82,091
Foursquare-TKY 2,290 7,057 389,063

Foursquare-JKT 9,193 13,105 536,792

222 FHESHIES

TEIACF LR e 53 M4 2R, am S Ryl i M5 S Bl T st N Mt — &
WENBFIN P IRHES, T FIUN AEAS 5 B Z 18 W U Bz B i it x
A EAE . BRI AR ER A POL b, BT15 28 vl DAIR J5 ] o xt
BBV L, PHUE BT Al 55 75 5 g 2= JL g 12 04
S SCMIZE RE B A0 55 W b g A — 2. W3 20 KOIHE T FALE 2
Wa 4 rP AP SORFRE L L PO SR B SE T , REAS B 58 B 3SR 4%
R TTIAT N -

ARSCHIAN R SE R B T A TS 2 Bdnde , 70 B AU S - &d) , i
“A Mobile-PEK #/1 Mobile-SHE. FEXEiALTH, 1 56A2 FR-F- 3945 B I E) ik T 30
SRR EESERI P PR HAT O B i 8 R 2RO ik ad i BE)S, PR
WEEE S MERSRPLE, DA 4 KRR . i it A B
R GETHE A 2-2 Fs.

Thttps://www.kaggle.com/datasets/rishabhchandra/foursquare-complete-dataset
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22 PHURSEIRELT

Table 2-2 Statistics of mobile signaling datasets.

ek RPEE MR Pul SR RIS
Mobile-PEK 12,691 7,279 1,383,422 5K
Mobile-SHE 10,564 7,201 607,581 11 %

223 HBEFEEMIURE

— O, A LA S5 B RGN T BRI B4R, 2 A
B By S ARG R TN FHLERLIIRE DA A4 I ) 17 Rl %ok 2 0 e ALk 3 5
BEATIESR . BUGOLR 2 E D S RT3 2.2 B BLE A, B4
VT BB BT AT 30 s P TR B 18— 2% b 2 Bt

ARSI ST B T GRS . VU 2R W 24 8 RO, AR /R
T WOR AL s . [RIIE, S R LY It P DEBC Sk ARSI AN 3L 2.6 Fir
R HLE PCRCRL , A SCSH A OpenStreetMap (OSM) 70 1R # T 4 3KTi
B SERHIRIDERCS , 3 I 2R — ARl T B S i B B S PR B . 6 2-3
i T B S BRI ST -

F2-3 AT E AR ST

Table 2-3 Statistics of taxi location datasets.

ante PR HBHE Pl sfcd

AR 298,995 3,791 7,025,468

% 376,407 3,558 10,198,837
M/RE 614,830 3,704 12,692,468
HORE 55,120 2,225 1,482,751

T AR ) = AR AR 3 R X B S B] PO AL BT N IE Sk, RN
ARG FEIAR, ENRITAEAFEARE. SR0REIm S i 2s Puls
AN 3O R b A R U AT, DR BRI R AE [ AR X I, HA—
SE XS e B B T o IE S . PSR th FHUT e Bl iz 55 X2 1)
AR B, LA RAE ] AR, (BRI P RS Zh AT e s 5 2
H A (RS 4 v A AR G AE A T B R R S L R R ORI A, TR

Zhttps://gaia.didichuxing.com/
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PR FRRAE ] R LA, X AR ST A I AR BT SR . AR BB R 1A ]
FRE AR BTGNS AL55, PARGE SR ERT RIS .

23 BBEEFIEM

APFIRAEMT HIEET R, I 2R TR T L, I
AT E SR FUHES . L LS00 PR 28000 1 BT A
RS EI R TR, MR N ST A . S, DA
1 T

231 BBREEBEFIMNERTES

H E~>] (self-supervised learning) 2—FfHlga# B, EMHEIEA &
PG5k K2 2 BRI R, AN @ BT AMERI AR B N L A . XAk
R AR I EAE SR I GREiAL, DA B K & R AmiCEds 1 B shig i
AREEWBEN. BB EREE . Fefi2e > . SRS A 5 2
IR o

B 2 ] O B A B A B g5t bE (et e e, SEME) ok
AR, DA S AR a)iE v, el E IS (pretext
task) SRFTNEHE A SRR BB, X IR EN TAREREE . X
M7, BEAURENS 2R ) B BRI INAERFE A SE R, AT SRS BE A ) B R

H B 2 2 ) St A W] DARI A3 J LA D B, X B D BRIL R 1 T H R
BRI L. AT & B IR T i — b 3R -

1) & LETESs (Pretext Task) : 4 BiF55 /2 H M) i S, &
SEARTER A ANEIRZE R S T, B B A B A AT 55 o IXAME S5 T I 24 Rl
R (A2 2 o] BB A FHAFAE o 5 B AT 55 ) e OR T A5 i 2R AL RN A, DA
KA BRI 22 5] BRI o 8 DL B3l B AT 55 C0 38 MG O3 o St . AR i . S
AP RE IS 4

2) Bla s b e LT RINMTESS G, TR BRI R T 2 ) AL 3
AR, DA T A 2= B8 de . X T RBIh 5T . el G e Soa
BRI TR A A A . B SO (AT DA R A B B R AR A ) B,
CINZSNIIE R i S S ) itk e [ S By S 1A

3) Kl (WY ARG B AR S5 R BT B A IS AR LA . X — 2D PR
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W BN RGN E MR, B2 M 4 (Convolutional Neural
Network, CNN) ! FF b BRER KR, TEEAAZ M %% (Recurrent Neural Network,
RNN) 721 5 Transformer! F T-Ab387 5558 . I8R5 TT IV 24 BEAE A R A 4l
BT 55 v > B BRI I FERAAE -

4) BeiH BB BURREH THPER RS B 5 B IR E S 2 mmER, &
BN R Sk . FE A BRI W, 300 eR B BB NS R S LA BT 45 110
Fbs, (RS B4 B B RR . B, 5 —NEBEEES T, Hkml
e ERER S REZ R ERER .

5) BRI SIAE: FIRAS G B IS BRRIS T Bk s gk, Tl i %
RTINS . ARk AR, AL SR AR 1 % R B0 o B A T
B, DA IMESR R . BRIl E R E R R E R, I AT R RS
B, g R RN, AR AR IR

6) FRAEPEILYS FUEATSs: — B B I BBRLNZRoE i, W] AR A 2 B AR
FORBIAT FWHATSS, Q4325 AR Bl A AT Ao 75 B2 ) ) 3 SR e AT 55 . T
BRI —3R4> (i, CNN [WHERUZ) e IERERIGES , e R R T
02 (NEEsZ) T RESTE AR IR it — 251l 4.

H B2 I 2 8RR A C 25 8] TN, RERTHEZ M
EaN

1) Wbbaii A . B MBI AU T N TARER B, T DA e R4 ahe
A1) AR

2) PEERNZARGE D AR ST BRI ARSI R, B S A B
PRz AR

3) FIHAGRICEE: B W] GE0s RIS A AR ICEds , SO0 T2 ts
A TR B O AR PR Y A R EE

R AWE#I G LY, A B b tmis—Ledk ik, it A s
TS ALBRRFUBER AR ICEE TS AS . DA AN T PP A2 > 20 A R Ak 1) ot

i = W
A

232 HEBEIWNEERE

H A WIREZ R ZAE, ARG = AR Wy B ) 053k A
B AL B AR RN B M s I A
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(D) BIEE RN &R

Tlfir A (word embeddings) U471 2 [ SR1E F AN W B EAL . FLRI A
R ARLRE BRI L ) — SR e AE . e K, s R, A
DASE TR BAGH] Y SCAR 25 3L

AR fo B2 S50 0 L8 — MR AR BV iy pg, Hd
(W 2R b B A, d IR AR IAERE . 45— B AR w, TR AR
B M\ A B P B2 ] 6T I PR AT ) et o i B SR i A g, AT 2 BN 3] B A i)
M. 2RI SR

zy = fo(w) = E,, 2-1)

Horp 2, il w iR A&, B, Z880 E 15 w AT,

LT =
wy
|| il 2
. K= _
Wao h’
\ ,
y E/d>< W vi
d 4k -

we

/25 i

Figure 2-5 Continuous bag-of-word model.

F T A B SREAS TR AL, 0 TE BB AT 55 AR R A AL
(R A AE R A5 18] FFAH AT . word2vece 8760 e —Filr 22 it i) | B 5 0] iR AR
#E427A]4% (Continuous bag-of-word, CBOW ) 2B WL R, K 2-5 BRT
CBOW FEL A~ bR SCIREE N5 . CBOW Wk AJZ A3 (2-1) Hig L iH
RABAL . TR W & b, 1), CBOW XK AR _E R SCHRX Y s Ber, 15
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P g, O A2 R (R ) B 2] RS ) -

h= é(fg(wl) + fo(wa) +-- -+ fo(we))

(2-2)
= l(z + 2y, + o+ 2Zue)
C wi w2 wc
Wi)5, CBOW RYHFIIAE S5 H breR Ei0E SO -
L= —lng(W0|W1,W2, s 7WC)
W] (2-3)
= —z,,h" +log ) exp(z, h'),

j=1

Hoh wo R H bRt i mRA S & R SCE AL B AR H B RAfER, CBOW
REAS (AU 2kt e rpoi 2 LR BAE AR B SCRREE P A T A A A AR [
MITTRE ] B 8 SRR IR EAT TR IR A T

R 3CER AR (contextual word embeddings) 77 2 ER TR AR AL H
J&. 5RO ] B S TR I ARBIAUOR R, RF H A i e S
RTINS, TN SCRRA RS fo Rl 4e52 H ARTE w HLH B R SC (BIDAE
PRI HUO R C MRS S {wi,wa, .. we}) TERBRI A, FEIE
g H Aninl 5B SRy SRR I AR BRI E R

Zw:f(-)(w7 {W17W27"'7WC}) (2'4)

TEERHEY, [F— ANl EA 2 M S, i BRSO DLl by B
SCEREEREL. BRIBL, R SR BERS S MR AR B S RAE . WRE R fo T
PRI AN Z (R ek, TR I 2 4 2% U2 1 Transformer! 45751
PR N FL RS

am CS
¥ ¥
MY A Transformer 2 i 25
S S SN SN S
[CLS] I [Mask] a [Mask] | |Student

B’ 2-6  MLM [ s 1 >
Figure 2-6 Implementation example of MLM.

BT I T SO AR, T R AR 45 S AL
R SCERBER N F SO A . BERTO R ST 5 25 B (Masked
Language Model, MLM) J&—Fh 2 Sitf (1 I8 1 F STl AR . ZedllZiad Fiefr,
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MLM £ AL 55— & HE I 0 A Te] i i ) 4 e (A A BT SOR T i 7
A BT, AR BT 55 R DI 1 e DO e e A N Py B R R A e . e s T
B, MLM B8 HE A i 2 [ S IBet, - mT ABE RS AR i H 281 = A2
55 AT RO . 18 2-6 7R T MLM B— MR Bl

(2) BEEE MR

TR 7R 146781 B —Rh BB MRS v 2f ST B o0 1, A A Az Bl
I TIREAS AL, P EEAL (Diffusion Models) #7330 [’ H)I| 2 fa & HA: B FE
ASEEE, BN T U SRR B A i R i e e R R A R B AR T AL
I

po(Ti—1]7¢)
B - = ‘ N b 7
:L.:.:- Mae a(mlTe) 1"1.,. ""l.,

e

B 27 AR A Rl g A

Figure 2-7 Two Markov processes of the diffusion model.

PR A% BARAE TR A b i e 3 o A g M 5 B i i a0 5 e ad
RN TR A i . AN 2-7 B, §TER L S P E R R AR — N2
E SCET Y HOIAE ¢, SR B0 i A s v g 2, B BS3 sl
Mk AR B R RO AR, s AR ML pe, MR A
HEREMS, BRISH AR IE . WIS e &S], ST T8 N
t =07, MINZGEIRE P R— D ESAEA z, Bl HOS R e —22 2 M5
oA ORAE— B R MR IMAREA . 4 T R R HAR L Iy M5 R A —
TE MRS, o FAFAtRMER ST B L, By Bod R — L iR g
iR R SR

q(@|x;—1) = N(; \/1——/3;%_1,5,[), (2-5)
Hor, B e e L], 2R 0< B <Bo < <Br <1, W%
e AR A B, MbsHE R A0 PR RN E A @, BRI R — Mg
BIGHREAA, RZAFR Mg AR SRR . B R, i M R R — 28]
TE SN

po(x,1|x;) = N(x,_1; Ug(21,1), Lo (s,1)), (2-6)
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FO, g I So BRGS0 M MM R, T 25 SRR I
i,

T IR R, AT 25 0 0 2 A TR 0048 36 . e
FOBCHR A S A, (2 PR 5 AL PR S5 i i 1, T 2
BB TETRA SR 40 A S OB RV 1 44388 (Denoising Autoencoder, DAE)
SRR ML I A TR, SR o T R A R i A B k2 5T 8
HRIO R AR E R . SIS BRI 1 AP T AR S, DAE 257 51
R IE 2 T MR LA R SR . LM, R ) 4T VI i A
RO T LA 3

1) BRI : ZEIZEZ B, XSRS ARV I P 2 7 P SL AR 72
T T P R S A R 25

2) BEGERY: BURIORGRS AR, AR . S,
P R R TR .

3) B Sk RO SRR I B 2 IS e
PB4 K SR i3 (MSE) IRE AR 4.

4) RIIFERRRS BB T4k OS5I 1ot I 60 4 e o
HOACE R, DA MU R

[ 5 TS 25 T DA ) B0 R B 0, 5 B T DA 45 0
fE55, WA, TS, R, VISR U th e TR OB, s )
FRBHAR PR, PRI B

3) BIEE X F &R

H WX 2> (Self-supervised Contrastive Learning) & —Fh{EL a7 > 40
Wrh H a5 2 B A 2E K Bl AN RS A 2 [a) R R DL AT 22 Rk
e STHARA MR « K2R 0 B, R (IF) FEARLR, A
FAARY (570) FEAHEDS, A IMTFEARAE S 8] I R D43 FE B R o ik Al 7
Vo, WitEPaE . BAAES AHEAESRAY, ©a s R K
REAITE 7.

X 27 2] 1) AR [ P 38 e A R AREA , R B AR AL, S
REA% 18 1o fe/IMEIX A~ B FR pR £SO 2 > B 0 S BIERE R R . FEX S AR, B
UL AR A3 2K B AR ] 73 110 1) IEFEASX A1 2K B AN 7 i SAFEAR XS o BART
XF oA ) I LA KRR

28



5 SO HE LA

1) TESUREACMIIRE : TF REAUHE 5 S 4 B A R ST L R
T SRS T R )28 3 EL A AR A B AR . ZESS BRI o, 4
T SR KRS 25 ST A TR0

2) FRAES] AT EAREE ST MR, RS A
B AMEIEZSI, TERANZEI R, IEREAR XK B, 1M SUREA R 28
I B

3) SEEBUR R X H2E ST R XTI (Contrastive Loss) JfeJi it iF
GUREASHE 2 TR DRI 2 . O, B 4 (00 HO A 26 B (4 = T R
(Triplet Loss) Filf MR Al (InfoNCE) #5124,

TER o2 ST B2 R, Bk B RO Tt Fee ST MR 2 S T,
TR e TR IR G TR 45 o AT RUFROIZ b, 75 SR R
B4R Sk B LA R e S B (35 L T T 10 H 952 6 5 B
Mo FRBE, RHRECRHIEEL, TEMIHE B R AT, SRR E R L
ASHOMR A0 R EAT I IR 07 7 P 508, S KM% (Max Entropy
Coding, MEC) ™) SEfERiE fda 4% 1 F BOK (3R BN 5 B, DA i )
VS AR A B, BN H ST B AR B T R F AT 55

B AR E e RN, Hrl d BERARIOAER, N 2 RIE0R .
BT AR AT B R A, MEC $2 T AT F RO I 6 8

N+d
L="7

d
logdet(Iy+ —E'E 2-7
ogdet( N+N82 )s (2-7)

Horp, Iy BN N AR, & REIRERN R . HRBOTE 1A S8k
GRS, FTABERX IR B 5 QMRIAGTT. 78 MEC B30, H Higf
Xf b IR N2 A A A i KR 25K (2-7)

24 WERITHEEEFS

24.1 MZHIEEEEF IRk ST

I 2B ey~ o — R a1 IS PR R R A B B > B T
FEAIK, BEFEMI RS EE b H SRR Z O R R, PABRBIARZ T AT
55 (ANl . BRI BRI ) BT REFAITERE. 5 BRI =5 Bl
Rl R R 2 BN 55, RN IS B AR 25 15 SOE DAZRER, sl
R 2T AT 55 T E RS PR AN MO T 2 7 B A A P B L A T 2 O 1 T
J1. gL, WA 6E A A I FESEBR BT B R T I FR A P
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B, WP R R A R R R 2, SRR R T RER 2 R . KL
PR RS HCHE . 22 REMER A RO e e =S 1] X SRR 48 A R
YR TR, ORI M IR S ARMRHIE T, R B R AR I TR )
RIS % 2R B A R Bl AR AR

HK, ARE IR —TET RO R IR Ss, DAMESEA AR
el X SRR S, BT XA R BT 5 SN 8, |EFEE
JEIF SRR IRFE, BT RS T T2 IR Rl IR It v 2 T AR S R BT 5T
S BT 55 BB VT L% S R 1) T B R AL ) o A i

B, TER S HOL E IR, — TR AL AR R A E
B I BB RAFRZALRE Sy, REEIE I T A A N IFAE S5 o XA (R
BV B A 55 BT RIS PRIIE B I B I B BE S e HHZ 2 TR R, 0FR %
BT BB BT I 28 U AN [F] R FAT55 -5 37 55 2 e d s AT 25 i 1 K
BIANFLE WKL KA SE SR PR AL, RO BE R 2 Bl d A, P i
A B S A DA S SB35 R L A

242 MZEHEABEEFIN IR

55 2131,TJqU/TZ”Hﬁﬁi”P*X%éfJHﬁﬁéﬁ%ﬂ3¥%$HXTf“ I B H HE e~
ARG —E R IR S ENER H R TN, A R T
o 2 R B I S HUR R B R IR, il R i A B e~
ek TRANAE T A T A E RR

1) i LEhBNTESs (Pretext Task) : FERFZHE H %I, HAFEE X
— AN E NS X EEAT55 1 24 RIS AR S A2 AR 2 Jof B2 B B 4t v )
SRR . B, FMHLE AR I — I 2 AL, B R4 Ll A B HE
455 o XTS5 BRI P AR AR 0 A P 25 544, M T T MR 36 B8 45 fy o A
43 BIA F A A ZS R AL
2) Bl BALRE S R nE 2 R R S PO O RRR T RO A T 2 1
AFRANVESR S B . WALFEAL IR AT e AR 0 —1b . RMERIEIESE, AR
Bt BT R — B . B R I R BB S BIRTB AT RE LS . SR
FHRAE, DRBIADS PR AU SN, TR R 2R S B M RRIE 2 f e
)ﬁ@ﬁﬁ B A 18 MR ) AR AL S 5 B TR B A Y
2. B H, T RASR B AR RO X T b . B e R T, 3K
R AMER A Z ML (RNN) . KACIZ/ 4 (LSTM) Bk Transformer 254571
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BRI A AL BRI P 8 s o X SR BB AT AT HE IR 2l P A O e %
re AL PNy A B S ) BRAR e . ARG T I 2 BEAE M B AT 55 oA RO~
B} 2 BT N ERRAE

4) Bk B KB BOTXT B R B R E L, B WE
BRI ZRAROR . AR 2 3E H EF 2T v, 400 % R AT S RE RS 1E T S L B T
FFRIH bR, B, AR BT 55 R T A A AR AL, AR 2K eR 5 mT DA T
PLES SEBR ALE . AR . 45055 PR AR e R A 7 AR FL A 4 4 B AT 55 A0
B R R E o

5) BRIIZRSG ORI : RS, o S ) e R S e i e AL XA 2 AT )1
ko FENSRERE S, BIRS I SRR R B B BEUEAT SR, DA/ IMEAR k. 1t
AR AT RERR BN B AT EIR, [WImF, ArRERR2uE . R/ NSRS T
JAEE, PAOLAR ISR R H 3R AR AR E

6) FRAEFEN 'S FilEAESs: — A BRI GRoe I, 8] DUM A2 iy
LR A ERAS Bk AT T AT 55 . XTS5 Al Re e E B 38 . AR
PUBIE R . POl . FEPAT TSI, BALR— 0 (AR 42 0 25 v iy 2t
JZ) NTCABOTAERHESR S, M4 T AL 55 )= T RE RS 2 MR _EEAT
HE— I U SR

243 HMZHITRMEZEINTHEES

Hz BR IR 2 E0 W ST — IR IR, RS 1 B ST R
FIT RIS . SR 2 0 B2 ST 5 R . AN 4—&
B3 UL B 2050 1 B2 ST R S5 . R T HRE R, A 25 3 [
W2 ST FIR K fo, Hoh 0 RT3 S0

Mo RATSS AT DMRIR DI B M 5 o S AN, Ry . A
Be AEE. BIREG . RIS [ - Y, Hob A bR, Y g
AT GRS [ A B fo TR RIS, BRI RAE WA

1) PEERTEST A b B B AR [ 1R BRI A, BB —
ALK, i R RTHS A AR T . B R Y = g(fo(D)).

2) HETEARABITEMBAY 2 e, UM E MBI fo Y15 H A | FRmg
A 2SI . BEJS, RFE RNNBY 25 0 B A R S A 2 . E A Hb A
Sy S 18] B B LR K I S e

gS

(&
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ViR BT S5 :  Hb 5 I R0 7 T 7 ) 00 ) £ 728 1
. T B O B TR BT S R A AN, AR B
SRS R . RIS {1, (v, o) — Baer, HR LR FARHL,
(1K, ) SIVTRIFCRIFD, £oer AT OGS . S AN 2K
ML 1 B fy TR RMAT S . BRI, ST AN EHARHLA 1, 38 fo
BRI AR R 2z, FEEETI R RIS x MUHE) S 2 ARG, R
BENBHERR. RS B EHE RPN F P BB A .
S5, PF TSI ) 1) B A4 VR 2K T o K 3 ] F

R SATRAERATSS R SR ERIRATH & B AR . A N
B, ST URKIRAT, A I B TR AE S R AT IR L 5% . %
FE TG (Lo, Lasto) — T, Fb 4o 1 1 1, 43 BRI AR 5 b
6], T 9 BAOA TR I . ST AR AT R AR L (L, L) 9 1 WAL £
TR TS . BT, @i B s =, SN 25 8 o
K fo RENS T B ) FARLOSATRAE BT S, BT = follo,Larty).

RELE SURA TR VRS . 0T UCREIRAT, Al HARATH A 7T AR 45 T4
EEHIR S5 i B2 BRI A T IR A S LSS B B 580 | g fIR 45 788
FIAEE TN 18 o580 BE = B 35 o VBTG R (L, Lo, to) — Ar, Fot Ar oy
T TRATI ] o S B AR GRS, (1, L) 19 8 BT fo SRS 5 AT 55
BRI, S SR R (1, Lo, t,) VERREEL fo (OB, S HH AR —
AT ¢ Bs A, FHE AT IRATIE . B E CH A = g(fo (L, last,)) <

ML FAT S5 . PO A — & Y SRR AL, ARSI R 51
FE 4 FOE A ARG PR, SRR T SRR D S A ) 15100
PUl- ) PEERE DO AT S b AT SN (T, T — T, Hh T HARE,
T €T N RE, T MPul. @R ARSI T 1 i
BRI fo T RMATS . HAKMS, FIIEL fo FFHIRPE T Fidg 5 ik
T WG AR A &, B ze = fo(T), 20 = fo(T"). BJa, BT RIZAME SR
B, RRHUE R TR IR o) A AR (DL A DA e (] AR BLRE A R L
e A Lt

PUBTRMATSS = 255 2. S RO D SRt , ] PASS & iy sl v R S e 300
P s MR 4 T R IR & R RS s, T4, S AR RBE . B
TEFO AT T AR ASEAR DL AT SE A O SRR O s H e
EAES T BTG A Tinis) — (j'(fut.), o Twisy A 7 Sl ﬁ’(fut.) SR
AIARSRBIE . MR B B T BT LA K fo BURIARXTR , FF fo TEIC T HUZFTINAE
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S5 ST AR R = Fh:

1) Re P S A SR I AR 721 - 0T 40 B D SL B T s
T AT R NSRRI fo, BEH fo R H A 3R L LGRS 2 R AT B 21,
HERFRA ) A IS P SR PP 9 TR R A, A2 0 I

2) MVBEWGT R DR TSI - T4 A GNP B A BRI fo,
REHT LT Tnis.) BT IR A R, FEBRE— DAL, BBt .

3) A AR E R TN AR X5 AR GO P R A fo, F5 D
SEHIE Tinis) VEN fo BRI, FFAE G RA RN P Y 2528

PUBIEA TG VHESS : SEA GRS 55 IRIE 4 2 1
AR RE T, X T XS RA T R AT, R TR T A AR
HOPEI R RGO T — A, Hoh TR S BAB0E, Ar SRl
TPRYIRATINNA) o 18 B4 AT RO HE T 19 B B fo iER8 R ULAEST . AR
R T AL fo iR, FREE DRI ¢, £ EIIRATHS A AT
fi, B Ar=g(fo(T))-

R MSIATSS : & X 2.7 AR BB rE S bR R T A, H
Wbt 2 SECU 2B RS MR B T W . FR BRI IR ' 738 1 #h R B BT i
)4, AR I SRAE I, R BB Rl . T %k
T T, Holt T AR R R, T I 0 SR R ] W e A A 2
. AR ST S B EHGE T 0 E R f TR R AT S IR,
S BIGE, ERE fo TEM ARRERIE T7 BRI T RSB BRAL
EEIRE AT S, BT = fo(T7).

2.5 IREING

AREEE SO I L R A AR AT T S, AR M g . S Tl
s R AN S L. Ho, MG I S B e A R S, SRR
IS O R ARG, R A SRR T S OB RS E R, A
B W e sk S RI A2 17 RS sl

e, AT TR B R IR S PO R, R R R R IR =
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Figure 3-1 Huffman tree structure constructed from trajectories.
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Figure 3-2 The Temporal Huffman Tree structure of the TALE model.

Bk 3.1 : WA R SRS i A
A HRERA L, I HalEA T, BEAKE L
o RN PN AT
1 WA T = [24/1gicc | T T SEE {s1,52,..., 57}, AR 50 XF R
(S TE [T Lgtice, (T4 1) - Lgtice:
2 BN GG V = {vs, vV by HEAIEY vy, XS RZITR] 823
BEE—NREAT A vo FERF A B[] A I A 1 A
for A:-/~a¢ 18] 7 & v, € Vdo
s | WEDTRESRSE He = {(L,1)|(6,6:) € T,T € Tt € [T+ Lytice, (T4 1) - Latice }5
6 | WHEHL AR Lo = {4]4 7E He B} IR He gl L e L 1)
HH BT
7| AR D IR A N e 2 T T
8 | CREESIRITT A vy, BEESAAR T AR A
9 end
REARTAT R v, BRI SRS VARG K& TRES {70, .. I} HER
IR [P 5 2 B 4 14

w

F N

1

=]

N TR I RS SN R, TALE $2 17— Mg #ii il T Soft-
max TR S S 4% (Temporal Huffman Tree) £5H4. %4544 H_Eifi T~ 57
ARG, A 3-2 Fn. Hop, BRI R-IRNEZ 0 SR, B R SR

38



IR S 1 )

W vo, BEAE T AW {vs, - v o B RAYIEZY I8 T A
SRR {s1,52,. .0}, BRI 0 RN 5 v, o BRANIE A )
KRG — MBS, 1E1F ticeo TR KM T 570 22 4R0G TH,
MR AR . BAROR U, T r OR8] 5 2 T 21X 1 8 1 1]
J R TR TRD T 2 FY S TR) 7 55 DU Ay P )y DAY b s 5 77 TP A3 50 7 P ey 5 88 1
PR o IS K S ARG SE B AR AR 3.1 P it

323 HHEER KIS

b R R AE — RIS R  TE) BERE ), PR — i s AR T B & 900 i
BN Z AL e SR, B TE) R (AR R -5 IR IR PR E SRR A o Y, ELRF B
SERE RIS AME B 5. BB I BIAE_BF 11:55 FITR P 12:05 il
FAREANTR IR, RS M AR, B — KA 24 4
IFR) A, 3 SR 3 BE 2 AN R R IR IR R, A S A IR R E AT
Z [AJ IR TR)AH A

[ 1wy

(1%, t,) S

S1 S» S3 ST—1 St >
1 1 t
(lu; tl) (lu' t3)

Kl 3-3 IRERS 2 AN A AR s R

Figure 3-3 The illustration of influence span overlapping multiple time slices.
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Figure 3-5 Visualization of location embedding vectors learned by different methods.
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Figure 4-1 A self-supervised learning model that can dynamically map locations into embeddings.
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Figure 4-2 The architecture and components of the CTLE model.
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Figure 4-3 Component analysis of the CTLE model.
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Figure 5-1 Relationship between trajectories’ itineraries and their travel times.
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Figure 5-2 Three channels of PiT constructed from a trajectory.
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JIZAE A2 M4 . Unet iy T HOM BS54 FIoR 22 1 B2 000, FEmsuiE i E A
. SR, JEARE Unet FoiE352 n Fl odr VENEIA . L, AHTREX BEERAE 4%
PENEAE S BN, FERENTRG R T Unet 1554 PIT KM h . AR £
M2 ) EVAZR A N 5-6(a) FT7

e, YR n BALE GRS AT & PE(n) € RY, BAKR iS5 0r
Wk

PE(n)[2i] = sin(n/10000%/)

| (5-11)
PE(n)[2i — 1] = cos(n/10000%/4),
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Hor, d Z2—AEUE, ie{1,...,d/2} RFFE I B4R R s

[Ny, BERENRF odt $ALE d 4ERI e A, BB TR B

FCop(odt) : R® — R?

X

|

5

@]
o
5
<
o
o}

Oin

Xi(

(G )
(Aaivson
=

N\ {
[Conv { tion } Conv]

XI

out

(a) PIT BN A4 1R S 4 (b) OCConv b 25 F5 BRI

K 5-6 &0t PIT Bl iy 454 5 15 B A BT

(5-12)

Figure 5-6 The architecture of the conditioned PiT denoiser and its information fuse design.

FETARRES A WD X LBV s Bl A B AT B th ) PIT KM rpr, 3
1 Unet!" {284, AT RMRBALH Ly DR RFESR. — DA Lp 4 L
RFEGAG B, HETRAEHN_ERFESRZ A 3R 221 . BT R FEBRAI_E R AR
AL T He B 2R PIZ LT ConvNeXt!'! ¥ #ODT-Input Conditioned
Convolutional (OCConv) i, — 2Lk miBUERE BB, PAK—Z M T ERARE
TORARRE R, PRIy R RICE — 2 R R M2 OCConv fidt. T
REEGAE S A)_EVEAT I ORAE, (AAEFAEEE_EVEAT R, i EoREESRAI S . 250
B B3> OCConv Bl HHREILA T 2% HE S odt I n, Rl st AL A IAT 5-6(b)

FIrR o

HAMKAE, OCConv bR A BEAR K BRI, IR Xin € REn<EnxCn,
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A —4EEBUR Conv2D UEFTAREE, PREFITA4EEEAAE , 151 RBOIRAS Xiiao
Xhid = COHVZD(Xin), Xhid € REin>LinxCin (5-13)

NG, ATERRJZEFF PE(n) Ml FCop(odt) HYFFAEZ RSN LERE N Cin IR,
RGBS N E] Xiia TAIEEMEER L, W FR.
FCcona(-) : RY = R
inid[:7 . l] = Xhid[:a 5 l] + FCCond (PE(I’Z) + FCOD (Odt)) [l],

(5-14)

;H\:EP i= 1727"-7Cin0
Wi, Xna G BABEE RBNR BRI OUZ "G 4s, 15325 AR

Xou = Conv2D(o(Conv2D(X,y)))
t hid (5-15)
' out + ResConv (X, ),

out =

Hrt o) 2EaEmE, X BRAHEIRZELHEYIT (GELU) U4, ResConv 2 fifi
GRS RS TR . 3 HUIRAS X7, € REmbnxCou [ forkiy A S| B IEZR Y )
ﬁ@%ﬁ%o JET%"%%T, X‘T:‘F‘F;Téﬁléﬁ%, Cout =2 Cin; Xj?i%*ﬁéﬁ%) Cout = LCIH/ZJ o

524 EF PiT By THS 18] Fu

1E IGOP 1) H I B I ZR5e s, Irds 2 iy AR A 2 m] B 3 Tl & S AT iR A
BAESS  A T BRI R S B, AT T FioRF IGOP =y e i il T
R RRATH AT 5. B 57 R Tz ks, IGOP HEWTS 21 PiT &
it AL PRI A TRIARAY , A58 X hRATH R A At it

T HEWTR I PIT X MR RAEXER, R A ARSI E T EH 4
2% (Convolutional Neural Network, CNN) ffliiT#s. SR, CNN Il 5T @55
FRREIE, MIAERRAT I A, P A R ot 2 X E R . ML Transformer
(Vision Transformer, ViT) U5V Fi i B 5 01k 5 IR K 2 R & JmAH o, Pk
WA ARTIEL . R, PIT P2 BRENSTAERUEE, BIREER VIT 7&
XHE R, I, ATEE T RO E Transformer (Masked Vision Transformer,
MVIT) > 524w I SRR Hm ny s .
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Xo ~ pe(Xlodt) Xflas
WY PIT S PIT

B 5-7 BT PIT BYHRATH [a] 50

Figure 5-7 Travel time estimation based on PiT.

(1) PiT & AL FIFFAEFRER

2y WS EIAY PIT X € RFFexC i e Hom P — MR Lo BIFF51

Xna = (X[1,1,:],X[1,2,:],...,X[1,Lg,],
X[2,1,:],X[2,2,:],...,X[2,Lg,:],
(5-16)
X[LG, 1,:],X[LG,2,:],...,X[LG,LG,:D

s, PIT HREETT (xy) Z2R0 T RIS (x+ (v — 1) x Lg) i, It
Hh, Xna WIHESN 5 RGBEDE G R HED TG 1] 3 2 A S B ] )5

P, AR 2B R AR Xpa TPHREUS 23R -

1) BN E[] A —MRASE E € RECdE HHEE x4 (y— 1) x W
2T (x,y) BHRA IS, BUsFEshIiE X(x,y,:] AR & de 2k A4E
JE . E FJPARAER BT [ 25 ()R .

2) 15 & A3k PE(-). T HEEIRITFH, BHARK G-11) f15] AW
AL E SRR e A0 I E O B TS . b, TUH X[y, y, ] B4t a2
PE(x+(y—1)x W) € R¥,

3) BAEZMEERAEY FCor(+). PIT WA RIT S = AMHERE . ARIAE
M ATEREREIT R ENEESR T FCsr(X[x,y,1]) : R = R%,

PR AT I Koo H R T P AR A A ) o

Xlatent[xay] - E[x+ (y_ 1) X W]+
PE(x+(y— 1) x W)+ (5-17)
FCsr(X[x,y,:])
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Tﬁ%a ?%TIE}J?EU Xlatent - <Xlatent[17 1]7X1atent[152]7 e 7Xlatent [LG7LG]> %EZ'VE%:’ MViT
ERIlERE TN

(2) #RE BT Transformer

(a) J&1A Vision Transformer (b) ##5 Vision Transformer

[ 5-8  Jsihf VIT SRS VAT [ 5 0 ERs Jy 58 LU

Figure 5-8 Comparison of attention mask scheme between vanilla ViT and Masked ViT.

Xistent THIVFZ I H AU EARMTARUE R, FEVBENIE PIT S tH AR IE
B —1. 78 VIT 1, A AR S M X 2000 H A3 B oA E R BN .
SR, XA 7 SN RESE ST ARG, BN BT I H i B A R 90T
B, WNIE 5-8(a) FIR o SRR T AT BLR UL I 2., RN PIT % T
A~ AOL, JEHFEIEFE MG

R T INEXS A PIT P BT aEL, AT SEBl T — M Em R Oy %, $2
H T A0 3% Transformer (Masked Vision Transformer, MViT)., 14¢, il —4
TR PIT R ERN, PAFIE Xaen TRIIH G SA UL

True 05 X[x,y,1] >0

, (5-18)
False #I5 X[x,y,1] <0

Xinask[X, Y] = {
Hrer, xe{l,...,Lg}, ye{l,....Lg}. A, WHE Xnasx[x,y] = True, M Xiyenc[x,,:]
HEAVUEE .

) F Transformer”?! #1 ViT, MVIiT hZ Z#Zm. H, FE05HD
B BERIIBRFIH A 2 M 4%, WEERAARZEER . 5 VIT AH, MVIT
g BEERAUY ] TS A RE R I E o XS0 TR B B AA A AU B Ry
H R — 75, FHACHERS P20 B B T, i 5-8(b) . JEa
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b, —JZ MVIT fit5E T :
Xout—seq = FEN(Att(Mask (Xinseq Xmask))) (5-19)
Mask (Xin—seqs Xmask) = (Xin—seq[X ;]
xef{l,.. Lodye{l,....Ls}, (5-20)
Xinask [X, ¥] = True),
HH Xin—seq TH Xout—seq 539178 MVIT 21145 A 75 F i 751, Mask (Xin - seqs Xmask)
FORMEEE AT, Att(-) F1 FEN(-) 2 JIRR 2 B AT 2 M4 . hT
MVIT R H RN T RAGRE BRI H , TSR B T 200 B 1Y 5
¥, MR FEAN MK E. Hik, MVIT 7] PAR E4E 5 oL PIT A0t & sk
NG, MVIT |y Ly EHES ML, HitE SRR

1
Xlatent

HAENLF I Ko BIHEIE S Xiaene FIF], HASSERET Xiaene AR H ARCE
FETOR, P AL 2 AN A e U T SRR A I [ T -

At = FCpre(mean (X)), (5-22)
AL B N TS K R 4E

B, AT INGR PIT JRATIS R A TTRAA, (9507 22 AR s A, AT
SRR TREBGITE S, BT

Lo = ||Ar — At]? (5-23)

A A A LR P W 1) PAT AT IRAT I IR AL T, S AT 3 i A 2
IGOP REMSTE A A ALY DL S8 B o R P A T I ) il 1

= MViT (Xlatent 5 Xmask) 5 (5 -21 )

53 SI%

N T VAR ) IGOP HEZRAA R, ATTHE A H Sl i de Bty
TRELR, 45 IGOP 5 A T AT T HE.

531 B&EFE

IGOP 5 — PB4 ikt AT A . Hrp AR A SATREE MU ¥R, PRk
IRATITAIAG T 735, AR B M 28 A iRA T I IR 1 7 3k o
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L NATRA R ik s X BT VA A R R R MRS S B A R R R AR . S
6 A B AR I, HG P AU 270 A7 S s T B304 S P B B )P 2 A7 B s
K HE P R A P i) TR B A T B 14 D7 354 B ) 22

* Dijkstra®!l: —FuRAIHARANE, THAE A2 & R MU R .

* DeepST!%: FL50FFiy st AT4T M i~ >0, AL B i 1) 28 i T RE A T B8

DA T RIS V5 XL RS 4 R A T B AR T R A TSR] T
TEAR L URATI TR AL 137 5 b B AT BB Aok T, SR8 6l i DeepST 2R
B ARAE X L8 TT IR BRI o

« WDDRA ! 5] Y 22 AF: 55 4l B 451 R4 A7 St o i) T 00 94 v A 2

* STDGCN': Fil I bh 22 [ 25 25 K 8 B0 AR 1 Bl IR e (I 245 4544

R SORFTM IR 52k X877 S ERET ODT by AT eIt 1a) .
o TEMPUT: b FUAT Mt . AR L i sk R M £ )
HEFFIRCTH.
o LR: AT A7RRH1225] I ODT i A HeAF I 2 Ve
GBM: — R T 773:, i) XGBoost!'s) SC3,
« RNE!: R A7 L 5 152 [0 B e
ST-NNIUZ01: I A il 45 H 2 M1 D M B A B BN i
MURAT 21 ;I A R4 2 e ST HA o ) 1 0 A
« DeepOD!22: (AN BRI , ¥ ODT i A5 i S ] ok
SRR ARIR,

532 EIRE

IGOP I FELAMIAUAE 2.4.3 55 /A AR 28 ) AT AR AL RIS 28 IR AT IR T i
THES ERAIE. 25 i8R AR SRR R L Rt R S A BATRR (5 ., Sk ke
I 2.2.3 A 48 AR AT /K e AL R g . T B dE B etk i & H
SRS RS HLB A THE Y, ARG 8:1:1 A LRI A AR 4E . B EAE R 4
PiT JERr AR ZhER_EEAT T S0 %Ik, RS ER R SR AN 145 EdbfT PIT #fE
Wro PIT AR RIS TIHAE UG EUErTN gk, FERb S LSS Bl pLm], A
R BT R A B AR o A2 SUIRAT I TRLAl 177 VA O HE B 1 ok 1 3 7 AR e 22
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(RMSE). “F¥4axfizz (MAE) MM (MAPE) SRPFAl.

A 7 428 Python F1 PyTorch ! gEATSEHL . BTy V4% IO SRR TE SO
EW RS HAA TR . TR 1 IGOP MRS HL, A5 [EA R 1 5
PTRESE. ENMTER AR IESESR 5-1 F . ([EF—R1RE, PraBS ik
BT Iiukde B MAE PRI TRERER . R AR AE AR E IR kX SUE 2 20
AR -

51 HSHIEENERAAE
Table 5-1 Hyper-parameter range and optimal values.
28 S{end|
L¢g 10, 15, 20, 25, 30
N 500, 1000, 1500, 2000

Lo 1,2,3,4
d 32, 64, 128, 256
Lg 1,2,3,4

TRIL Fon i SR .

AR B Adam AL 25 F1 0.001 W) IG2F 1 3R . BT SEIRFERC 5 T Intel(R)
Xeon(R) W-2155 CPU HI nVidia(R) TITAN RTX GPU 4 Ubuntu 20.04 R %48 1517

533 BRPEgEXTEE

(1) L RITIRE R IEREXTEL

52 1IGOP A PIT HEWHERG %
Table 5-2 PiT inference accuracy of the IGOP model.

e TR 1 W IR
Ei=tn RMSE MAE
Overall 0.196/0.181 0.027/0.023

Channel 1 (Mask) | 0.271/0.224 0.039/0.028
Channel 2 (ToD) | 0.128/0.183 0.016/0.024
Channel 3 (Offset) | 0.159/0.123 0.025/0.016
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F 53 N[FAJTIRI B L HE R R R LA

Table 5-3 Comparison of route inference accuracy between difference approaches.

LEEE S JICHD 1 W 7RI
FEHT Pre(%) Rec(%) F1(%)

Dijkstra | 68.918/45.459 31.310/42.525 42.065/39.993
DeepST | 59.755/74.519 55.776/62.907 56.911/66.029
IGOP | 87.890/88.190 88.684/88.982 88.280/88.584

AR LR, TR FORRAFER

R T VAL 2 A TR A U HE 3R, ARG AR ODT Sy AR LT,
AW PIT FIELSL(EZ (] RMSE il MAE, Z5RJ@/RTE3R 5-2 . [FHT,
AT IGOP Wi 47#2 55 Dijkstra F11 DeepST HLRI A4 TR A HER 1 24T HL AR
XS R IR B 2Bl Aol PIT Ef—ANEiER B, 115 Precision (Pre),
Recall (Rec) il f1 score (F1) $SARA0MH, S50 ERLED 5-3 1,

FIDARZRS], IGOP FE A4t 48 35 S8l TR 24 #ERf 1Y) PIT M, XA BT
TESE B BERIRA T RS T USRS A PR RE . RIS, MERA I B AW R R G AR
25 AR IRAT TR BL T, IGOP BT LAK H IR 22 4002 b 03 A v] BESE R0 %
2.

(2) L& R TR (B i TTPEREXTEL

e 5-4 W T AR R 4 SRA T RS THERf 22 . A FE 42 1 1 IGOP Jy ¥
TEP N EAREE AR A E B e

FENRATIS RGO, AR R YR A M REAE AR ORE B R BT A
et . Dijkstra LT FHREIEIEAR, X FHCT BARAIIRA TR AL TR 1
HItLZ T, DeepST M B s B 45t 2 SIATREAT R, AT S B4R s 1At TR 1k

WDDRA FI STDGCN FEATHEH 42KV DeepST [ 5L Al LW fidt v 1 1 BE
HEATRENS 2 A TR B AR A TR B[R] Z [R]SE 44 6 & . STDGCN [, WDDRA HAf
W IERYE, X T A R REIA.

DU RN LG AR 4 S R AT RN 17735, TEMP, LR, GBM #I RNE, i id454E
AR Z S R A oL 4 o5 R AT s TR Ak e A, X 8y YR 7E B ODT $ay AR
FriflalZ [ 24 X RO TG E e, I B iR ED gk, Hd, Ll
¥ LR P 2s, X ODT %y AFNHRATHHE] 2 18] (0 AH et 2 AR Lotk it . b s
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P35k TEMP [R5, 202l A F ODT %y AR Py sSEATARR R AN-F-A A
Loy Sl iy e fe . GBM IR BT TEMP Al LR, X JH P E MR i Y
PiAigy . RNE FEA R & GURAT I R T ik s R B, OB 70
JEHRA AR Sl R 2 TR P S

VU o T 22 X 4 RS 8 SR AT IS TR A T DT YR IR AR TR G T TR . X R
TARZE M 2 B 7 RAE AR B ODT 4ay AR AR I 1) 2 1] 52 2% F) I 2 S B Ty T ¢
e, AT HEERAA R, HIL, ENESY ) EEaEN N SRR,
B AFFEA R GBM 5 ST-NN B, X ANEHEH ARG . Al DAL E] ST-NN
4R GBM 2452 . b m] PAWLEE £ MURAT FE M~ Edla e EAERTA 1545 b
#ULT ST-NN, 228 MURAT %58 7 AR R E, BIanER . 25 HAIE] .
ST, BRI ARTS D . AT ANLZE 2] DeepOD FE R ZRUIG UL R4 T
BIFREER, EAIAA S IGOP., IX R BIANTE 24 4b Py s Bt op i S B (B T RE
PR A SURA TR AT PR RE

%54 RIF IR B ARG RS SRITIT R e

Table 5-4 Overall origin-destination travel time estimation performance of different approaches.

LAGITES JIGET / W IR i

fats | RMSE (534 MAE (7p4)  MAPE (%)
Dijkstra | 9.677/11.865 7.618/8.447 48.618/55.261
DeepST | 4.717/8.926  3.452/5.849 27.503/37.772
WDDRA | 4.581/8.836  3.210/5.705 24.553/35.617
STDGCN | 4.469/8.679  3.104/5.564 23.187/33.771
TEMP 5.578/10.150  4.267/7.891 36.611/66.781
LR 6.475/10.290  5.036/8.006 44.514/67.669
GBM 4.999/9.069  3.655/6.748 29.636/54.413
RNE 4.624/8.571  3.416/6.245 27.660/47.956
ST-NN 3.961/8.492  2.803/6.114 21.532/45.891
MURAT | 3.646/7.937  2.384/5.360 18.345/41.128
DeepOD | 3.764/7.859  1.789/4.533 14.997/36.974
IGOP 3.177/7.462  1.272/3.213 11.343/26.698

RUARZIR LSRRI FORIAFER

AREEFR Y IGOP Jy YRAE MRS L3y U 1 B4R . IGOP 5 J5Uah
WA NG RMFNIE (PIT) , PAEBIRUX L R /N2 &k . 728 I
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Bt , 1IGOP Bffx; ODT 4 ANy SeATAEARY PIT Z [A] YA e Pt i
o, HERHUEROIEA TR SR A S R . AEIRTTI RN T AR, IGOP ARl
AKH) ODT i AFEWT H B BERY PIT, R HIHEIRT Y PIT AT HERA A TR A
it . IGOP AYYLHEIER 125 18y S A5 Hh W R S5 (Y S 0 ) b A

) FEESHEMEXTTE

N Tt RAE IGOP XFMRE MIF HAE N BEE, 1 IGOP 545G T FHH
RERITIR BRI T . BRI, SEBE T H ARt i S (AL 5 35
DeepTEAP!, MBI HREE b Lk s . R05, FHIgG—dlBELIrdk, I
EAIRIRAT IR G TR . 45 L35 5-5. [ TR EdiadE By RNE 2 4h, i
FMETTVEARAT T IERE It . SX U, X Fy S 8 i (R EA T3 2 A HA B
TS R A BB A TR IR A . AR, RIEEAE KRR EE )G, IGOP 34k fE
kI B ¥k o X2 TR R T R ) PIT SRR DA ST 0 1 1) 47 Rl A Fl A 2R 7123
IGOP FEfS BA R A RO R A S H (R, [ I PRAE RS M5 g A

%55 AR N R AR R AR

Table 5-5 Performance of baselines with outlier removal.

ICRE S WS | IR
e RMSE (404F) MAE (5}#l)  MAPE (%)

Dijkstra+DeepTEA | 9.641/11.862  7.582/8.396 48.337/53.949
DeepST+DeepTEA | 4.692/8.901  3.416/5.821 26.959/37.063
WDDRA+DeepTEA | 4.497/8.584  3.140/5.545 23.537/34.723
STDGCN+DeepTEA | 4.393/8.569  3.056/5.501 22.812/33.688
RNE+DeepTEA 4.627/8.403  3.447/6.061 28.239/45.345
ST-NN+DeepTEA 3.912/8.427  2.740/5.994 20.818/43.664
MURAT+DeepTEA | 3.644/7.899  2.367/5.181 17.986/37.728
DeepOD+DeepTEA | 3.763/7.817  1.783/4.345 14.835/33.127
IGOP 3.177/7.462  1.272/3.213 11.343/26.698

AR LR, PRI FRRAF 4R
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534 HEEISAT
(1) KRR B0

R THFSE PIT 43 HR A5 m , ARSI AR M R Lo, PRSI/, H
BN GRARA T [ Al A S BE . B 5-9(a) AT 5-9(b) Hr, AT RANEER S BLHY
RNATE WBHN 2R R B Lo WORS TGN . X 2F A, 24 Lo BRI, PIT 4%
BHER, ST AL PIT 28 i AR R R . & 5-9(c) B,
EMRATI R AL T, 5 EhE VIT A1, B i n) MVIT 5 Le #1125 I 25 1K
ME 5-9(d) HATAEH, 5 VIT M, MVIT Zefli s By it g3 It . ags
KU, P MVIT 535 0] DA S iR TE TR0 1A ks

3
£ 15F Z75F 5 S :
2 eg 7’ 2% 5ol —— it 4% | e i
= =5 S | =% mviT 23 4| = mviT
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K 5-9  MRERIE Lo XK
Figure 5-9 Efficiency impact of grid length L.

(2) BSHRIR T

13 5-1 PO IR AU S BUSAERIESE EIEFT SR e . AR S
PP 28 S SR E M IS EIRCR . SRR 5-10 . MEPR P RERZTT
HE5E T .

1) Kl 5-10() Fi, R8I RN Lo &N 20 @ity . SERAYA% I RAF
S PR EERY PIT, 00T HER I P TR R R Ul A L8 . o — T,
ANEOAR R R ST e B PIT sl S0 RU N BT 25 5 0 R, A3
(A, TR 9 R 5K 300 1 B 1) 5 M) B L I/ A T RO B o Sk AR AHIERH T 4%
BUBATREEE R PIT 2308/ 3 X LB TRE B8 00 T3k

2) B 5-10(b) R HEZ WP R RS A AR EE R . EWHE, 7T DAl
2B IR A Hh2E S M . BRI, 24 NI 1000 I, daisxisizh. Bk, AE
AR N = 1000 15 A HERRZE IR 2 18] -F-4

3) Lp. dg Fl Lg g5E 7 PIT WAL RNRA TR AT RO BIRL SRk AR ) . /] 5-
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Figure 5-10 Effects of hyper-parameters on OD ETA performance.

(3) HERHFZR

R T PR TR O R AR R A RO, AR SER L SEan R J LS IGOP 1y
AR IEAT T IH AT o

* Routing+Est.: 5T # d i34 755 PIT jRATHS R TS 6

* Infer.+Path-based : Xf IGOP #EWrHFBATHE 5 5 T B AR B L I VA AHA

* No-t: M ODT #ig A H IRt A2 Hsf T 2, 6

* No-od: A ODT #i A H R & H B HbARAR .

* No-odt: 54l 55115 5. ODT % A

* No-CE: M PiT JicAT i [EAfi i1 vl [ B TCAS iR ASEER

* No-ST: M PiT JRATHS[A]Ah rh hB 4x e e i SR AR e o

* Est-CNN: ¥ MViT B & T CNN fyfhiit2%.

e Est-ViT: ¥ MViT #4043 #05%) ViT.
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#5-6  RHEAMSIHON IR 4 mUA T I TR Al 1M REAY 5 1
Table 5-6 Effects of features and modules on OD ETA performance.

PGS JUGHR /M /R
ibs RMSE (73#) MAE (724)  MAPE (%)

Dijkstra+Est. 9.182/11.869  6.871/8.246 41.462/50.488
DeepST+Est. 4.587/8.879  3.170/5.689  23.437/33.769

Infer+WDDRA | 3.773/7.958  1.801/4.171 18.937/31.514
Infer+STDGCN | 3.476/7.611  1.664/3.818 17.653/29.756

No-t 4.325/8.798  1.926/4.345 16.820/35.973
No-od 7.355/10.947  4.564/6.333  38.879/51.699
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Figure 5-11 Trajectories for the same OD pair and departure at the same time of the day.
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Figure 5-12 Trajectories for the same OD pair that depart at different times of the day.
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Figure 5-13 Average travel time between spatial cells during a day.
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Figure 6-1 Comparison of the relative performance of trajectory embeddings on two datasets and

three downstream tasks.
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Figure 6-2 The overall framework of the MMTEC embedding model.
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Figure 6-3 The architecture of the discrete trajectory encoder and its components.
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AT M IES IS4 ConEnc, ATRHEM RN —0 3, BIsh&iE ]
HT4> 7 F:  (Neural Controlled Differential Equation, NeuralCDE) 1281, %)y yn]
DA i 22 25 [0 W B B e B, O PATE SR Ty U iy AR AN B R S . T8
A1) NeuralCDE A0 AT frdid i () i S gt AT

ConEnc(T) = z, + / " CDENet(z,)dT;

(6-11)

] dT

R / ! CDENet(z) = -(1)d,
151

Hrp 2, = InitNet(l1, 1) & —NSEALFIFTIRIRE, itNet: R? — R FR HTHE
VIR A 2 M 2%, CDENet : RY — R9*3 %75 NeuralCDE [#143#% . InitNet il
CDENet [ SCHATF .

S OIEIREFBUM . WIRIRES 2, ¥ T NeuralCDE Bl HE 46 4.
I BT PBAEE— s (L,n) . LS R TA FEES 2 BUERL ), X B

91



>

e IO RIS

MY,
Bee2]

:

AL (6-2) =M RECR TGRS . I, #hZE R 45 nitNet & LR -
InitNet(l;,#,) = ¥(Ing,) + ¥ (lat,) + ¥(1,) (6-12)
PZ2 M 4% CDENet ] {F Neural CDE B0 . HSEHN )2 B AL PR ift -
CDENet(z,) = We(0(Wsz, + bs)) + bs, (6-13)

Hp Ws e R We € RS 2R, bs,be € R J2 i B
R (6-8) Febh, ARTTRFAELAE ML e Sl e i b, 153 4
HEZ S LA
€5 = W,(o(W;ConEnc(T))), (6-14)

Horr, ed* fURBUE T HIELEm 2540 IE], T W3, W, € R IR

) ML E R &

B T ) fie 23 ) e IR A T o SR P R I 5 L BT 2 4521 -
er = e @ ef™, (6-15)

Hop, o FORUTRAEAE R IR . RN E Pl P a5 e, 51
ST Z R NI ST PR RE -

6.24 HRAIFEKEEIZk

N T AR 23 (6-8) MR (6-14) HEER BRI, L2, Ay
8-S R S S 3Vl S NG v T vt A Y S 2 /A W (A DI L

TR T BNGRd R , 45 e — ik {71, T2, .. Ty, Hodr N ook
Ne ESETTREATR N IR T LK EPS = {efS, ens, ... eD5} e ROV, FIES:
2SI E EC" = {eS™, e5™, ... 5"} € RN,

$f EPS F EC Z AR — S A B A5 (6-1) S R 2
JEIFRAEARIT W4T, AIATSE] MMTEC H i 27 > i H Ar ek
N+d & (-1) d

is T on
2 k (NngD EC )k) (6_16)

LMMTEC = —trace (

k=1
Hob, K Z2ZEBITHE, B SHOREE . 1% 3 A s BE oA (E BRI (7]
PRUEPLPE — ok, Refs2eid B B IS R0Rt & I = By L, 7531 218
B AT P e A A

92



ZWLP R A P )

6.3 SLI§

Sh T PR BFRRN I MMTEC HGEFIYE, 2P MUIEARIE 5, i
MMTEC [ ] F = fp ML 55

6.3.1 BELtEEY

3 T VPRI HBEA AN T A A R, 9l MMTEC 5/ A
eSS PR S

« traj2vec!!!l: St HERESHHULE A 2 RO ZEHFAE 2 S AR PA1, IR
A 1 B 55 e 23

- vecl: LT J AT RNN SUBHI ST B, S MH B
LS AL B3 I U

* GM-VSAE™: {fiffl RNN 55 YLl i s (LI B S AR I 2], 9
e By 1 B 2 Ty 2T RO

+ TremBRI: iy RNN FIT545 , [l H0L B BRI TR ROR B4 %

« CTLE!": iyl 53] Transformer 1T FIFPE TR IE S HIBNATES, A&
JEET R SO RS R

* Toast!">!: X node2vec BB I THEPK M4, Tl —HEEEMA, &
Jr B L T RS 1 B AN 81 ) S AT 45 111 25 Transformer 25 2% 4 #4 S50
TR

6.32 SRWIZE

MMTEC Al 54 B 2.4.3 7 /AR BIE 2 . BUBBIABLI R
PRV VS5 R E . BLERTIT R, MBI 2 B0 ) A SR S B A
FIRIGHIE . BUBHIILS RN E (2) 5580, BBHOY & ERM%, 5%
ST R WS S MU AR 7 S, B — S EE F A L
SR ) T P 4 1 5 52 B«

8 OB 5 e 2 ) A S D B 2 L B A
SR 2.2.3 s/ IR B LA Gt . A Bl e % IR L
TGRS, FEERI 811 BRI h IR . TRt Bl

93



ZWLP R A P )

HRATT AT W B g A E IR Ee BTN SR BN ZRi A DT IR YIZE 30 2, MR
ETI A I LE AL S SRS ReR . B Fabn el 4E Fit 32 .

B i Top-N #ERfR (R Acc@N, N =1,5) RIPMMUPLE R RIS
i Acc@N (N =1,5) Fl macro-F1 RIPAGH LSS - 4axf 2% (MAE),
B GEZE (RMSE) PP A7 i 2E (MAPE) SRPEASHRATIN [ A THE S5
B REIYIAT 10 K, FHARE TIPS E bR HEZ

PRt AR S A R S, HuE ML ES R 6-1 . Rl
SH T R SR A B 5 B IR T A AR RAT 551 Acc@1 Z52R,
5 6.3.4 Ut — 0 R X S S B R RRCR . Fr A BRI 6T PyTorch !
SKH

% 6-1 SRR R AR A

Table 6-1 Hyper-parameter ranges and optimal values.

25 iz E N
d 32, 64, 128, 192, 256

N | 128,256,384, 512, 640, 768, 896, 1024
€ | 128,256,384, 512, 640, 768, 896, 1024

Ly, 0,4, 8, 12, 16, 20, 24, 28, 32
K 1,2,3,4,5,6,7,8,9, 10
IR TR A

6.3.3 S tEgEXTEE

% 6-2 F 6-3 LR L T ARIBEZ R ) T IRAE =ML 55 g thfg . 181 6-1
Rt TEPRAY TR . BT ) MMTEC J5 iRAEAS AT 55 i 8 R BB,
XUE RH EAE AR B M4 T A 2 i A\ T 2 R I e T Y

PRINZAESS W TE:  traj2vec. t2vec, GM-VSAE £ TremBR #5K ] T H %%
W BIAHESE . SR, B EIEFIGR 5 A 2 B RO B i S i 4 o A, i
1557 2 B RS A 1) T R R A S5, ARAT I T AL T AN Fi i . 1E g R
Fw, B REABNGRA AT ELEFONRAL S, WA R h R A

CTLE Al Toast {iff i T~ BERT ™ shjgfis i S48 (MLM) FillZiE5%5. 5 H
[IEAESS AR, MLM R T Transformer FAL a4, A Bl TS 20 57 g S A 21500
R B A R SR, AVEA—FpAE B IR 55, BRI 2 22 3T B ik

94



3]

A
i

3

E=1i0E7/PUYE!

Z YLl

CHRFRINE AL A T

IT0FSEEE 90°0FILT6 E€T'0TFINYY | 00°TTC09Z +6L0THOI'E 601°0T6L0°C | €9°TTFSI'S6 TOETLTYS | DALININ
8TOTFSE LT €I'0F99°L8 T€0FH809 | 6L 1F6S 1€ ¥81°0F06S'E vZI'0F6IV T | IVIFELIE6 66 1FC908 | e fK
YIOTP00E v1'0F9C68 CI'0FCSTY | €60T0I'8T €EO0TFIVEES THOOT6ETT | ITIFOTES +80F68CL | ik H
66'0FLI'9C SSOFVI'LL $90F66°LS | ¥7OFPr 6T 690°0FLLY'S ST00F0TET | 09°0F0V98 1L 0FLYSL 1580,
€1°0F99°LT €I'0FT66L 9T0FSS6S | ISOFLEOE TLOOFSSSE SEOOTFIVET | TOTF69C8 IV IFSLEL A1LD
€1'0F689C 9TOTVLLL SSOFHOSS | STOFIOTE €90°0FEE9E  €HOOTFSHY T | SO TTF6V6L I1STFISTL | dguail,
[TOFY9LT  98°0F0CLY €90FLEYY | TEOF6YEE  THOOTFTEL'E €€O0FSIST | 6V 0FLI9L LS OFSTHY | AVSA-IND
CIOFISEl OF0F9E€€9 €I0FTS6E | 0S0F6VEE  1€0°0FS69'€  +200FSIST | 9STFOLIL I TFCST9 29A7)
60°0FES LT 0TOFETS9 LTOFPSSY | YTOFIISE 0TOOFOVL'E TTOOTOLST | 6S0F6I 1L SLOFSET9 | odaglen
()14 (%)S®NV  (P)TODV | (BHAIVIN (WIS (EL)TVIN | (%)S®IV (%) ®OV 4 EE
(i LT A (B fep L2 SRR Y eI

“19seI1Rp NpSULY)) AY) UO spoyew Surured] uoneiuasaidal £10309(en Jo uosredwod SdULULIONIS] Z-9 J[qRL

LN UHL AL o7 L TG LI 2 e Ml g T

9

95



3]

A
i

3

E=1i0E7/PUYE!

Z YLl

CHRFRINE AL A T

6L°0TS8E9E 80°0T89°€6 TTOTTILI | b 0T90°9T €LO0OTESOY €0°0T0LST | PO'TTSET6 SOCTFLSIL | DALININ
IP°0FSL9T LOOTFOY'LS +I'0F0STY | SCTFLY6C T11°0F980°S 6F00FSSIE | TTTFC668 SOTTFLULL | [ X
YLOTPI0E T11°0F60C6 SI0FCSHY | 26'0F169C SET0TFYILY 0600F006T | YT 1F8TT8 €6'1FS6'99 |  Hikz H
€6'0FILYT TLOFLLTS S9OOFLY6S | 030F989C ECLI'OFY6S Y 990°0FIv6'C | LOTFIVES CICTFEYP 69 1580,
ISOFLI'LT €SOFITSS €S0FSTT9 | 8SOFPL LT 801'0FCI6Y THO0OF6V6T | STTIFIT6L S6 TFHL'SY A1LD
060FP1°CC 86 0FEC6L 190FSLIS | 1€0FS98T TTO'OFELO'S STOOFLEOE | €9TFSS6L HETITFSSSY | Yguaiy,
6L0FELET 88°0FC889 68 0FITSY | €V0FELOE 6£0°0FECI'S TEOOTFEVI'E | COTTFVTSL 0S0FLYT9 | AVSA-IND
PEOTFEL'S IV OTLY'T9 91'0F66LE | 0S0FE60E  T100FSPTS 9I00FSLI'S | vI'TFSL'EL LT IF61°8S 29A7)
6V 0F9SEl  1T0F0TLY €V OFPOVY | 6L°0FF90€  8Y0'0F6ST'S  0SO0FTHIE | 290FE0LL TLOFLS'SS | o9aglen
()14 (%)S®NV  (P)TODV | (BHAIVIN (WIS (EL)TVIN | (%)S®IV (%) ®OV 4 EE

(i LT A (B fep L2 SRR Y eI

"Jase)ep UerY 9y Uo spoyjeur Surures] uonejuasaidar £10109fe1 Jo uostreduiod aoueULIOIdd €-9 S[qRL

W NMH AL [ O g hd Ty €9 2

96



ZWLP R A P )

N ] F47 8 BB N TS5 . A2, Toast iR SEEL T —AN 5819 B T 25
155, BEHAEAMUBUE R RAL 55 R 4F

i th i) MMTEC J7 kB TR 55 H T i RSB, B e ST A ]
RAFY N PR S5 PRI RAFAY 2R . X 75 MMTEC B3dE A Il R H g B
No 5 6.3.4 BT T NGS5 B R

MiA G B2 E:  traj2vec. t2vec Fil GM-VSAE J5 {4 B 1EE T GPS AkFrRAl
R [ BN 230 1 e 25 R AR A T A, (BT IR R W i SUE L B4, &
B LTSRS AT RNN,  JoyEA S S L A s 23 A1 et

FAXF (), TremBR. CTLE F1 Toast i i KF b i i 21 i ) -, - il s
S B 2 IR I P B30 e 4 Ry R ) R Rl A i AE B . TremBR 3438 3 7 iy A
FRAIE rh A B i B U ) B () >R 25 R )5 8. . CTLLE S 3k Hsf [71) Gt A J2 N B s 1]
FRYNZAT 55 5K Rl A AF R0 26 5% 1) sf 1) 5 6L . Toast 38 431 i} node2vec i1l 5% K
WA T RIS XTE SUE B . SR, BB IR SRR MK T RNN 5§
Transformer, X S84 DA RSO 7 2USE BT BRB0IR S, XE DAMERA b @ A 38 v i) 12
ARV PR

FHEEZ T, B B MMTEC J7yA [l E T B8k, EELm 25wy L . i
A5 >0 B H A ) B RS A T IR IR 5 S, AT & N S5 1 1 e

R PEREXTLLIEASS . BT i MMTEC J5 v 1| S ] S AL AR 22 40 181y
WIS, SCE T AT . AR A WA k. RO T i B
B S SIE, R T AmNEE, MRS T RIS R RE .

6.34 KBS
(D) BEEZGIENERIE

TV B HEI SRR A R, AR SE R MMTEC J7 3k 5 AT 7
P RIS T LA -

o no-ft: APATHIA. Lol A EIGG, Pl SR, £ ilF
L5 ASE KA.

» end2end: DA 2 i 1) 7 YNGR B g e i S BAEREY IR LS, B
Bl il AT S5 1 BB S T 2k

K 6-5 &R 1 P LA A ST AR 55 1 -3 45 AR AN B e HE B AR AR AL o 7T
PAER, B REIGR-R0R e 77 A am B i 58, o ERAG SO . X

97



ZWLP R A P )

H 9 MBI 2 ) 020 o s 2 A AR MR BE AT S BRI BICR JE, A B T
TE ML S5 T A AN G UOR B G P RE . BIGE B BB SR e AT L g
& AT RO, ERORRE UGS ARRIER, R B B I G B s T phsr T
FisE T FAT S5 O PRI

70

4r —— MMTEC
& - no-ft ;\3 60 -/’Mv'
g3 —— end2end =
o ®
> 2r S
< \‘M‘A : , . reovo < 50 I

1 -

0 10 20 30 0 10 20 30
Epoch Epoch

Bl 6-5 I [AIAE (RLEYI Zroct A v - 40 SR (MR B R
Figure 6-5 Average loss value and validation accuracy through the training processes of different

variances.
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Figure 6-6 Impact of hyper-parameters for the similar trajectory search task on the Chengdu dataset.
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Table 6-4 Performance comparison of different variances on the similar trajectory search task,

Chengdu dataset.

fatn Acc@1(%)  Acc@5(%)
only-sem 64.84+11.53 77.93£13.62
only-con 59.36+4.67  71.23£5.32
no-time 67.38+5.28  78.14+7.50
no-spatial 53.10+0.51  64.23+1.04
dis-no-time 70.72+0.49  82.53+0.91
dis-no-spatial | 72.71+£2.14  83.93+2.85
con-no-time | 69.69+0.57  80.24+0.83
con-no-spatial | 62.79+0.59  73.56£0.91
Dis-Trans 82.864+2.57 94.36+1.39
Con-Trans 74.97+3.55 88.75+1.91
MMTEC 84.274+3.02  95.15+1.63
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Figure 7-3 Illustration of the feature domain encoding layer.
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Figure 7-4 Architecture of the hierarchical masked trajectory encoder.
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Figure 7-5 Unique input and target arrangements for various downstream tasks.
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Table 7-1 Hyper-parameter range and optimal values.
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Table 7-4 Trajectory Prediction accuracy comparison between baselines fed with dense trajectories

and the proposed model.

LR S JGHD 1 PRI
ik u Accuracy (%) MAE (845, K) MAE (f[E], #)
Trembr 15 %) | 66.077/52.063 399.40/362.84  8.534/15.046
START 15 %) | 74.990/62.997 354.76/318.26  8.068/12.476
GTM 4 4y%h | 72.083/65.125 362.32/322.63  7.131/11.549
GTM  14y%h | 82.820/68.529 260.31/238.83  3.821/6.845

AR AR, PRI FORRAFEER

R TS5 BITIRARATI AL T HERG R LA

Table 7-5 Travel Time Estimation accuracy comparison of different approaches.

VAGITES JET 1 R

Tk MAE (734 RMSE (724)  MAPE (%)
RNE 1.087/2.357 4.967/7.168 18.185/53.894
TEMP 0.816/2.610 1.100/3.414 13.003/59.178
LR 0.815/2.596 1.097/3.408 12.997/58.390
GBM 0.773/2.200 1.202/3.116 11.142/43.308
ST-NN 0.770/2.136  1.031/3.027 12.470/45.285
MURAT | 0.731/1.971 0.979/2.827 11.931/41.259
DeepOD | 0.640/1.899 0.880/2.780 10.517/36.956
DOT 0.614/1.777 0.841/2.644 9.937/34.883
GTM w/opt | 0.666/1.871 0.933/2.797 10.501 /34.895
GTM w/o ft | 2.203/3.470 2.469/4.694 35.039/45.700
GTM 0.561/1.615 0.784/2.470 8.853/31.391

AR AR, PRI BRI 4R
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Table 7-6 Efficiency metrics of different approaches.

LAGITES JIGER /PR
s B BRI YNGR 04 o 1)
(MBytes) O ihrse) ()
TrImpute+HMM | 2.778/1.262 -/- 6.110K /2.199K
DHTR+HMM 6.426/6.426 0.176/0.115 2.503K/0.257K
STR AttnMove 6.799/6.250  6.844/2.460 92.673/32.081
MTrajRec 19.180/18.495 8.470/4.437 0.125K/54.062
RNTrajRec 20.639/19.876  8.925/4.463 0.144K/ 60.861
GTM 10.146/9.333  1.668/1.470  21.984 /45.237
trajectory2vec 6.306/6.306  0.158/0.085 0.204/0.110
t2vec 7.170/7.170  0.278 /0.109 0.221/0.113
DeepMove 5.282/5282  0.253/0.126 0.567/0.292
TP Transformer 6.295/6.295 1.090/0.538 3.568/1.596
Trembr+RNTR | 26.103/25.792 9.468/5.072  0.149K / 62.500
START+RNTR | 28.708 /27.099 10.198/5.420 0.158K /65.468
GTM 10.146/9.333  1.667/1.450 3.357/1.703
RNE 2.446/2.173  0.100/0.040 0.170/0.062
ST-NN 1.185/1.185  0.112/0.082 0.220/0.085
TTE MURAT 9.120/8.847  0.153/0.095 0.210/0.075
DeepOD 8.184/7.928  0.382/0.171 0.328 /0.099
DOT 8.763 / 8.496 1.552/0.752 1.672/0.926
GTM 10.146/9.333  0.533/0.336 1.231/0.647
(2) ERILB

ATV TAE I EAE =R R — BRI YNGR [R] AT i
() o BB/ 73X BTy YEAE B A TR AR P B N AERE K TR0 3 s ) ) g Bl
T RT XL EFEN GNP B . B8R/ SRR TR A B Ny vl
22 SENRTIREE . BeAh, IIZRITATE R AERL %A Intel(R) Xeon(R) Gold
5215 CPU #1 nVidia(R) Quadro RTX 8000 GPU [#J I} %% it 51

RN 7-6 P RIREY, 481 A BBLTE RN 55 b 5 SR A H S R B
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Figure 7-6 Convergence rate, measured on Chengdu testing set.
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Figure 7-7 Scalability with regard to pre-train sets (%), measured on Chengdu.
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Figure 7-8 Scalability with regard to fine-tune sets (%), measured on Chengdu.
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Figure 7-9 Effectiveness of hyper-parameters on the Sparse Trajectory Recovery task, measured on

(5) i

Chengdu test set.
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Table 7-7 Effectiveness of features and modules on the Sparse Trajectory Recovery task, measured

on Chengdu test set.

RFEIA]BR u L34 12 535 1 4 3

AR Precision (%) MAE (%85, K)
w/o neigh. 76.834/74.494/71.950 128.36/193.41/300.30
w/o coor. 78.891/77.345/72.433 162.03/284.03 / 444.69
w/o time 86.821/83.230/77.055 140.98/203.23 /318.81
w/o shuffle | 84.406/77.467/73.589 158.95/276.26/433.86
Flat encoder | 85.548/79.874/74.162 142.02/216.87/323.66
FC num. enc. | 86.051/81.433/76.964 145.67/218.25/327.71
GTM 89.071/84.343 /80.828 133.38/192.54 /304.72
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