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Abstract:

highway entrance ramp merging behavior are limited to

The current classification methods for

single and isolated driving scenarios, without considering
the dynamic changes in the spatial and temporal positions
of merging vehicles and surrounding vehicles in the target
lane, neglecting the study of bidirectional and multi-
interaction merging scenarios, which poses significant
challenges for researchers in understanding real traffic
flow characteristics and developing automated driving
systems with lane-changing algorithms. To reveal the
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dynamic interactive behavior among vehicles during
actual merging processes, this paper, combining the ExiD
dataset with high-definition map data to extract natural
driving merging trajectory data, proposes a merging
scenario classification method that fully considers the
spatiotemporal dynamic changes. Additionally, it utilizes
the Jensen-Shannon divergence to construct a quantitative
model and index for measuring scenario similarity,
representing the differences and similarities among
different merging scenarios. The results show that, after
considering the spatiotemporal distribution of surrounding
vehicles in the target lane, the merging behavior on the
ramp can be divided into eight distinct scenarios with
significant differences, including scenarios with higher
risks, such as parallel vehicles (average time-to-
collision < 2 s). These findings are of great importance in
analyzing high-risk merging scenarios and designing
automated merging strategies that align with the

interaction characteristics of human drivers.
Keywords: merging behavior; scenario classification; high-
definition maps; spatiotemporal dynamic changes; similarity

quantitative assessment; Jensen-Shannon divergence
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Fig. 1 Framework for trajectory extraction and stage division based on high-definition maps
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SRJE FHIR S SE U A o A BC AT T N 26T
G T AHT 480 8 B A B i sh 87284k 1R
X G ST TR AR5 B
2.3 ICABEGITHH

Kl 4 Js T/ INRZEAEARN RN A S T e i
dilte FEG S BCARIETE 4 ICAFEARR & L
fern, 185036, 1 %o s A BRE S HEAERR T
82.9 V0, X RUITEIC AT FE Y, [ 420 B AR 4218 4250
ST ] TR HRAR ST, Al 7 B K. st C
FIF FICA GBS, 735 24 3.4 Yof3.7 %, X3k
WA A DX 8 32 2 A I 81 I AT
B, S Tt LA TR E i A ZESE R TR
EESGu A=A i) BUS ik e

5 4t TICARRE 4 43 A, Horb TTC (time
to collision, A48 B[] ) i 9 4= 78 PRoRe >4 ik B2 Ay
[ ANAR B, fE & AR Al s i Bt El . 5 C 5
50 F BA fe/ NG FE s e, Ho3 002 1. 42 s f1 2. 25

428
450 (36.1 %)
400 F 331
350 + (27.9 %)
¥ 300 |
> 224
H 250 118.9 %)

120
(10.1 %)
L 40 4
50 | (3.4 %) (3.7 %)
5 [ ]
A B C D E F
75 eyl

B4 CAm=HLE

Fig. 4 Proportion of merging scenarios

N

so X F A EE C A F 70 A S A v A LR 448 5 <
Y CHIE R, F 001 34 30 B A 1) Jon 3okt 55
BAIG  TCAFRERI ) 5K, FL7E R R s T s 4B R 4y
KRR, EGE 50 Y0 144 H BB 2 18 AR vk
HilHeiE . e R 3 Ak WA C RN F ID A SR
Th 2 A R ME | 25 ) 6 0 3 25 oK i 1 B A8 38 I
EiiiEr

ELARTE , &l 5b Al 5e B 7E375: C AT 42 1Y
YA A 28. 55 mes ™, Gk i A 4 {E 2 —0. 02
mes o, 7RG CT, BAR B AT 4 3R W] & T
FCAb Az, T 0 S B AR /0N, B W G 4 sk ok 1Y)
F1 A AT I v A T B SR T A A 2
NS SR SRR T %) 25 3 SR s, ki A % B HL S T 5 |
KRR . B STH, 35 C R E B 428 ) fin sk
JEPEMIL 0. 1m-s *. X—HR eSS 5 CHMEF
W H RS RTEIRA T S DA 5%, I T 2 5 5y
FERE S A B e s LAy ST TR

3 CAB=RUMEEXEERS S

3.1 ICAZ=REUEELER

ABIGE B SR 2 4 R A FrR 5 6 ML A
SO . 2 4E ROE 23 B (multidimensional
scaling , MDS ) J&—Ff 5 T AR LI M g 1 2 o4 e ) o 2
J5 i, FLHEA SRR 2 4 255 (] v (50 52 0 2 BBy
il A g 11 e SO L X e S [T s B sl (S LS DA W )
BUS AT RE DR B JEAG M 4E C R — B . B MDS
AR R 5O FR AL SR BEAR LR 0 i B2 7
TS 2, BRSO LL B b OGP, WF9T
5l AT 3T JS #UE (Jensen-Shannon divergence) ¥
AP R AR RS kA T MDS 3% — R o i ik il
5 MDS F1JS B AR, AT 58 A AE P45 % 1 W7



5510 1 AP, 5 A B T B YDA s S5 4T 1549

40 40, . _4op

s 35 i s 350 3 I ! o 35 ENE :

E 30t E 30t T E 30t

= o5 L 25+ % LP( 25|

%1 %1 | H 15F

@ 10— / — & / = 1z 10

a BV b T4 ¢ SR HE
= T ' Yo 10 g
£ 25¢p . . E gﬁg { E o8}
%( ?2 ; 31\3( 15 % 0.6}
w 1or # 1.0 C® 04
= 10¢ = 05 = L
E 0.5% E o —]:—%—:L——E ozl % —_—
= OF §*0.5 Y gfo ot i
05} 10 . 2
B —1.0 . B_15 B-—04L
¥ F %i : B b F #F B D F
b d BT F e FE T 2 IR i e
17.5

) , 150

& =125

4“513 '1_7;10.0-

: i

= l l l 23] -~ -
iﬁ A A B C D E F

H 5 F%Hﬁuﬁiﬁﬂ%kf” h ARSI i BUNTTC

5 AEBELCANSFTESHEEE
Fig. 5 Box plot of merging feature distribution in different scenarios
Ei‘ﬁiﬁﬁT?E/\iﬁ% R AT B BER A AN SRR . TS BRI T KL 8% ) —Fh

Y sesh 8524 T B I AT .

Z Y R 50 i (MDS) |, sl FR AR, BE 2544 4317
FHTAEARAE 25 8] e s e AE 50 1) 22 570k . MIDS 51
MALTE .

O AARYEZS [8] H R A A b s O 1R 4
S R 9 5 (D)5 D ey o A B R I L, T B S
OAWICACARLEREA AR BR |, d5e /M 5 2 25 (8] R 2

23 (Al R R 1 22 5 s OB B 2 551G 3 R R A
AIARGEAL PR -

ARG AE AR B B R PR Al P 5 R B, i
WL B IE 2, PR 55 PR B 2% T 45 s 4 B2 i AH OC
PEFIPI T 224854

H T AR 5 22 1] AR LR B RN, AR
% B BT A W s A LR P A B R KL R
(Kullback-Leibler divergence ) Sz FH 3¢ i & 5 1~ HE %
3T PRI Q255 07k, Rb T

P(x)

Du(P// Q=] Plalog 35

XA P QIEMI AR I3 . KL B T LU 4 53
Az 1] B, H i T S B AR RRYE , XA )

3

SRR B 5 L e T KL SO SRR AR G a1,
B PSRRI A AR AP . TS BUSEA 5, JEFI7E
0% 1 2Z [u], Herfr 0 Z7R A Ai 58 2 AffA] , 1 2R 5¢
AR R, AR SCR TS ISR J3E 48 1 o0 A1 Y

FRAAAPE JS%U“%E)U(HT
Dis(P// Q)= Dm (P//M) + Dm (Q/M)

4

M:%(P+Q) (5)

VN e 2% R 19 ], 45 G A TS LB B
PNGHLRE 2 [B) TS ] =48 B 3 ORI BLEE PPN P54 o

(1) P-4 i AR BI PR

Y- 34 R R A o AR AT B AR R AT

iﬂﬁﬁ?ﬁf(vg)ﬁf(vg)ﬁﬁﬁﬁ ST R Al N
[R5t R VAR B AR «

( (‘vs,)//f(‘vs)) )
(2)F- B85 fom s %) AL
S SA R S e T I GOV AT O T A



1550 [/ 3% K 27 22 WA KB 22 i) 553 3%
AT RIS 2 A i T AT 0897 o
SRS (0 )RS (o, ) BT R BRI %6 |
AT T SO L s g |
1 335)% 0.20 A
askzndékZE’:l (vsM —vs?) D g ol B
s = “(f(aq)//f(aq)) (8) —0.20} e
fﬁ%%&¢vMﬁﬁﬂﬁT%%ﬂﬂmj‘EL O
ST RE I (9T A B R S v B £ FE SRV AE e
Iwﬂﬂmj“ﬂL ﬁﬂﬂf%ﬁAiE%&ﬂ; B 6 MDSHHER
S (AE S 5 S, T AT AR SR K 5 0 HAES 5 Fig. 6 Results of MDS analysis
Sy FICABUB AR . -0.5
(3) PRSI 2 TR A K AR A -
FEL AT ) A I 3 SR 2 PR B b
N 4 BT E  TT BT I A AR (0 B b N r i
RS £ ()RS (r, ) B0 ﬁf%@gfﬂ - s b N
Yt N A A SRR AR 75 s - F 051 037 0.38 XD o:o

nes =D f(rs) /£ (rs)) (9)
(4)F5Emt ]
TCAFREE I [R5 A RCR B B S b, 38
S 1) B T 2R S B e 1SS A R . & Ak o A
I (s ) Ff (ds ) 0 R 1 Sf 5 B R R 4 5 F 4240
T%éiﬁd‘lﬁ,m@*ﬁ{l iﬁs,,s/:
s =D f(ds)//f(ds)) (10)
FEF EIRTHE, 0 3G AR A
AL T RIS s S, Mg s T S AT M AR R
JE | 38 3 RO 445 20 AT AR I 28 AT
Ferr:

Nos, = W1y T Woo s, T Wy, T Wiyl (11)
Hrfwe[0,1], D) J%W4A£Aﬁ
HRHEFE PR AOAER , AT AP 5T T B TR
3.2 CAZSMEENETERE

MDS Z5 S 4n& 6 s, il L E Elg 5 C(F) 5
HAbG SAFEE B RES LRI AT R A
RES T R Fh 22 57

K 745 R FE s (N A B F)RIAY IS HEUE . TS
IE € e 3% IH b 5 1 2 S UK, B8 B TR 37
FARRL, FERERT ML R, FRFE—F7 55 A
B 25, it ME LB, RREE T 42
B’J?l:/\ﬁ%% RARHEKTF0.20), Hh:CRHAb

Yy 22 AR K, UHE 555t BANF 1Y IS HE
5 0.51>>0. 5,

w,= 1,57

A B C D E F
B 7 Z&EHEUEISE

Fig. 7 JS value of comprehensive similarity

BRI R F 25 C— R H A EEX
PR FRICARE LHEEREER . BRC
T, A EEIC AR A BRI JG H00 T, X
FPREOL T, B4 RO A B 5514 1A X B R
SRR PN LA SE RGBT . M2 R, 1
S B U 0 K 20 1) 2R 28 R B 02 20% () A8 38 A
5, A EAMUE R A 5 S5H0 40 IEE 075 50 2R

e R S B LA X IS E R s AR . BBk, Y
F o (18 38 380 9 B30 90 R R T B R 228 ik
— AN T B RS PR RN A= A4

Yrs F AL =2 R w sk, S5 A
5 B A IS BUEAE 31 0. 4.,0. 46, iX R B { 4
M EAR GBS Bk 30, HA 438 )5 A 0cint, B
TR LA A R AR, 2 S B 0 3 e 25 1K
T HAth 37 5, I A RS ) R 2 e o 3k 4 3 7 4
FEOA s T = . W EE AR 5 O AR
TSSO At 2= A 2 5 . &) 8 4%
TR A BE A58 B XA DL 25 57
N R, 5 CTF R0 A2 i 5 Hofth

s W ISTE KT 0. 58, A e MmN E S . YstF
T 2 2 B o A T A RN C AR HAtb
AT R K22



%108

=S T o B w B @ T v - .

A B C D E F

~
@)

mom O

A B C D E F
¢ JRERI N B A K

MR 55 < A I I T Y AR 0 S b 1551
A -0.6
B -0.5
c 0.4

0.3
D

0.2
E 0.00

0.1
F (OOl 0.27 0.29

0.0

A B C D E F
b CASES g
A 0.5
-0.4

C 0.3
D 0.30"| 0.00 0.2
E . 0.22 01
F 0.47 0.53 042

0.0

A B C D E F
d ICAFFLEET ]

B 8 CAFHEMRElEISE

Fig. 8 JS value of merging feature similarity

4 HHig

AW TIC AP A 5 mois 5 , T

& TICA S 50 - S A r s, it — R T

NIE W B AN S3CHAT N . FT exiD £, 75
WA RIS T N (BTG C 4 AWMELE S AE%ET
I AR YA 7)) 4y 2R3kl R BEE LT —258H
PEAS AT R AT IO G 4 (RS AT 4 )
RIZEHGE i FERIC A B EIEI R, BAR 485 2
B HDIA . XU & 2 5 Wil AT HAs
FHEJE %, HAR 4B 5 R A R TR, T
GG RR  E EAARE TR AT 2
(I 238 H IS , PR IR A T s 436 (1)
NI AL ERHC AT RS R 3ABYEL, DL F AR B4
FROAEX, BRI A e AT T BRI X5
(AN , DB [E) 28 (R A A i T — B R
AMLPE AR PRI AR R 50 10 2 22 5w AT 1 3o,
7R T AZE I B A I R B () R 76 2R Y
RN

AIFELE A T B A SO | I 2R,

DI ABYBER AN Sy, 35888 T IR T 44 i
i RN AR5 56 ZR VT BC AR, IR AR 425838

Y P R 28 REPEFT T IR S A SER , OO RN

(HAETFEIA T —Fog B Bl A 1 5 430 v, lad
FEA R B b S G B, I ST N ATk
5B A BAE AR B, s A sl sl
FERG NG HE R T 5 R A TR REROMHE . At
AT XTSRS IR 53, SRR A AL RTERR U 28 B
BEE T HLh, FRRE T B A Z S m BT T8 HATH
(RBTIEAR
AHFFER AR S | A FR R AR,
R S B R ME B R B R i 2
FHRAA TR B SRR B, SR B
FTREEAR o Hk HEH TICA S B 5 A U
ALV ISR 23 8] U = AN SCHR A &
PR T ANBURLRE (A, BB T 3 AT RRHIE
SIATRER PRI AT S . AIFSY B R A S 2 4
A S 3 AR T L EAT R AP SEPRN e, i
SRS T R R, W53 BT oA 5 A
LA EHOR LRSI IR AR 2 FH PRI A
XIS RS B, SR sl PG AR SOk AR
(B, AL AR DX T 538 A 22 3 A4 i e ok
RRZ T, REHS B [ 2012 3 4 0 v b B A
BRI 2 N B0 ATy, 3271 A BB B R 2 4
PR EFIE MRS N , B ORI bR A Y i Ag

ISR LA Bl BURFE A RSN 4458



6] 5% K 2 2 (A 4K BE 2 B

%53 %

TR AR R RE i S SRR RO RS, A 6 5 25 B B0
BRI PR AR AR TCIA IR B ExiD Bn SR AR

I, AR BB ZAE RIS A s 572 3
[AUISEEIES 2E it SRVRE SFOYIRSEN i e SINE I S e
N Z SN G- BT RE i TR A, A
FER AR e s A AR, oh T BB A
iU P O i e R EE [ BE /N el 6 SR Ry el e
CAFAE—E 22T IR SR AE 2RV T R AR
BFFEAR A R R 2 SRS Tt — 2B
ST, A HUAAN R DX AR , w] B A b 1 A AN [R]
P SCAHTE SRR A SS AT R BI52 08 , AT R
[l A SIS B A A RS I RS T IR SR

& TTmk A= A -
ZEMRI MG ROy S60e IR SOE S A4
T—F S i a B R RR
7 M e SRR
B S H BT
R SR AR ICHTBY B OCRIET o

SE WK

[1] MILAKIS D, VAN AREM B, VAN WEE B. Policy and society
related implications of automated driving: A review of literature
and directions for future research [J]. Journal of Intelligent
Transportation Systems, 2017, 21(4): 324.

[2] SCHIEBEN A, WILBRINK M, KETTWICH C, et al.
Designing the interaction of automated vehicles with other traffic
participants: design considerations based on human needs and
expectations [J]. Cognition, Technology &. Work, 2019, 21
(1): 69.

[3] KADAREE, KOSZEGHY A, VIRK G S. Safety and ethical
concerns in mixed human-robot control of vehicles [M]. Cham:
Springer International Publishing, 2017.

[4]  VASSILI A, JAMES C, JOHN H, et al. Next generation
simulation program (NGSIM) [J]. Institute of Transportation
Engineers ITE Journal, 2004, 74(8): 22.

[5] KRAJEWSKI R, BOCK J, KLOEKER L, ez al. The highD
dataset: A drone dataset of naturalistic vehicle trajectories on
german highways for validation of highly automated driving
systems [C]// Proceedings of the 2018 21Ist International
Conference on Intelligent Transportation Systems (ITSC). Maui,
Hawaii, USA: IEEE, 2018: 2118-2125.

[6] KRAJEWSKIR, MOERS T, BOCK J, ez al. The round dataset :
A drone dataset of road user trajectories at roundabouts in germany
[C]//2020 1IEEE 23rd International Conference on Intelligent
Transportation Systems (ITSC). [S.1.]:IEEE, 2020: 1-6.

[7] MOERS T, VATER L, KRAJEWSKI R, ez al. The exiD

[11]

[15]

[16]

[17]

[18]

[19]

[20]

dataset: A real-world trajectory dataset of highly interactive
highway scenarios in germany [C]// Proceedings of the 2022
IEEE Intelligent Vehicles Symposium (IV). Maui, Hawaii,
USA: IEEE, 2022: 958-964.

GU X, ABDEL-ATY M, XIANG Q, ez al. Utilizing UAV video
data for in-depth analysis of drivers’ crash risk at interchange
merging areas [J]. Accident Analysis &. Prevention, 2019,
123 159.

LUY, CHENG K, ZHANG Y, ez al. Analysis of lane-changing
conflict between cars and trucks at freeway merging sections using
UAV video data [J]. Journal of Transportation Safety &. Security,
2023, 15(9): 943.

PG, 5%, BRIFTHE . SR P B B 4 AT A
(I SRR (A AR, 2015, 43(4):549.

SUN Jian, JIANG Shun, OUYANG Jixiang , Modeling the vehicle
merging behaviors at urban expressway on-ramp bottlenecks [J].
Journal of Tongji University (Natural Science ), 2015, 43(4) : 549.
LIY, LI L, NI D. Comparative univariate and regression survival
analysis of lane-changing duration characteristic for heavy vehicles
and passenger cars [J]. Journal of Transportation Engineering,
Part A: Systems, 2022, 148(12): 04022109.

PARK S, LIM W, SUNWOO M. Robust lane-change recognition
based on an adaptive hidden markov model using measurement
uncertainty [J]. International Journal of Automotive Technology,
2019, 20(2): 255.

LIY, LIL, Ni D, et al. Comprehensive survival analysis of lane-
changing duration [ J]. Measurement, 2021, 182: 109707.
KANG K, RAKHA H A. Modeling driver merging behavior: A
repeated game theoretical approach [J]. Transportation Research
Record, 2018, 2672(20): 144.

ZOU Y, ZHU T, XIE Y, et al. Multivariate analysis of car-
following behavior data using a coupled hidden Markov model [J].
Transportation Research Part C: Emerging Technologies, 2022,
144: 103914.

HIDAS P. Modelling vehicle interactions in microscopic simulation
of merging and weaving [J]. Transportation Research Part C:
Emerging Technologies, 2005, 13(1): 37.

F A . AU SR 08 B - AR (D5 74
LR, 2022.

JIANG Siyang, The human-like merging strategy for the intelligent
vehicle oriented to the merging risk decision [D];Xi’an:Chang’
an University , 2022.

DAAMEN W, LOOT M, HOOGENDOORN S P. Empirical
analysis of merging behavior at freeway on-ramp [J].
Transportation Research Record, 2010, 2188(1): 108.
MARCZAK F, DAAMEN W, BUISSON C. Merging behaviour:
Empirical comparison between two sites and new theory
development [J]. Transportation Research Part C: Emerging
Technologies, 2013, 36: 530.

TOLEDO T, KOUTSOPOULOS H N, BEN-AKIVA M E.
Modeling integrated lane-changing behavior [J]. Transportation
Research Record, 2003, 1857(1): 30.



