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Traffic Flow Aggregation Characteristics of Key School Commuting Routes: A Safety Manage-
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Abstract: To identify the traffic flow aggregation characteristics of key school commuting routes, this paper
selects road sections surrounding a typical elementary school in Kunming as the research subject. Based on
drone video footage and YOLOvV8-DeepSORT object recognition results, indicators of aggregation proba-
bility, aggregation intensity, and safety thresholds are established. Additionally, a Long Short-Term Memo-
ry (LSTM) model is employed to conduct short-term traffic flow forecasting. The results indicate that, spa-
tially, high-intensity traffic aggregation occurs around schools, with the average traffic density during the
morning commute period reaching 2.5 times that of the afternoon dismissal period. Furthermore, during
the two afternoon dismissal periods, the peak aggregation intensity exceeds the safety threshold by 140%
and 134%, respectively. The weaving of non-motorized vehicles further compresses the space available for
children to pass, exacerbating the risk of conflicts between pedestrians and vehicles. In the temporal dimension,
traffic flow exhibits a dual-period fluctuation: the probability of aggregation before school increases at a
rate of approximately 14% every 5 minutes until saturation; after school, the growth rate slows to about
13%, exhibiting a double-peak pulsation pattern, with prominent vehicle queuing that further compresses
children's time to avoid hazards. Furthermore, analysis of the dynamic evolution of aggregation intensity
reveals that traffic flow on key school commuting routes exhibits distinct patterns of aggregation and dissi-
pation during different time periods, prolonging the duration of children's exposure to hazardous environ-
ments. The findings show that the LSTM model demonstrates significant predictive advantages, accurately
capturing peak-trough fluctuations and two- phase peak characteristics of school commute traffic flows,
with prediction accuracy superior to that of Random Forest (RF) and Support Vector Machines (SVM).
Keywords: school commuting safety; school commuting traffic flow; traffic aggregation characteristics;
time series analysis; Long Short-Term Memory (LSTM)

WS HER: 2025-03-31
EeWH: ExARBSEESTH “5 A7 05 25 8 A PR3 T ) I8 38 27 KU AS 3% N b 4% 5
W& (42571258) =AW T AEZIMEINERINH “4i5 23S S5YRAG KR (2024)

i

S TR S 0 IO B R H N S R R > Wi B ]
TSR BMSE SHMDH  =didE R BERE



Mg SIS+ 1M SO ekt

920z Ke €°ON #Z'0A BulyQ Jo Hodsues] uegin

BT

fEZ A Hemeie(1982—), 55, WIILBEMN, 4, R, BHAROTRONSOE R E . Tl A,

FL IR 4H yiluxinshi@sina.com.

SIFMEE: HRIRE, M, XOE L, & TR 22 AR I 2 o0 B i BOSS IB AR SR ARFVE T FE (D). 3Tl

A5, 2026, 24(3): 113-122.

Ji Xiaofeng, Yang Lan, Deng Ruofan, et al. Traffic flow aggregation characteristics of key school

commuting routes: a safety management perspective[J]. Urban Transport of China, 2026, 24(3): 113-122.

0 51

MELEAFREHHIESNE, ILE
HITReHEZXT", Z2NBFERANE
RIPIILENELAT R, hREHTRERNEE
HAEIMAY, EXBERME TBRFR
B0, EG, FPESFEBI18S ARILER
TBEIEE, HRAFETRILENEIR
REAFRBBERAEERTY, X—I1&
MELEFERKFEREXILERF, HP, X
ANAEBEENRKATEIKREENIE
EILEmMERKEENE, AEEEERN
THHBEZREE, SEBRFNRTBERE
BRN IR, SIRZBIBEY, FH—HEMN
BFLERE,

R, BEHTVSAESILFXHA
. REKEXRFHTRXBSHSEA, NE
TILEBFLZENKR"Y, BFEHAHILHA
A, B, BTFFAERITRAE. KA
REMHE, XHEFHETT ARE RN B
FRAREFNTN; BEXBEN. ERS
TRFXEE, HEE FLTERRE
THBFEHNE; EEM S REBFH
THIESRINEFE, &7 IIIEBRFBRES
ERITEER; AR F SR, SRBFEK
TBINEHIE, WET EEWNESHNRFE
TBRELZEMEER, ERRE KT
BEARNERE. BFREEBFLEZ[EM
KEK, B¥NRFREADZBRAERARD
KARE, MZNBRERZBREFETBF
ZENTMARTRAN. BEl, FHNX—HRK
HENZBREEMRDENEZ.

LTI, ATEBITBFERBIERAT
BREREN, AXIMMETARNZRE
it, RAKBRMESREENERE, 5K
FZHRCIZ M£&(Long Short-Term Memory, LSTM)
AR WERRZBEHTION, BRH
M NZERE,

1 ARKESEE

1.1 EXE
AXIEBR =B INERZERBNE(ER

RRX)BEXBREREARGRGIE L), &
EFEREIETIFREIIRANEE, 534
X [6] 4 EIEFIXN(E 6 F I, %R A 7~ FEHI5E
EINFE, H2NBFEY, TERE2838 A,
ERFAREFFERX, ERALSPHE
3MNMERNX. 20E g, AiL2 kmiEst
RAB3IFAFEME/NE, 500 mSEERE
ANPERFEI(6 LK), BIBRER(EH
ANMNBERANTEB(A—E28%), SAF%
5 I 18 = B R (7:00—9:00, 16:00—18:00),
M EGR#RA “SMER”, FER2EE AN
(DJI Mavic 2) I 4K D ZTE 180 m 5 = ELL
REZBRIMEIE. BT LEAVNRALE
RBE. RERTEEXESE, BPSILE
RTER. BEABRBREKESES.
EFRREFEAMERRA: HETE/)
FRREFEH500m™; BEAFEMERS
SRR AT 200m, BEERRIMEEZHEA
A200 mAAEREEAEEM", Hihh
SEHEREIAERITIN200 m B TR
EHFERXE AR EEREHEMNE 150 m
SEEMERER", B, AXXHAYIEFE KB
EARITTAMIE 150 m(JLE 1),

1.2 HIBRMRALE

A X% B YOLOvV8-DeepSORT & 3% X1 1@
SRBERBUMBIBHRTRELIE, Z8
SE4EA T YOLO R %" Hy IR EA R L B AR AN
DeepSORT Y45 fiF 5811, BERFABR
BERRRBHEY, 1IZE AR TR
FRENEDE, TEBRNERENZTE
B, MRS ER 8 2 K BERER
B9 IE TR AR

T AMBREIE L IERROT: D5
BRI RS MR B, B R
FREERFHHE D E SRS, IMRFFERMIE
SMMTERMY; )R AR ERESHRAREIEES
iR, BREHURRASBOITZRE; 3)5l
BREELEE, BREUEENER MRS,

2 ARTTIE

AXRETRZFXBERNATBERER



1A, HETRXBRERE. BReERER
H. TERRERBMERMERREEFER,
THEZERIT AN BF R BHERFM,

2.1 KEBRHME5EFENER
1) EBRMRER,
ERHERIE BT INE R L e RUERS
2z BIERA B SR EIRER AR, BRI
BRIERTERM TR AN HITEARA.
N
= , (1

(1) n

A P, AN G B A E RS
BWE; 1, AERMEMN EFFHFERL;
t A BREFRENER A N, ARE
(¢,—¢) HEFAFRBFRBHEENZB
E/pcu; n ABFIIBEE/peus

2) EREBRERE,

O BEREHEEE,

EH T M & /R I% (Greenshields) & & - 25
EXRFAERY,

V= V/(l —EJ , )

AH: VABBEREESRE/ (knh'); V, A
BHEAREE/(mnh"); KALRFEZBHRE
(pewkm'); K, APEZER E/(pcu-km’), 1RIE
ZIER, SXBBRELIGRAEZE K B,
TBRABEBARE, BER K =K/2
EAERIGRE, B, TH—DIHHEER
BEER(KE L =03 km) ISR EE, Bz
ERERTE R SRS TR se BB I SRR 4 2L
N, =K LN, 3)

RH: N ARFBEBHEW; L HERBE
KE/km; N AFBEE/%,

@ ShSERBEER,

ERBEERBEME(IXS min A—DE
RN, BEXEBERTEBNTBLE,
AR ZBERESE FANREMRR, Hit
HARWT:
150 m L 150 m L

—

}

aZRdtl]
Bl mEIMERFHENFERIRR)BFXERERE
Fig.1 Key school commuting routes at Yunnan Normal University Affiliated Primary School (Chenggong Campus)
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Tab.1 Traffic flow parameters on key school commuting routes during

the morning commute period
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Fig.2 Probability distribution of traffic flow aggregation on key school commuting routes during the morning commute period

MENZE HERIL28.5%, XMEEETH
EER IEﬂJ_f’fEE'fﬁilEMﬂ]i?fﬁaﬂ%%Zi
BMILEBTEE. FR300mSeER, &
VHEMZEE. NNXBHENSBFANEE
&, #—TMAER=EHEFREE. BN,
ERBEBEEDR/), BA=FHERE
437 pewkm B, FEVIENGE HIEFRIL 36.5%,
RPAZ B RN FFE AT, AN, BER
iR B ZE LR EE<S speu' B, EREIEVIENE
5, PEREIESHNTERNE, BN
TILERMBZENE,
RIEBFRBASEITESL, L3
BBRFEXERBEXBAERRENTEHE
7354 pcu-5 min”,,
2) EBRMERR=DHIE,
RIBE2FR2TINEI, 4 BYNE
A, EFEER10~30 min 2N B EERN
N, ERMEES min 2y 14% /9% % 1
FRM, FZEEF (030 min), SRR
FAK; MR E A Z1(10 min), HEE®
5; B5mnBRITEBRMERETHIE
KT 20%, ERXBRESERGE, 7
BISEERLP. BREA30mnERMEEIN
2 RIEK (M 18.01%TFHE 93.72%, Eiyf
5minBEENIL17.87%), SHEREEE
g, RJLEMEHRANNDNEE, BEIG
1][17 SNsEMNBRRNLE; TR ZSBHER
BEF'TEEH'JL i/}lL%%&ﬂK%ﬂ%y Jﬁﬁkﬂ,i
L_ﬁi‘ﬁ#'JI?’Eo SheEERENERM
K>38%)F A, ﬁ%%ﬁﬁh% T AR
B&E, MEMIENSENTHRZ,

~—f— ---@Z B= -—Em -—BX

120 -
100
80 -
S
B
B 60 -
=
NS
40 -
20
O =
1 1 1 |
v O v O
-~ o2
o0 o0 O O
F4E
A 8] /min
b RIERHEER

R R FE B E5F730 min



3) B EHIERUIFL. RPBE” 454, ENFHE HERLE FRE
E3R R BEXBEERAEA—ZAR 34%, TR ER E HRIEE (G0 kmh') B
BRESNEETERERRE, S£4R
F—NIEH, KRBT EEREEREME) Fz2 EWNBE EFRARERMEENERMERBET L

ST, TUEY, MELER LEXER Tab.2 Changes in aggregation probability and gradient at different time
HWEFFF 030 mnFE i EER, H points before school hours on each observation day %
F, BZR30mn ERBE AR EHEN FRME

£ 5 min EBHFR

96.61%, EILREERIERE, SREER
TREFREZEESE, HEEMEANREE

EZAT10min - _EZF720 min - 28730 min BRI

X, SELEETHELUAE R E S o et et o e
I}ﬁ; E_E?EIJFLI, “Eﬁﬁ%ﬁ%" fﬁﬁE, ﬁJI,TS min A= 90.55 55.74 19.81 15.28
ERBERETSWIHHEERENR, 17T A= 60! s 599 1335
5K I S 2 7 B R B I B B B R M A 95.63 73.78 44.28 13.62
R BEITA, ZTAEEEMNTILERRE AR 93.72 61.04 18.01 17.87
SWMRE; BRENFRRE “KEES 15

M (FRFE Z3X 22 peu-5 min'), FEREIEVIEIE —~—E— - - B= -~ An -~ R

SR, AT JLERTHERY, Bt 90

HERE S EL .
3.1.2 AFH®
1) BELEANSERE M,
R3O, MFERBREFEBIRER
BRAEVNRESEEBTHE, HPYEE
(15~18 km-h"){X g 3k 77 2K F B 15 0 3R A9
51%~59%, REBLHZERESEMRE, F2I
BEMZBEME, ESEENE, RELT
PR, FHELEBEHEZK(61~84 m),
XA TREKEEEHEZRMLME

SRR E/R
Lot

WEE. BHNEE, SHERER % Z 3 &

R B, BEMERESMERERE e

(181BB/]y), T7ERR ERELARER > 4E XS # B (18] BB B3 EFREEEXRRERZRRERBET L%

X)), MTIHRLKRT B Y% L iE) R, Fig.3 Curve of aggregation intensity changes in traffic flow on key
ERZEAmLE, A—2W ‘SBRE-= commuting routes during the morning commute period

3 MENBRBFIRERZBRSHSRIT
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Fig.4 Probability distribution of traffic flow aggregation on key commuting routes during the afternoon dismissal period
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Fig.5 Curve of aggregation intensity changes in traffic flow on key commuting routes during the afternoon dismissal period
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Fig.6 Fitting and prediction results of aggregated traffic volume

on key school commuting routes using the LSTM model

RBAERTHENE, EBIXBEE ‘A
bE-2ZFE” 1HE, B—SBRBEREIEE
BE, RBRERKRRWEEHNZ2UILEN
BTRE, BENENDEFTESILZERTT
ER=LtEEEE, MAIAEHR, AL,
N FZRITA . ANTHEE ERERNEE,
HEBRRBATNERESBILZSBE
i, NIREYIERE, EEIENNETHRE
=, MREJILZEZE(LE 6a),

BEEBR = WIEERFAE: 2 1R
FRXEALFAHERE N RERPR R
), B—HMEAANERENKEEZHEE, &
ERIJILEZERE, LZEHEZEXRK £
F; F2RMERBRLEFABERNEMZ
7, ERASECFEBREER), BAE1X
WEE TEMEHIFERE, FRF
RIBERNBAR(EBRIEE 77 pcu-5 min', 1K
3 peu-s min'), ERIERZEEEHFOE,
SIEAEREDERENAR, RNEHLTE
MENMEFHERASRMA, BEJILEFITE
B, SEHERETRRAFRRNIEE
e FEBZIBE N 54 peu-5 min', #Bid
ZeHE, SBIENMNEFTHEITAE—TM
B, NfiBEILERAERREE =
(JLE 6b),

33 BEREEIREE

HWEREDBERBEHZTBRERT
R, NEVEBRBERERARABFZS
K, AR LT EREE.

1) EFLSTMERE NS EEEE.

ETLSTMAREMTUN 24, £ EFR
30 min ST 15 min B9 5 XS B R B
BIMIFAEATR, BEERIBRGMLME
SER, hBYEE. ENHESILERBTT
FI S ERIN D BC. H TN @R R INE
i, RgashEsi@mhEmk. ok, R
ERETNER SRR, SN
58%, ZFBRAEAR, HILEUEREN
BHEIRE,

2) $HAFHRBPNZRE B,

3 E—FB AR ZBE S, B
ETH S HES TGN REIEER.
Flan el X RiR BIRA £ E@ATT. BREFET
EAEHEERE, BORXBARS, FEILE
S E RS IV FE FRHA S EEERIERY
EREEE, ENESHRERETERIEE
X#HE, HE) I ERETENRMENRK,

3) ZEBIIEIAYR KA TR

AR DI EEBRERBEREMNBTN



b, BUSELHUXEKEHERNEERENR,
RDSMNB IR B RRI T ; FIR S
FREFRREBEERITANEEX BN BE
Er), B “BMEEIE" EEEFERHE
BECR, i) ZER%E T NRIMENNK,

4 g

KA T INFEIDEF BB
BRERSM, BIN=HIERR. SitE
EEERZEATN, Br7BFESIELHN
LIEREE, FRLREEHI R SR
biEiE, DISSiRFH RS2 KE,

MREN, XBAEBFEENEZH
EEERYN, BERNE=RERERE, E3S
BAESRKEXER. ZROEBERES
EXE, £, B— “BENSESEMN W0
REBEERADAFERERG, BINTILE
MRIER; MER “Bof#igE” £8B3)
EEVSMESEREHNZEHhRER, &
Fit, BN BRNEEE, HEEGEN
R 5HEIEEE, NREBILEBZERS,

tb4h, LSTMARE SR ETUNEE S A
BRELRENEHERME T XBEAZE, &
BARBRNZBATUAETEMELE
BITRERE, 8. FEEEFRERN
RILEBTZ=EES; MENEIEVSNES
BERGSBILEFTITZHE; FHRESARKE
ETAHNRE, IRARLFL)LERR
KBERE., BT, REHSHESTBERE
M, MEAESER MBI, EEES
ENMENESE, ERBRATDREER, WEIL
BEBFEREM%.

Db, ZARBRAFHSTUNEERSZE
MRRBEEER, W TAEYEEILEBEZR
B, RAZRBADZBUENREMHEXRE
B, RERNHA-SHRMUEERILERENE
MIER S, FHEZTEREREHIPHEER,
WEEUENIEAFRBEFINE,

EEPUN

References:

(1] 55, #FEk, HE. ETCRITET
AT N8 = A UERIR ()], e Rl
%, 2020, 30(8): 101-108.
Ma Dan, Pei Yulong, Tian Kun. Literature re-
view of pedestrian traffic safety research
based on bibliometric analysis[J]. China Safe-
ty Science Journal, 2020, 30(8): 101-108.

[2] Mackett R L. Are we making our children car

dependent?[M]. London: University College
London, 2001.

3] £5k, £, &, % Ligniihyed

SCAEAT LI RAE S M (D). 2 AR
24, 2010, 20(12): 122-129.
Wang Xuesong, Wang Li, Lin Renxin, et al.
Traffic behavior observation and characteristic
analysis for Shanghai primary school students
[J]. China Safety Science Journal, 2010, 20
(12): 122-129.

[4] Humphreys J, Wheeler D J, Box P, et al. Safe-
ty aspects of curb parking[R]. Report DOT-
FH-11-8879. Washington, DC: Department of
Transportation, 1978.

[5] AREFC, WRIWT, FRESNS, & JLRUATERAT

Bt 1 X)L 28 A G B AT TE T (D). ST A2
2022, 20(2): 111-119.
Zheng Shuwen, Yao Yuxin, Zhang Heming, et
al. Child-friendly street design: a case study in
Zizhuyuan area, Beijing[J]. Urban Transport
of China, 2022, 20(2): 111-119.

(6] £E4 . (it )LE AT Sl 4l . IR %4

FA R R B Ih 258 5 SR R (7], b
A, 2019(3): 90-95.
Jiao Jian. Promoting children's walking and
cycling to school: enlightenment from safe
routes to school program in Euramerican cities
[J]. Shanghai Urban Planning Review, 2019
(3): 90-95.

(7VXIBH, 248, MR, 55, ST bk~ %

B8 (38 2 A 2 S i LR 72 [0). SIS i R
SZTAEEER, 2019, 19(1): 132-137.
Liu Yang, Ji Yanjie, He Min, et al. Influence
mechanism of school commute pattern using
metro smart card data[J]. Journal of Transpor-
tation Systems Engineering and Information
Technology, 2019, 19(1): 132-137.

[8] Hmeide, FRIH. 27X REE /N A AR 2 Y

PR PP A S B2 PR 2R [0]. A2 T i AR 4 T A2
555, 2021, 21(1): 221-226.
Ji Xiaofeng, Zhang Qi. Risk assessment and
influencing factors of pupils' school commute
accident risk in school district scale[J]. Journal
of Transportation Systems Engineering and In-
formation Technology, 2021, 21(1): 221-226.

(9] EHEE, Jme, XRET . L AU FiE
FVEUHI]. SR 2@, 2022, 20(3): 73-82.
Xia Shengguo, Zhou Xiao, Wu Zeyu. Design
of child- friendly routes to school[J]. Urban
Transport of China, 2022, 20(3): 73-82.

[10] #h¥Ri, Pe/RAC, BRTHE, 5. FETHH

SRS PR N S O D B B D NN S TR 1 Wi B
TSR BMEE SHMIDHK  =diE XY BRE



[ e =

920z Ke €°ON #Z'0A BulyQ Jo Hodsues] uegin

Mg SIS+ 1 HSHIITOL

BT

AT B 7 B S I 22 A PRl . DA
J6 5T B (3], W RS I, 2020, 18(2):
58-66.

Han Zhiyuan, Fei Chenyi, Chen Yulin, et al.
Safety environment assessment of school
route with new technologies: a case study of
Beijing[J]. Urban Transport of China, 2020,
18(2): 58-66.

REmE R, X, LEA, FET
LSTM-BF [ i 2 2 i 52 368 S g JXL e A6 7
0] o 2 2R iR, 2022, 32(5):
170-176.

Xiong Xiaoxia, Liu Qingchao, Shen Yujie, et
al. Study on risk model of highway traffic ac-
cidents based on LSTM-BF[J]. China Safety
Science Journal, 2022, 32(5): 170-176.

[12] ARFLA, Skifife, L=, &5 HTED

B> AR LSTM Y REI SSE I FNI].
PREETRZE244), 2023, 37(10): 169-177.
Bing Qichun, Zhang Weijian, Shen Fuxin, et
al. Short-term traffic flow prediction based
on variational modal decomposition and
LSTM[J]. Journal of Chongqing Institute of
Technology, 2023, 37(10): 169-177.

[13] GB 50099—2011 /N2 # it HINE[S].

GB 50099—2011 Code for design of school
[S].

[14] GA/T 850—2009 31§ 17 1 % % P4 45 ZE VA1 15

HHE[S).
GA/T 850—2009 Code for setting of on-
street parking spaces[S].

(15] BFHge, 228 s rhCo 3 X /s 27 W B

15 25 1 it 5 R SR AT 0], DY B,
2016, 36(4): 22-26.

Wei Danni, Luo Kui. Research on temporary
parking measures and modes of primary and
secondary schools in Chengdu central city
[J]. Sichuan Architecture, 2016, 36(4): 22-26.

[16] GB 5768.8—2018 it #% 3 il b i AIbR 28 28

81 ar: “FRZIXIK[S].
GB 5768.8—2018 Road traffic signs and

markings—part 8: school zone[S].

[17] Zhao Yazhou, Zhao Hongdong, Shi Jianfeng.

YOLOv8- MAH: Multi- attribute recognition
model for vehicles[J]. Pattern Recognition,
2025, 167: 111849.

[18] Ngeni F, Mwakalonge J, Siuhi S. Solving

traffic data occlusion problems in computer
vision algorithms using DeepSORT and
quantum computing[J]. Journal of Traffic

and Transportation Engineering (English Edi-

tion), 2024, 11(1): 1-15.

[10] HRBEWE, EfE, %, 25 SETFHHK

A% B0 1 X2 B 5 A BT 4 XU 3 R
oD XBZMASL LESEER,
2024, 24(6): 316-325.

Ji Xiaofeng, Wang Jian, Xu Yinghao, et al.
Driving style- based sensitivity analysis of
driving risk field in mountain highway sec-
tions passing through villages and towns[J].
Journal of Transportation Systems Engineer-
ing and Information Technology, 2024, 24
(6): 316-325.

[20] Z=foh, ERBEUE, WRT7, 5. BERFAE R

R0 % 2B TR 2 B R AT N A [0].
TARRHEEAR, 2022, 32(2): 42-50.

Zuo Wei, Ji Xiaofeng, Chen Fang, et al.
Analysis on passengers' agglomeration be-
havior at highway passenger stations consid-
ering group difference[J]. China Safety Sci-
ence Journal, 2022, 32(2): 42-50.

RUEXEH, ERF. 5T 0050 AmAE

[22

[24

—

[

—

U — 5 5% R BB A BRI, E R
IR AR (A R BHE IR, 2022, 41
(7): 20-26.

Pan Yiyong, Guan Xingyu. Stochastic funda-
mental diagram model of traffic flow speed-
density relationship based on quantile regres-
sion[J]. Journal of Chongqing Jiaotong Uni-
versity (Natural Sciences), 2022, 41(7): 20-26.
LR, EOCH, RUE, 5. FET CNN-
ResNet-LSTM A5 28 ) 1 111 R i 53 i B 7
MFLD]. AEFTIR R F524), 2020, 43
(5): 9-14.

Pu Yueyi, Wang Wenhan, Zhu Qiang, et al.
Urban short- term traffic flow prediction al-
gorithm based on CNN-ResNet-LSTM mod-
el[J]. Journal of Beijing University of Posts
and Telecommunications, 2020, 43(5): 9-14.
FURR, &0, SagRgr, &5 RTER
VAR 28 SR IRV ST R AT AR RNy
T[], B e R R, 2024, 34
(7): 153-162.

Zhou Xinmin, Jin Jiangtao, Bao Nana, et al.
Urban taxi traffic flow prediction based on
attentive ConvLSTM-ResNet model[J]. China
Safety Science Journal, 2024, 34(7): 153-162.
Ren Gang, Jiang Hang, Chen Jingxu, et al.
Heterogeneous cellular automata model for
straight- through bicycle traffic at signalized
intersection[J]. Physica A: Statistical Mechan-
ics and Its Applications, 2016, 451: 70—83.



