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Transformation of Traffic Flow Cellular Automaton Models Based on the Stochastic Velocity Model
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Abstract : This study investigates a method for transforming continuous car-following models into cellular automaton (CA)

models. While car-following models, such as the Pipes model and its extensions, can realistically reproduce vehicle behavior,

they are often computationally intensive. In contrast, CA models, with their discrete representation of space and time, offer high

computational efficiency suitable for large-scale simulations. To define a relationship between these two approaches, we focus

on the extended Bexelius model and examine a conversion method into a CA model. Simulation results show that the converted

CA model exhibits behaviors consistent with the original car-following model, demonstrating the validity of the proposed

approach. Future work will extend this methodology to more advanced car-following models, such as the optimal velocity

model and IDM+, and evaluate the validity of the CA transformation by comparing traffic flow characteristics before and after

conversion.

1. [XL®HIC

AR, mEERR OV 7S b R 7 8 TR A
T DAL DS E 72 5TV D, T O
B 12 & > COBBRFM OB K Z 5| S 2720
T, BFEN BRI bR FYH EO R &
STHENa A FEBINESE TS, TO0), B
DIRAEA D =X L EF SN L, R IFEFER 2
AT LITEERMEL 2> TN D,
&L&ﬁ@ﬁ%fi Fex 728 @IE T VBNER S
NTE72, REREEEBAICRE T HEE LT
RELH TT;J;E%T/V&#Z/WJ‘~ k< k> (CA) E
TINRSH D, — R 7RIBHETE T VR4S H R OALE 0
FE A E & L TR, My R TERI I N D,
BEMREROND bDIT I —HTH Y, BlFENE
) 2 RIS HET /LT, ITEEENLE L 72D,
—J5, CA EF VITRFEDIREE & 2 BERAIC KRBT 5
TNTHY, R — AT D CH D 2 1)
ERETH. ZORIZ LY, KREWEDWHIH) 725
BIZHE L THWDENWIFIENR S D, 4 S DITHEIH
BOWIEZREIE D010, WET 0% EH
T HZENEETHDLEEZOLND. FRZ, B
BT NAPFFOBLER IR HOETFENME L, CAET LD
HEREBN S DL 2 ENTEE, L EANAL
AEPEIENT I RRIC 72 B . ZNVE TOMIETIE, &b
%ZIKE"JfOELﬁE%T/I/T“&)é Pipes €7 /L& /LA — b
< FALT DETEIT > TE 72, Pipes &7 /WA RHH
FEZ B ESFE A hT D 2 & N AR E 5 B
RETINTHD. L, ZOTT /N TIIHEDER
FEEHHT HITEBARH 5. & 2 TR T

Pipes E7 /L% X 0 BLFEMRET /VICHLIE L7z IRk
Bxelius &7 /L&A RICEILA— = b BT LAD
BWATIEERE L, TOET IV E OISR Z IS
2.

2. XBRETI

<2. 1 BREREETLYI>
EREEETT L EIX, CA ETLDO—DOTHY, 2D
TNV TR EEE vy, & BEBEEvD LRy /v, &
FHE L, — L & ORI/ Uy > pDOREIZ, BHE
Wz 1ELEDD. ZOBZFIZESE, (LEOHRE
EEEREICERTE D120, ZOHEE— A TBH
ETFAMNLELAS— < b /%T/M\G)z{a‘ﬁ&%‘: 179.
< 2. 2 #i3& Bexelius ETILE>

Pk Bexelius &7 /LIL H Hl] & Fi 7 3 A OHE & O
WEAIZLY, REROMEEEZREST HET LT
5. PLIE Bexelius 7 /UI(DRD L o ickEN 5.

3
Bt 47 = ) ai(®) = v(®) (1)

i=1
DRUZB N TT BN Z LR L, x,1dnE H O Hfi
DONETHD. F£T2, kJIZiBRIOFTFEE I TS
HIEISE TH Y, KA EGMOBEEZIIT L TE
OFRPEGFEANHE Z R S D000 KT A 3 —T
EDONRTA=ETHDH. —AIZ, BHEICEVEE
FBRREL DD Tk >k, >k 725,
<2. 3 BREREETILY>
REHEET L EIE, B B ETT D HEYIZRBN
T, BHMEONFEE DRI & OB RSV T
RESINLEEHFRATERINDGET VL THD. K

1: RRET - B () - X 2: ARET - A - EX

652



HM7 FE BEAKRFHEIZER

=
= o

Optimal Velocity V(4x)
o
o

0 1 2 3 4 5
Headway 4x

Figurel Optimal Velocity Function

WX, EMBREECIS U TREsEE | 2365 &0 9]
EDOT, £ & DG CTMBEREZRET 5.
i B OB M ONLEE X,  FebE RV (Ax;) & v
TRDO XS IRtk s n 5.

vi(t+1) =k{V(Ax) —v(©)} (@)
2T, UFHEMES, xXiFEH O HEmONE
Ax;(= x;_ — x)) X HEMEHETH 5.

V (Ax) (3 e o B AL & PRIXAL, Al B & oD EEfH]
FREEICEESWT R IANRN—T L Ol % 5 2 5
B%CdH 5. SCBR[BIC I\ C ek FE B A

V(Ax) = tanh(4x — 2) + tanh(2) (3)
TR, QXEXRTSHE Figurel DL IR 5.
tanh BAZITVE S0 ICHEINT 282 Ff > Tk v, HEfH
PRREAS A DS D223V T H O ML B ARSI L T
WS EFENERBTE 5., ZORKMETERDO KT 43
—OfTEMEM E —H L TRV, BENLRET VLN
AREE TR D
3. CAETIADOERSE

JE5E Bexelius £ /L% CA 7 /WZEHT 5 FIEIT
UTFD|my Ths.
[Stepl] ()XDA0 %
Bifhag\oomF 5.
[Step2] p%& 0~1 D—FEELIK LT H L &
()R DFFEAE RPN IEDG A,
p<lagl?2olidv, »a;+ 1, p>lagl72 i3y, > a; &
T2,
(H)ARDOFFRAERN A DS
p<lagl7e Hixv, » a; —1, p>lagl7e Hi3v, > a; &
T 5.
[Step3] [Step2] TR & 7= MM & File R T OME DRI

L0 @RUHE, R R ONHE 2R ET 5.

v;(t) = v;(t — 1) + At v, (¢t) 4)

IR L, £ ORISR B a; &

653

FiiFESTIRE

o 2nd #:3RBxelius_CA
20th #:3&Bxelius_CA
o 40th #L3RBxelius_CA
60th #:3&Bxelius_CA

Velocity[m/s]

) 80th #:5&kBxelius_CA

o 100th #1:3&Bxelius_CA

— J5RBxelius

——-SEEEER

0 50 100 150 200 250 300
Time[s]

Figure 2. Numerical examples of Time-Velocity diagram
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