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Modeling and Simulation of the Traffic Flow
with Lane Changing and Sudden Arrival/Exit of Vehicles
Based on Inter-Vehicle Communications

TomoKI TakAasaco 1 and KAzuko TAKAHASHIT!

This paper describes the modeling and simulation of the traffic flow with lane changing and
sudden arrival/exit of vehicles based on inter-vehicle communications. We construct a simple
traffic model in which some vehicles change lanes. We propose a new method for a vehicle
to change lanes in which it tells the neighboring vehicles its intention beforehand, shares
information with them, and determines the lane change time in cooperation with the other
vehicles. We extend this model so that we can treat that sudden arrival and exit of vehicles in
the midst of traffic. The result of simulating these models showed that early communication
of intentions is effective in avoiding traffic jams and supporting smooth transportation.
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Fig.1 Importance of communication
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Fig.2 Road model and its three zones
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Fig.3 Condition of changing lanes
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Fig.5 Allocation of sensors and perception of passing cars
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Fig.6 Communication partner and messages
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Fig. 13 Screenshot of a simulator for an extended model
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Table 1 Parameters of simulation for a basic model

INT A=A AEAH

ETHIE (N) 50[&)

EEDRES 700[px]

HRRA AR (LR D R X 350[px]

S B AR 0D 3 40[px]

HE () 6[px]

JEH IR R D B BE 40[px]

SRS, A1) A0 1B R 40[px]

HIRAHRE, 222 LR 5 & S ORiEOH & OMKE | 20[px]

BEARAS A REAEIRIC 2 Y — R iE S S [HIRE 125[px]

RITIERE (vs)

ETHERE (vy)

B U ERE (vp)

HRRAER D z D DHEE (venange, )
HARZEERED y WA OEE 1(venangey;)
HARETIED y WA OHE 2(venange,s)
RS (ke)

RURIBRIE (k)

A H 2 H g 2 HDE S

HFE PRI

1 [px/ AT v 7]
2.5 [px/ AT v 7]
3 [px/ ATV 7]
0.5 [px/ AT v 7
1.5 [px/ AT v 7]
0.8 [px/ AT v 7]
1/ 30[f/px]
1/ 6[&/px]

50[%], 30[%)], 2O HKOHLHFE LT 50[%
0[AT v TH](£TOHIFATHL OS85 L, ID FICHAET D)

R’ 2 HARZGEE 7OV OKBE R AT & Y 5 HOHED 50%D5E

Table 2 The experimental result for a basic model: 50% vehicles chanage lanes

dead[ &4 ] last| & | delay.ave[step] delay_SD travel_ave[step] travel .SD

JEEA L 1.03 8.34
FEAGEASHTEINE | 0.00 1.19
S5 FHBASHE T8 NE | 0.01 2.04

217.18 147.07 405.80
215.40 147.48 366.61
213.27 145.23 364.21

64.36
47.26
47.59

3 HARZGEE 7V O KBRS R: AT & T 2 HOHED 30%D 55

Table 3 The experimental result for a basic model: 30% vehicles chanage lanes

dead[ &4 | last[ & ] delay_ave[step] delay_SD travel_ave[step] travel_SD

JEEARL 0.28 4.00
FAEIS TR | 0.00 1.00
S FEAE R FEHGE | 0.00 1.13

201.55 128.56 331.85
201.58 129.40 318.43
201.87 130.12 315.58

29.57
25.04
24.71

*4

change lanes to the right lane

BEARZGBE TV OEBRKER: 2 TOHD HNOHEHAF —ThH 254

Table 4 The experimental result for a basic model: 50% vehicles in the left lane

dead| A ] last[ & ] delay_ave[step] delay_SD travel_ave[step] travel.SD

WERL 0 21.94
FAREEHTFENE |0 19.21
JEFEAEHTEIGE | 0 21.07

201.02 131.28 541.67
207.50 138.75 514.11
197.76 125.16 531.50

155.41
168.31
162.33

x5 LRETINVDNT A—&FH
Table 5 Parameters of simulation for an extended model

IS A—A RENH
RO AT O e  TORERE | 130[px]
it o e X 50[px]

1 AH® IN HO LT ERAL]
IN HhMmiE % ik %
OUT At % i & e

250(IN i 1~3 A0 %), 200(IN # 4~5 5D L ¥)[AFv 7H]
1 [px/ AT v 7] (RITHE)
2.5 [px/ AT 7] (HH#EE)

x6

FEIRE 7OV OEBRHEI:IN 25 1 A, HRLEEET 2 HOHAED 30%DEE

Table 6 The experimental result for an extended model: 30%, one IN-vehicle

dead[ & ] last] & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]

no_Com |0.22 4.04 196.65
half_Com | 0.00 1.95 196.57
all_.Com [0.00 1.52 196.54

125.31 333.53 31.88
125.54 323.20 27.38
125.58 321.71 27.11

0.00
0.00
0.00

228.10
164.35
150.77




Vol. 50 No. SIG XX(TOM XX) HEEE 2 A2 O ML E XS E TV DiRE L EE 1249

KT ERETVOEBKIIN #H45 f, HREE 2 EILHOEHEH 30%D5E

Table 7 The experimental result for an extended model: 30%, five IN-vehicles

dead[ & ] last][ & ] delay-ave[step] delay_SD travel.ave[step] travel.SD in_delay[step] in_travel[step]
no-Com |0.26 3.68 180.68 116.29 333.09 30.64 373.60 161.60
half_Com [0.00 1.60 179.14 114.83 321.35 27.01 308.83 141.43
all_.Com |0.00 1.73 179.95 116.04 327.29 29.09 298.76 140.19

R 8 RETNVOEBRFEEIN #He OUT HA% 1 A, HHMEAELETLHOEHED 30%DHE
Table 8 The experimental result for an extended model: 30%, one IN-vehicle and
one OUT-vehicle

dead[ 7 ] last[ & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]
no-Com |0.18 3.45 198.92 126.83 332.55 31.47 420.73 265.47
half_Com |0.02 1.38 197.82 125.96 320.83 28.09 406.32 171.91
all_.Com [0.00 1.39 199.58 128.53 323.63 29.31 412.12 165.26

R 9 RETINVOERERIN HY 1 A05E
Table 9 The experimental result for an extended model: one IN-vehile

dead[ & ] last[ & | delay_ave[step] delay_SD travel_ave[step] travel_SD in_delay[step] out_trave[step]
no_Com [0.71 9.08 210.89 142.52 410.88 66.56 0.00 284.03
half_Com |0.05 2.44 207.95 141.40 369.42 50.26 0.00 133.63
all_Com [0.04 2.74 209.83 144.30 368.44 50.71 0.00 129.43

(a) BARZT & TT 2 HOHAD 50%DEHE

dead[ & ] last][ & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]
no_-Com [0.22 4.04 196.65 125.31 333.53 31.88 0.00 228.10
half_Com |0.00 1.95 196.57 125.54 323.20 27.38 0.00 164.35
all_.Com |[0.00 1.52 196.54 125.58 321.71 27.11 0.00 150.77

(b) HAREEE BT 2 HOUAD 30%05 A

£ 10 HERETNVOERKERIN HS 2 5054
Table 10 The experimental result for an extended model: two IN-vehiles

dead[ & ] last][ & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]
no_-Com [0.91 8.08 205.92 138.95 405.71 62.41 139.41 227.91
half_Com |0.02 2.08 203.02 138.08 368.00 48.08 73.56 141.28
all_.Com |[0.03 1.83 201.87 136.19 367.61 48.57 69.29 140.27

(a) THRET 2 BT 2 HOUAD 50%DEA

dead[ & ] last][ & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]

no_-Com [0.24 3.64 192.92 123.60 327.54 29.55 107.86 225.09
half_Com |0.00 1.77 192.81 123.92 322.29 27.52 83.43 162.22
all_.Com |[0.02 1.56 192.54 123.55 322.81 28.35 75.32 164.16

(b) FHEE & BT 2 HOUAD 30%05H A

R 11 HERE FIVOERHE:IN #Y 3 505G
Table 11 The experimental result for an extended model: three IN-vehiles

dead[ & ] last][ & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]

no_Com |0.79 8.20 200.04 134.43 401.56 62.66 226.36 208.70
half_Com |0.03 2.34 196.83 132.71 370.07 50.17 142.27 144.99
all_.Com |0.05 2.61 197.78 134.61 372.96 51.32 136.06 144.61

(a) HHRAE 2 ET 2 HDOEAD 50%D%HG

dead[ & ] last] & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]

no_-Com |0.29 4.26 187.32 119.03 334.64 31.14 242.08 200.57
half_Com |0.00 1.88 187.39 119.57 321.14 27.40 159.35 156.82
all_.Com |0.01 1.59 189.00 122.08 323.10 27.49 163.98 155.87

(b) HRAEHE % E BHDOEEH 30%D5H
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Table 12 The experimental result for an extended model: four IN-vehiles
dead[ & ] last][ & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]
no_-Com [0.86 7.80 196.78 133.52 400.31 58.75 304.17 186.95
half_Com [0.00 2.45 192.01 129.64 366.44 49.32 209.75 139.17
all_.Com |[0.03 1.95 193.25 131.43 370.68 50.08 198.77 136.26
(a) HIRLEZET ZHOEAMN 50%DHE
dead[ & ] last][ & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]
no_-Com [0.24 4.73 183.90 117.55 340.01 32.76 331.06 185.55
half_Com [0.00 1.55 182.76 116.39 320.25 25.96 232.14 146.46
all_.Com |[0.01 1.81 183.79 118.12 328.68 30.01 226.41 148.90
(b) HfHEE %Y 2 HDOEEGH 30%D5HE
R 13 HRE T VOFRIEELIN 035 G054
Table 13 The experimental result for an extended model: five IN-vehiles
dead[ & ] last] & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]
no_-Com [0.76 7.64 190.27 128.09 396.85 60.19 390.15 170.19
half_Com |0.00 2.28 189.10 129.51 367.87 49.62 289.24 138.01
all_Com [0.04 2.39 186.32 125.37 369.61 50.70 274.47 133.22
(a) BFAEE 2 8T 2 HDOHNEN 50%DHE
dead[ & ] last] & ] delay_ave[step] delay_SD travel_ave[step] travel_SD in_delay[step] in_travel[step]
no-Com [0.26 3.68 180.68 116.29 333.09 30.64 373.60 161.60
half_Com |0.00 1.60 179.14 114.83 321.35 27.01 308.83 141.43
all_Com [0.00 1.73 179.95 116.04 327.29 29.09 298.76 140.19
(b) HMZEE % EY 2 HOEEH 30%DHH
K 14 HIRETNVOERFHE: IN He OUT HAK 1 &
Table 14 The experimental result for an extended model: one IN-vehile and one OUT-vehicle
dead[ & ] last] & ] delay_ave[step] delay-SD travel_ave[step] travel.SD in_delay[step] in-travel[step]
no-Com |0.75 7.19 210.84 141.58 395.98 60.53 456.91 280.57
half_Com |0.02 2.37 209.02 140.86 370.76 49.94 441.49 172.42
all_.Com [0.03 1.47 209.81 142.29 366.66 48.98 451.27 148.13
(a) BHIMEE L ET ZHDOHNEN 50%DH G
dead[ & ] last][ & ] delay_ave[step] delay_SD travel_ave[step] travel.SD in_delay[step] in_travel[step]
no-Com [0.18 3.45 198.92 126.83 332.55 31.47 420.73 265.47
half_Com |0.02 1.38 197.82 125.96 320.83 28.09 406.32 171.91
all_.Com |[0.00 1.39 199.58 128.53 323.63 29.31 412.12 165.26

(b) HHRET & B 3 HOHA D 30%DHE




