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Fig. 1. Schematic diagram of off-ramp traffic system.
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Fig. 2. Heat map of speeds in three lanes vs. Poacc: (a) Pcacc = 0; (b) Poacc = 0.25; (¢) Pocacc = 0.5;
(d) Pcacc = 0.75; (al)—(d1) median lane; (a2)—(d2) center lane; (a3)—(d3) shoulder lane.
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P2 M0 Y 5, BE A CACC 5% i 3 n, 7 2438 K
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FHEL T 55 2R Py X R GUEAT BE 1 0.22 2 A 1K
G2, CACC ZE IR N Poacc RETE ST R 407
AR ES I, JEAT g 4 R 0.3 LA B, P AR AE
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R 1 Pcoacc M Pope WIBATAE ST HIRZM
Table 1. Influence of Poacc and Pype on road capacity.

P Pcacc
0 0.25 0.50 0.75 1.00 Wz AR ) %
0 0.441 0.415 0.381 0.460 0.705 0.324 22.0
0.25 0.494 0.462 0.434 0.512 0.753 0.319 19.4
0.50 0.560 0.533 0.499 0.576 0.815 0.316 17.0
0.75 0.622 0.606 0.575 0.638 0.884 0.309 14.3
1.00 0.676 0.647 0.608 0.683 0.921 0.313 14.3
W7 0.235 0.232 0.227 0.223 0.216 — —
PR /% 11.3 11.8 12.5 10.4 6.9 — —

3.2 FEWMRRAEEX T &I Rl

pilpEALD)

MR 3.1 795 S 38 70 M vl i, o IR R TE 2 B A
%38, Poace = 0.5 218 BRIBAT BE J) BRI A 2% 14,

R %2 Poacc = 0.5 B (1 6] 2208 B A stk ds

L B4 R AR AT A (R 2R 55 8 N S
RAHRA BRI TN (Ppain = 0.6, Pog = 0.15,
Pcacce = 0.5, Lic = 400 m, A = 0.5), B4 /£ =
FIARER T IME B, sl —2 AR T E, B
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4 SRR T T A A X 2B (a) R = 200 m; (b) R = 400 m; (c) R = 600 m; (d) R =
800 m; (al)—(dl) Lsoop = [1500 m, 2000 m]; (a2)—(d2) Lsoo = [2000 m, 2500 m]; (a3)—(d3) Lsoo = [2500 m,

3000 m]; (a4)—(d4) Lsoo = [3000 m, 3500 m|

Fig. 4. Temporal-spatial pattern of different perception ranges in center lane at diverge influence area: (a) R =
200 m; (b) R = 400 m; (¢) R = 600 m; (d) R = 800 m; (al)—(d1) Lsoo = [1500 m, 2000 m]; (a2)—(d2) Lspo = [2000 m,
2500 m); (a3)—(d3) Lsoo = [2500 m, 3000 m]; (a4)—(d4) Lspo = [3000 m, 3500 m].

Bl 5 T MIE B A B2 R 7 1 i T I3 fR 390 B
VY AN ZE T8 7E A [) 28 49 )3 e B R TS 1) 3o 3R B
# 5t (Pog = 0.15, Poacc = 0.5, Lyc = 400 m,
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TH T FiE 52 3] 25 9 S R0 Y BB P s e /. 3K R H
T W IE A R TE, ANEAEHRIEAT N, A5 KA
¥ R ESIZAT R MR, FERAC Xt E A

TR BB B O UK, R A R A R
BEK (Prain > 0.8) B, B & R B34 K, 135 JiE
b St NI R AN < T B /< R S8
(Pain < 0.4) B, ZE 55 800 [0 32 48 — ZE 08 3
FEsZ I H AN . AR R A, DY 2H 458
90 [ R R A 4 38 6] T8 AR ) Proain 10 5 50U
RTE W, AN EEE R 2, R R E TP 3 R A
Prain = 0.4 BfifT.
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Fig. 5. Influence of perception range on speed: (a) median lane; (b) center lane; (c) shoulder lane; (d) off ramp.
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Fig. 6. Heat map of volume vs. Poacc and Pug: (a) R =200 m; (b) R =400 m; (c¢) R =600 m; (d) R = 800 m.
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Fig. 7. Heat map of speed vs. Pcacc and P (a) Lpc = 400 m; (b) Lrc = 600 m; (¢) Lpc = 800 m;

(d) Lic = 1000 m.
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Fig. 8. Heat map of speed vs. Lyc and Ppain:

(a) Lyc = 400 m; (b) Lyc = 600 m; (c) LLc = 800 m;

(d) Lpc = 1000 m; (al)—(d1l) Pmain = 0.4; (a2)—(d2) Pmain = 0.6; (a3)—(d3) Pmain = 0.8.
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different lanes.
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(d) Pcacc = 0.75; (al)—d1) A = 0; (a2)—(d2) A = 0.33; (a3)—(d3) A = 0.67; (a4)—(d4) A =1
Fig. 10. Temporal-spatial pattern of different levels of lane-changing risk in center lane at diverge influence area:
(a) Pecace = 0; (b) Poacc = 0.25; (c) Pcacc = 0.5; (d) Pcacc = 0.75; (al)—(d1) A = 0; (a2)—(d2) A = 0.33;

(a3)~(d3) A = 0.67; (ad)—(dd) A = 1.
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Abstract

With the rapid development of vehicular technology, hi-tech manufacturing facilities are equipped in intelligent
vehicles to improve road capacity and traffic safety. However, freeway diverge segment has significant influence on
current traffic flow, and could affect the heterogeneous traffic flow consisting of manual and intelligent vehicles. The
primary objective of this study is to evaluate how intelligent vehicles affect traffic flow at an off-ramp bottleneck.

In order to depict the car-following dynamics of manual vehicles, the modified comfortable model, one of the most
classic cellular automata models, is employed to distinguish intelligent vehicles. In this paper, intelligent vehicles consist
of adaptive cruise control (ACC) vehicles cooperative adaptive cruise control (CACC) vehicles. The ACC and CACC
model are proposed by partners for advanced transportation technology (PATH), which are validated by real experimental
data. Besides, vehicles equipped with CACC will degrade ACC vehicle if the leading vehicle is driven manually. From the
perspective of vehicle’s lateral movement, two novel lane-changing models, including the discretionary lane-change (DLC)
model and mandatory lane-change (MLC) model, are developed to model the future behaviors of intelligent vehicles. A
risk factor A is introduced into the DLC model to distinguish vehicles from conventional ones. Based on environment
perception technology, a five-step MLC decision-making model is designed specifically for intelligent vehicles exiting
to off-ramp. It is comprised of environment perception, safe gap computation, measured gap ranking, measured gap
classification and lane-changing gap selection. Based on the proposed hybrid traffic flow model, numerical simulations
are conducted to study the influences of intelligent vehicles on the traffic flow near an off-ramp. Apart from the market
penetration of intelligent vehicles, parameters considered in this paper include the demands of mainlines and off-ramp,
range of environment perception, length of lane-changing area, and level of lane-changing risk.

Analytical studies and simulation results are as follows. 1) The integration of car-following model and lane-changing
model for the off-ramp system enables vehicles to have reasonable dynamic characteristics. 2) The capacity ascends to
the peak after an initial decrease as CACC vehicle penetration increases. The maximum capacity obtained in 100%
CACC vehicle scenario is improved by over 50%, compared with that in 50% CACC penetration scenario. 3) Enlarging
the ranges of environment perception and lane-changing areas, and enhancing the lane-changing risk can significantly
dissipate congestion upstream of the off-ramp and improve the efficiency of mainlines. However, they have little influence
on traffic flow at off-ramp. 4) The worst performance of the system occurs in the scenario of 50% CACC penetration,
where deterioration caused by degraded ACC vehicles suggests that enough patience and public confidence should be
paid for the development of intelligent vehicles.

Keywords: intelligent vehicle, lane-changing model, freeway diverge segment, adaptive cruise control
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