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Abstract

With the rapid development of communication and automation technologies, connected and
autonomous vehicles (CAVs) are gaining increased attention as a potential solution to the
problem of traffic congestion. Especially, that CAV platooning can improve traffic capacity in
comparison to human-driven vehicle (HDV) traffic. However, as it takes a considerable
amount of time to replace all vehicles on roads with CAVs, it is crucial to understand the
features of the mixed traffic system in which CAVs and HDVs share the road and to determine
the optimal operation methods for the mixed traffic system. This study focuses on maximizing
the traffic capacity of multi-lane highway sections by proposing a novel HDV or CAV-only
lane operation plan. Considering the inter-vehicle distance and the CAV penetration rate, we
proposed a mathematical model and optimization framework based on the concept of a
fundamental diagram. Numerical examples of two- and three-lane highways were used to
examine the best-case scenario for introducing CAVs. Therefore, when the total CAV
penetration rate increases, introducing CAVs sequentially from a given lane will allow for the
maximum traffic capacity. Results showed that implementing a single mixed traffic lane and
HDV-only lanes without a CAV-only lane is more suitable for low CAV penetration. The
proposed method can provide transportation planners and policymakers with information to
assess if and how many HDV-only lanes and CAV-only lanes should be implemented to
maximize total traffic capacity.

Keywords: connected and autonomous vehicles, mixed traffic, optimization, platooning, traffic
capacity
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off £ g0l FoiX 29t s A|AHS] At WE-8EF ¢, (p)= AETTH(Equation 3)

k(‘(p): i 2 —n N - . 2o : 2\ o o )
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Yr
k.(p) <v,== - — (3)
%(p) = k.(p) v l+p2><sp+(1—p2)><s

-2 Table 1] AJA|E w75 o] 851 CAV dE°] 078 17H] trefsh -84 &9 2E7 Al
Q5 FFstaitt. H ufj7f¥ = Ghiasi et al.(2017)2}F Zhou and Zhu(2020) 14 AA1E 2H5F A 7F, 2pF o], 2}
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00 315 A0 25 89 AL 19 S0 57} % e A
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v =
A< 2olg 5 9}, £F0] 0% v] Ho) WEEFE 1,860(veh/h), 12 1] 2o TE-E2H2 4,898 (veh/hr)
2 RE 7S CAVE taloba g0l oF 2.68) Z718S o 4= ok,

Table 1. Parameters for mixed traffic with HDVs and CAVs

Parameters HDV CAV
Spacing (inter—vehicle distance) 60 20
s and s, (m)
Vehicle length, 7 (m) 4.5
Free-flow speed v, (km/h) 120

Table 2. Critical density and maximum traffic capacity with CAV penetration rate

Penetration rate Critical density Maximum traffic capacity
p k, (p) (veh/km) q.(p) (veh/hr)
0.0 15.50 1,860
0.1 15.60 1,872
0.2 15.90 1,908
0.3 16.42 1,970
0.4 17.21 2,065
0.5 18.35 2,202
0.6 19.96 2,395
0.7 22.27 2,672
0.8 25.71 3,085
0.9 31.15 3,738
1.0 40.82 4,898
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Figure 2. Mixed traffic in two-lane highway: (a) traffic capacity and (b) each lane’s CAV peneration rate for the total CAV
penetration rate
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Figure 2. Mixed traffic in two-lane highway: (a) traffic capacity and (b) each lane’s CAV peneration rate for the total CAV
penetration rate (continued)
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Table 3. Sensitivity analysis of spacing between CAVs for the total CAV penetration rate

Total CAV Maximum traffic capacity (veh/hr)
penetration rate Spacing between CAVs Spacing between CAVs Spacing between CAVs Spacing between CAVs

P Ep:20m gp:30m gp:40m gp:50m
0.0 5,581.40 5,581.40 5,581.40 5,581.40
0.1 5,683.89 5,658.58 5,633.07 5,607.35
0.2 5,975.07 5,879.93 5,782.97 5,683.68
0.3 6,434.07 6,229.78 6,021.80 5,807.26
0.4 7,063.73 6,703.62 6,343.36 5,925.15
0.5 7,898.08 7,203.06 6,464.40 5,972.87
0.6 8,646.76 7,410.02 6,667.85 6,083.95
0.7 9,234.06 7,983.09 7,040.04 6,258.34
0.8 10,749.31 8,819.50 7,284.86 6,297.18
0.9 11,905.22 9,171.25 7,532.69 6,408.23
1.0 14,693.88 10,434.78 8,089.89 6,605.50
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Figure 4. Sensitivity analysis of spacing between CAVs for the total CAV penetration rate

Table 4. Sensitivity analysis of free-flow speed for the total CAV penetration rate

Total CAV Maximum traffic capacity (veh/hr)
penetration rate Free—flow speed Free—flow speed Free—flow speed Free—flow speed
P v, =90km/h v, =100km/h v, =110km/h v, =120km/h
0.0 4,186.05 4,651.16 5,116.28 5,581.40
0.1 4,262.92 4,736.58 5,210.23 5,683.89
0.2 4,481.30 4,979.22 5,471.15 5,975.07
0.3 4,825.55 5,361.72 5,897.90 6,434.07
0.4 5,297.80 5,886.44 6,475.09 7,063.73
0.5 5,923.56 6,581.73 7,239.91 7,898.08
0.6 6,485.07 7,205.63 7,926.19 8,646.76
0.7 6,925.55 7,695.05 8,464.56 9,234.06
0.8 8,061.99 8,957.76 9,853.54 10,749.31
0.9 8,928.92 9,921.02 10,913.12 11,905.22
1.0 11,020.41 12,244.90 13,469.39 14,693.88
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Figure 5. Sensitivity analysis of free-flow speed for the total CAV penetration rate
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