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Traffic Flow Theory in the Mixed Traffic Era
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Mixed Traffic Characteristics Traffic Flow Theory
* Penetration Rate Capacity

* Platooning Intensity Jam Density

* Platoon Size Fundamental Diagram
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@  Human-driven Vehicle (HY) @ Connected and Autonomous Vehicle (CAV)

I CAV

* Sensing surroundings
Features * Human-driven * Autonomous decision making
* Inter-vehicle Communication

Label "O" "1"
Penetration Proportion of HVs Proportion of CAVs
Rate P, P,
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Insights from 15t order Sequence Autocorrelation

e 1st order Sequence Autocorrelation (ACF):

* Relationship between a variable's present value and its lagged values

@) HV CAV

* Vehicle Sequence: Similarity of 2 consecutive vehicle types.
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Insights from 15t order Sequence Autocorrelation

(a) High ACF Value

(b) Low ACF Value

@@ HV @ CAV

15t order Sequence Autocorrelation reflects the degree of clustering strength of CAVs.
e Higher ACF -> Clustered
 Lower ACF -> Scattered

Practically:
e Spatial clustering could provide more chances and positions for CAV inter-vehicle

communications.
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Insights from 15t order Sequence Autocorrelation

* An new indicator of mixed traffic to quantify the CAV clustering strength.

Qualitative analysis

Qualitative analysis

Impact

>

Scattered vs. Clustered

Traffic flow
theory

CAV Clustering
Strength

Quantitative analysis

15t Order ACF
Values ranging from-1to 1

Quantitative analysis
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Linear spacing-speed relation and triangular FD

* Under stationary and steady flow:
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vilK, 0 < K < Ko free flow branch

1_ gK, Ko < K < K; congested branch
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An HV being followed by another HV 00
An HV being followed by a CAV 01
A CAV being followed by an HV 10
A CAV being followed by another CAV 11

d = Pyodoo + Po1dor + P1odio + P11das

T = PyoToo + Po1To1 + P1oT10 + P11T11
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Estimated value of d and T

Range of d., and 7, in the existing research

Space Displacement Time displacement

dyq 6.06,10.00! Too 1.00, 2.00]s

dy; 6.10,10.00] To1 0.50, 1.50]s
dyg 6.10,10.00] T10 1.00, 1.80]s
dy; 4.50,15.00)] Ty 0.60, 1.00]s
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Estimated value of d and T

Space Dlsplacement Time displacement

1.60 s
d01 7m Toq 1.10s
dqg 7m T1 1.50s
dq1 5m T1q 0.60s

P11 =P |p(1—Pp)+ Py B
Pio=Pi(1—-P)(1-p)
Por = (1 = P)Pi(1 - p)
Po=(1—P)(pP,+1—P) _

10.1016/j.commtr.2024.100151
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Mixed Traffic Fundamental Diagram

Pcav = 0.5, vf = 60 km/h

2500 4 Y
— -0.8
20001 — -0.6 Jam density | Critical density Capacity
£ 1500 . (veh/km) (veh/km) (veh/h)
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0 0.8
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Conclusions

1. Sequence ACF could be used for quantifying the degree of CAV clustering strength
* Higher value of ACF indicates that CAVs are clustering together
 The introduction of ACF promotes the quantitative analysis on the impact of
clustering strength in mixed traffic environment
2. Under the conditions in this study, a higher ACF could increase the traffic efficiency
* A higher ACF increases the mixed traffic capacity and jam density
A higher ACF maintains the free flow speed when density is relatively high
* In congested branch, higher ACF increase the flow and speed for a same density.
* Given that ACF is an indicator of clustering strength, these findings are insightful
for controlling CAV clustering to tune the value of ACF on the road.
3. This research utilizes simplified equations and triangular FD under the stationary and
steady condition, more complex scenarios, including nonlinear effects and dynamic
terms, could be discussed in the future
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Thank you

Welcome the feedback to make us work better.

Zhao Peilin
Peilin001@e.ntu.edu.sg



