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Multilane instabilities – FD scatter
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Introduction: NGSIM US-101Introduction: NGSIM US-101
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The hypothesisThe hypothesis

• the random error in drivers acceleration 
processes may be responsible for most traffic 
instabilities:
– Formation and propagation of oscillations
– Oscillations growth
– Hysteresis

• Laval,  Toth, and Zhou (2015), A parsimonious model for the formation of 
oscillations in car-following models. Transportation Research Part B 70, 228-
238.
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ScopeScope

• Car-following only, no lane changes
• Single lane
• Homogeneous drivers, no trucks
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Stochastic desired accelerationsStochastic desired accelerations

a(v) = -0.0615 v + 1.042
R² = 0.6627

0

1

2

0 5 10 15 20

A
cc

el
er

at
io

n 
(m

/s
/s

)

Speed (m/s)



vc

ormal •  

• desired acceleration  vehicle downstream 
does not constrain the motion



8

Model captures hysteresisModel captures hysteresis
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Model captures oscillation growthModel captures oscillation growth
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Oscillations period and amplitudeOscillations period and amplitude
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Model captures “concavity”Model captures “concavity”

• Tian et al, Trans. Res. B (2015)
• Jian et al, PloS one (2014)
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Does not capture capacity-BN 
speed relation
Does not capture capacity-BN 
speed relation
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Brownian motion formulationBrownian motion formulation

a(v) = -0.0615 v + 1.042
R² = 0.6627
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Brownian motion (BM) formulationBrownian motion (BM) formulation

a(v) = -0.0615 v + 1.042
R² = 0.6627
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Geometric Brownian motion 
formulation
Geometric Brownian motion 
formulation

a(v) = -0.0615 v + 1.042
R² = 0.6627
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The BM Stochastic ODEThe BM Stochastic ODE
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The GBM Stochastic ODEThe GBM Stochastic ODE
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Distribution of v(t)Distribution of v(t)

• Normal for BM and LogNormal for GBM, with:
• Expected value, BM and GBM

• Variance, BM 

• Variance, GBM 
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• Normal for BM and GBM, with:
• Expected value, BM and GBM

• Variance, BM 

• Variance, GBM 

Distribution of (t)Distribution of (t)

1 2 3 4 5 6

0.05

0.10

0.15

0.20

BM

GBM

standard deviation

time



21

Plugin to Newell’s car-following 
model
Plugin to Newell’s car-following 
model
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Effect of GradeEffect of Grade

• On a 100G% upgrade
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Car-following experimentCar-following experiment

• 6-vehicle platoon, unobstructed leader
• 5Hz GPS devices and Android app in each 

vehicle
• two-lane urban streets around Georgia Tech 

campus
• Objective: 

– compare trajectories with predicted 
distributions

– given: leader trajectory and grade G=G(x)
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Trailing vehicle speed peakTrailing vehicle speed peak
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Vehicle 4Vehicle 4
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Vehicle 4, Segment 3, Small VarianceVehicle 4, Segment 3, Small Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 5, Segment 3, Small VarianceVehicle 5, Segment 3, Small Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 6, Segment 3, Small VarianceVehicle 6, Segment 3, Small Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 4, Segment 3, Large VarianceVehicle 4, Segment 3, Large Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 5, Segment 3, Large VarianceVehicle 5, Segment 3, Large Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 6, Segment 3, Large VarianceVehicle 6, Segment 3, Large Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Q & AQ & A
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THANK YOU !
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Vehicle 4, Segment 4, Small VarianceVehicle 4, Segment 4, Small Variance

    Geometric Brownian Motion                         Brownian Motion
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Vehicle 4, Segment 4, Large VarianceVehicle 4, Segment 4, Large Variance

    Geometric Brownian Motion                         Brownian Motion
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Vehicle 5Vehicle 5
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Vehicle 5, Segment 4, Small VarianceVehicle 5, Segment 4, Small Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 5, Segment 4, Large VarianceVehicle 5, Segment 4, Large Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 5, Segment 6, Small VarianceVehicle 5, Segment 6, Small Variance

    Geometric Brownian Motion                         Brownian Motion
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Vehicle 5, Segment 6, Large VarianceVehicle 5, Segment 6, Large Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 6Vehicle 6
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Vehicle 6, Segment 4, Small VarianceVehicle 6, Segment 4, Small Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 6, Segment 4, Large VarianceVehicle 6, Segment 4, Large Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 6, Segment 6, Small VarianceVehicle 6, Segment 6, Small Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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Vehicle 6, Segment 6, Large VarianceVehicle 6, Segment 6, Large Variance

    Geometric Brownian Motion                         Brownian Motion

                     
       
                                                                                   

•  
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