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INTRODUCTION

Signalized intersections are critical bottlenecks in urban networks;
accurate turning-movement data are essential for timing optimization
and congestion monitoring.

Traditional approaches (loops, cameras, field counts) are expensive
to install/maintain, have limited spatial coverage, and suffer from
occlusion and counting errors.

Existing Connected Vehicle based movement classification methods
typically depend on map matching which limits scalability and
robustness in complex or outdated map environments.
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Figure 2. Data structure of Vehicle Trajectories obtained from Weijo probe data

PROPOSED ALGORITHM

1. Trajectory Selection and coordinate Transformation
Given Trajectories T = (Ty, ... Ty}, T, = (", y )14,
we apply a transformation @ so that (x, ) = @+ y").
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4. Tur Angle and Movement Ciassification
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Figure 3. Polar bar plot showing the major approach and departures
at the intersections
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Figure 4. Filtered and transformed vehicle trajectories (blue) are shown for the 10 test intersections with intersection bounding box (red)

RESULTS AND DISCUSSION

Through movements constitute the majority of observed traffic,
with U-turns making up only a small share, consistent with typical
intersection behavior, supporting the validity of the classification

approach.
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Figure 5. Turning movement counts derived for the intersection using the proposed

heading-based classification algorithm
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CONCLUSIONS

« The proposed algorithm presents an alternative to complex map
matching algorithms but considering a data driven approach for
movement classification across intersection.

The proposed algorithm is scalable that uses vehicle
trajectories from Connected Vehicle / probe data with spatial
filtering, heading derivation, and clustering to classify turning
movements across intersections

The proposed approach was validated at ten California
signalized intersections with varying volumes and geometries,
showing the approach can reliably recover dominant
approach/departure patterns without map matching.

Classified movements create a foundation for network-wide
ATSPMs, signal retiming, safety analysis, and energy modeling.

FUTURE WORK

« Calibrate sensitivity for low-volume/rural movements and
perform systematic ground-truth checks of classified
trajectories.

Calibrate and evaluate performance at intersections with
unconventional layouts (e.g., 5+ legs, closely spaced
intersections)
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    movementID   ( j ) =  {    1  (Through) ,  Δ  θ   ( j ) ≤  45 ∘  or  Δ  θ   ( j ) >  315 ∘ ,   2  (Left−Turn) ,   45 ∘ < Δ  θ   ( j ) ≤  135 ∘ ,   3  (Right−Turn) ,   135 ∘ < Δ  θ   ( j ) ≤  225 ∘ ,   4  (U−Turn) ,   225 ∘ < Δ  θ   ( j ) ≤  315 ∘ .


  𝛥  𝜃   ( j ) = (  𝜃  out   ( j ) −  𝜃  adj   ( j ) )   m o d    360 ∘ .


  [  0 ∘ ,  360 ∘ )


   𝜃  adj   ( j ) =  𝜃  in   ( j ) +  180 ∘ .


     θ ~   ( 1 ) , … ,    θ ~   (  i ∗ )


   i ∗ = min ⁡  { i :   f (    𝜃 ~   ( i ) )  f (    𝜃 ~   ( i + 1 ) ) < 𝛾 } ,


  γ


  f (    𝜃 ~   ( 1 ) ) ≥ ⋯ ≥ f (    𝜃 ~   ( K ) ) .


  f (    θ ~ k )


   {    θ ~ k }


     𝜃 ~ c =     ∑  i ∈ 𝒩 (  𝜃 c )   𝜃 i  w i    ∑  i ∈ 𝒩 (  𝜃 c )   w i .


  ∣  𝜃 i −  𝜃 c ∣ ≤ 𝛿 𝜃 .


  δ θ


   θ c


   {  w i  }  i = 1 M


   {  θ i  }  i = 1 M


   θ  in   ( j ) = atan  2 ⁡   (  y  in   ( j ) ,  x  in   ( j ) ) ⋅  180 π ,                θ  out   ( j ) = atan 2 ⁡ (  y  out   ( j ) ,  x  out   ( j ) ) ⋅  180 π .


  (  x  in   ( j ) ,  y  in   ( j ) ) , (  x  out   ( j ) ,  y  out   ( j ) ) .


   T j


  Intersection (  T j , C ) ≠ ∅ .


  C = { ( x , y ) ∈  ℝ 2 :   x 2 +  y 2 ≤ r } , r = 1000  m .


   (  x i ,  y i ) = Φ (  x i   ( j ) ,  y i   ( j ) )


  Φ


  𝒯 = {  T 1 , … ,  T N } ,  T j = { (  x i   ( j ) ,  y i   ( j ) )  }  i = 1   n j ,

