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Motivation – Time-2-Green countdowns

• Red and green phases dependent on traffic demand and public transportation
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Source: nau.ch, 2020.

Source: rp-online.de, 2019.



Motivation – Speed advisory systems

• Enhancement of Signal Phase and Timing (SPaT) messages

 Beneficial for speed advisory systems

 Efficient and environmental friendly motion planning (homogeneous speed profiles)

• Requirement - Robust prediction of Time to Green (T2G)
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PROBLEM DEFINITION
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State-of-the-art signal control systems

• Types of signal control systems

 Non-actuated

 Semi-actuated

 Fully-actuated

• None to fully flexible systems

for control according to traffic dynamics
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Non-actuated signal control systems

• Non-actuated signal control system

 Green time 𝑔𝑖(𝑐𝑖), red time 𝑟𝑖(𝑐𝑖), cycle-time 𝑐𝑖 of signal 𝑖 are constant

 No reaction to traffic dynamics / public transportation
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Semi-actuated signal control systems

• Semi-actuated signal control system

 Green time 𝑔𝑖(𝑐𝑖), red time 𝑟𝑖 𝑐𝑖 of signal 𝑖 are non-constant

 Extension of green-time (e.g., priority for public transportation)

• T2G prediction with constraint that cycle durations are fixed
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Fully-actuated signal control systems

• Full-actuated signal control system

 Green time 𝑔𝑖(𝑐𝑖), red time 𝑟𝑖(𝑐𝑖), cycle-time 𝑐𝑖 of signal 𝑖 are non-constant

 No variables have a fixed time quantity

• T2G prediction without pre-defined constraints
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Problem definition

• Continuous development of traffic signal control systems 

 Flexible systems through sensor technology (detectors, Bluetooth, thermal cameras, etc.)

 Optimization methods (VS-PLUS, Self-control, etc.)  

• Cycle times, green or red times not constant

• Prediction model must capture the target’s variance
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IVT, ETH, 2020.



Problem definition
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• Prediction of T2G with 𝑓(𝑋), where 𝑋 contains all concatenated inputs



Problem definition

• Previous research is based on

 Vehicle trajectories (demanding data requirements)

 Considering only traffic signal data

 Fixed cycle times (semi-actuated)

 No consideration of public transportation dynamics
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Prediction of Time-2-Green (T2G) for fully-actuated signal control system by 
utilizing detector and traffic signal data.



STUDY AREA AND DATA SET
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Study area

• Intersection in the center of Zurich, CH

• Traffic modes: Individual, public transportation, 

pedestrians and cyclists

• Fully-actuated signal control system
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Source: OpenStreetMap (2022)



Study area

• All traffic flows controlled by traffic control system

• 12 traffic lights employed (3 signals are for tram line)

• Pedestrian flows are co-regulated with individual 

transportation
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Study area

• 12 inductive loop detectors installed

• Every arriving vehicle is detected

• Dedicated loop detectors for trams

• No separate detection of bicycle traffic
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Data format and processing 

• Data processing of event-based telegrams including detectors and traffic signals

• Transformation into a data set as input for machine learning

 Time series for each device

 Data resolution = 1 sec.
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Feature Engineering

• Aggregated data set (cycles) of traffic signals and detectors

• Two weeks of data (Monday – Friday, 7:00 and 20:00)

• Computation of feature set (R=red time, G=green time):
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Feature Engineering

• Long tailed features due to extreme events (high traffic demand, public transportation priority, etc.)

• Other features show similar characteristics
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METHODOLOGY T2G-PREDICTION
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Framework methodology

• Prediction model chosen conditional on the input percentile PCi
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Framework methodology

• Prediction model chosen conditional on the input percentile PCi
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Model selection and performance metrics

• Model selection

 Multiple Linear regression (MLR)

 Random forest (RF)

 Random forest with distribution split (RFDS)

• Performance metrics

 Mean Absolute Error 

 Exact hit (EH) – T2G is predicted with an error of 0 sec.

 Near misses (NM) – T2G is predicted with an error of < 1 sec.
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RESULTS
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Results

Multiple Linear Regression (MLR)
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Results

Random Forest (RF)
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Results

Random Forest with distribution split (RFDS)
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Limitation of framework

• Model can not detect red time extensions that occur after the prediction

• Inferring this dynamic behavior can improve model robustness 
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Detection of vehicle



CONCLUSION AND FUTURE WORK
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Conclusion and future work

• Conclusion

 T2G prediction framework for e.g., SPaT message enhancement

 Capturing of non-linear relationship between traffic signal and loop detector data

• Future work

 Feature to model detections occurring after prediction

 Comparison to other machine learning candidates, e.g., XGBoost, LSTM

 Test framework on multiple intersections (various characteristics)
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