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Abstract 

The aim of the research project VITAL (Vehicle-Actuated Intelligent Traffic Signal Control) was to implement 
and to test two novel signal control methods in the field. The two new approaches are the delay-based control and 
the cooperative control which are based on vehicle-to-infrastructure (V2X) communication data. The two test 
intersections used for validation are located in the German cities of Halle (Saale) and Braunschweig. Before 
applying the controls in the field, they were benchmarked in simulation studies and prepared in the traffic signal 
laboratory of DLR for implementation. The test intersections had to be adapted with additional detection and 
controlling equipment, and the vehicle-actuated controllers were modified. After these preparations the two new 
VITAL control approaches were activated for test runs with durations of several weeks. The measured data showed 
that the two new VITAL control methods work as well or better than the existing reference controls. 
 

Keywords: traffic signal control; new control approaches; validation  in the field 

* Corresponding author. Tel.: +49-30-67055-650; fax: +49-30-67055-291. 
   E-mail address: robert.oertel@dlr.de   



VITAL: Traffic Signal Control Based on V2X Communication Data – Application and Results from the Field 
 

2 
 

1. Introduction 

Traffic signal control has a major impact on the quality, safety and environmental effects of traffic flow within 
urban road networks. With a view to optimize these and similar parameters, a variety of different signal control 
approaches are applied which differ in their structure and complexity. These approaches range from well-
established fixed time controls (Webster, 1958), via classical vehicle-actuated procedures, to model-based network 
wide controls (Busch and Kruse, 1993), (Friedrich, 1997), (Hunt, et al. 1981) or decentralized self-organized 
strategies (Lämmer, 2007) to name but a few. In this context, new methods in traffic data collection based on e.g. 
video capturing, probe vehicle data and other wireless communication technologies open up new possibilities for 
traffic signal control. Especially data from the vehicle-to-infrastructure communication (V2X) seems to be of great 
value for an improved future signal control. In this case, vehicles are directly connected to the traffic signal control 
system and can exchange data in both directions: transmit information to the system as well as receive data from 
it. The vehicles with their trajectories and the parameters, which can be derived from them, are becoming multiple 
redundant detectors for the system. These derived parameters include e.g. vehicles’ travel times, delay times and 

speeds on the approaches of an intersection. These time- and path-continuous parameters have been difficult to 
capture with fixed-location detection equipment so far, which is why they have hardly been applied for real-time 
signal control. 

 
Based on this progress in traffic data collection and especially the upcoming vehicle-to-infrastructure 

communication (V2X), two new traffic signal control methods have been developed. They utilize the information 
which can be derived from the vehicle-to-infrastructure communication (V2X) and use it as input for their control 
decisions. These novel control methods and their functionality are briefly described below, before their 
implementation and testing in the field, as well as the obtained results are presented. 

2. New signal control methods 

The two novel signal control methods are the so-called delay-based control and the cooperative control. Both 
methods were designed with the aim to use only information from the described vehicle-to-infrastructure 
communication (V2X) (ETSI, 2014) as input for control decisions and no data from fixed-location detection 
equipment. Both novel methods are based on different philosophies and have different degrees of complexity as 
well as functions.  

2.1. Delay-based control 

The basic idea (Wagner, 2009), (Oertel and Wagner, 2011) behind the delay-based control is to use the delay 
times of approaching vehicles to adjust the green times of an intersection. In this context, the delay time of a 
vehicle is the additional travel time for passing the intersection compared to an uninterrupted flow. That means, as 
soon as a vehicle has to decelerate on an approach and moves below a defined speed limit, which can be e.g. the 
maximum permissible speed, it automatically accumulates delay time. This is usually caused by the traffic signal 
itself or by other interruptions in traffic flow and includes the deceleration, waiting and acceleration process, which 
is reflected in the vehicle’s accumulated delay time. Using this information as an input and bounded by a minimum 

and a maximum permissible green time, the control extends a running green phase as long as all vehicles with 
accumulated delay time on an approach have been served. Then the current phase is changed and the described 
principle is applied to the next phase in the cycle. A detailed description on how the delay-based control works 
and how it performs in several simulation studies can be found in (Oertel and Wagner, 2010), (Oertel and Wagner, 
2011), (Oertel et al., 2012).  

2.2. Cooperative signal control 

The general approach of the cooperative control (Erdmann, 2013) is to link a vehicle-actuated control with the 
GLOSA (Green Light Optimal Speed Advisory) functionality (Katsaros et al., 2011). This means that this control 
can react to variations in traffic flow, while at the same time sending reliable speed recommendations to the 
approaching vehicles. For this purpose, the approaching vehicles with their current speeds and positions are 
detected at an early stage and their further driving trajectories are prognosticated. This can be done with a simple 
model or a traffic simulation. Based on these prognosticated trajectories, the vehicle arrivals at the stop lines can 
be predicted, too, and the green times can be adapted according to traffic. These green times are bounded by a 
minimum and a maximum permissible threshold for the phase duration. The green time adaption is performed by 
an optimization algorithm, which is based on dynamic programing and can take speed adaptations due to GLOSA 
into account. The aim of the algorithm is to minimize the sum of the delay time of all vehicles at an intersection. 
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Information then transmitted from the signal controller to the vehicles can be the optimal approaching speeds, or 
alternatively the calculated signal times. This allows the vehicles to adapt their own trajectories according to the 
prediction. The optimization process iterates influencing and predicting the green times and can be repeated for up 
to every second. Details on the cooperative control can be found in (Erdmann, 2012).  

3. Implementation in the field 

3.1. Test sites 

The focus of the research project VITAL (Vehicle-Actuated Intelligent Traffic Signal Control) (Oertel et al., 
2013) was to put the two novel controls (in the following also titled as the VITAL methods) into practice and to 
validate them in a field test. For this purpose, in a first step suitable test intersections had to be found. To simplify 
this selection, some requirements were defined for potential intersections. The most important requirement was 
that the responsible road authority was willing to support research and to provide one of their intersections for the 
field test. The intersection itself should not be a part of coordination and the currently applied control should be 
vehicle-actuated. A further desirable criterion for selection was a variable cycle time. These requirements were 
important, since the VITAL methods in their first development stage are only intended for usage at single 
intersections. In addition, the VITAL methods should have as few restrictions as possible in green time adjustment. 
The traffic volume at the test intersection should vary between low and high density to be able to investigate a 
whole range of different traffic situations. Existing public transport priority rules should not be touched. 
Pedestrians and cyclists should be taken into account, but they should not have an active influence on the control. 
Two intersections meeting these requirements were selected in the German cities of Halle (Saale) and 
Braunschweig. These are the intersections Dölauer Straße / Brandbergweg and Tostmannplatz, as shown in  
Fig. 1. 

 

    

Fig. 1. Test intersections in the German cities of Halle (Saale) - Dölauer Str./Brandbergweg (left) and Braunschweig - Tostmannplatz (right). 

Both intersections differ in their geometry, existing technical equipment and traffic conditions. The test 
intersection in Halle (Saale) has three approaches, each with one lane per direction and additional lanes for turning. 
The existing signal control uses induction loops and infrared sensors to capture occupancy times and time gaps for 
vehicle-actuated green time adjustment. Preemption for two local bus lines is applied, too. The second test 
intersection in Braunschweig has four approaches and is more complex. There are two lanes per direction on the 
main road and additional lanes for left-turning. The applied control uses a number of induction loops for vehicle-
actuated green time adjustment, based on time gaps. A bus line passes through the intersection, but without 
preemption.  

3.2. Vehicle detection 

In order to be able to test the two novel VITAL control methods in the field, the test intersections had to be 
technically prepared. This included the traffic detection, the traffic signal controllers and some other additional 
components. The most important challenge was the capturing of the parameters required as input for the controls, 
such as the delay times, positions and speeds of the vehicles. As already described, both VITAL methods have 
been developed for use of data from the of vehicle-to-infrastructure communication (V2X). This should 
demonstrate that traffic signal control can not only work with traffic volumes and other classical parameters e.g. 
time gaps or occupancies. However, there is still a lack of vehicles equipped with V2X technology. The minimum 
required equipment rate of about 20% (Oertel and Wagner, 2011) is currently not available, which is why 
conventional, fixed-location sensors had to be used in the project. This made the setup for the field tests more 
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complicated and represents a workaround for the compensation of the insufficient V2X data. In the future, where 
equipment rates are assumed to be higher, these sensors will not be necessary anymore. 

 
For this workaround two detectors should be used per lane, located about 100m upstream and directly behind 

the stop line. Together they form an intermediate measuring section, in which the delay time information and the 
arrival times of the approaching vehicles can be determined for the control (Oertel et al., 2012). Each vehicle is 
detected when passing the detectors at the entrance and exit area; vehicle recognition is not necessary. 
Communication from the signal controller to the approaching vehicles for speed recommendations is, of course, 
not possible in this setup.  

 
Since the existing induction loops at the intersections in Halle (Saale) and Braunschweig did not cover this 

required combination to form the measuring section, additional detectors were applied. Magnetic field sensors 
were used for installation in the roadway surface. They have the advantage that a cabling over long distances could 
be avoided, because their information transmission to the signal controller is wireless. The setup of these magnetic 
field sensors is shown in Fig. 2 for the two test intersections. In some approaching lanes additional sensors were 
installed in order to better handle effects such as e.g. cutting the curve when turning. 

 

    
Fig. 2. Setup of detectors at the test intersections in Halle (Saale) (left) and Braunschweig (right). 

In addition to the magnetic field sensors, the test intersection in Braunschweig was equipped with a roadside 
unit (RSU) (see Fig. 3). The RSU contains a V2X unit, which enables direct communication with equipped 
vehicles. Even if this RSU has not yet been applied in the field test, it has already been tested for the delay-based 
control method on the DLR site (Oertel et al., 2013). Since the Tostmannplatz is an intersection within the AIM 
network (Application Platform Intelligent Mobility) (Schnieder, 2012), the RSU is basic technical equipment.  

 

    
Fig. 3. Installation of magnetic field sensors (left) und roadside unit (right) at the VITAL test intersection in Braunschweig. 
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3.3. Control integration 

The next step was to prepare the two VITAL control methods for the integration into the local signal controllers. 
For the delay-based control this means it had first to be adapted to the local conditions of the test intersections and 
a control logic had to be defined. The basic idea was to keep the existing vehicle-actuated controls completely 
unchanged; only the criteria for the decision making when to terminate a running green phase should be replaced. 
Parameters such as cycle times, phase sequences, minimum and maximum signal times, public transport 
preemption, etc. were not touched. The new criteria for green time termination is now the clearance of all delayed 
vehicles on an approach, instead of using the time gap (currently measured time gap is greater than the maximum 
permissible time gap). The idea for the cooperative control method was different; instead of using time gaps, an 
optimized switching sequence was computed anew each second and the first part of that sequence was used to 
determine whether a phase should be prolonged or terminated. 

 
For the implementation of the delay-based control method according to this description, the existing control 

logics of the two test intersections were modified at different points and extended by several new modules. The 
modules contain all the functions of the delay-based control and were simply added to the existing logics. This 
procedure ensures that the delay-based control can be implemented on any signal controller. It only requires 
functions from the standard library that each signal controller supports and is independent from a special 
manufacturer. The delay-based control method requires no additional computing unit and is only executed on the 
signal controller itself. 

 
A comparable approach has been adopted for the implementation of the cooperative control method. However, 

certain components of this method have not been able to be implemented on a common signal controller. They 
have been transferred to an external industrial mini-PC as depicted in Fig. 4, left. These components are a SUMO 
simulation (Krajzewicz et al. 2012) in the background, as well as the optimization algorithm. The task of the 
simulation is to predict the further trajectories of the vehicles on their way from the upstream detectors to the stop 
lines, which is the input for the optimization algorithm. The existing control logics had to be modified to transmit 
the detections of the magnetic field sensors and the current signal states via digital outputs from the signal 
controller to the external industrial mini-PC. In turn, the existing control logics had to be adapted to receive and 
process phase switching commands via the digital inputs from the external mini-PC. The logic on the signal control 
has only a dummy function: it forwards the phase switching commands of the cooperative control from the external 
mini-PC and monitors the compliance with the basic conditions e.g. intergreen times. 

 

    

Fig. 4. Industrial mini-PC at the VITAL test intersection in Halle (Saale) (left) and traffic signal laboratory of DLR in Berlin (right). 

Before these described modifications were implemented in the field, some prototypical tests were done in the 
traffic signal laboratory of DLR (see Fig. 4, right). This laboratory is equipped with real traffic signal controllers, 
detection equipment and common traffic engineering software. In addition, various simulation studies (Erdmann 
et al., 2015), (Oertel et al., 2016) of the VITAL control methods were performed in advance to be able to estimate 
traffic effects and to parameterize the new control methods. Afterwards in the field, the two new control methods 
were implemented as additional signal plans, which could easily be activated via a remote access from the cities’ 

traffic management centers. This remote access was import in case of any occurring problems.  
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4. Field tests 

4.1. Validation process 

After the two test intersections were technically prepared and the two new VITAL control methods were 
implemented, the validation process was started in the field. First of all, the test periods for the activation of the 
VITAL control methods had to be defined. Special attention was paid to holiday periods and regional construction 
works, which had an influence on the traffic flow at the test intersections. The consideration of these boundary 
conditions was important in order to ensure comparable traffic volumes at the intersections during the whole 
validation process.  

 
A test period should be at least three weeks, ideally even longer. Within this time period the delay-based control, 

followed by the cooperative control and the already existing control should be activated, each for one week. The 
existing control should be the reference for a later comparison. For this purpose, records from the local signal 
controllers were made, accessible from the cities’ traffic management centers. These records contained parameters 
such as traffic volumes, signal times, detector occupancies, phase durations, cycle times and requests for public 
transport preemption. In addition, self-defined parameters from the VITAL control methods were recorded e.g. 
vehicles’ delay times, vehicle counters and special checksums. Together with the records from the existing controls 

as the references, these were the data for the subsequent evaluation. 
 
For the recording of the delay times of the vehicles, the fixed-located detectors and the measuring sections were 

used, which were already required for running the VITAL control methods. That means the delay times within the 
measurement sections were not only determined during the activation of the delay-based method for signal control, 
but also in the background for the other methods. These records were supplemented by manual traffic observations 
and counts on site at the two test intersections. 

 
The test runs were performed during 27.06.-17.07.16 (first period) and 05.09.-02.10.16 (second period) in Halle 

(Saale) and during 16.09.-26.10.16 in Braunschweig. The second test period in Halle (Saale) was necessary, 
because the initial analysis of the recorded data showed that the VITAL control methods achieved very high gains 
in the average delay time per vehicle, but the existing control still had some potential for improvement. In order 
to achieve the most realistic results possible and to avoid any irregularities, the existing reference control was 
therefore slightly modified and a second test run was performed. 

4.2. Results 

After the completion of the test runs, the evaluation of the two VITAL control methods started, based on the 
previously recorded data. The records were analyzed and the results of the delay-based control and the cooperative 
control were compared with those of the already well-performing conventional controls at the two test 
intersections. In the following considerations the results from Halle (Saale) are firstly discussed, followed by the 
results from Braunschweig. Some of the results are broken down to individual signal groups, which were 
previously named in Fig. 2. 

 
Initially, the traffic volumes at the test intersection in Halle (Saale) are examined. About 100,000 vehicles 

passed per week, which was approximately equal for each control method when it was activated. However, the 
traffic flows within the test intersection are different, depending on the time of the day. Fig 5 shows an example 
of daily traffic volumes for 28th of June, 2016, differentiated according to driving relations (le: left-turn, ri: right-
turn). Peak hours and main directions can be recognized: in the morning with K3 and K3le as the city-bound flow 
and in the afternoon with K2ri and K1 in the opposite direction. This means there were some dynamics in traffic 
flow. 
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Fig. 5. Halle (Saale) – varying traffic volumes during the day, 28.06.16, classified by driving relations (le – left-turn, ri – right-turn). 

The next step was to examine how well the three controls could handle these dynamics in traffic flow. The 
average delay time per vehicle was considered as an indicator, which was determined from the records. It was 
initially normalized over the test run duration and the number of vehicles that had passed, to ensure a reasonably 
comparison of all three control methods. The results of this comparison are depicted in Fig. 6 for the second test 
period. It can be seen that both VITAL control methods were able to achieve reduced delay times. On closer 
analysis of the individual signal groups, it becomes clear that these effects were obtained almost exclusively at the 
signal group K1. On this approach were regularly longer queues during the peak hours, which the VITAL methods 
cleared in a different manner, even all the three controls had the same boundary conditions, e.g. maximum 
permissible green times. Observations on site confirmed this different behavior. 

 
Fig. 6. Halle (Saale) – average delay time per vehicle during the period 05.09.-02.10.16, classified by signal groups K1-3 and average. 

Since these observations include all traffic demand situations during the whole test period of at least one week, 
a further detailing was made on the basis of different demand scenarios. This should be used to investigate how 
the VITAL control methods behave in different traffic demand situations. For this purpose a low, a medium and a 
high demand scenario were defined. The total traffic volumes of the three control methods were initially aggregated 
into hourly values over their respective test period. Starting from the existing control as the reference, the peak 
hour with its traffic volume was determined and all other hourly values were classified:  

• Low demand: 0-60% of the traffic volume of the peak hour 
• Medium demand: 60-80% of the traffic volume of the peak hour 
• High demand: 80-100% of the traffic volume of the peak hour 
 

By means of this classification, the corresponding average delays times per vehicle were then assigned. The 
results of this procedure are shown in Fig. 7. The VITAL control methods show only slight differences in the case 
of a low demand compared to the existing control as the reference. The reason for this are the fixed minimum 
green times which are the same for all three controls and offer only little potential for a reallocation. With 
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increasing traffic demand, the differences between the three controls steadily increase and achieve a maximum in 
the case of a high traffic demand. The delay-based control gains the lowest average delay times per vehicle in all 
three scenarios. 

 
Fig. 7. Halle (Saale) – average delay time per vehicle during the period 05.09.-02.10.16, classified by demand scenario. 

Finally, the cycle times were analyzed. These are related to the observed delay times and directly determine the 
green times. In Fig. 8 the probability density of the measured cycle times are plotted for the three controls. It can 
be seen that the existing reference control and the cooperative control have a very similar course, whereby the 
existing control tends to switch more frequently with shorter cycle times. This corresponds exactly to the character 
of the cooperative control, which phases tend to be more forward-looking and thus longer. This behavior could 
also be seen in the on-site traffic observations. The delay-based control, on the other hand, shows a completely 
different behavior, both in relation to the existing reference control and to the cooperative control. Very short cycle 
times are more often, which is corresponding to more frequent phase changes since no phase can be skipped. This 
very agile switching behavior could also be observed on site. That means the differences between the cooperative 
control and the existing reference control are apparently derived from the forward-looking switching behavior. 
The differences in the delay-based control, on the other hand, are obviously caused by a more rapid phase switching 
behavior. The very short or long cycle times in the figure result from program changes as well as switching the 
signal controller on and off.  

 

Fig. 8. Halle (Saale) - probability density of the measured cycle times during the period 05.09.-02.10.16. 

In the same way, the two VITAL control methods were compared with the existing reference control in 
Braunschweig. The results of this comparison are depicted in Fig. 9. It can be seen that both VITAL control 
methods gained reduced average delay times per vehicle, compared to the existing control. The more detailed view 
is focused on the individual signal groups K1, K3 and K4. The signal group K2 was not further investigated, 
because this is a small access road only with very few vehicles. The greatest difference compared to the existing 
reference control was observed at the signal group K4. As in Halle (Saale), there are regularly longer queues on 
this approach, which the VITAL control methods processes in a different manner, compared to the reference 
control. This was again confirmed by on-site observations. 
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Fig. 9. Braunschweig - average delay time per vehicle during the period 16.09.-26.10.16, classified by signal groups K1, K3, K4 and average. 

In a last step, the controls were compared according to the previously defined traffic demand scenarios (see Fig. 
10). The differences between the three controls are the smallest in the scenario of low traffic demand and constantly 
increase with growing demand, similar to the results in Halle (Saale). In all scenarios, the smallest average delay 
time per vehicle could be observed for the delay-based control. 

 
Fig. 10. Braunschweig - average delay time per vehicle during the period 16.09.-26.10.16, classified by demand scenario. 

With the completion of the evaluations in Halle (Saale) and Braunschweig, some first observations were made 
for the practice application of the novel VITAL control methods. Obviously, both the delay-based control and the 
cooperative control have a different phase switching behavior compared to the existing reference controls. 
However, it should be emphasized that the results obtained during the test runs at the two intersections cannot be 
generalized, even if they seem to suggest a positive or at least no negative impact on the traffic flow. Additional 
test runs under different boundary conditions are therefore of great interest to the continuing work. 

5. Conclusions 

With the delay-based and the cooperative method, two new traffic signal approaches were developed, which are 
based on information from vehicle-to-infrastructure communication (V2X). These two methods have so far been 
tested and evaluated in extensive simulation studies. The goal of the research project VITAL (Vehicle-Actuated 
Intelligent Traffic Signal Control) was now to implement these two new control methods for the first time in the 
field and to validate them. For this purpose, two test intersections were set up in the cities of Halle (Saale) and 
Braunschweig, which satisfied certain requirements for the first test run. Since a vehicle-to-infrastructure 
communication (V2X) has not been sufficiently available so far, a workaround with fixed-location detectors had 
to be created. Magnetic field sensors were used, which were arranged in pairs on each approaching lane in order 
to form measurement sections. The two novel VITAL control methods were then integrated into the existing 
controls. The existing controls and their set parameters remained untouched, only the criteria for the decision when 
to terminate a running green phase was replaced. The delay-based control method could be implemented 
completely on the standardized signal controllers. However, the cooperative control method is more complex and 
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requires an additional industrial mini-PC that has been connected with the signal controllers for an information 
exchange. Before these described modifications could be applied at the test intersections in Halle (Saale) and 
Braunschweig, further simulation studies and integration tests were done in the traffic signal laboratory of DLR. 
After the implementation in the field, several weeks of test runs were performed under real traffic. In the later 
evaluation of the measurements recorded during the test runs, a different phase switching behavior of the VITAL 
control methods could be observed, compared to the existing reference controls. Especially the cycle times and 
average delay times per vehicle differed. Obviously, the delay-based control as well as the cooperative control can 
have a positive or at least no negative impact on the traffic flow at a signalized intersection. These first observations 
are not yet generalizable; there is a need for further research and testing, especially with regard to longer-term 
effects. To investigate these effects, a long-term test run in Halle (Saale) was started in March 2017 and will last 
at least until the end of the year. 

 
A reliable detection of the vehicles is of essential importance for the correct operation of the VITAL control 

methods. Although a workaround for compensating the insufficient availability of V2X data has been found, the 
approach of the use of magnetic field sensors is not optimal. For example, it has been shown in the test runs that 
inaccuracies in the vehicle counts can occur, as a comparison with the induction loops revealed. Since these 
differences have occurred only for few of the magnetic field sensors, it is assumed that this may be related to their 
position and the wireless connection. These inaccuracies were compensated by correction modules within the 
control logic. With the future use of vehicle-to-infrastructure communication (V2X) such inaccuracies could be 
reduced, even in the case that not each vehicle will be equipped. 

 
Another important point is the further development of the VITAL control methods for the usage within signal 

coordination along an arterial. Until now, the VITAL methods are only intended for application at single 
intersections. Especially in urban road networks, however, many traffic signals are integrated into a green wave. 
In order to apply the VITAL control methods here as well, additional approaches for coordination have already 
been developed and successfully tested in the simulation. The next steps must also be first test runs in the field. 

 
Since the VITAL control methods so far only use information from cars for control, there is a further need for 

research and development in the integration of public transport, emergency vehicles, pedestrians and cyclists. In 
principle, these could already be integrated into the VITAL control methods, because they do not distinguish 
between the modes of transport they receive information from. However, here a separate treatment would be 
advantageous, quite apart from the challenges in the detection of pedestrians and cyclists. 

Acknowledgements 

The authors would like to thank the Helmholtz Association and the technology marketing of the German 
Aerospace Center (DLR) for financial support, and the cities of Halle (Saale) and Braunschweig for providing the 
beautiful locations for testing, and the always open and friendly support in the implementation. 

 

References 

Busch, F.; Kruse, G., 1993. MOTION - Ein neues Verfahren für die städtische Lichtsignalsteuerung und seine Erprobung in Rahmen des EG-
Programms ATT. In: HEUREKA’93 - Optimierung in Verkehr und Transport, pp. 79–93. 

Erdmann, J., 2012. Verfahren und Vorrichtung zur dynamischen Steuerung mindestens einer Lichtsignalanlage. German Patent 
DE102012214164B3. 

Erdmann, J., 2013. Combining Adaptive Junction Control with Simultaneous Green-Light-Optimal-Speed-Advisory. WiVeC 2013, 2.-3. June 
2013, Dresden, Germany. ISBN 9781467363358. 

Erdmann, J., Oertel, R., Wagner, P., 2015. VITAL: a simulation-based assessment of new traffic light controls. In: Proceedings 18th 
International IEEE Conference on Intelligent Transportation Systems, 15. - 18. Sep. 2015, Las Palmas de Gran Canaria, Spain. 

European Telecommunications Standards Institute (ETSI), 2014. Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set 
of Applications; Part 2: Specification of Cooperative Awareness Basic Service, ETSI EN 302 637-2, 09/2014. 

Friedrich, B., 1997. Ein verkehrsadaptives Verfahren zur Steuerung von Lichtsignalanlagen, Technical University of Munich, PhD thesis. 
Hunt, P. B., Robertson, D. I.; Bretherton, R. D., Winton, R. I., 1981. SCOOT – A Traffic Responsive Method of Coordinating Signals. TRRL 

Laboratory Report 1014. 
Katsaros, K., Kernchen, R. Dianati, M., Rieck, D., 2011. Performance Study of a Green Light Optimized Speed Advisory (GLOSA) Application 

Using an Integrated Cooperative ITS Simulation Platform. In Proceedings 7th International Wireless Communications and Mobile 
Computing Conference (IWCMC), pp. 918–923. 

Krajzewicz, D., Erdmann, J. Behrisch, M., Bieker, L., 2012. Recent Development and Applications of SUMO - Simulation of Urban MObility, 
International Journal On Advances in Systems and Measurements, no. 5, pp. 128–138. 



VITAL: Traffic Signal Control Based on V2X Communication Data – Application and Results from the Field 
 

11 
 

Lämmer, S., 2007. Reglerentwurf zur dezentralen Online-Steuerung von Lichtsignalanlagen in Straßennetzwerken, Technical University of 
Dresden, PhD thesis. 

Oertel, R., Wagner, P., 2010. Verfahren und Vorrichtung zur Steuerung einer Signalanlage. German Patent DE102010027327B3. 
Oertel, R., Wagner, P., 2011. Delay-Time Actuated Traffic Signal Control for an Isolated Intersection. In: Proceedings 90th Annual Meeting 

Transportation Research Board (TRB). TRB 2011 (90th Annual Meeting), 23.-27. Jan. 2011, Washington, D.C., USA. 
Oertel, R., Wagner, P., Lämmer, S., 2012. Verfahren zur Bestimmung einer Verlustzeit, Verfahren zur dynamischen Steuerung einer 

Signalanlage und Vorrichtung zur Bestimmung einer Verlustzeit. German Patent DE102012220094B3. 
Oertel, R., Erdmann, J., Mann, A., Wagner, P., 2013. VITAL - Vehicle-Actuated Intelligent Traffic Signal Control. Helmholtz Innovation Days 

2013 - Partnering Research and Business, 09.-10. Dec. 2013, Berlin, Germany. www.projekt-vital.de 
Oertel, R., Möckel, M., Frankiewicz, T., Schnieder, L., Wagner, P., 2013. Field Operational Test of a new Delay-Based Traffic Signal Control 

Using C2I Communication Technology. In: Proceedings mobil.TUM 2013 - International Scientific Conference on Mobility and Transport 
"ITS for Connected Mobility", 18.-19. June 2013, Munich, Germany. 

Oertel, R., Erdmann, J., Mann, A., Trumpold, J., Wagner, P., 2016. VITAL - Vehicle-Actuated Intelligent Traffic Signal Control: Validation 
of two new Control Approaches in the Field. In: Proceedings - 11th ITS European Congress. ITS European Congress 2016, 06.-09. June 
2016, Glasgow, Scotland. 

Schnieder, L., 2012. Application Platform for Intelligent Mobility – research facility for intelligent mobility services. In: Society for Design 
and Process Studies Conference 2012, pp. 1-3. SDPS 2012, 10.-14. June 2012, Berlin, Germany.  

Wagner, P., 2009. Verfahren und Vorrichtung zur Steuerung einer Signalanlage. German Patent DE102009033431B4. 
Webster, F.V., 1958. Traffic Signal Setting. Road Research Technical Paper no. 39, Department of Scientific and Industrial Road Research 

Laboratory, London, UK. 
 

http://www.projekt-vital.de/

