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Abstract 

The Cell Transmission Model (CTM) is a numerical approximation of the shockwave theory. 
The CTM divides the links into discrete segments, known as cells, and updates the density 
of each cell (number of vehicles) after every second. Due to its simple formulations and high-
speed execution, the CTM is considered advantageous for model-based Adaptive Traffic 
Control Systems (ATCSs). A CTM implementation was developed within Sitraffic Motion, the 
“Motion-CTM” [9]. The “Extended Motion-CTM” [11] calculates two performance indices for 
the online signal plan optimization in Sitraffic Motion: the number of stops and the waiting 
time. The Extended Motion-CTM introduces a new variable for every cell in the network, the 
Congestion Indicator ሺܫܥሻ. The ܫܥ not only facilitates the calculation of the number of stops 
and the waiting time, but also assigns the calculated values to the appropriate signal. The 
significance of this novel idea is that it enables the calculation of signal related performance 
indices for the whole network in each second. The development of the ܫܥ algorithm in the 
form of a finite-state machine diagram is the core of this work. For the calculation of the 
number of stops, the ܫܥ is utilized to identify the cells at the end of the queue. Based on the 
outflow (vehicles per second) of these cells, the number of stops is derived. For the 
calculation of the waiting time, the ܫܥ is utilized to identify the cells that are in the queue. The 
waiting time is derived from the density of these cells and their outflow. The evaluation of the 
proposed algorithms shows that both the derived number of stops and waiting time are very 
close to the theoretical values obtained from the shockwave theory. Regarding the number 
of stops, the evaluation shows that the proposed algorithms perform much better than the 
approximation by Lin [10]. Regarding the waiting time, the evaluation shows that the delay 
calculation based on Almasri [6] and the waiting time in the Extended Motion-CTM give very 
similar results. 

 

Introduction  

The Cell Transmission Model (CTM) was introduced by Daganzo with a series of 
publications during the 90’s [1, 2, 3] as a numerical approximation of the shockwave theory. 
Daganzo’s CTM has been created originally for highway implementations. However, due to 
its simple formulations and high-speed execution, the CTM is considered advantageous for 
model-based Adaptive Traffic Control Systems (ATCSs). Daganzo [4] introduces the first 
adaptation of the CTM on signalized roads and Ziliaskopoulos and Lee [5] present the first 
application of the CTM on signalized intersections. Recently, the CTM appears in 
publications that deal with the online signal plan optimization in urban networks. 
Characteristic examples of this trend are the dissertations of Almasri [6], Rohde [7] and 
Pohlmann [8]. Zeng [9] extends the CTM in order to apply it into an urban network for 
Sitraffic Motion, which is a state of the art model-based ATCS developed by Siemens AG. 
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ܹ ௜ܶ ൌ ෍ ܹ ௜ܶ,௧ାଵ

௧್೗೚೎ೖ೐೏

௧ೝ೐೏

	 

The time step when the traffic light turns red is noted as ݐ௥௘ௗ . The time step when the 
Congestion Indicator becomes inactive again (ܫܥ is reset to zero) is noted as ݐ௕௟௢௖௞௘ௗ. This 
number (ܹ ௜ܶ) will grow as long as the cell remains congested, even though the maximum 
number of vehicles that the cell can hold is limited ( ௜ܰ). The upper limit depends on how long 
the cell remains congested (how long the cell keeps the Congestion Indicator active).  
 
If ݊ is the number of physical cells in one link and ݉ is the number of links of the whole 
network, the total waiting time of the link ሺܹ ௟ܶ௜௡௞ሻ and the total waiting time in the whole 
network ሺܹ ௡ܶ௘௧௪௢௥௞ሻ are: 

ܹ ௟ܶ௜௡௞ ൌ෍ܹ ௜ܶ

௡

௜ୀଵ

 

ܹ ௡ܶ௘௧௪௢௥௞ ൌ ෍ ܹ ௟ܶ௜௡௞

௠

௟௜௡௞ୀଵ

 

Finally, the waiting time can be assigned to the respective signals, with the help of the ܫܥ. 
Equation (6) gives the total waiting time for each signal in the network: 
 

ܹ ௦ܶ௜௚௡௔௟ ൌ ෍ ෍ ෍ ܹ ௜ܶ,௧ାଵ
௦௜௚௡௔௟

௧್೗೚೎ೖ೐೏

଴

௡

௜ୀଵ

௠

௟௜௡௞ୀଵ

 

 

ܹ	݄ݐ݅ݓ ௜ܶ,௧ାଵ
௦௜௚௡௔௟ ൌ ቊܹ ௜ܶ,௧ାଵ

௦௜௚௡௔௟, ௜,௧ାଵܫܥ	݂݅ ൌ 	ܦܫ	݈ܽ݊݃݅ݏ
0													,		 ݁ݏ݅ݓݎ݄݁ݐ݋

 

 

(6) 

 

Evaluation 

In order to evaluate the developed algorithms a test network from a city that has 
implemented the Sitraffic Motion is chosen, the city of Magdeburg. The evaluation compares 
the proposed methodology with the existing methods. The theoretical point of reference is 
the shockwave theory, since the CTM is a numerical approximation of the shockwave theory. 
The selection of the test area is made with the purpose of examining a real world critical 
area. The test area is part of the main corridor of the city (increased vehicle flows) and 
contains two signalized intersections that are relatively close (85m) to each other (Figure 7). 
The evaluation that follows focuses on the corridor from east to west on intersection K452 
and especially on links 61 and 62. The fundamental diagram that is applied for the 
evaluation has a simplified triangular shape.  
 
Figure 8 shows that for all inflows the performance of the new proposed algorithm is clearly 
better than the existing methodology. One more inherent advantage of the Extended Motion-
CTM algorithm is that it has the ability to assign the calculated number of stops to the 
specific signal that originally caused the congestion and the subsequent stops. Furthermore, 
the performance of the algorithm is not affected by a potential big inflow that causes 
oversaturation. This is considered a big advantage of the new proposed formula, since these 
are the crucial cases for traffic light optimization. 
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Conclusions 

This paper presents a new methodology for the calculation of the number of stops and the 
waiting time based on the Cell Transmission Model (CTM). With the development of the 
“Extended Motion-CTM” [11], a new variable for every cell in the network was introduced, the 
so called “Congestion Indicator” ሺܫܥሻ. The ܫܥ identifies the congested area defined by the 
shockwave generation. It is modeled as a state for each cell and is defined using a finite-
state machine approach. The ܫܥ faciliates the calculation of the number of stops and the 
waiting time. In addition, the developed methodology allows the association of the calculated 
values to the responsible traffic signal. The evaluation on a real world critical corridor shows 
very promising results. However, a complete network evaluation is needed to establish the 
value of the methodology for online signal plan optimization for urban networks. Comparison 
with various traffic models (microscopic and macroscopic) is considered to be the next 
research step.  
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