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Abstract: Traffic simulation is an increasingly popular and effective tool for analyzing a wide variety of dynamical 
problems which are not amenable to study by other means. These problems are usually associated with complex 
processes which can not readily be described in analytical terms. Usually, these processes are characterized by the 
interaction of many system components or entities. Often, the behaviour of each entity and the interaction of a limited 
number of   entities, may be well understood and can be reliably represented logically and mathematically with 
acceptable confidence. However, the complex, simultaneous interactions of many system components cannot, in 
general, be adequately described in mathematical or logical forms. 

In my research paper I would like to present Synchro which is a modern traffic simulation program. This is not a 
general presentation of this program but an attempt of choosing a real application from the urban area, more precisely 
from Brasov city, where I have noticed some problems in the urban traffic: congestions, conflict points. Firstly, I picked 
the data from one of the city’s   busiest   route; the data was  introduced in Synchro, which simulated the urban traffic 
and secondly I solved some of   the problems and tried to optimize it using the simulation program Synchro.  
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1.INTRODUCTION 

Nowadays, there is a major variety of 
instruments and soft wares for analyzing and 
modelling of an existent signalized intersection 
or even for optimizing a proposed one. The 
majority of  the analyzing instruments give all 
the information (regarding the lost time in 
intersections, storage lengths, the level of 
service and so on) for the traffic engineer, but it 
does not exist one single program that can 
precisely estimate all of the important measures 
for the actual conditions. For example, if the 
distance between intersections is very small, 
some of the techniques of the soft wares are 
good for the delay estimation and improper for 
the determination of information like, storage 
length or its dissipation.  

 

 

 

2. SYNCHRO 6 A MODERN TRAFFIC 
SIMULATION PROGRAM 

Synchro 6 is a complete software package 
for modelling and optimizing traffic signal. 
timings. Here is a summary of its key features: 

2.1 Capacity analysis 

Synchro implements the Intersection 
Capacity Utilization (ICU) 2003 method for 
determining intersection capacity.  This method 
compares the current volume to the 
intersections ultimate capacity.  The method is 
very straightforward to implement and can be 
determined with a single page worksheet. 
Synchro also implements the methods of the 
2000 Highway Capacity Manual, Chapters 15, 
16, and 17; Urban Streets, Signalized 
Intersections, and Unsignalized Intersections. 
Synchro provides an easy-to-use solution for 
single intersection capacity analysis and timing 



optimization. In addition to calculating 
capacity, Synchro can also optimize cycle 
lengths and splits, eliminating the need to try 
multiple timing plans in search of the optimum. 
All values are entered in easy-to-use forms. 
 Calculations and intermediate results are 
shown on the same forms. If the intersection is 
coordinated, Synchro explicitly calculates the 
progression factor.  With the Highway 
Capacity Software (HC), it is necessary to 
estimate the effects of coordination.  Synchro 
calculates the effects of coordination 
automatically and accurately. Synchro allows 
you to quickly generate optimum timing plans. 
 Synchro optimizes the split, cycle length, and 
offsets.  Synchro optimizes to reduce delays 
and stops.  It is fully interactive, when you 
change input values, the results are updated 
automatically.  Timing plans are shown on easy 
to comprehend timing diagrams. 

2.2 Actuated signals 

It provides detailed, automatic modeling of 
actuated signals.  Synchro can model skipping 
and gapping behavior and apply this 
information to delay modelling. 

 
2.3 Time space diagram 

 
It has colorful, informative Time-Space 

Diagrams. Splits and offsets can be changed 
directly on the diagram. 

Synchro features two styles of time-space 
diagrams. The bandwidth style shows how 
traffic might be able to travel down an entire 
arterial without stopping. The vehicle flow 
style shows individual vehicles that stop, queue 
up, and then go. The traffic flow style gives a 
much clearer picture of what the traffic flow 
actually looks like. For a complete analysis of 
an intersection the following conditions are 
taking into account: 

1) Geometrical conditions : 
o Total width 
o Lane width 
o Number of lanes 
o Storage length 
o Parking conditions 
o Grade 

2) Traffic conditions:  

o Traffic volume 
o The lane which has the 

maximum volume 
o Ideal saturated flow 
o Peak hour factor PHF 
o Heavy vehicle’s percentage 
o Conflicting pedestrian’s flow 

rate 
o Bus blockages 
o Growth factor 

3) Timing conditions: 
o Cycle length 
o Green time 
o Time interval between yellow 

and all red 
o Controller type 

 
3. CHOOSING THE APPLICATION 
FROM THE URBAN AREA 
 

We proposed to analyze a network of 
signalized/unsignalized intersections situated in 
Braşov (Fig.3.1) using the modelling and 
simulation software.  
 

 
 

Fig. 3.1 The analyzed network from Brasov city 
 
The map above was made in Synchro 6 but in 
this research paper we have chosen to  analyze 
an intersection. 
 

 
 

Fig. 3.2 The analyzed intersection  



For the analysis of the intersection the 
following information had to be collected: 
traffic volumes on each lane, the width of each 
lane and the timing plan. 
 
4. DATA COLLECTION AND 
PROCESSING PHASE 

  
The data from the sheets was introduced in 

the Microsoft® Excel worksheet (Table 4.1) 
presented in the table below. The explanation 
of the table: 

The first row represents the streets of the 
intersection. Below it the lanes of each street 
are presented. In the third row C means 
passenger Car, T means Truck, T/B means 
Truck or Bus. Under this the number of each 
type of vehicle is written that passes through 
the intersection on every cycle. As we can 
conclude, in the first column the number of the 
cycle is appearing. In the T/B columns the 
Busses are highlighted with light yellow, the 
articulated Busses with yellow background and 
the Trucks with red fonts. 

 
  Table4.1 

The data introduced in table 

 
After the introduction of the data sets in the 

table, the next step was to make the some 
interesting indicators. In Table  4.2. the sum of 
each column is calculated and in its first 
column there are explained 

 
Table4.2 

The summation on columns 

 
 

The first representation of the 
calculated values is the total number of 
vehicles that went trough the intersection in an 
hour on each lane (Fig. 4.1).  

 
Fig. 4.1 Total vehicles on lanes 
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Fig. 4.2 Total vehicles on streets 

 
The second graph (Fig 4.2) shows the total 
number of vehicles on each street. 
From the above values comes the proportion on 
each street (Fig. 4.3):  



 
 

Fig. 4.3 The proportion of the vehicles on streets 
 

The below presented table (Table 4.3) shows 
the number of vehicles in the intersection on 
each cycle. After which the graphical 
representation (Fig. 4.4) can be seen.  

 
Table 4.3.  

No. of vehicles on each cycle 

 
 

No. of vehicles per cycle
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Fig. 4.4 No. of vehicles on each cycle 
 

The numbers of heavy vehicles are presented 
in the below table (Table 4.4): 

 
Table 4.4  

No. of vehicle types on each street 

 
 
The values from the above table are 

illustrated in the following four graphical 
representations (Fig 4.4, 4.5, 4.6, 4.7): 
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Fig. 4.4 The proportion of vehicle types on 15 
Noiembrie Street 
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Fig. 4.5 The proportion of vehicle types on Castanilor 
Street (from the Pol. Dep.) 
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Fig. 4.6 The proportion of vehicle types on Castanilor 
Street 

 
The number of heavy vehicles on the streets is 
represented also with values on the figure 
represented below (Fig. 4.8). 



The proportion of vehicle types in the intersection
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Fig. 4.7 The proportion of vehicle types in the 
intersection 
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Fig. 4.8 The proportion of vehicle types in the 
intersection 

 
5. OPTIMIZING THE INTERSECTION 

Synchro contains a number of optimization 
functions. It is important to understand what 
each function does and use the optimizations in 
the correct order. These commands can be 
accessed from the Optimization menu of the 
main window. Table 5.1 shows the six types of 
optimizations and which parameters they 
optimize. 

Table 5.1 
Optimization commands 

 

5.1 Modifying the parameters 
 

The first step was to optimize the intersection 
by the changing of the Cycle length, splits and 
offsets. Doing this the whole plan was ruined 
and resulted that the current timing plan is 
more or less accurate for the available 
intersection. Thus a greater modification has to 
be done to influence the characteristics in a 
better way.  

The first idea that works is to make a through 
lane from the shared lane on the 15 Noiembrie 
Street, thus obtaining a single left lane, two 
through lanes and one shared.  The idea is 
shown on the figure below (Fig. 5.1):  

 

 
 

Fig. 5.1 The first optimization plan 
 
The second idea is to make a lane in addition 
for the right turn on the 15 Noiembrie Street. 
This can be realized by adding a storage lane. 
For a better understanding the idea is shown on 
the following figure: 
 

 
 

Fig. 5.2 The second optimization plan 
 

This modification affects the width of every 
lane. To have a good compromise the width of 



every lane has to be modified on the 15 Noiembrie Street. The next figure presents the 
solution for the second idea:

  
  

  
  
  
  

  
  

 
 

 
 
 
 

The lane widths of the real case are presented 
on the left side of the above figure. The lane 
widths after the modifications on the 15 
Noiembrie Street can be seen on the right.  

 
In the following steps the modifications done 

in Synchro are illustrated comparatively. At 
first only the lanes are modified on the 15 
Noiembrie Street. It has to be mentioned that at 
the second solution the lane widths are 
modified according to the figure presented 
above. The two figures below refer to the two 
solutions: Fig.5.3 to the first, Fig.5.4 to the 
second. 

 

 
 

Fig. 5.3 First solution 
 

 
 

Fig. 5.4 Second solution 
 
The second modification consisted in 

optimizing the Cycle length, splits and offsets, 
thus the following timing plans resulted: 
 
 

 
 
 
 
 

 
 

Fig. 5.5 Optimization for the first solution 

 

 
 

Fig. 5.6 Optimization for the second solution 
 

5.2. The results obtained 
By the modifications done, the most affected 

values appeared in the Timing window. In the 
following, the reports and the graphical 
representations are presented comparatively. 
The modifications are presented in form of 
figures taken out from Synchro 6 report files. 
The first four figures indicate the values for 
each of the four solutions:  
 

 
 

Fig. 5.7 MOEs for the first solution 



 
 

Fig. 5.8 MOEs for the second optimized solution 
 

 
 

Fig. 5.9 MOEs for the second solution 
 

 
 
Fig. 5.10 MOEs for the second optimized solution  

 
After presenting the detailed Measures of 

Effectiveness (MOEs) reports for each 
solution, a detailed multifile comparison was 
made for a better evaluation. This report is 
illustrated on the figure below: 

 

 
 

Fig. 5.11 Detailed multifile comparison 

Explanations for the detailed multifile 
comparison report (Fig. 5.11): 

In the first row (Scenario#) of the report 
every numbered column contains the values of 
a solution. Scenario 1 means the real case.  
Scenario 2 means the first solution. Scenario 3 
means the second solution. Scenario 4 and 5 
mean the optimized version for the first and the 
second solution respectively. 
 
5.3. Graphical representation of the 
solutions 

 
The effects of the modifications done can be 

seen on the next eight graphical 
representations. These representations refer to 
the best possible solutions. The first four (Fig. 
5.12, 5.13, 5.14, 5.15) refer to the first 
optimized solution:  

 

 
 

Fig. 5.12 Delays per vehicle  
 

 
 

Fig. 5.13 Stops per vehicle 
After the first optimized solution presented 

above the second optimized solution is 
presented below, offering the best solution 
from all the four optimizations presented 
earlier.  



 
 

Fig. 5.14 Average speeds 
 

 
 

Fig. 5.15 Fuel efficiency 
 

 
 

Fig. 5.16 Delays per vehicle 
 

 
 

Fig. 5.17 Stops per vehicle 

 
 

Fig. 5.61. Average speeds 
 

 
 

Fig. 5.18 Fuel efficiency 
 
6. CONCLUSIONS 

The first solution (transforming the shared 
lane into a trough lane) can be the most easily 
realized. But if the idea would be implemented 
it is suggested to do an optimization for the 
timing plan, because this leads to another 
increase in performance (see Table 6.2.). 

The second solution requires the 
modification of the 15 Noiembrie Street. But it 
can increase the performance even more than it 
does the first solution. Because in this case we 
have five lanes instead of 4 from the real case, 
the lane widths have to be modified. This 
solution requires that a length of 0.7 meters 
from the side walk has to be cut off. This 
length can be realized also, according to a 
similar procedure done in the “15 Noimembrie-
Calea Bucuresti” intersection. It is compromise 
in which the pedestrians are disadvantaged. But 
if it would be implemented it will increase the 
performances by a very high rate. In this case 
the optimization of the the timing plan is 
obligatory.  



 
Advantages of the solutions: 

 
1. The total delays (Fig. 6.1) are 

reduced by 35 up to 49%, which is significant. 
 

 
 

Fig. 6.1. Total delays 
 
2. The travel time (Fig. 6.2) in the 

intersection is reduced by 32 up to 46%. 
 

 
 

Fig. 6.2. Total travel time and  average speed 
 
 3. The average speed (Fig. 6.2) is 
increased by 33% in the first case and it has 
doubled in the last case. 
 4. The fuel consumption (Fig. 6.4) is 
reduced by 29 up to 41%, leading to an 
increased fuel economy by 40 up to 70%. 
 5. The emissions (Fig. 6.5) are reduced 
by 29 up to 41%. 

On the illustration (Fig. 6.5.): CO means 
carbon-oxides, NOx means Nitrogen-oxides 
(noxes) and VOC means Volatile Organic 
Compounds.  

 
 

Fig. 6.4. Fuel consumption 
 

 
 

Fig. 6.5. Emissions 
 
6. The number of Unserved vehicles 

(Fig. 6.6) is reduced by 27 up to 50%. 
7. The Performance index (Fig. 6.6) is a 

combination of the delays, stops and queuing 
penalty. A lower value for the performance 
index indicates a higher level of service; a 
higher value for the performance index means a 
less good condition for an intersection. This 
measure is reduced by 34 up to 48%. 

 

 
 

Fig. 6.6. Unserved vehicles and performance index 
 



Back draws of the solutions: 7. REFRENCES 
  

The only disadvantage of the solutions is that 
the number of stops and the stops/vehicle (as 
the effect of the no. of stops) have increased 
(Fig.6.8) by 12 up to 17%. 
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