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Abstract: In the design phase of transport systems, a significant step is also the traffic light regulation. In world practice, to evaluate the 

efficiency of the proposed theoretical methods, experiments on test transport systems and on real systems are carried out.  The obtained 

results allow for the confrontation between different methods and the definition of those to be used in professional practice. For the 
semaphorical adjustment project, the algorithms proposed by the world literature were used in test networks with a non-large number of 

defining variables, so with as much semaphorized crossings in the project. This small number of variables makes it possible to find the 
optimal solution of the problem and evaluate how much the proposed approximation approaches this solution. While for the common 

topology project and traffic light regulation, algorithms were experimented in real transport systems. For this we chose two areas with about 
60,000 inhabitants, respectively in Tirana and Durres. Since many of the half hypotheses used in the phase when acting on topology 

variables depend on one or several parameters, different values were used in order to reach their calibration . Next, the algorithms, with the 

calibrated parameters, will be used in another city. But this will be the subject of a future study. 
KEYWORDS: TOPOLOGICAL PROJECT, STOCHASTIC LOAD FUNCTION, CONTROL PARAMETER, JOINT FLOWS. 

 
1. Selection of Algorithms 

Given that finding project solutions as close to reality is a 

difficult problem, the selected algorithms are of approximate type. 
This choice comes from the fact that solutions must be effectively 

implemented in practice and to be realized within a reasonable time.  
Even in the literature [1] no precise algorithm is proposed that 

manages to find the optimum of the semaphore adjustment problem 

by linking the equilibrium of users behavior. 

In solving the common problem of topology and semaphore 
regulation, some algorithms are proposed below. The overall 

structure of all solutions is given in two stages. During the first 
phase it deals with the internal variables (semaphore network 

topology), while in the second it deals with the continuous variables 
(semaphore regulation), taking the topology defined. The proposed 

algorithms, starting from an initial configuration of the "𝑦𝐶,0", 

setting, alternate two phases in each "i" approximation: 

 Updating flows 

Given the semaphore regulation vector “𝑦𝐶
(𝑖−1)”, an equilibrium 

determination is performed from which the equilibrium flow vector   

 

“𝑓𝑆𝑈𝐸
(𝑖)

” is obtained. The objective function  “𝑤(𝑓𝑆𝑈𝐸
 𝑖 ,𝑦𝐶

 𝑖−1 )” 

can be precisely estimated from the production of the flux vector 

and the cost vector. 

 Updating the setting variables   

Calculate a displacement direction from the inverse gradient  “∇ 𝑦𝐶
”, 

by the determinant variables  "𝑦𝐶"  at the point  “𝑓𝑆𝑈𝐸
 𝑖 ,𝑦𝐶

 𝑖−1 ”. 

In defining the step  “𝜇(𝑖)” a relatively small constant value is 
obtained. 

The stopping condition can be determined by the approximate 

gradient 

 ∇ 𝑦𝐶
(𝑓𝑆𝑈𝐸

 𝑖 ,𝑦𝐶
 𝑖−1 ) < 𝜔 

 
or based on the difference of two adjustment vectors obtained in 

successive approximations  

 𝑦𝐶
(𝑖) − 𝑦𝐶

(𝑖−1) < 𝜔 

 
with constant positive  “ω”. The flowchart of the proposed 

algorithm is given in Fig.1. 

 
Fig.1 General structure of the design algorithm of the traffic light regulation 
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Updating flows 
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∇ 𝑦𝐶
(𝑓𝑆𝑈𝐸

 𝑖 ,𝑦𝐶
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Calculation of approximate gradient 

 

i:= i+1 
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(𝑖) ≔  𝑦𝐶

 𝑖−1 + 𝜇(𝑖) ∙ 𝑝𝑟𝑜𝑗𝑆𝑦 [∇ 𝑦𝐶
 𝑓𝑆𝑈𝐸

 𝑖 ,𝑦𝐶
 𝑖−1  ] 

Updating variables 
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(𝑓𝑆𝑈𝐸

 𝑖 ,𝑦𝐶
 𝑖−1 ) < 𝜔 

The stop test  

 

End 
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The new thing that this algorithm carries lies in calculating the 
search direction, so let's look at it in more detail. Relation to users 

behavior  𝑦𝐶
∗ = arg𝑚𝑖𝑛𝑦𝐶

𝑐(𝑓𝑆𝑈𝐸 ,𝑦𝐶)𝑇  𝑓∗   can also be written 

based on the function of stochastic network load  “𝑓𝑆𝑁𝐿 " 

𝑓𝑆𝑈𝐸 = 𝑓𝑆𝑁𝐿  𝑐 𝑓𝑆𝑈𝐸 ,𝑦𝐶 ,𝑑          (1) 

The objective function, after substitution and without considering 

dependency on the demand vector  “d”, can be written: 

𝑤 𝑓𝑆𝑈𝐸 ,𝑦𝐶 = 𝑐 𝑓𝑆𝑈𝐸 ,𝑦𝐶 
𝑇
𝑓𝑆𝑁𝐿  𝑐 𝑓𝑆𝑈𝐸 ,𝑦𝐶            (2) 

After the replacement, (2) again depends on the vector  “𝑓𝑆𝑈𝐸”. 

The general element  “i” of the gradient of (2), against the vector of 

the determinant variables, i.e. the derivative of the objective 

function against "time with green   𝑦𝐶,𝑖", is given by the expression: 

 

𝜕𝑤 𝑓𝑆𝑈𝐸 ,𝑦𝐶 

𝜕𝑦𝐶,𝑖
=  

𝜕𝑐 𝑓𝑆𝑈𝐸,𝑦𝐶 

𝜕𝑦𝐶,𝑖

 

𝑇

∙ 𝑓𝑆𝑁𝐿  𝑐 𝑓𝑆𝑈𝐸 ,𝑦𝐶  

+ 𝑐 𝑓𝑆𝑈𝐸 ,𝑦𝐶 
𝑇
 
𝑓𝑆𝑁𝐿  𝑐 𝑓𝑆𝑈𝐸 ,𝑦𝐶  

𝜕𝑦𝐶,𝑖
  

 

which after deriving the compound function and replacing (1), has 
the form: 

 

𝜕𝑤 𝑓𝑆𝑈𝐸 ,𝑦𝐶 

𝜕𝑦𝐶,𝑖
=  

𝜕𝑐 𝑓𝑆𝑈𝐸 ,𝑦𝐶 

𝜕𝑦𝐶,𝑖

 

𝑇

𝑓𝑆𝑈𝐸

+ 𝑐 𝑓𝑆𝑈𝐸 ,𝑦𝐶 
𝑇
𝐽𝑎𝑐 𝑓𝑆𝑁𝐿 𝑐   

𝜕𝑐 𝑓𝑆𝑈𝐸 ,𝑦𝐶 

𝜕𝑦𝐶,𝑖

  

 
The calculation of the "i" element of the gradient requires the 

calculation of: 
- Jakobian of the stochastic grid load function by cost (this 

matrix is identical for each gradient term, so it is enough to 

calculate only once). 

- Derivative vector of cost functions, against the variable    𝑦𝐶,𝑖 . 

The Jacobian of the stochastic grid load function by cost can be 
calculated analytically. The general term of this Jacobian, i.e., the 

derivative of the stochastic grid load term belonging to a general 
branch 'l', to the relative cost of a general branch 'l’' is given: 

 

𝜕𝑓𝑆𝑁𝐿 ,𝑙(𝑐)

𝜕𝑐𝑙′
=

𝜕

𝜕𝑐𝑙′
  𝑑𝑟𝑠𝑚𝑙,𝑟𝑠

𝑟𝑠∈𝑅𝑆

 

=  𝑑𝑟𝑠

𝑟𝑠∈𝑅𝑆

 𝛿𝑙𝑘
𝜕

𝜕𝑐𝑙′
𝑝𝑟𝑠,𝑘           (3)

𝑘∈𝐾𝑟𝑠

 

 

The probability of choosing the route  “𝑝𝑟𝑠,𝑘” can be given by a C-

Logit choice model. In this case formula (3) turns out: 

 
𝜕𝑓𝑆𝑁𝐿 ,𝑙(𝑐)

𝜕𝑐𝑙′
=  𝑑𝑜𝑑  −𝑚𝑟𝑠,𝑙→𝑙′ −𝑚𝑟𝑠,𝑙′→𝑙 + 𝑚𝑙,𝑟𝑠𝑚𝑙′ ,𝑟𝑠 

𝑜𝑑

 

 
in which the term   𝑚𝑟𝑠,𝑙→𝑙′  represents the probability that a user, 

going from the origin "r" to the destination "s", traversed a route 

that has the "l" and "l’" branches. 
 

Some of the most recommended algorithms in today's studies of 
semaphore regulation will be described below. 

Hill Climbing Method (HC) is the simplest method used to design 
the topology of the semaphore network. It is a defined method and 

allows finding a local minimum value. In this method, for each 

approximation the best value of the single circle of that solution is 
found. The algorithm stops when it is no longer possible to improve 

this value, ie when a local minimum is reached. 
This method is not controlled by any parameters. The flow diagram 

of this algorithm is given in Fig. 2. 

 
Fig.2  Hill Climbing (HC) flow chart 

 
Simulated Annealing (SA) Method is a stochastic method, 

which, in contrast to (HC), does not require the whole circle of the 
following solution. It does not guarantee that the next choice will be 

better than the preceding one, enabling, especially in the initial 
phase, the shift towards solutions that aggravate the objective 

function. 

In this method, each approximation is randomly selected (ie 

"with uniformly distributed probability") a solution belonging to the 
following solution circle. If this solution meets the Metropolis 

criterion, it becomes the next new solution. Temperature (as a 
parameter governing the selectivity of the Metropolis criterion), is 

cooled according to a geometric progression after a phase in which 
a predetermined number of approximations is executed. The method 

(SA) is controlled by three parameters: 

 Initial temperature  τ0 - the value at which the temperature 

starts; 

 Final temperature  τf - the temperature value when the 

algorithm stops; 

 Step length  λp – number of solutions required at constant 

temperature, fixed in advance. 

The flux diagram of the algorithm is given in Fig. 3. 

 

Fig.3 Simulated Annealing Method flow chart 
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Tabu Search Method (TS) is based on the caching of recent 
measures taken to avoid returning to search in previously explored 

areas. 

In this method the best solution of the following solution circle 
is obtained from each approximation, which has no sequence 

located in the list tabu. This represents, for all sequences examined, 
the configuration that they had prior to this variation. So if a 

sequence was characterized by a configuration and it was processed, 

then any action that restores that configuration is forbidden. 

The prohibitions imposed by the tabu list can only be violated if 
the solution considered satisfies the aspiration criterion, which 

provides that the considered solution has a value of objective 
function, better than the following optimal solution (ie, the best 

solution found until that moment).  

The specificity used for (TS), especially the aspiration criterion, 
guarantees that this algorithm leads to finding a solution certainly 

not worse than the one dealing with (HC).  

The Tabu Search is controlled by a single-dimension tabu list 

parameter denoted by the symbol  λ1, which represents the number 
of approximations during which a given configuration is listed and 

considered prohibited. In some cases a stochastic variant of the 
algorithm is implemented, in which the tabu list dimension changes 

during the approximations from a value  λ1min  to a value  λ1max.  

In this stochastic variant, starting from a randomly selected 
value in the interval considered, for each approximation the tabu list 

dimension increases or decreases by one unit equilibrium. 

The flow diagram of the algorithm is given in Fig. 4. 

 
Fig.4 Tabu Search Method flow chart 

2. Applications of the combined intersections 
project 

In designing successive semaphoric intersections, the need 
arises for information on the maneuvers performed in each of them. 

The most appropriate method for resolving these intersections is 
that of "joint flows" [2]. 

Let us consider two successive intersections as in Fig. 5, 

assuming each is regulated so that there are two phases: the first 

with green light traffic lights for vehicle streams coming from 
horizontal branches and the second with green lights from vertical 

branches. 

 
Fig. 5 Simple (a) and developed (b) representation of two consecutive 

intersections 

 
The vehicles coming to junction "3" after passing through 

junction "2", have a phase change that depends on the phase at 
which they passed junction "2":  

the flux “f[1]” coming from node "1" crosses the junction "2" in the 

first phase, while the flux “f[2]” coming from nodes "4" and "5" 
crosses the junction "2" at the second stage. In order to coordinate 

both traffic lights, the values of both flows must be known, which 
can be obtained from the representation of part (b) of the figure : 

𝑓 1 = 𝑓 1′ ,3"  

 

𝑓 2 = 𝑓 4′ ,3" + 𝑓 5′ ,3"  

 
In cases where intersections are also regulated with left turn 

phases (ie when there is more than one green phase for any of the 

entrances), more complete data is required. Therefore, without 
considering all combinations, consider the flow of vehicles passing 

from node "5" to node "7". If this flux is significant, then the phase 
allowing the left (2 ', 7 ") crossing to coincide with the phase when 

the green is given the node" 5 "should be coordinated. When the 
flow is not large, then other combinations are given priority.  

It is not possible to identify the vehicle flux from node "5" to 

"7" from the defined flows vector. Considering the matrix of joint 

flows, this flow is given by the term  𝑓(5′,3"→(2′,7"). 

In the case where the intersections are not consecutive but 

nevertheless close to each other, the branch flux vector does not 
provide enough information to project the phase coordination, nor 

when we have only one green phase for each input.  

To concretize, add the branch (9,10) as in Fig. 6 and assume 
that part of the flow passing at junction "2" does not reach junction 

"3". Even in this case it is necessary to use the common flow 

matrix, as we used above. 

 

Fig. 6  Simple (a) and developed (b) representation of two intersections 

close to each other 
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Considering a general term of the matrix of joint flows, for 

example   𝑓(1,2→(3,6) ,  it gives the flow passing branch (1,2) and then 

(3,6) but does not guarantees passage through branches (2.9) and 
(9.3). In this case the route could be (1-2-4… -7-3-6) and this 

complicates the calculation of the time needed to move from node 
“2” to node “3”. Two cases can be observed: 

 The portion of the flow that crosses a route other than the 

"direct" route (1-2-3-6) is insignificant. In this case we can 

continue to use the term  𝑓(1,2→(3,6)  which appears quite 

close to the "direct" flux. 

 The portion of the flow that crosses a route other than the 

"direct" route is not negligible. In this case the term  

𝑓(1,2→(3,6)  is no longer an acceptable approximation for 

"direct" flux. 

The second hypothesis is more likely to increase the distance 

between semaphoric intersections (as the number of alternative 
routes may increase), while the benefits of coordination would be 

less significant. For this reason, we almost always consider the first 

case hypothesis. We note that in the case of successive 
intersections, by making the detailed presentation (b), an exact 

calculation can be made using the term   𝑓(1′ ,3"→(2′ ,6"). 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

3. Conclusions 

Given the complexity of the traffic light problem, especially in the 

case of successive intersections, we consider that the number of 

methods considered should increase. Since many of the half-
hypotheses used in the phase when operating on topology variables 

depend on one or more parameters, the need arises to use different 
values to arrive at their calibration. To be as close to reality as 

possible, then the calibrated parameters will be used in another city 
and this will be the subject of a future study. 
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