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Abstract. Giving priority to buses at traffic intersections is a common practice in 
busy urban areas. Benefit for buses results from reduction of their journey times 
and improving their service reliability. However the negative impacts of such 
priorities for other intersection user’s e.g. individual traffic may exceed the buses 
benefits. In the paper two-level dynamic intelligent traffic control feedback 
approach is proposed. At the upper level the multi-criteria PIACON control 
method trade-offs the costs and benefits of all intersection users and proposes in 
real-time priority option (no-priority is also an option). At the bottom level 
dynamic dispatching control method DISCON realize priority control mode with 
PIACON reference input. The presented approach is illustrated by many practical 
examples realized in new ITS systems environment. 

1. Introduction 
The individual and social mobility is an inherent determinant of quality of life in our cities. 
However, typical situation observed especially in population centers shows a considerable 
dynamic growth in traffic volumes with simultaneous increase in the demand for mobility.  

In consequence, increase in traffic strains the limits of existing infrastructure and if not 
properly managed, it starts to become its own hindrance visible frequently in the form of 
permanent congestion with all well known negative impacts. Town centers loose their 
attractiveness mainly for the reason that traffic becomes an obstacle to mobility and 
adversely affects the quality of life in this metropolitan area. Because of increased traffic 
becomes a limiting factor for the development of our economy and quality of life, the future 
is tasked with the challenge of long-term maintenance of mobility standards with 
simultaneous reduction of negative traffic impacts. It seems evident that an enlargement of 
existing traffic facilities is no longer ecologically or economically justifiable. Therefore, the 
intelligent and efficient use of existing resources on the basis of available advanced soft and 
hard technologies is a primary goal. In the paper the proposal of an integrated public 
transport priority related management, supervision and control solution is presented and 
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illustrated by practical examples. The main integration premises in this case are concerned 
with “control by opportunity” aspects of priority control problems. In the priority 
management and control problems the overall transport system efficiency measures are 
transformed into many interconnected and ordered in time and space decision-making tasks 
(control scheduling, supervision, management) the solution of which plays a crucial role in 
the effective operation of the system with respect to its transportation goals and acceptable 
interactions with other users and environment. The premises of providing priority to buses 
have in general sensible solid foundations because priorities not only plays an important 
role in protecting bus services reliability and standards from operational disturbances e.g. 
traffic congestion, but are at the top of the list of preferable tools used in dispatching 
control problems. This result both from psychological convenience due to passenger’s 
unconsciousness of bus punctuality influencing control actions at numerous traffic signals 
as well as from high dedicated flexibility and efficiency control actions realized at many 
network points along the routes. In addition, the AVL+I based monitoring and surveillance 
of the buses realized for example via GPS and effective communication systems, make it 
possible to integrate in real-time many supervision forms, scheduling and control actions 
(see Figure 1) and take out and generate by dynamic intelligent control feedback (see 
Figure 2) very beneficial synergic effects on the bus routes [1]. In the paper Dynamic 
Intelligent Traffic Control Feedback (DITCF) is realized by PIACON (Polyoptimal 
Intelligent Adaptive CONtrol) control method at the supervision level [2] and DISCON 
(DISpatching CONtrol) method at the process control level [3,4]. 

2. PIACON-DISCON integrated approach 
Dispatching control actions dynamically evolving in time and space are integrated in 
DISCON method in an optimal dynamic control strategy resulting from the minimization of 
some selected service standards measure e.g. off-schedule deviations. Wide spectrum of 
control tasks (punctuality, regularity, synchronizing priority control) call for a multi-criteria 
integrated approach. In the papers [3,4] the 1-D and 2-D (primal and dual) dynamic control 
plant representations have been developed and illustrated by a family of single criteria 
optimal control DISCON solutions of dead-beat, LQ, LQG type. The efficient dispatching 
multi-criteria priority control mode at traffic signalized intersections is proposed as an 
option in the PIACON [1,2]. For this, dynamic control models representing evolution of the 
bus off-schedule deviations were equipped with real-time parameters estimation 
procedures. After the detection of the bus arrival to the junction and evaluation of its 
measure off-schedule deviations (weighting by its current load) the dynamic trade-offs with 
conflicting individual traffic and environmental demands are established by PIACON 
(Figure 3) and appropriate reference priority options for DISCON are proposed. The 
adjustments of currently displaying traffic signals are realized at the bottom level by 
DISCON priority mode.(see Figure 4). 
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Figure 1. Supervision, Scheduling and Control integration 

 
 

Figure 2. Dynamic Intelligent Traffic Control Feedback 
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Figure 4. Intersection: signal states SS=(yellow, green (g), red(r)) and possible control 
situations CS∈{1÷7}. Controllable cases: 3- green extension g+∆g; 4/5 – green speed up 
but after r= rmin and 6/7 – red turn up in rmin ≤ r ≤rmax  
Input data: 1. Intersection: signal plan parameters e.g. C=60 (sec); split=50%; gmin=10 
(sec); all PIACON related traffic modes on all intersection approaches, intersection bus 
passage time Tbus=10 (sec), intersection location on the bus route Sj÷j+1 (i.e. between ’j‘ and 
‘j+1’ bus stop) and real-time detected by surveillance system control situation CS∈[1÷7] 
for a given bus. 2. Bus and bus route (i.e. 10 buses and 10 bus stops) states: trip times and 
stop times disturbances estimates and off-schedule deviations at x0.  
Examples: The results of priority control are presented in Table 1 
1. For x0=[2, 1, 1, 2, 2, 2, -2, -2, 2, 2], the results of priority control realized only on one 
intersection S4-5[4], are presented in Table 1.  
2. For x0=[3,2,-1,0,1,-2, -1, 1, 2, 2] and S4-5[3, 6]. 
3. For x0=[3, 2, -1, 0, 1, -2, -1, 1, 2, 2] and disturbances at 2 and 4 bus stops z2= 6 (min) and 
z4=4(min) for two buses at S5-6[3], the results of priority control are presented in Table 1. 
4. For x0=[-2, -2, -2, -2, -2, 1, 1, 1, 1, 1] and intersections S1-2[5], S3-4[5], S6-7[5], S9-10[5] the 
priority shortage destabilizing the bus route due to actions of positive feedback bunching 
phenomenon.  

Figure 4. The PIACON trade-offs reference Nominal Working Point solutions 
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Table 1. Results of priority control at traffic intersections 

3. Conclusions 

The highly effective dynamic on-line real-time control tools for dispatching control in the 
public transport network may be developed by proper integration of the new control 
mechanisms (multi-criteria approach, robust adaptive dynamic control actions) with the 
potential of new information and communication technologies and existing hardware 
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possibilities. The main advantages of the presented priority control approach results from 
its flexibility and universal applicability to a wide spectrum of control tasks met in the real 
public transport network (punctuality, regularity, synchronizing control actions realized on 
various line segments by on-board computers in vehicles). It was shown that the high 
improvements in the quality of service may be conveniently obtained by multi-criteria 
adaptive public transport priority control actions at traffic intersections. However, it should 
be emphasized that it has to be based on the real-time data, on-line sophisticated multi-
criteria traffic situation analysis and very efficient optimizing tools like PIACON and 
DISCON. 
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