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1 INTRODUCTION 
 
Every day a significant percentage of drivers in single-occupancy vehicles search for a 
parking space. Additionally, less experienced drivers or out-of-towners further contribute to 
the increase of traffic congestion.  The type of the planned activity, time of a day, day of the 
week, current congestion of particular routes, knowledge of city streets, and potentially 
available parking places have significant influence on a chosen parking search strategy. 
During the past two decades, traffic authorities in many cities (Helsinki, Cologne, Mainz, 
Stuttgart, Wiesbaden, Aalborg, Hague) have started to inform and guide drivers to parking 
facilities with real-time variable message signs (directional arrows, names of the parking 
facilities, status, number of available parking spaces, etc.). Parking guidance systems help 
drivers to find vacant parking spaces when they are already on the network, and 
approaching their final destination. Drivers easily become familiar with the parking 
guidance systems, and majority of them use, trust and appreciate the help of the systems. 
Throughout this research the concepts of the parking reservation system and parking 
revenue management system are proposed. Such systems would help drivers to find a vacant 
parking space even before  beginning their trip. The proposed “intelligent” parking space 
inventory control system that is based on the combination of simulation, optimization 
techniques, and fuzzy logic makes “on line” decisions as to whether to reject or accept a new 
request for parking. The proposed methodology could be applied for parking lots and 
parking garages in cities and at the big international airports. 
 
 
2 METHODOLOGY  
 
In majority of cities throughout the world drivers pay for using different parking facilities. 
In some instances, traffic congestion can be significantly reduced as a result of parking 
price. Different parking pricing strategies should be a part of the comprehensive solution 
approach to the complex traffic congestion problems. For example, traffic authorities, local 
governments and private sector could introduce higher parking tariffs for solo drivers or for 
long-term parkers in congested city areas. They could provide special parking discounts to 
vanpoolers. Obviously parking pricing should be carefully studied in the context of the 
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considered city area (down-town, residential, commercial, retail use areas). The main role of 
any parking pricing strategy should be reducing the total number of vehicle trips, shifting 
commuters to alternative transportation modes, and to different parking locations. At the 
same time, when trying to implement any parking strategy, it is very important to provide 
enough parking space for shoppers, to provide preferential parking for residents in 
considered city area, to provide preferential parking for different parking locations, to 
consider low income families, and to protect streets in the neighborhood from illegal 
parking.  
The basic economic concepts of supply and demand should be more utilized when solving 
complex traffic congestion and parking problems (Vickrey (1994)). The basic idea behind 
the concept of congestion pricing is to force drivers to travel and use transportation facilities 
more during off-peak hours and less during peak hours. The idea of congestion pricing is 
primarily connected with the road or airport operators. In the context of parking problems, 
this means: (a) that different parking tariffs should exist for different users; (b) that the 
parking fees should increase and/or decrease few times during a day.   

2.1 Parking problems and revenue management systems: Analogies with some other 
industries  

Airline industry, hotels, car rental, rail, cruise, healthcare, broadcast industry, energy 
industry, golf, equipment rental, restaurant, and other industries are utilizing revenue 
management concepts when selling their products (Cross (1997)). Revenue management 
could be described as a group of different scientific techniques of managing the company 
revenue when trying to deliver the right product to the right client at the right price at the 
right time. The roots of the revenue management are in the airline industry. The basic 
characteristics of the industries to which different revenue management concepts were 
successfully applied are: (a) variable demand over time; (b) variable asset utilization; (c) 
perishable assets; (d) limited resources; (e) market segmentation; (f) adding new capacity is 
expensive, difficult or impossible; (g) direct cost per client is negligible part of the total cost 
of making service available; (h) selling products in advance. The main characteristics of the 
parking space inventory control problems are the following:  

•  Parking demand is variable over time.  
•  Like hotel rooms, or restaurant chairs, parking spaces also have daily opportunity to 

be “sold” (used by clients).  
•  Any parking lot or garage has limited number of parking spaces that can be used by 

drivers. 
•  Market segmentation means that different customers are willing to pay different 

prices for the same asset (hotel room, airline seat, seat in a rented car). Businessman 
wanting to park a car near a meeting point 15 minutes before the meeting would be 
ready to pay much higher parking fee than a pensioner planning to walk with his 
wife through the downtown, who made parking reservation four day in advance.   

•  Building new garages and parking lots could be very expensive and sometimes very 
difficult.  
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•  Additional cost of parking of new drivers is negligible part of a new parking garage 
construction.  

•  Parking places can be easily reserved in advance.  
Introducing and developing parking reservation system (created in an Internet and cell 
phone environment) would present further improvement in modern parking technologies. 
Drivers would be advised and guided before beginning of the trip, as well as during the trip. 
Parking reservation system should be coupled with the parking revenue management 
system. In this way, parking operators and traffic authorities would be able to implement 
different parking strategies. Once the driver is allowed to park, it is possible to implement 
internal garage guidance system that guides the driver to an empty parking place. 

2.2 Introducing parking revenue management system  
Let us assume that we have a parking reservation system. Drivers make their requests for 
parking at random moments in time (by phone from home, by cell phone while driving, 
through the Internet, etc.). Would it be good to have few different parking tariffs? The 
answer is obviously “Yes”. Drivers paying lower parking tariffs could be disabled and 
senior citizens, people who reserve parking space few days in advance, or HOV drivers. 
Drivers paying higher tariffs could be solo drivers, long term parking drivers, or drivers 
showing up and asking for parking without making reservation in advance. Obviously, there 
is a lot of possible parking pricing strategies.  
The stochastic nature of reservation generation and cancellation, the stochastic nature of 
driver show-up during reserved time slot, variety of parking tariffs, and the need to respond 
to drivers’ requests in real time, indicate that the management of parking garage revenues 
represents complex problem.  
Let us assume that we have few different parking tariffs. The simplest reservation system 
(similar to some airline reservation systems in the past) could be "distinct tariff class 
parking space inventories", indicating separate parking spaces in the garage for each tariff 
class. In this case once the parking space is assigned to a tariff class, it may be booked only 
in that tariff class or else remain unsold. There are certain advantages, as well as 
disadvantages with the distinct parking space inventories. In this case, users paying lower 
tariffs would be relatively well “protected”. In other words, this system would pay a lot of 
attention to the disabled, senior citizens, people who reserve parking space few days in 
advance, and HOV drivers. Obvious disadvantage of the distinct parking space inventories 
is the fact that very often some parking spaces assigned to lower tariff users would be empty 
even when higher tariff users demand is very high. In other words, it would be possible to 
reject some drivers even if all parking spaces in a garage are not occupied. In case of a 
"nested reservation system", the high tariff request will not be rejected as long as any 
parking spaces are available in lower tariff classes.  The basic characteristics of the parking 
space inventory control model that we propose are:(a) existance of a few different parking 
tariffs; (b) “on-line” decision making about each driver request.  
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3 INTELLIGENT PARKING SPACE INVENTORY CONTROL SYSTEM   
 
Recognition without definition is one of the basic characteristics of intelligent behavior. The 
initial assumption in this research is that it is possible to develop an “intelligent” parking 
space inventory control system that makes on-line decisions for each driver request. In other 
words, the paper assumes that it is possible to develop a system that will recognize a 
situation characterized by the number of reservations made by individual driver classes at a 
certain moment in time. System can also make the appropriate decision without knowing the 
functional relationships in effect between individual variables. The developed “intelligent” 
system is based on combination of simulation, optimization techniques and fuzzy logic. We 
assume that every driver making a request for parking specifies entering time point in a 
garage and leaving time point from the garage. Let us assume, for the moment, that we are 
able to predict future without a mistake. In context of parking space inventory control 
problem, this means that we are able to exactly predict random moments of time in which 
different classes of drivers make their reservations, the random moments of time in which 
drivers make their cancellations, the numbers of drivers from different tariff classes who 
will not show up to park, the random moments of time in which drivers leave the garage, 
etc.  In the case of perfect prediction we must be able to make optimal decisions. We must 
decide about acceptance or rejection of every particular parking request in order to reach the 
maximum revenue.  
Our problem (P) is to determine the maximum revenue in the case of a garage for which the 
dynamics of driver reservations, cancellations, departures from garage, etc. are known in 
advance. The problem (P) could be solved using some of the optimization techniques. The 
problem (P) could be solved many times for different scenarios. We simulate realizations of 
the stochastic processes representing cumulative number of driver requests. In the next step, 
after solving problem (P), we can get the optimal solution. We can repeat the simulation, 
and again, after solving the problem (P) we can get the optimal solution. After third 
simulation we will get the third optimal solution, etc. In this way we can get the optimal 
solution for every simulated "scenario". This “statistical material” enables the generation of 
a fuzzy logic system from numerical data (Wang and Mendel (1992), Teodorovic and Lucic 
(2000)). The proposed process learns from the solutions obtained assuming that the future 
situations are known. Combining many solutions, a set of rules is developed. All pairs 
(“parking demand scenario- appropriate optimal solution ) were used to produce a fuzzy rule 
base. This fuzzy expert system will help us to determine in real time for every parking tariff 
class the time moment  after which there are no longer vacant parking spaces for drivers 
requesting that parking tariff class (In any time moment t we will know the remaining time 
interval T(t) for selling parking spaces to particular parking tariff class). It is clear that T(t) 
depends on the cumulative numbers of drivers requests in particular tariff classes Di t( ) ,( i = 

1, 2, 3,..). The cumulative numbers of driver requests are antecedents, while remaining time 
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period for selling the parking spaces T(t) the consequence. Typical fuzzy rule in the fuzzy 
rule base could be, for the example, the following one:  
  If D1 is A2 and D2 is B4 and D3 is C7 and D4 is D11    
    Then T (t) is E3  
where: Ai , Bi ,Ci , Di and Ei , i = 1,2,3,...( ) are the established fuzzy sets for the antecedents 

and the consequence 
The available numbers of parking spaces must be updated every time when a driver is 
accepted for parking. The algorithm to create the fuzzy logic system for parking space 
inventory control consists of the following steps: 
 

Step 1: Collect cumulatives Di(t) that are based on a large number of driver requests for 
the parking in garage in question. 

Step 2: Formulate a corresponding optimization problem and find the optimal solution 
for each generated “traffic scenario”.  

Step 3: Based on the statistical data resulting from Steps 1 and 2, use some of the 
existing algorithms to generate the fuzzy rule base. 

 
The developed “intelligent” system makes “on line” decisions as to whether to reject or 
accept  a new parking request. The developed model was tested on a large number of 
different numerical examples. Because the optimal solution is known for a particular 
demand pattern, the performance of the proposed rules can easily be checked against the 
result of the optimal solution. Many tests show that the outcome of the proposed rules is 
nearly equal to the optimal solution. 
 
 
4 CONCLUSIONS    
 
The expectation is that proposed intelligent parking systems could significantly decrease the 
number of drivers in single-occupancy vehicles, increase the probability of finding vacant 
parking space, mitigate frustration of the drivers/visitors unfamiliar with the city center, 
decrease the queues in front of parking garages, decrease the total amount of vehicle-miles 
traveled (particularly within city centers), and decrease the average trip time, energy 
consumption, and air pollution.   
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