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ABSTRACT

Parking area is a complex system consisting of adequate system components and 

of their inter-dependence; it is therefore necessary prior to analysing and planning 

of parking capacities to defi ne the model of parking. ! e main goal of this paper 

is analyze the role and prove the applicability of information technologies in the 

function of design optimal parking area capacity. ! e working hypothesis is set: 

Applying the information technologies in optimization of parking area capacity 

the optimal number of servers (ramps) and the required capacity (number of park-

ing spaces) in closed parking areas can be defi ned. Scientifi c methods applied in 

confi rming this hypothesis are based on waiting-line models and information mod-

elling method. ! e use of information technologies in optimization parking area 

capacity will be presented on an example of the “Delta” parking area in the City 

of Rijeka. A particular merit of the model is its universal applicability because the 

presented methodology can be applied to any other closed parking area, i.e. parking 

area with ramps in current or future, changed conditions.

JEL clasiffi  cation: C61
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1. INTRODUCTION

! e research problem of importance for this work stems from the fact that the 

demand for parking services is not constant. Changeability and dynamism of the 

demand for parking services are the main problem in determining the required size 



Maršanić Robert • Pupavac Drago144

of parking facilities. ! e lines at the entrance to the parking lot, especially in peak 

periods, a daily occurrence. Accordingly, this paper will try to answer the following 

questions: What is the demand for parking services, according to which should be 

to design the optimal capacity of the parking lot?, Acceptable percentage of under 

capacity of the parking area?, How to provide service to park at a time of increased 

demand?. To fi nd answers to these questions and prove set hypothesis using Excel 

spreadsheets to construct a realistic model of the theory of queues, which will sup-

port an open single-channel and multichannel queuing model.

2.  RELEVANT CHARACTERISTICS PARKING AREA AS AN OPEN 

SINGLECHANNEL OR MULTICHANNEL QUEUING SYSTEM

According to the classifi cation system of queues, queues all systems are based on 

the number of servicing channels are divided into two groups, as follows: Single 

and multi-channel systems. According to the number of potential clients, all queu-

ing systems are also divided into two groups, namely: open and closed systems of 

queues. ! e common feature of all these models is that their clients Poisson input 

fl ow stream, and that their output stream of clients and serving time is exponen-

tially distributed.

Typical symbols of the model are (Barković et al.;1986,213):

λ - mean number of arrivals per time period

µ - mean number of people or items served per time period

S – number of service facilities 

P
0
 – Probability of 0 units in the system (that is, the service unite is idle)

Pn – probability  of n units in the system 

Wq – average time a unit spends waiting in the queue

Ws – average time a units spends in the system (waiting time plus service time)

Lq – average number of units waiting in the queue

Ls – average number of units (customers) in the system (waiting and being 

served) 

If the λ < µ, individual values of the waiting line in single-channel system can be 

calculated from the following formulas (Heizer & Render; 2004, 715):

Ls = 
λ

          
µ-λ

  Wq = 
λ

          
µ(µ-λ)
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Ws =

 

1
          

µ-λ
   ρ =

 

λ
      

µ

Lq = 
λ2

          
µ(µ-λ)

  P
0
 = 1 -

 

λ
      

µ

Some values of the waiting line in multi-channel system can be calculated from 

the following formulas:

P0 = 

Ls = 

 Ws = 

Lq = Ls   -

Wq = Ws   - 
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If the number of inbound ramps to the parking area one, than we talking about 

the single-channel system, otherwise we are talking about multi-channel system. 

When the parking area fi lls up, entry ramps automatically prevent new vehicles 

from entering into the parking area, i.e. the drivers trying to enter are signalled 

that the parking area is complete and this initiates the creation of a line of vehicles 

trying to enter into the parking area. Parking area represents a queuing system 

with the following structure: customers are vehicles forming (or not) a waiting line 

(depending on the current situation) in order to be served (parked) in a parking 

section and after the service has been completed (certain length of parking time), 
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they exit the system. Parking system servicing is defi ned as an open system of que-

ues because with him the intensity of input fl ow does not depend on the state sy-

stem, ie the number of users in the system, because the source populations located 

outside the system and users of the city roads (outside the park) come in observed 

the system queues.

3. STATISTICAL DATA

Table 1 shows the number of vehicles arrived into the “Delta” parking area in 

2009. 

Table 1: Number of vehicles arrived into the “Delta” parking area in 2009 by days and months
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Note: Number “0” denotes holidays, i.e. days (Sunday and national holidays) when parking fee 

was not charged or months with less than 31 days.

Source: Statistical data of the “Delta” database

! e number of spaces in the waiting line: total length of space appointed to the 

waiting of the vehicles in order to be able to enter into the parking area is 80 m; if 

the average length of a vehicle in the waiting line is 5 m, it follows that the maxi-

mum of 16 automobiles can be present on the reserved space in one moment, i.e. 

m = 16. ! erefore, the observed servicing process is classifi ed as a queuing problem 

with fi nite number of vehicles in the waiting line, M/M/S/16. Every next vehicle 

(17th one) in the waiting line will be cancelled from the waiting line because the 

line of vehicles would otherwise continue on the roads intended for the circulation 

of motor vehicles.

! e intensity of the vehicles’ arrival fl ow: the calculation will use the average 

number of vehicles arriving daily into the parking area in 2005; λ = 1,569 vehicles 

per day (with 14-hour working time and 293 days a year because the rest of the 

days are holidays and the parking fee is not charged) or the average of 112 vehicles/

hour, i.e. 302 vehicles/hour in peak hours and maximum load of the parking area.

Intensity of servicing: the intensity of servicing (µ) is obtained in the calculation 

as a reciprocal value of the average servicing time ( t usl = arithmetic mean of the 

servicing time); if the servicing time represents the time necessary for the driver 

(parking area customer) to stop its vehicle in front of the entry terminal, to take 

the parking ticket and to enter into the parking area and it amounts to an average 

of 15 s, then t
usl 

= 15 s = 0.0041666 hours (Maršanić,2008,356), and the intensity 

of servicing 

µ  = 1/ t usl = 240  vehicles/hour.

4. COMPUTER SUPPORTED WAITING LINE MODEL 

! e most common case of queuing problems involves the single-channel, or 

single-server, waiting line. In this situation, arrivals from a single line to be serviced 

by a single station. In the table 2 set a model for problem solving using Excel 

spreadsheets.
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Table 2: Using Excel for Queing M/M/1 model

All data obtained for the average number of vehicles that are serviced during the 

day, indicating that it is suffi  cient only one ramp that is capable serviced all vehicles 

arrived. Probability that there is no vehicle in the queuing system is 53.33% that is 

in line only one vehicle is 78.22% that is in line two vehicles 89.83% (...).

Now it is evident that the peak hours, comes more vehicles per unit of time in 

respect of their serving with only one entrance ramp. Based on the defi nition of 

basic parameters in the parking lot, “Delta” as a system servicing a limited length 

of the queue (M/M/S/16) gets to be ρ = λ / µ = 302/240 = 1.25833. Accordingly, 

the question whether increasing the number of input ramp increases/decrease the 

value of indicators parking system? In order to get an answer to this question in the 

table 3 set a multi-channel model.
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Table 3: Using Excel for Queing M/M/S model

Based on data from the table 3 it is clear that a system with 2 inputs and peak 

load ρ is less than one, and thus satisfi es the basic condition that the user (vehicle) 

to be serviced before or after. ! is is not the case in a system with only one entrance 

ramp. ! e probability that a vehicle in a system with two inputs to be immedi-

ately Served in peak periods amounts to 22.76%. On the basis of this it is easy to 

conclude that with only one entrance ramp signifi cantly deteriorates the quality of 

servicing the vehicle with the possibility of failure in the system, while the values 

for the cases when placed at the entrance gate two input signifi cantly increases the 

quality of servicing. It therefore follows that the two entrance ramps optimal num-

ber given the intensity of arrivals of vehicles in the parking and servicing their time 

entering the vehicle.
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5. DESIGN CAPACITY OF PARKING AREA

Capacity is the “throughput”, or the number of units a facility can hold, receive, 

store, or produce in a period of time. ! e capacity determines if demand will be 

met or if facilities will be idle. 

! e parking area capacity is expressed in the number of parking spaces, i.e. the 

number of vehicles which use the parking service. ! e optimal number of entering 

points, i.e. ramps, according to experts in garage facilities and closed parking areas 

construction, amounts to one entering point per 250 parking spaces. ! is is the 

statistical parking area capacity. ! e dynamical parking area capacity is calculated 

by also taking into account the number of vehicles entering into the parking area 

in a day, then the average parking time length and the total working time of the 

parking area using the formula 

2 3
PM T

t
 

 where:

Σ
PM

 – total number of required parking spaces,

λ – average number of vehicles per day,

t  – average parking time (hours),

T – total working time of the parking area per day (hours).

If we take into consideration the fact that there is an average of 1,569 vehicles 

arriving daily into the “Delta” parking area and that the average length of parking is 

2 hours and the opening hours are 14 a day, the formula shows us that the required 

number of parking spaces is 224. Based on the obtained results and taking into 

account the fact that according to experts dealing with the construction of build-

ings and garage parking is suffi  cient closed one entrance to 250 parking spaces, the 

question of the validity of the formula. In support of these claims go and the fact 

that the actual number of parking spaces in the parking lot is 458. ! e answer to 

these questions should be sought in the fact that more than 40% of the parking 

lot occupied permanent subscribers (tenants and companies), and this is the real 

reason why the peak periods produce large columns stand at the door. 
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6. CONCLUSION

In this paper is demonstrate that by applying the information technologies the 

optimal number of servers (ramps) and the required capacity (number of parking 

spaces) in closed parking areas can be defi ned. After all, the verifi cation of the set 

out model of planning of optimal capacity of parking area capacity upon the actual 

“Delta” parking area in the City of Rijeka has shown the indisputable applicability 

of the results of a scientifi c research to actual parking area capacities. Transition of 

the parking lot with one of two entrance ramps to shorten the queue leading to a 

small number of cancellation in the system and effective utilization of capacity 

parking lot. A particular merit of the model is its universal applicability because the 

presented methodology can be applied to any other closed parking area, i.e. parking 

area with ramps in current or future, changed conditions.
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