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Abstract — It is generally viewed, that ICT technologies 
have inroads to all aspects of life offer solutions, but were 
surprised to see that the zone of recreation and competitive 
sports there are only a few non-individualized and system-
wide services. One reason is that e-health is a very special 
sector of ICT, which requires complex knowledge. 
Modelling with the joint use of different areas of science is a 
complex task, where the various visual and multimedia 
contents can help us. Using these tools we can explain the 
given subtasks more easily, we can evaluate the statistical 
analyses more effectively and we can explain our results 
spectacularly. 
We present below a specific process of an optimal 
outsourcing of the refreshment stations in a long distance 
running race. First of all, we had to know the influence of 
fluid loss and we had to identify the affecting parameters, 
and the effects on athletes. If we know these attributes well 
can we design the methods of data extraction, and can we 
visualize the results of our model. 
Our writing starts with a description of the importance of 
the problem. After this we are going to discuss the details of 
our GIS based model, the instrumentalities, and the visual 
elements, that were used in practice. We are going to 
present the results obtained by the designed model in a 
separate chapter, then we discuss the evaluations, where we 
are going to explain the efficiency and the limitations of our 
model. We complete the writing scenarios of future of our 
work, where we introduce the opportunities of the system 
specialized for a given problem, and the opportunities 
stemming from its technical nature. 
Keywords: GIS, ICT, e-health, modelling, visuality, PIT, race 
monitoring 

I. INTRODUCTIONS, OBJECTIVES 
An accurate and real-time monitoring and managing of 

the ‘Budapest Half marathon’ long-term competition are a 
major challenge. Because the number of participants and 
sanitary accidents continue to grow, informing the 
competitors on a high level way is indispensable. The 
main purpose of monitoring  the competitors is to 
optimize the positions of refreshment stations on the 
racetrack, which are capable of fluid replacement. Our 
goal was to design a geographical information model, 
using various visual tools to manage and evaluate the 
available data effectively, in order to be able to allocate 
the positions of the stations in the future. At the beginning 
of our research we formulated certain requirements: 

• we created a GIS based data processing and 
analytical model [1], 

• we created a position based method, which can 
examine the effectiveness of the refreshment 
stations, 

• we optimized the positions of the refreshment 
stations, 

• we wanted to investigate the feasibility of our work. 

We studied a given long-term running race, which was 
characterized by high endurance capacity, between 60-180 
minutes race duration and significant fluid deficit of the 
runners. During the competition runners are susceptible to 
lose 2-3l of fluid, for this reason the lack of replacement 
can lead to serious health problems, for example: 
dehydration, muscle spasm, dizziness, nausea or loss of 
consciousness [2]. Hence the organizers of the 
competition have to ensure a fluid supply mechanism as 
well as a traffic-free running course. 

Technically, the use of fixed refreshment stations can 
realize a fluid supply mechanism. These stations can 
provide different possibilities of that (water, isotonic 
drink, fruits, glucose), but we only examined the 
refreshment with drinking water. The main reason for this 
decision is that fluid supply via drinking water is one of 
the most efficient methods to reduce the speed of 
dehydration [3]. 

II. METHODOLOGY 

A. Design parameters, data collection 
The first step in our model was the parameter 

designing. We collected competitor’s data that have 
influenced the fluid loss. For the given running race 
(Budapest Félmaraton) we worked on these secondary 
data sets [4]: 

• racetrack floor plan, 
• number and position of refreshment stations, 
• detailed results, 
• environmental (meteorological) parameters. 

Knowing these data sources we designed a set of 
attributes wherewith we have been able to analyse the 
willingness of the fluid loss of the competitors: 

• personal parameters (age, sex, speed), 
• environmental parameters (external temperature, 

wind force, humidity), 
• racetrack parameters (track characteristic, positions 

of the refreshment stations, competition time). 

The positions of the stations depend on two basic 
features: the number of the stations and the positions of 
the competitors. Optimizing the number of the stations 
was our primary task, because this number was defined by 
the organizers [4] and it would have required more sport 
scientific measurements. Hence we considered this 
parameter given, nonetheless we have designed a special 
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mathematical model, which can calculate this number in 
the case when we can determine it. 

We note that the following mathematical model uses 
average values of the results to represent nearly 8,000 
cardinality of the competitors. The algorithm calculates 
different division factors from the following parameters 
independently from each other: external temperature, 
humidity, wind force and course characteristic. With 
several sport scientific sources [3], [5] we have defined 
the recommended refresh periodicity and the division 
factors arbitrarily. From these parameters we have been 
able to calculate the average refreshment time (ART) 
attribute. 

The average competition time of the competitors 
(ACT) can determine from the results lists readily. If the 
ACT is divided by the ART parameter, we can obtain the 
minimal number of the refreshment stations (NoS) (1.). 

 (1.) 
Using our algorithm we have found that in 2012 two, 

in 2013 one refreshment stations were missing from the 
given competition which were decided by the organizers. 

B. PIT based modelling 
On the next step of the modelling we have designed a 

special tool, which is capable of: 
• managing the competitors effectively and clearly, 
• generating own designed refreshment station 

allocations, 
• measuring different allocations effectively, 
• visualizing the own results and evaluation. 

The PIT (from Hungarian translation: track, time, 
map) is a matrix based competitor registry system, which 
at a given time of the event assigns position to the 
competitors on the racetrack (Figure 1.). 

 

The inspection intervals are chosen, so that the activity 
of every single runner can be tracked. On the axis of 
abscissa there is the length of the course, the resolution is 
500 m; the axis of ordinate shows a competition time from 
the start, in this case the resolution is 5 minutes. We 
investigated the distance between 0 and 21,1km, the time 
between 0 and 180 minutes. One of the cells of the PIT 
matrix defines how many competitors are there in a given 
500 m long track section during a fixed time. 

The resolution of the matrix is scalable (Figure 5.) and 
it can be changed dynamically. In the following, we will 

see that this table provides an opportunity to managing 
complex data structures effectively, preparing statistical 
analyses as well as representing visual tools and diagrams. 
Because of the wide range of usability we have considered 
it the base element of our model. 

The PIT has not been only the base GIS element of our 
work, but also performs the data storage, analysis, 
evaluation and visual presentation functions. Thus, the 
realizations of all these functions have been possible with 
this single tool. 

C. Data processing 
1) Statistical methods 

Before the modelling, we agreed that the effectiveness 
of the refreshment stations needs to be measured and 
evaluated. Because of the hydration mechanism and the 
possibilities of the competition were characterized by the 
stations together, a combined way handling these was 
expedient. Hereinafter we are going to use a ‘refresh 
allocation’ expression. A given allocation is characterized 
by the number of the refreshment stations (NoS) and a 
now still unknown parameter, which can measure the 
effectiveness of fluid supply. Therefore we have designed 
basic elements of a system, which can compare different 
allocations with each other. 

During our work we used statistics methods to carry 
out two different tasks: efficiency analysis of the 
refreshment stations, finding clarifications and 
development opportunities (III. Results and evaluation). 

2) Refreshment station allocation algorithms 
We have designed several algorithms, which are using 

different mathematical methods. A possible way to 
position refreshment stations: choose a distance from 
among the PIT’s cells automatically. The engineered 
proceedings are as follows: Basic, Uniform, Maximum, 
Weighted Average, Manual and Optimal. 

The Basic allocation is owned by the organizers. 
These positions have collected from an official website of 
the competition [4]. The Uniform allocation distributes 
the refreshment stations in a distance based way, 
uniformly. The Maximum and the Weighted Average 
algorithms use a PIT matrix as a basis for constructions 
of the allocations. 

In these cases PIT rows are selected exactly as many 
as needed (NoS). According to our concept, every single 
station has an optimal position, which depends on a 
respective refreshment time (PIT row) and a distribution 
of the competitors on the running field (PIT column). The 
difference between these two algorithms: different PIT 
rows are used. The Maximum method chooses the highest 
value from the given PIT row, the Weighted Average 
calculates the weighted average value from the given PIT 
row (2.). The refreshment stations are positioned by the 
algorithms based on the selected fields. 

    (2.) 
li: distance value of a given PIT cell, 
qi: the competitor number of a given PIT cell, 
n: ‘the maximal number of the PIT cells’ - 1 

Figure 1. Track – Time – Map (PIT) 
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Figure 2. Course characteristic diagram 

The essence of the Manual method that we can design 
allocations manually. This function has become 
interesting in the evaluation section of our modelling 
process. We are going to explain the last, Optimal 
algorithm within this chapter, but later.  

3) Thirst based refreshment station positioning 
In the next step we have created a measuring model, to 

compare the efficiencies of the different station 
allocations. Efficiency was measured with the fluid loss 
(here: thirst rate) of the competitors [6]. The thirst rate 
was described by these followings parameters: 

• competition time, 
• course characteristic, 
• distance of two neighbouring refreshment stations. 

The passing of the competition time has been handled 
by a lineal function. We have created a 100m resolution, 
level elevation graph to analyse the course characteristic 
(Figure 2.). 

If the given value of the course characteristic has been 
positive, the level elevation parameter has been bigger 
than 1; if it has equalled to 0, the parameter has been 1, 
otherwise less than 1. 

We have designed a Thirst index to measure the thirst 
influencing effect of the refreshment allocations. The 
index assign every cell of the PIT matrix to an integer 
number as a weighting factor. The value of the number is 
dependent on the distance between the positions of a given 
competitor and the nearest two refreshment stations. In 
each value of the distance parameter we have weighted the 
matrix with the following Thirst rate table (Figure 3.).  

 
Figure 3. The Thirst rate table 

Modelling the fluid loss has been realized by three 
parameters of the above (time, characteristic, thirst index), 
which means three different weighted factors of the PIT 
matrix. This table is a special one, which was given a new 
name: SPIT. 

SPIT contains all thirst data of every competitor 
throughout the competition. These data are dimensionless 
and numeric wherewith we were not able to carry out any 
sport scientific attempts, however we compared different 
refreshment allocations. 

If we aggregate the data of the SPIT matrix in different 
ways, we can obtain analytic opportunities, for example: 
time-based, distance-based or thirst rate-based ones. We 
have designed a special algorithm, which can compile 
every possible allocation and calculate these overall thirst 
rate values to determine the only allocation, which 
disposes the minimum thirst rate value. This allocation 
according to a specific aspect is the best one, the Optimal. 

4) Visuality 
During the design phase of our modelling process, we 

had a chance to apply different visual presentations by 
using analysed data. Consequently, we have created the 
already described characteristic diagram (Figure 2.). 
During our work we have recognized the possibilities of 
PIT visualisation [7], hence we have generated a visual 
PIT with two resolutions: VPIT (Figure 4.) and VPIT2 
(Figure 5.). 

 
Figure 4. The default Visual PIT matrix 

 
Figure 5. The VPIT2 matrix 

Another PIT-based visual tool is a two-dimensional 
competition simulator, which have been designed to stack 
the PIT rows each other (Figure 6.). With this tool we 
were able to simulate the entire competition. 
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Figure 6. PIT-based 2D competition simulator 

The complete model was implemented into a C++ 
application, which includes OpenGL specific software 
elements [8]. The functionalities of the simulator split into 
two different sections:  

• Computational model (data storage, data process, 
refresh parameters derivation, PIT modelling, 
allocation algorithms, efficiency analysis), 

• Visualization (2D course map, competition 
simulator, VPIT and VPIT2 presentation) (Figure 6.) 

III. RESULTS AND EVALUATION 

A. Results 
The results of our work have been split into three 

different categories: visual, parametrical and 
optimization.  

The visual results include the VPIT, VPIT2 (Figure 4. 
and 5.) as well as the competition simulator (Figure 6), 
furthermore the Thirst rate table (Figure 3.) and the 
Course characteristic diagram (Figure 2.). However the 
evaluation and other presentation diagrams are not listed 
in this category (Figure 7.-10.). 

The parametrical result consist of all data, which were 
relevant in the evaluation and were calculated and saved 
by our application, which includes: 

• the refreshment stations’ positions and the thirst 
values generated by the allocation algorithms, 

• all data of the PIT matrix, 
• derived data from efficiency analysis of the 

allocations (percentage difference, average thirst 
value, deviation, gradient value of a regression line) 
(see Figure 7.-10.). 

The third result category is the optimisation, which 
includes all data of the Optimal algorithm. 

B. Creating GIS-based data management and analysis 
model 
The modelling application represents the practical part 

of our work, includes the visual and evaluating functions. 
Consequently, now we can process and evaluate any 
long-term running competition automatically.  

C. Position-based efficiency analysis 
As previously mentioned, using the parametrical 

values of the PIT matrix, we have presented a distance-
based Thirst bar chart (Figure 7.). 

 
Figure 7. The distance-based Thirst bar chart (Basic allocation) 

With this diagram we can present the size of the PIT 
cells’ thirst values spectacularly. We can say that the 
organizers’ station allocation generates especially high 
values in beginning of the course (see Figure 7.). 
Although the thirst values allow comparison to each 
other, this parameter alone is not enough to obtain a 
realistic, scientific picture. 

In the light of a more accurate analysis possibilities, 
we defined three different statistical attributes from the 
default thirst data (the average thirst value, the 
mathematical deviation and the gradient value of a 
regression line) allowing the investigation of physical 
workload of the competitors. These parameters are 
presented in the figure number 8, where every 
refreshment station is marked by red colour (Figure 8.). 

 
Figure 8. Statistical thirst bar chart (Basic allocation) 
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Based on the values of the Optimal allocation, we 
created three efficiency diagrams from the 
aforementioned parameters to compare each of the six 
refreshment station allocation algorithms (Figure 9.). 

 
Figure 9.  Efficiency diagrams 

If we take a look at these diagrams above, we can say 
three allocations out of six generate especially high 
average and deviation values too (Basic, Maximum, 
Weighted average). If we compare the Basic mode to the 
Optimal, then we can present the differences on two bar 
charts (Figure 10.). 

 
Figure 10.   The organizers’ and the optimal thirst bar charts 

D. Optimization of the positions of the refreshment 
stations 

In this paper we presented our optimization model and 
process, now we are going to write about the limitations. 
First of all if the number of the competitors is too high, 
the speed of the optimization calculations reduces. In the 
other case automatic way of the station allocation is not 
solved before the competition. Improving these limits 
compose our work nowadays. 

E. Effective position designing in the future 
To realize an effective positioning, we have to process 

all data of this competition going back many years. In 
addition we have to solve a special classification problem 
of the competitors. These research elements are also part 
of our work. 

IV. OVERVIEW, VISION 

A. Research orientation 
The question may arise, whether it is possible to 

create a manageable amount of homogenous groups from 
the competitors to handle them more efficiently. Such 
data set would provide opportunities to manage the 
competitors group by group, not one by one. Using this 
method we will be able to improve our model or the 
results. 

B. Improvements 
The modelling possibilities include improving the 

precision of the positioning model, which could be solved 
by using GPS or accelerometer. In addition, given sport 
scientific measuring would be required for clarification. 

On the area of applicability, we should guarantee the 
robustness of the system to manage any running 
competitions. The limitations of the allocation algorithms 
could be solved by increasing scalability. 

C. Application possibilities 
Our work can be used in many areas of ICT. If the 

model is specialized for a given task, it would be possible 
to implement the following complex features: 

• designing automatic competitor monitoring system 
• positioning the refreshment stations adaptively, 
• realizing logistical support for the organizers. 
On the other way, there will be some technological 

improvements [9], which include: 
• designing a monitoring system for fixed route 

moving units, 
• investigating M2M and PIT-based systems, 
• performing statistical analysis in Smart City 

systems. 
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