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Introduction

How many people visit an event? Or rather: how can you optimally count the number of visitors as a function of the duration 
and size of your event? And what to do at locations with multiple access routes? 

The complexity of visitor counts is demonstrated in research conducted by the centre of expertise Public Impact at KdG. 
As part of this study, researchers developed a methodology for mapping the social and economic local impact of events. 
Calculation and effective achievement of the highest return on investment for an event requires insight into visitor numbers.  

Earlier research by the centre of expertise Public Impact succeeded in extending existing knowledge of visitor counts to the 
events sector. Knowledge which, until then, had mainly been developed in the retail sector (shops and shopping centres). 
But the results of research on various counting methods turned out to be so divergent that further research was necessary. 

Measuring the number of attendees at an event as accurately as possible is crucial, not only in order to calculate the 
economic impact of the event, and to make correct short-term predictions about the required deployment of people, 
resources and materials, but also as a measure of success for use in the media, by policy makers, and in particular to 
ensure effective safety measures. The corona crisis showed how important correct estimation of visitor numbers is, as a 
basis for minimising potential health risks. In the post-corona period, crowd counting remains one of the most important 
means of ensuring safety at an event. 

Due to the relevance of this topic, the centre of expertise Public Impact together with researchers from IDLab-imec at the 
University of Antwerp and with the support of the Flemish Innovation and Entrepreneurship Agency (VLAIO) conducted 
a follow-up study on the accuracy of various manual and technical counting methods. The counting methods were fi rst 
extensively tested on different types of events in 2021. These research data provided the basis for the calculation of error 
margins and accumulated knowledge to be used to clearly inform organisers, security services and policy makers on 
selection of the best counting method for a particular event, and on how to interpret the results. 

The research also provided insight into the use of combinations of visitor counting methods at a single event. An online tool, 
the Crowd Counter, was also developed. In combination with the above insights, it can be of help to the entire event sector 
in making well-founded, objective, correct choices when it comes to counting methods. The targeted, uniform approach 
enabled by the Crowd Counter also allows benchmarking against other events and against previous editions of the same 
event.
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1.  Importance of crowd counting 

Previous research had shown that, despite the availability 
of various counting methods, the events sector still has 
insuffi cient knowledge of the effectiveness of the various 
methods for measuring visitor numbers. It was also 
found that different counting methods used at the same 
event would produce very different visitor numbers. This 
situation is signifi cant, given the absolute necessity of 
correct, uniform, reliable visitor counts in order to be able 
to calculate the local, economic impact of events and to 
perform proper crowd and safety management.  

Although much research has been done on visitor counts, 
the implementation of these research results in event 
policy is still relatively limited and often inadequate. 
Research shows that this is due to a lack of knowledge of 
the feasibility, advantages, disadvantages and costs of the 
various methods.

Knowledge of visitor numbers is crucial
Knowledge of visitor numbers is crucial for calculating the 
(local) economic impact of events, as well as for crowd 
control, management and accurate deployment of people, 
resources and equipment. Furthermore, visitor numbers 
are a primary trigger for media coverage - the higher the 
number of visitors, the greater the news value. 

High visitor numbers also create a better negotiating 
position with regard to future investors. Audience size 
is becoming increasingly important to subsidisers and 
sponsors. Visitor numbers are therefore a powerful 
argument and justifi cation for municipalities to both 
welcome and permit certain events. Authorities also 
increasingly expect event organisers to conduct counts in 
order to be able to effi ciently deploy safety and security 
measures. 

Counting method insuffi ciencies in terms of 
knowledge and quality
On the other hand, the origin, quality and methods of visitor 
counting are often unknown and insuffi ciently tested. At 
free events, counting methods are certainly underused - 
due to the specifi c challenges of this type of event and 
the lack of knowledge about available counting methods. 
Existing counting methods for these and other events, and 
for large crowds in general, are extremely diverse as to 
objectives, methodological level, practical implementation, 
privacy issues, cost and - not unimportantly - error margins 
and reliability. 

More insight into the optimal application, deployment and 
usability of the various counting methods is required, in 
order to improve the impact of events and, certainly, their 
security and safety. This research therefore looked into the 
practical, fi nancial and organisational feasibility of various 
event counting methods, and into which counting methods 
provide the most accurate visitor numbers. 

Crowd counting is important with regard to: 

 detection of safety risks (including health) 
and timely action; 

 avoiding bottlenecks at catering locations, 
toilets, entrances, etc; 

making accurate capacity estimates
regarding site area, personnel, resources and 
materials; 

making rationally-supported decisions 
about the start and end times of events; gaining 
insight into peak loads, for instance for mobile 
network providers; directing and managing 
visitor fl ows in order to optimise the event
experience; 

 estimating crowd density so as to guide 
the public safely and quickly to the exits in the 
event of an emergency and providing emergency 
services with easy access to incident locations. 
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2. Existing counting methods

The literature research and the fi eldwork for this study 
identifi ed various ways of counting the number of visitors. 
These methods can be divided into three categories: 
manual, mechanical and digital counting. 

The overview that follows summarises the most important 
and common methods, and not the ad hoc techniques 
that some municipalities and event organisers have 
developed for themselves. It is certainly possible that 
there are other ways of counting visitors. Given the rapid 
evolution of technological innovation, there is also a real 
possibility that other and more accurate counting methods 
will be developed in the future. It is therefore important 
that research into visitor counting is ongoing, so that this 
knowledge is kept up to date. The centre of expertise 
Public Impact will therefore continue to focus on research 
into related topics, in order to provide correct information 
and advice in this fi eld on an ongoing basis. 

2.1. Manual counting methods 

Manual counting methods require the use of people 
in the fi eld, as they require specifi c actions to be 
undertaken during an event. 

• Click counting
This method uses click counters, also known as hand 
or person counters. These are small devices that are 
depressed or clicked by the person counting the number 
of (moving) visitors. This requires the use of paid staff or 
volunteers who do the counting in the fi eld. 

• ZIP code counting
This method uses a visitor survey, carried out during the 
event. Followed by an (online) resident survey, after the 
event. The visitor survey shows what percentage of visitors 
are also residents of the municipality in which the event 
took place. The resident survey shows the percentage of 
residents attending the event. As the number of residents 
per municipality is known, the number of visitors can be 
calculated after the event, based on these three indicators. 

Figure 1: click counter Figure 2: interviewer 
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• Zone-based counting
In zone-based counting, or Jacob's method, the event area 
is divided into zones, after which a sample of visitors is 
counted in each zone. This number is then extrapolated to 
the total area of the site. Zone-based counting can only be 
applied if a number of conditions are met: the total area of 
the event must be known and can be divided into zones, 
and there must be a clear view of the number of people 
per zone. 

 Zone-based counting on the basis of aerial 
photographs 
The best practice for this method is to take an aerial 
photograph of the total area, or at least of good 
samples of the site zones, as frequently as possible. 
Ideally every fi ve minutes. This can be done from the 
roof of a building or with a drone (with permission from 
the municipality). 

 Zone-based counting based on photographic 
observation 
If it is not possible to take aerial photographs, 
photographic observation can also take place from 
points at ground level within the event site. The site is 
divided into zones in advance. Observers standing in 
the fi eld take photos at regular intervals - ideally every 
fi ve minutes - and count how many people are in the 
respective zones. This number is then extrapolated to 
the total area of the event.

• Giveaway counting
A possible alternative to counting tickets sold at paid-
entrance events is to count the number of giveaways 
handed out, e.g., wristbands. Or rather count the remaining, 
undistributed giveaways left over afterwards. This simple 
method works well if there is the number of the initial stock 
of giveaways is known and enough staff can be deployed 
to hand out one giveaway to each visitor. 

Figure 3: aerial photo Figure 4: observer Figure 5: giveaway
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2.2. Mechanical counting methods 

Mechanical counting methods require the installation 
of counting infrastructure before the start of the event. 
This infrastructure enables automatic visitor counting, 
but lacks the extended options provided by digital 
counting methods. 

• Pressure mats
Pressure mats or tiles measure the passage of visitors by 
the variation in pressure exerted on the tile. The mats are 
placed at the entrances and exits of the event location, 
in advance. They are built into the walkway or fl oor, or 
covered with a temporary fl oor covering. 

• Entrance gates 
Turnstiles can be used for access control and to record 
visitor fl ow. These gates often turn in one direction only, 
which means that they can also be used to count the 
number of visitors. This can be done by equipping the gates 
with a card reader or by using gates without a card reader 
but that count the number of revolutions. Access gates 
can provide a real-time insight into the number of visitors 
present, provided they are installed at both entrances and 
exits. 

• Infrared sensors
Infrared is a form of electromagnetic radiation that cannot 
be detected by the human eye, but which can sense skin 
temperature. Infrared can be used in various applications 
to detect visitors, with or without recording their direction of 
movement, and to record visitor numbers.                   
         

Figure 6: pressure mat Figure 7: access turnstile Figure 8: infrared sensor 
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 2.3. Digital counting methods 

Digital counting methods use innovative digital 
technologies to count the number of visitors and are 
therefore more advanced than the above techniques. 

• Bluetooth
Smartphones are equipped with Bluetooth technology 
that transmits signals in the form of radio waves. These 
radio waves are not sensitive to weather conditions and 
can penetrate hard materials, excluding metal. Bluetooth 
detectors placed at the event site can trace the Bluetooth 
signals of smartphones up to one hundred metres away and 
thus record the number of visitors/carriers of smartphones. 

• UWB wearables
Wearables are compact digital devices worn on the body. A 
smartwatch is an example of a wearable. Ultra-Wide Band 
(UWB) wearables can be used to gain insight into social 
distancing and the number of people in the immediate 
area. UWB is a form of wireless communication that uses 
radio waves and is similar to Bluetooth technology. 

• Smartphone applications
Many events nowadays use an event-specifi c smartphone 
application. Provided the right techniques are integrated, 
apps have the potential to provide insight into the number 
of unique visitors, hotspots and average visiting times. 
However, the use of apps for these purposes is subject to 
strict privacy rules and therefore not easy to implement. 

• Wi-Fi
Wi-Fi counting works through the registration of 
smartphones, tablets or other Wi-Fi devices by Wi-Fi 
sensors installed in advance at the event site. More 
specifi cally, the sensors pick up the MAC addresses stored 
on visitors' smartphones and other devices. When a device 
with a MAC address moves within the perimeter of a Wi-Fi 
sensor, the device is counted, provided the Wi-Fi on that 
device is enabled. 

• Cameras 
Cameras placed above site entrances and exits can register 
visitor numbers and fl ows, in real time. The cameras are 
mounted immediately above the counting area, in order to 
register individual visitors. The use of facial recognition is 
not recommended, given the particularly strict European 
GDPR  rules. 

• Cellular data
Cellular data counts are based on signals sent from 
visitors' mobile phones to nearby mobile phone masts. 
With this data, the network provider can determine how 
many visitors are within range of a cell phone mast within 
a given time window. As the count can only be performed 
on the customers of an individual mobile network provider, 
the results have to be extrapolated according to the market 
shares of the other network providers operating in the 
same area.

• Radio frequency counting
This method uses installed sensors that continuously 
exchange radio frequency signals. People moving within 
the sensor zone obstruct the signals between sensors. 
The resulting attenuation is expressed in decibels (dB) 
and serves as a basis for counting the number of visitors 
present during the entire duration of the event. This method 
counts in near-real time and allows crowd density to be 
followed. 

1 General Data Protection Regulation
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3.  Research results 

The research results are the result of a thorough study 
of the literature, an extensive fi eldwork study, with test 
case studies, and collaboration with event organisers 
and providers and suppliers of the various counting 
methods.

 3.1. Suitability 

Suitable and unsuitable visitor counting methods were 
screened on the basis of the insights derived from these 
studies. Screening focused on: 

 practicality 
 organisational feasibility 
 applicability within the events sector 

The study shows that each method has advantages and 
disadvantages, strengths and weaknesses. Signifi cant 
differences, mainly in terms of accuracy, were detected. 

The error margins discussed in this research summary 
are the result of research conducted by the centre of 
expertise Public Impact and IDLab (UAntwerp) in 2021 on 
a selection of test events. However, technology continues 
to develop and counting method providers are constantly 
optimising and developing new techniques for counting 
visitor numbers.

The table below lists the counting methods that were 
categorised as unsuitable, after examination. For this 
reason, they are not recommended for use during events. 

Pressure mats are relatively expensive and can only be used at clearly defi ned entrances and 
exits. This makes this counting method unsuitable, especially for open events with multiple 
access routes. Technological innovations and the wide range of available, alternative counting 
methods, means pressure mat use is decreasing. For specifi c locations, however, they can be 
very practical, as they are easy to use and require few staff. Pressure mats are not suitable for 
events at larger venues with a lot of traffi c. 

Infrared sensors are ideal for installation at events with very narrow access routes with a 
maximum width of one metre. Usually, however, the access routes are wider, with a risk of 
counting errors when clusters or groups of people pass. In addition, outdoor weather conditions 
such as rain or sunlight make the technology susceptible to errors. This method was used in the 
past, but due to the large margin of error, visitor counting using infrared sensors is no longer 
regarded as acceptable. Today, infrared techniques are used in alternative and much more 
effective ways, for example in cameras. Further research into the potential of infrared sensors 
for the event sector is necessary. 

Although available and usable, strict European privacy legislation makes this method no longer 
suitable. Certainly not at events where the privacy of visitors must be respected.

The Bluetooth function on mobile devices is little used, so the extrapolation of sample data is 
not reliable. 

This method requires people to wear a device on their body - which is virtually impossible in 
the event context. For this reason, this technology is not (yet) used commercially for visitor 
counting. Moreover, the coverage is very limited, which makes it diffi cult to get an overall 
picture of the number of visitors. Social distancing can be estimated with this technique, but is 
less relevant to the event sector in the post-corona period. 

GDPR legislation has limited the use of this method at events. In order to count correctly via 
smartphone applications, it is necessary to track the location of visitors via an app - a process 
bound by strict rules. Moreover, only those people who actually install and use the app can be 
counted. Because of these drawbacks, this method is not considered suitable.

UNSUITABLE COUNTING METHODS

Pressure mats

Infrared sensors

Cameras with 
facial recognition

Bluetooth

UWB wearables

Smartphone 
applications
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Although double counting is inevitable, this cost-effi cient counting method can be used for various types of events. 
This includes free events, spread over several locations, in densely populated areas, and/or with a limited budget 
- such as markets and fairs. Moreover, for this application, little or no prior knowledge is required. 

This method was developed by the centre of expertise Public Impact and has already been successfully applied 
to several test cases. ZIP code counting requires that two surveys are conducted and analysed. This method can 
be used for different types of events, including events that are otherwise diffi cult to measure because of their size 
and geographical distribution. Moreover, additional questions can be included – the answers to which may be 
relevant for the organiser, municipality or other party. 

If there is not suffi cient budget for technologically advanced methods, zone-based counting offers an excellent 
alternative, provided that the total area of the event is known. For events such as festivals, aerial photographs 
of the total area of the site are preferred for identifying the number of visitors per zone. In the case of moving 
visitor fl ows, such as at parades, it is often not possible to obtain an overview of the total area. The photographic 
observation variant is then preferable. 

Retrospective counting of giveaways not handed out can give a good indication of the number of visitors, 
especially when other methods cannot be used for fi nancial reasons, or due to the complexity and geographical 
spread of the event. This simple method is recommended if an estimate can be made of the number of expected 
visitors - for example on the basis of a previous edition of the event. This avoids giveaway stock shortages, so all 
visitors are ensured of a giveaway. The choice of giveaway - a sticker or wristband, for example - can also add 
value in the context of event marketing, and be tailored to a planned budget.

Entrance turnstile gates have the advantage of being able to count both the infl ow and outfl ow of visitors, which 
can provide a real-time picture of the number of visitors at an event site and provides added value for crowd 
control strategies. This application is not only frequently used as a ticket control method for paying events, such 
as concerts, but is also an important tool for ensuring safety. The counting method can also prove its worth at free 
events, as long as the event does not have multiple (and/or wide) free access routes. 

This counting method requires installation of cameras above the entrance(s) and/or exit(s). The number 
of attendees is counted in real time, often via a live dashboard. This provides added value for crowd control 
strategies, queue management and optimal deployment of personnel. This method is not suitable for events 
without clearly-defi ned access routes.

Wi-Fi counting allows estimation of the number of people present within a given perimeter. However, it is diffi cult 
to know how many Wi-Fi signal-generating devices people have on them. When Wi-Fi counts are combined with 
the use of cameras (incidental) passers-by, residents and employees can be excluded from the calculation of total 
visitor numbers by applying an algorithm. 

The advantage of this counting method is that the data can be supplemented with information on where the 
visitors live. This method requires no installation at the site itself and can also be applied after the event. Cellular 
data counting generates data on the number of unique visitors and can also provide insight into numbers and 
crowds throughout the duration of the event. 

Radio frequency counting can map crowd density in real time via a live dashboard, which provides added value 
for crowd control, queue management and optimal staffi ng. This method also provides insight into how visitors 
move around the grounds and, in this sense, makes an important contribution to ensuring safety during the event. 
Radio frequency counting is also suitable for open, unfenced, event locations or for events without well-defi ned 
access routes.

SUITABLE COUNTING METHODS

Click 
counting 

ZIP code 
counting 

Zone-based 
counting 

Giveaway 
counting

Gate 
counting 

Camera 
counting 

Wi-Fi 
counting 

Cellular data 
counting 

Radio 
frequency 

counting

The table below lists the counting methods that were considered suitable after the fi eldwork and literature review. 
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 3.2. Accuracy 

The centre of expertise Public Impact, together with 
IDLab (UAntwerp), conducted research into the accu-
racy of various counting methods. The results of the 
2018 Lichtfestival practical case study in Ghent sho-
wed that different counting methods often generated 
(signifi cantly) different visitor numbers. 

Therefore, in 2021, six counting methods were used on 
eleven test cases - being events of different types and 
sizes. Margins of error were calculated for the four most 
frequently used counting methods applied in the fi eld, 
specifi cally for manual click counts and technological 
counts using cellular data, cameras and radio frequencies.

In order to calculate error margins, it is fi rst necessary 
to have a good basis for comparison against which the 
results of the various counting methods can be assessed. 
In an optimum scenario, the basis for comparison is the 
exact number of visitors. However, ticket registrations are 
not a correct indicator of the exact number of visitors that 
are on site for the duration of the event, and therefore 
do not provide a good basis for comparison. It was 
therefore up to the researchers to look for an alternative 
basis of comparison, or benchmark, that did meet these 
requirements. 

TEST CASE     TYPE OF EVENT

Weekly market Bornem    market

Test conference FMCCA    congress and networking event

Belgian Championship Athletics Lebbeke  sporting event

European Football Championship (Manhay)  football on big screen

De Munt opera      performance

Vaccination Centre Diest    vaccination event

Lokerse Feesten     music festival

TRAX-festival      city event

Crammerock      music festival

Copacobana     family event

KdG proclamation    congress and networking event
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Probability curve
First, a consensus was reached on the most likely curve 
for the number of visitors during the entire event. This 
consensus was then used as a basis for comparison 
of the results of the different counting methods, and to 
determine the error margins of these counting methods. 
This consensus, and thus the most probable curve, was 
obtained by combining data from click counts, camera 
counts, cellular data counts and radio frequency counts. 
Based on these counts, a dynamic mathematical model 
estimated the number of people present minute by minute, 
by constantly adding the infl ow and subtracting the 
outfl ow from the number of visitors that had been on the 
premises one minute earlier. After comparing the data of 
the different counting methods against this benchmark, 
further corrections and weighting were applied to achieve 
the desired reliability. 

After determining the benchmark, weighting and 
corrections, the error margins for the different counting 
methods were calculated. For this purpose, the relative 
difference between the results of a counting method and 
the consensus or benchmark was fi rst calculated for each 
event, at all the times at which data were available. The 
median value of these relative differences per event and 
per counting method was then determined. Finally, the 
margin of error was calculated by calculating the 5% 
rounded average of these medians for each of the four 
counting methods. 

VISITOR COUNTING METHOD ERROR MARGIN  INTERPRETATION

Click counting    5%   For every 1,000 people counted, the actual number is 
       between 950 and 1,050 people.

Radio frequency counting  10%   For every 1,000 people counted, the actual number is 
       between 900 and 1,100 people.

Camera counting    10%   For every 1,000 people counted, the actual number is 
       between 900 and 1,100 people.

Cellular data counting   70%   For every 1,000 people counted, the actual number is 
       between 300 and 1,700 people.
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3.3. Learnings 

After applying the different counting methods to 
several test cases, some important conclusions could 
be drawn: 

• Camera counts are not ideal for open-access events, 
with too many and/or not clearly defi ned access routes 
and/or access routes that are too wide. 

• Thorough checking of the operation of the cameras be-
fore, and certainly also during, the event is necessary. It is 
always possible that a camera may (temporarily) fail and, if 
so, quick intervention is required.  

• With radio frequency counting short power cuts may 
also intervene. Sometimes this can be overcome by ex-
trapolation, but this is not possible with large divergences 
in infl ow and outfl ow. Furthermore, extrapolation does not 
solve temporary interruption of a real-time data feed. 

• Radio frequency counting works optimally if the infra-
structure of the measurement environment is maintained 
at a constant level. Changes in signal strengths are then 
the result of human movements rather than changes in the 
environment.

• With click counting and zone-based counting, double 
counting is inevitable. In other words, with these counting 
methods, it is not possible to ascertain whether the same 
person has been counted once or more than once. 

• With Wi-Fi and cellular data counting it is important to 
properly defi ne, in advance, who is considered a visitor, 
especially in busy and densely populated areas. In this 
way, signals from the mobile phones of casual passers-by 
and residents can be excluded. When does a passer-by 
become a visitor? How long does he/she have to be there? 
How many times does he/she need to be registered? 

• Wi-Fi counts may give an indication of crowd density, but 
they count devices and not attendees. So, they certainly 
have some use in estimating crowds. Combined with ca-
mera counts, they are also a potentially good method for 
counting the number of visitors. 

• The ZIP code count is especially interesting when the 
required, two surveys can include other questions, such as 
satisfaction probes and/or expenditure questions. For so-
cial impact analysis, a resident survey is necessary - and 
for economic impact analysis, a visitor survey is required. 
Both surveys can be combined with the questions for the 
ZIP code count, at no extra cost, giving event organisers 
and/or other parties an overall picture of the number of vi-
sitors and the social and economic impact of the event. 
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4.3. Best practices

By applying counting methods to the test cases, the 
researchers were faced with some challenges and 
do's and don'ts - insights that could never have been 
gained without the input derived from this fi eldwork. 

• Always count at the same, specifi c locations, and in 
the same way, for recurring events. 
Do not vary these factors if you want to compare numbers 
with each other and deduct whether attendance is higher or 
lower than at a previous edition of the same event. Always 
count in one walking direction and consider available 
shelter from weather conditions when choosing the 
locations. The ideal place for counting is at the entrances 
and exits of the event. 

• Count at all entrances and exits.
For click counts and camera counts, it is crucial that all 
entrances and exits are monitored. Access routes that are 
not manned by staff or volunteers result in underestimation 
of the number of visitors. 

• Count throughout the entire duration of the event. 
With counting methods that require the use of people on 
the ground, it is important to count during the entire event 
and not just once during a short time slot, or by taking 
photos. 

• Keep visitor interviews short. 
A visitor does not want to spend more than a few minutes 
on a survey. Longer questionnaires will generate fewer 
responses and less reliable answers. 

• Provide a suffi ciently large sample for the surveys. 
Below is an overview of guidelines for the ideal sample 
size for the ZIP code count visitor and resident survey. 

The recommended number of visitors to be surveyed 
during the event, based on the number of (estimated) 
visitors to the event: 

 more than 100,000 (estimated) visitors: 
 at least 1,000 respondents 

 50,000 to 100,000 (estimated) visitors: 
 at least 500 respondents 

 less than 50,000 (estimated) visitors: 
 at least 200 respondents 

The recommended number of residents that should ideally 
be surveyed (online) the day after the event, based on the 
number of inhabitants of the municipality or city: 

 more than 100,000 inhabitants: 
 at least 1,000 respondents 

 20,000 to 100,000 inhabitants: 
 at least 500 respondents 

 less than 20,000 inhabitants: 
 at least 200 respondents 

For a guaranteed response rate and composition of a 
representative sample, large cities and municipalities can 
also call on the expertise of a market research company.

• Make sure there are enough counters and intervie-
wers, and allow for drop-outs. 
Ensure that there are suffi cient staff to cope with the 
recommended sample sizes for manual counting methods. 
Make sure you plan ahead - and also plan for illness and 
other unexpected absences. Also bear in mind that visitor 
surveys based on paper questionnaires must subsequently 
be entered and processed online. Provide suffi cient 
personnel for this. 

• Give each employee only one task. Use team leaders. 
Do not let a single staff member both count and apply 
questionnaires. Multitasking often leads to ambiguity. 
Divide employees into groups and distribute them across 
the premises. Appoint a team leader per group, responsible 
for distributing and collecting the necessary materials 
(clickers, surveys, pens, promotional materials).

• Always take pictures from the air, never from a lateral 
point of view.
Without aerial photos it is usually impossible to count 
all visitors in a photo count. Lateral photos increase 
the chance of ambiguity and double counting. Always 
therefore try to take a picture from the top of a structure, 
or use drones if there is suffi cient budget (and permission 
from the municipality). 

• Place Wi-Fi sensors in well-thought-out, central loca-
tions on the event site. 
It is important that everyone who comes onto the site 
passes one of the installed Wi-Fi sensors at least once. To 
this end, provide enough Wi-Fi sensors at central locations, 
where they are protected from rain and where electricity is 
provided or can be made available. 
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Figure 9: Crowd Counter variables

4.  The Crowd Counter as a tool 

The results of the study were compiled in the Crowd 
Counter, which is available free of charge in the 
Toolkit on the research website of the centre of 
expertise Public Impact (www.publicimpact.be) and 
at www.crowdcounter.be. This simple, user-friendly 
tool guides organisers, security services and other 
stakeholders to the most appropriate counting 
method(s) for their event.

An info sheet is provided for each method, containing 
a clear description of the method, a list of advantages 
and disadvantages, an indication of the price and an 
overview of potential suppliers. The margin of error 
of a number of commonly-used counting methods is 
also provided, as an indication of the accuracy of each 
method.  

4.1. Variables 

Not every counting method is suitable for every type of 
event. The Crowd Counter therefore provides a selection 
screen with nine indicators or variables that infl uence the 
feasibility and cost of the different counting methods. The 
user indicates the correct option for each variable related to 
a specifi c event. Using the information entered by the user, 
the Crowd Counter then indicates the most appropriate 
counting method(s).
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Figure 10: Crowd Counter recommendations (example)

 4.2. Recommendations and info sheets 

The Crowd Counter provides an overview of the 
recommended counting methods that are both 
organisationally and fi nancially feasible for a specifi c event. 
For each recommended counting method, an indication of 
the expected cost is also given, as well as an info sheet 
explaining its implementation. These information sheets 
can be downloaded and saved as pdf fi les. An example is 
shown in Figure 11. 

The Crowd Counter recommendations help the user 
make a more objective and transparent choice of counting 
method for an event. This tool works like a quick scan. 
It's an informative and useful tool that can be used 
independently by any interested party. However, the Crowd 
Counter cannot replace personal expertise and advice. 
The suppliers and providers of each counting method, as 
listed on an information sheet, can always be contacted 
directly for this purpose. 

For more information or advice on implementa-
tion, cost, sample composition and surveys, feel 
free to contact the researchers at the centre of 
expertise Public Impact.
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RADIO FREQUENCY COUNTING

PROCESS

Radio frequency counting uses sensors installed 1.5 metres 
above the ground. The sensors are quite inconspicuous and 
can easily be attached to existing structures without causing 
any damage. Low-energy radio waves are sufficiently weak 
to be completely harmless to people.

Signal attenuation
The sensors continuously send radio frequency signals to each 
other and are thus in constant contact with each other. As soon 
as people enter the zone of the sensors, the signals between the 
sensors weaken. This weakening or attenuation is expressed in 
decibels (dB) and used as the basis for counting the number of 
visitors. 

Crowd density per zone
At least three sensors are placed at a maximum distance of 700 
metres from each other in each zone in which crowd density is 
to be measured. A central gateway is installed, which controls 
the entire network. At the start of the event, the sensors are 
calibrated to determine the zero point. The radio frequency 
values are then recorded in relation to particular numbers of 
attendees. Thus, during the event, the number of attendees per 
signal attenuation will be known.

ADVANTAGES

+  Real-time: this method counts in near real-time and can 
measure crowd density via a live dashboard, which provides 
added strategic value for crowd control, queue management 
and optimal staffing.

+  Visitor flows: radio frequency counting gives an insight into 
how people move around the site, which can be important in 
ensuring safety during the event.  

+  Discreet: sensors can be installed inconspicuously or out of 
sight.

+  Open venues or access: this method is also suitable for 
open, unfenced, event locations and for events with no clear 
entrance.  

+  GDPR: this tagless crowd estimation technique guarantees 
the privacy of visitors.

DISADVANTAGES

-  Double counting: this counting method does not provide 
any information on the unique number of visitors, as no 
distinction is made between known and new visitors. Double 
counting can therefore not be excluded.  

-  Labour-intensive: installing and demounting the system can 
be labour-intensive. 

-  Expensive: this process is less interesting to event 
organisers who do not want real-time insights into traffic and 
visitor numbers, due to its cost. 

COST (EXCL. VAT)

+- €8,000 including reporting and installation of the sensors.

POTENTIAL SUPPLIERS

www.crowdscan.be 

ACCURACY

Radio frequency counting has a 10% margin of error (results 
of TETRA study Crowd Counting conducted in 2021). This 
means that when this method produces a count of 1,000 
people, the actual number of people will be between 900 and 
1100. 

Centre of expertise Public Impact
publiekeimpact@kdg.be

www.publicimpact.be

MORE INFO

www.crowdcounter.be

Figure 11: radio frequency counting, info sheet
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More information:

Centre of expertise Public Impact 
www.publicimpact.be

publiekeimpact@kdg.be

KdG University of Applied Sciences and Arts
Campus Groenplaats

Nationalestraat 5
2000 Antwerp

Belgium


