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Abstract— This paper describes an automated attendance
management system that can be employed at professional
gatherings of different types (conferences, exhibitions, training
courses, etc.) and scales (from small-to-medium seminars and
workshops to large congresses and technical shows). The system
is based on application of RFID, mobile communication and IT
technologies. It is capable of collecting, recording and processing
data on participants of a technical gathering and their activities,
attendance or different sessions, visiting different exhibition
booths, etc. The system can also generate real-time combined
detail reports on attendance, inflow and outflow of the
participants during the event, their most and least preferred
interests and activities, etc. This can be done for a multitude of
locations and premises, and during an extended period of time.
Keywords— Attendance management system, RFID, mobile
communication, server, database, data analysis

I.

INTRODUCTION

Organizing large professional gatherings such as
international technical exhibitions, conferences, competitions,
training events, etc., is a challenging task where a number of
participants/delegates can be at the range of hundreds or even
thousands. The event organizing committee has to correctly
estimate an interest to sessions among the delegates, and to
allocate premises, facilities and equipment to different topic
sessions, presentations, demonstrations, etc.
To keep track of the major aspects, indicators and statistics
of the current year gathering as well as to help the organisers of
the future events, an automated attendance management system
can be put in place. For example, it could help to collect inflow
and outflow delegate numbers attending particular sessions or
tutorials. To achieve it, the system has to be equipped with a
capability to sense delegates passing an entrance in both the
directions, as well as to transfer the data to some database
where the information is stored, processed and presented in a
meaningful form (for example, as an MSExcel files, texts,
graphs, etc) thus helping to prepare the relevant reports and
carry out planning of the future events of similar types.
II.

ATTENDEES INFLOW/OUTFLOW TRACKING

The initial-level task of any attendance tracking and
management system is to get a number of the participants
entering and leaving the premises, so to get accurate real-time
data on the number of attendees. There is a multitude of
possible automatic or semi-automatic techniques suitable for
the task, such as various contact and non-contact optical and
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laser scanning (for a barcode tag, finger print, photo ID
document, etc.), contact-type reading/writing (for one-wire
semiconductor iButtons, magnetic strips, chip cards, etc.),
infrared sensing, image processing and recognition, proximity
tags/cards reading and Radio Frequency Identification (RFID),
and so on. Each of them has got its own advantages and
drawbacks.
Optical and laser scanning (fingerprint, barcode, ID
document, etc.). The relevant technologies and systems have
been well developed and widely employed, primarily in the
access control, security, goods and asset tracking, sale
checkpoint, etc. systems. Lately they also found their way into
the conference tracking applications, e.g., [1-2]. The scanning
tools are normally well integrated with the relevant application
software run upon both mobile and desktop computer systems
and devices. The relatively negative feature of the scanningbased systems is the partially intruding character of the
attendance registration: the delegates need to physically scan
their identifiers every time they pass the entrance scanner
(whether a hand-held or stationary type). In large events this
could create queuing and “bottlenecks”. The above drawbacks
are also true with regard to the contact-type tags, key fobs,
cards, etc., for example, iButtons [3] or simple magnetic and
chip cards.
Infrared sensing. A simple and cheap infrared pair of a
transmitter and receiver, placed at an entrance can be employed
in detecting and counting attendees entering the premise and
leaving it. When there is no obstacle in between, the receiver
can sense an infrared light sent from the transmitter. However,
whenever there is an object in between the path of the receiver
and the transmitter, no signal light will be received indicating
another attendee entering or leaving the room. Such a solution
has been used widely and for a long time in the manufacturing,
security, smart lighting, etc., systems. It is simple and costeffective. The obvious problem with the infrared sensor pair is
that it cannot provide reliable count when there is more than
one person passing through an entrance at the same time or
when the two-way traffic is present. Besides, this approach
doesn’t offer any additional analytics on the delegates
attending an event, presentation, demonstration, etc. – just a
count.
Image processing. This solution employs smart cameras
installed in the event premises or a set of digital cameras plus
high performance computer to carry out an on-line image
processing of the incoming stream of images. It allows tracking
and recognizing attendees as well as extracting information on

the inflow or outflow of participants to/from particular sections
of the event. Once implemented, such a system would have
similar features to a common security and surveillance systems
widely employed around the world, e.g., [4]. In some cases,
perhaps, the event attendance tracking system could employ
the existing security infrastructure equipment if it is available
in the premises. However, it would be rather an exception than
a common case. In overall, the image processing based solution
is of a relatively high complexity and cost as it relies on the use
of quite sophisticated hardware and software tools. However,
potentially it could offer a high volume of useful data thus
enabling meaningful analytics.
Proximity and RFID sensing. This approach is often based
on the inductance coupling principle where a receiver can be
supplied with information wirelessly through the
electromagnetic field generated by a transmitter [5-7].
Recently, extensive research and development activities have
been carried out to improve the performance of RFID systems.
Among them are: an automatic tuning method to maximize
read range [5], performance improvement of RFID tags when
attaching them onto a metallic surface [6], optimization of
modulation techniques for passive RFID tags in an absence of
resonant conditions [8], etc. Due to these and numerous other
improvements, the RFID solution is now significantly more
widely accepted, and implemented for the object identification
in many areas such as libraries, supermarkets, logistics
warehouses, and so on [9]. Moreover, the cost of
implementation of RFID-based systems is relatively low. They
are also often less complicated to setup and maintain than some
other solutions. At the same time, RFID-based systems have to
satisfy the relevant electromagnetic emission, frequency and
security regulations. Yet, these restrictions do not affect any
significantly a possibility of implementing an event automatic
attendance and tracking system based on RFID technology.
This paper presents an attempt to develop and evaluate a lowcost working prototype of such a system
III.

RFID TECHNOLOGY

RFID systems can be categorized as being of a short or
long read range, low or high power consumption level, large or
small hardware size, etc. The difference comes from the
technical parameters of the system (e.g., the carrier frequency,
type of RFID tags, etc.). Therefore, it is important to briefly
discuss such parameters here so to justify the selection of an
appropriate RFID solution for the system under discussion.
RFID tag. RFID tag includes a coupling circuit and an
integrated circuit for storage and communication. There are
three types of RFID tags and the Table 1 below shows the
characteristic of them.
Table 1. Characteristics of RFID tag types

It can be seen from the table that passive tags have no
dedicated power supply as well as the ability to initiate
communication. Instead, they operate solely on the energy of

the electromagnetic field of the reader’s antenna [5]. However,
the passive tags are cheaper to manufacture and they have
longer lifetime than active or semi-active ones. These features
make passive tags well suitable to access control or asset
control tasks. Such applications are at least partially close to
the nature of the system under discussion, and thus passive
RFID tags could be considered there.
International protocol standards for RFID systems.
Currently, there are three different protocol standards defined
for RFID systems defining the communication range, read rate
and anti-collision algorithm, modulation scheme and physical
parameters such as tag sizes. These standards are: ISO10536,
ISO14443 and ISO15693. The read ranges defined by the
standards for smart cards are shown in Table 2.
Table 2. Standardizations of RFID contactless smart card

Out of these standards, the ISO10536 is less competitive for
the application under discussion due to the very short read
range and relatively higher manufacture cost of the relevant
equipment. In general, the ISO10536 standard and relevant
equipment are rarely used at present [10]. As for the ISO14443
and ISO15693 protocols, the main advantage of the first of
them is that it can provide very high data rate which can be up
to 848Kbits/s. However, this standard requires very high power
to activate the tag. And yet, the max read range there is only
10cm which is not really sufficient for the non-intruding
attendance tracking and management system. The second
standard (ISO15693) provides a lower data rate than the first
one (it is only 20Kbits/s). However, it does not require a high
power to activate the tag, and the read range can be up to 1m.
The lower baud rate of ISO15693 is not an issue in this
application because the amount of the transferred data between
RFID reader and remote cards is relatively small.
IV.

WIRELESS NETWORK TECHNOLOGY

Besides detecting the inflow of participants, the RFID
reader should be able to transfer the data to a remote server
wirelessly. Therefore, it is necessary to select a suitable lowcost solution for a wireless communication for the reader. The
use of the standard mobile phone communication option was
put aside (but not entirely discarded) due to a higher cost and
dependency on the provider reliability. Three other available
solutions for wireless communication have been considered:
Zigbee, WiFi and Bluetooth [11].
Evidently, Bluetooth is not appropriate for this application
due to its short range operation. The peer-to-peer operation
mode (i.e., Bluetooth devices cannot talk all together at a time:
they need to talk in a pair only) makes it further less
acceptable. This is because the proposed system is to have a
server that need communicating with all RFID readers at the
same time.
Although Zigbee and WiFi have relatively similar
performance characteristics (e.g., a possible topology of
communications, operation range, etc.), WiFi seems to be a

more suitable solution in this case. Firstly, WiFi is more
commonly used than Zigbee. Thus more relevant resources,
devices and technical support will be available to work with
devices operating while using WiFi technology. Secondly,
practically every modern computer has a WiFi module (or it
can be added easily). Therefore, by using WiFi, it is not
necessary to design or purchase a separate Zigbee module for
the computer that will be playing a server role, and thus to
lower the cost of the system. Furthermore, WiFi router would
provide an access to the Internet. Hence, the collected raw
information or processed data can be transferred to another
database, which could be located practically anywhere (the
feature that the use of Zigbee could not provide directly).
V.

SYSTEM OVERVIEW

In the most general terms, the system consists of a number
of RFID readers installed at every room of a large professional
event and a server application on a laptop to collect and process
the information sent from all the readers. The system
architecture is illustrated in Figure 1.

ISO15693. Therefore, the MCU is relieved from the detail
format of ISO15693 protocol and its time can be devoted to
other timing critical tasks such as maintaining the WiFi
connection or user interface, etc. There is an on-board antenna
which is fed directly by the RFID IC to generate
electromagnetic waves to communicate with the RFID tags.
Finally, the reader uses a WiFi transceiver module so that it can
communicate with a wireless router using 802.11g standard.
In this system, all RFID readers send information received
from the participants’ identifiers (tags) as well as their
locations to the server. Meanwhile, the server’s tasks are to
collect and process the information, display all data via the
GUI in real time and store the data into the MS Excel database
for further analysis by the event organizers or other users.
Here, a wireless router shown in the middle of Figure 1 is in
charge of a bridge for all communications between the RFID
readers and the server. In this configuration, all the RFID
readers use the standard 802.11g for wireless communication.
The server can use LAN or WiFi link thus providing reliable
coverage of a large premise with a possibility of the system
capability extension such as providing collected data online
through the Internet.


TRF7960-TheRFID reader IC.

The reader device has an RFID reader IC TRF7960 from
Texas Instrument. This chip is very useful as it integrates the
RFID protocol handling while also providing a standard SPI
interface to communicate easily with a the Cortex-M3
microcontroller. Figure 3 shows a typical application of
TRF7960.

Figure 1. Block architecture of the system

VI.

RFID READER

RFID reader device is used to sense the identification tags
of participants and transmit the information to the remote
server. The general structure of the RFID reader is shown in
Figure 2
Figure 3. Typical application of TRF7960

Figure 2. RFID reader device structure

There are three main blocks in the RFID reader. A CortexM3 microcontroller is in charge of managing all operations of
the reader. That includes operating the RFID IC and data
transmission with the transceiver module. The RFID reader IC
is in charge of modulating or demodulating digital data as well
as adding or removing all fields relating to the frame format of

In order to make it easy for the reader to communicate with
tags using a different protocol (ISO14443 or ISO15693),
TRF7960 automatically adds or removes all parameter fields
relating to the protocol being used. For example, in the frame
format of ISO15693 shown in Figure 4, TRF7960 will
automatically add SOF (Start Of Frame), CRC (Parity Error
Check) and EOF (End Of Frame) fields when it sends data out.
It will remove all these fields when receiving, and will only
pass valid data to the microcontroller. Therefore, the MCU
only need to concern itself with the meaningful data which are
participants’ identifiers.

Figure 4. The frame format of ISO15693



Anti-collision algorithm for ISO15693 [12].

In order to understand the anti-collision algorithm, the
following example can be considered. Suppose that in a read
range of the reader, there are four tags having the following
IDs:
E000000000000254,
E00000000000017C,
E00000000000037C
and
E00000000000028C.
For
convenience, let consider these four tags as 0x254, 0x17C,
0x37C and 0x28C, respectively.
For the first round, the reader will send a request with a
mask value and mask length of 0. Mask length is zero
indicating that the reader wants to scan the least significant bit.
In addition, since this time the mask value is 0, tags will
compare their IDs with the slot counters only. Thus, each tag in
the reader’s range will find a match and then give the responses
to one of these 16 slots. The process is illustrated in Table 3.
Table 3. First round scanning

collision slot number. Here the old mask value is C and the
collision slot number is 7. The new mask length will be
incremented by 8 bits to indicate that the least three significant
bits will be scanned. Then the reader will send a request with
the mask value of 7C and the length of 8 and the tags will
compare their least significant bit with the slot number + mask
value (7C).
The process of matching is shown in Table 5.
Table 5. Third round scanning

In this round, the tag with ID 0x17C responds in slot 1 and
tag with ID 0x37C responds in slot 3. Since there are no
collisions detected in this round, the anti-collision sequence
ends here and these two tags are successfully recognized.


In this table, the first row stands for the number of slots and
their representation in Hex-Decimal in the brackets, while the
second row represents the IDs of the tags responding to each
slot. Since only one tag responses in slot 4 (0x254), the reader
can receive the complete ID of this tag which means that this
tag is fully recognized. However, there are three responses in
slot 12 (0x17C, 0x37C, 0x28C) indicating that the collision has
happened in this slot. As a result, the reader will take note of
that slot and will continue scanning the three remaining slots.
Second round. After completing the scanning of all 16
slots, the reader will start with the second round. This time the
mask value is recalculated. The new mask value = old mask
value + collision slot number. Since in the first round, the
collision was detected at the slot number 12 (corresponding to
C in Hex) and the old mask value is 0, the new mask value is
C. In addition, the new mask length will be incremented by 4
bits indicating that the reader wants to scan the next two least
significant bits of the tag ID. Then the reader will send a
request with the mask value of C and the mask length of 4.
Now the tags compare their least significant bit with the slot
number + mask value (C). The process of matching is shown in
Table 4.
Table 4. Second round scanning

As it can be seen from the Table 4, in slot 7, there were two
tags 0x17C and 0x37C responding since the LSB of their ID
matches 7C and only one tag with ID of 0x28C responds in the
8th slot. As a result, the 0x28C tag can be recognized and the
slot number 7 is marked as the collision. Then the reader will
progress to the third round.
Third round. Similarly in the second round, the new mask
value is calculated to 7C: new mask value = old mask value +

LM3S6950-Cortex-M3 Microcontroller

The system uses one of Stellaris microcontroller family,
LM3S6950 from Texas Instrument as the central controller for
the RFID reader. The MCU has two SPI modules which are
necessary to handle the reader IC, TRF7960 and the Wifi
transceiver module, MRF24WB0MA. The interface
configuration of LM3S6950 is shown in Figure 5.

Figure 5. Interface configuration for the microcontroller LM3S6950

As shown in Figure 5, the system uses Port A and Port E to
handle SPI interface with MRF24WB0MA and TRF7960
modules respectively. Moreover, there is a DIP switch on
board (Figure 6) that can be used to set up the location for the
board where it is installed in an event hall. For example, users
can use many board of the same design of RFID readers for
different rooms by setting up different values of the DIP switch
on these boards because the MCU will embed the DIP switch’s
value with the RFID card’s ID when it sends data to the server.
As a result, the server would be able identify the location of the
RFID reader that has sent data.

Table 6. Three-day conference program with 5 parallel sessions

Figure 6. DIP switches to set up various room locations

The RFID reader prototype board is shown in Figure 7.

Figure 7. The complete prototype board of the RFID reader

VII. SYSTEM TESTING
To test the operation of the system prototype including
several RFID readers by using one prototype board of the
RFID reader, it changes the value of the on-board DIP switch
to stimulate different room locations. A particular conference
event was used as the template for the time table (Table 6).
In the time table, there were 5 rooms used by the
conference. Therefore, there should be 5 RFID readers
employed. Moreover, the conference event runs in three days.
Therefore, to test the operation of the system values of the onboard DIP switches of the prototype board of the RFID reader
are to be changed to simulate different readers, while different
time periods of the conference event are to be simulated for the
sever. For each period of each session, it sets the DIP switch to
the correct value of the room that had that session. Then, four
samples of RFID tags are scanned over the reader to stimulate
the inflow of participants.

Figure 8. The hyperterminal display the RFID reading

Figure 9 Software captures the participant inflow in Room 1

Figure 8 shows the operation log of the reader on the
hyperterminal when running the test. This is followed by
Figure 9 and Figure 10 which show the GUI that captures the
inflow number of participant in Room 1 and Room 2.

Figure 10 Software captures the participant inflow in Room 2

The information collected from these rooms are transmitted
to the MS Excel database for further classification and
analytics (i.e., attendance according to various topic sessions,
times and dates of the sessions held, etc.). By clicking the Data
Analysis tab of the GUI, all the data which have been analysed
through the Excel for the past three days are displayed in the
final report as shown in Figure 11.

making it easy to install and thus helping to reduce
manufacturing cost.
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