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Abstract Radio Frequency Identification (RFID) technology; a convenient and flexible
technology which is well suited for fully automated systems, is directing human lifestyle
towards automation and reality. Integrating RFID into attendance management systems makes
the tasks of both users and administrators easy, smart, convenient, and practical. Earlier
implementations of RFID-based attendance systems involve different approaches and facil-
ities. Different intertwined characteristics (i.e., scalability, and automation) are suggested in
evaluating the performance of these systems. The coverage of these characteristics appears
to be adequate in achieving a good systems implementation. Some of the existing systems
present high performance; however, these systems still have gaps in some of the suggested
characteristics. In order to mind these gaps, a scalable RFID-based attendance system with an
intelligent scheduling technique; called Intelligent and fully Automated Attendance System
(IAAS), has been designed and implemented. Finally, the performance of IAAS has been
evaluated through a comparison with existing attendance systems.
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1 Introduction

Radio Frequency Identification (RFID) systems have been incorporated into a wide range of
industrial and commercial systems [7]. RFID is an electronic technology that allows one to
automatically identify and locate objects, people, and animals in a wide variety of deployment
settings. In RFID, radio frequency signals are used to transfer data between two entities (i.e.,
a reader and a tag); hence, RFID is described as an automated data collection technology. An
RFID system is an integrated collection of components that implement an RFID solution for
a desired application. An RFID-based system serves the purposes of identifying, monitoring,
authentication, and alerting through the exchange of data between tags and readers [21].
From an end-to-end perspective, an RFID system consists of RFID tag, RFID reader, reader
antenna, and a back-end database [4,20].

RFID applications are growing rapidly and are receiving considerable worldwide atten-
tion. The applications of RFID include the identification of both people and products [13,26].
RFID systems have been successfully applied in many areas such as manufacturing, supply
chains, agriculture, transportation, library, managing toxic and hazardous chemicals, and
healthcare services [14,21,29]. One of these applications is the attendance tracking and
tracing.

Automating work and realizing the real-time tracking of individual locations are popular
incentives derived from attendance systems. Using such systems improves organizational
efficiency and performance, and increases the overall satisfaction of individuals. Manual
paperwork wastes effort, time, and money. Furthermore, many problems may occur with
manual paperwork, including possible big mistakes due to huge data, and impossibility of
remotely checking attendance status.

RFID technology offers low-cost and convenient object identification alternative in a
physically contactless manner; hence, it is the most suitable base technology in develop-
ing attendance management systems [8]. However, the development of such systems face
multiple challenges in terms of scalability and reliability, calling for the use of distributed
system technologies [3]. Another challenge is developing RFID systems that can efficiently
collect, filter, and save detected information. In short, RFID systems must be managed in
a scalable fashion because they generate numerous events in the form of data streams in a
short time [3]. In order to overcome all these challenges, an Intelligent and fully Automated
Attendance System (IAAS) will be proposed.

The rest of this paper is organized as follows. Section 2 highlights the desired charac-
teristics in developing RFID-based systems. Section 3 gives a comparison among existing
attendance systems in the literatures. Section 4 introduces the architectural design of the
proposed system. The implementation of the IAAS will be presented in Sect. 5. Section 6
contains an evaluation and discussion for the IAAS, and a comparison between the IAAS
and the existing attendance systems. Finally, conclusion is presented in Sect. 7.

2 Desired Characteristics on Developing RFID-Based Systems

RFID labels play an important role as an inventory tracking technology [12]. In addition,
RFID is considered much more secure compared with other networks [28]. Beyond simple
identification, other functions, such as integrated detection, read/write storage, and access
control, may be incorporated into RFID systems. This section is focusing on the required
intertwined characteristics (i.e., scalability, and automation), as follows.
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1. Scalability—It indicates the desirable ability of a system, a network, or a process to
handle growing amounts of work in a smooth manner or be readily enlarged [1,5]
Scalability issue includes the following features:

(a) Centralized/Distributed: Centralized or distributed systems support the ability of
placing the system on single or multiple machines and dealing with centralized or
distributed databases [22]. In contrast, centralized services are more appropriated
for small scale systems [19]. A trade off between the two mechanisms is also
desired for a distributed management system [16].

(b) Cross-platform is the feature allows software to run identically across different
operating systems [2].

(c) Load Balancing: is the ability to distribute the amount of work that a host has to
do among two or more hosts so that more work gets done in the same amount of
time and, in general, all users get served faster [9,10].

(d) Highly Multithreaded: is the ability of running multiple tasks at the same time [2].
(e) Remote and Concurrent Tracking: remote tracking is the ability of tracking the

attendance situation remotely, for example browsing the generated reports using
web [24]. Whilst concurrent tracking is the ability to track the attendance in dif-
ferent places simultaneously [2,18,19].

2. Automation: this issue includes the two following features:

(a) Scheduling: real-time systems have to complete the execution of a task within the
predetermined time. Such systems require scheduling methods that can adequately
distribute the given tasks to a worker. Scheduling methods that all tasks can be
executed within a predetermined deadline are called an optimal scheduling [15].
Scheduling manages multiple job streams across both single and multiple PCs
with the objectives of improving the system utilization [6].

(b) Automated Operations: the automated operations aim to minimize human interac-
tion through: creation and updating of required jobs, start and termination of jobs,
dealing with required acquisition processes, updating the database accordingly,
generating real-time reports, and website updating in real time.

3 Related Work

Attendance management has been considered as an important organizational issue. How-
ever, fully automated attendance management is still not appropriately supported by existing
attendance systems. The evaluation of each attendance system guides the proper analysis of
the present works. Therefore, different attendance systems will be compared based on the
desired characteristics defined in previous section.

The first automated attendance system to be evaluated is Automation of Time and Atten-
dance using RFID Systems (ATAS) proposed by Qaiser and Khan [24]. The system is spe-
cialized for university environments, including students and faculty members. ATAS is an
efficient automated system, which is helpful in automating student management. On the other
hand, ATAS requires a dedicated PC to be attached to each RFID reader. This requirement
significantly affects the scalability and the overall cost of the system. Although each PC
records the attendance simultaneously, ATAS cannot concurrently track attendance, because
the timer used by Windows Service updates the database every 24 hours. Furthermore, ATAS
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is dedicated to a specific system (i.e., Windows platform). This ultimately affects the scala-
bility and reusability of the system. Finally, the acquisition processes of the system must be
terminated by stopping the whole system.

Lim et al. proposed the RFID-Based Attendance System (RFIDBAS) [19]. The system
can identify and take the attendance of persons in schools, colleges, universities, and any
workplace. The RFIDBAS uses a serial port to connect the reader to the PC; hence, the scala-
bility of the system is highly limited. Moreover, the use of the system is limited by the need to
have an operating system providing the HyperTerminal software; hence, the system does not
support cross platform functionality. The final issue involves the automation functionality of
RFIDBAS, which is also limited. The only automated operations in RFIDBAS are the update
and storage of detected information in the database.

Wahab et al. proposed the Portable Examination Attendance System (PEAS) [27]. PEAS is
developed and implemented on a Personal Digital Assistant (PDA) as a small scale application
to take the attendance of the students during the examination. PEAS; like other automated
attendance systems, reduces time, manpower, long-term cost (of printing and paper), and
eases the examination procedures. On the other hand, the scalability of the PEAS is very lim-
ited due to user centralized. Moreover, the automation is also limited. The only automated
operations in PEAS are the update, storage of detected information in the database, and the
generation of real time reports.

Ali et al. proposed a networked based RFID Tracking and Monitoring (RFIDTM) system
[2]. RFIDTM system is developed using Java programming language and has been tested on
many platforms. RFIDTM can be run in a centralized or distributed environment, provides
cross platform, highly multithreaded, and remote and concurrent tracking features. In addi-
tion, RFIDTM provides the update, storage of detected information in the database, real time
reports generation, and update the website automatically. On the other hand, RFIDTM does
not provide load balancing feature, scheduling, creation and updating the acquisition pro-
cesses. Furthermore, the starting and stopping of the acquisition processes are done manually
by pressing ‘Start’ and ‘Stop’ buttons respectively.

Finally, Singhal and Gujral proposed a remote monitoring of Attendance System based
on RFID using GSM Network (ASRFIDGSM) [25]. There is a lot of benefits of the system
i.e. students attendance record to the parents on daily basis, employee’s attendance noti-
fication. Thus, ASRFIDGSM supports centralized management, remotely (via SMS) and
concurrently tracking as far as the scalability feature is concerned. In addition, dealing with
required acquisition processes, updating the database, and generating real-time reports are
provided as far as the automation operations are concerned. On the other hand, other desired
characteristics involve: cross platform, multithreading, load balancing, scheduling, job’s cre-
ation and updating, start and termination of jobs, and website updating are not supported in
this system.

From the above analysis, it is clear that some common desired features are missing in all
reviewed RFID-based attendance systems, involve :load balancing, scheduling, job’s creation
and updating, and termination of jobs. In addition, each system has its merits and demerits
as far as other features are concerned. Fix and build from the earlier works, the architectural
design of the IAAS to tackle the desired characteristics will be discussed in the next section.

4 IAAS Architectural Design

The proposed attendance system is carefully designed to fulfil the requirements of a fully
automated, scalable, and real-time attendance-tracking system. The overall design of the

123



Design and Implementation of a Scalable RFID 2165

Fig. 1 IAAS architectural design

system is revealed and constructed depending on the hardware and software designs of the
system.

The simplified design of the IAAS architecture is demonstrated in Fig. 1. IAAS consists
of seven components listed and explained below.

1. Identification tags
2. Identification reader devices—In order to detect the tags entering or getting out from a

specific place, the readers should be placed in suitable places. The readers then detect
any tag within their working range, which varies according to the type of reader used.

3. Reliable network—All parts of the system are connected together by a network; hence,
the performance of IAAS depends on the reliability of such a network. Wireless net-
works, LAN, or WAN may be used in IAAS. What solely matters is the network’s
reliability.

4. Server—In IAAS, the server is the main controller of all the system’s operations. The
server is represented by a PC with any operating system (e.g., Windows, MAC, or Linux).

5. Workers (agents)—The workers (agents) in IAAS are represented by threads created by
multiple micro-processors in the same PC or by multiple computers distributed over a
network of interconnected computers. The main function of a worker is to handle the
job assigned by the server.

6. Distributed database—A database server is needed in IAAS for storing, scheduling,
updating, and reporting all information related to the system. The database is distributed
under the control of a central Database Management System (DBMS).

7. Web server—A web server is used to update the website related to the system in real
time. The web server is directly connected to the corresponding database and executes
real-time queries for real-time tracking.
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Fig. 2 Sequence diagram for creating new jobs

The software design of IAAS contains many modules.. In addition, sequence diagrams
are used to demonstrate the processes flow inside the system. These modules are described
as follows.

4.1 Initialization Module

The initialization module is the first stage in the system’s operation. It interacts with two
actors, namely, the administrator and the scheduler software installed in the main server.
According to functionality, the initialization module can be separated into two parts, the first
of which is the creation of new jobs. In order to make the designed system user friendly, with-
out requiring a database and Java programming specialist, the whole creation of the database
is automatically performed by the installed scheduler software. The scheduler software is
responsible for creating a new database having all the required tables. All that is asked from
the administrator is to input information required for the system’s operation (e.g., name of the
new database, password, name of new jobs, and information on the jobs). As so, the admin-
istrator can create new jobs by simply providing the software with the required information.
On the other hand, the scheduler software handles the real creation of the database and the
tables, including the creation and storage of schedulers for new jobs.

A sequence diagram is constructed to show all the classes and messages needed for this
module as shown in Fig. 2.

4.2 Auto-Scheduling Module

The auto-scheduling module provides the system with fully automated operations. With this
module, there is no need for daily human interaction in initiating and terminating the system’s
processes. The main actor in this module is the main server. The main functions described
below are performed by the main server in the auto-scheduling module.

1. Annual checking of schedulers—For every Job, the stored scheduler is frequently
checked to track the ‘starting time’. With this function, there is no need for human
interaction in initiating the attendance-tracking process for every stored job.

2. Load balancing—When a job is activated or when its start time begins, the main server
checks the load balancing table to look for a free worker and assigns the job to it. Each
worker runs in a separate thread, that created by available CPU that has a minimum
load. If all CPUs have the same load, then the job will be assigned in a round-robin
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Table 1 Example of load
balancing mechanism

Number of created threads Action of the information server

CPU#1 CPU#2 CPU#3

2 4 1 Assign job to CPU#3

2 4 2 Assign job to CPU#1

3 4 2 Assign job to CPU#3

3 4 3 Assign job to CPU#1

4 4 3 Assign job to CPU#3

4 4 4 No more activated jobs

fashion. Initially, The information server creates an individual counter to count the jobs
assigned to each CPU. After assigning a job to a specific CPU, the dedicated counter
is increased by one. After the assigned job is accomplished, the dedicated counter is
decreased by one, and so forth. For purposes of load balancing, these counters assist the
information server in determining the load status of each connected CPU. For further
explanation on the mechanism used for balancing the load, an example is shown in
Table 1. In this example, we assume that the main server has five activated jobs to be
assigned to the workers. In addition, there are three CPUs that handle these jobs: namely:
CPU#1, CPU#2, and CPU#3. During the run time, CPU#1 has two active workers (i.e.,
status counter=2), CPU#2 has four active workers, and CPU#3 has one active worker.
Since, CPU#3 has minimum work load, the information server assigns the first job to it
(see first row of Table 1) and increments the status counter by one (see second row of
Table 1). Next, both CPU#1 and CPU#3 have two active workers, the information server
assigns job to CPU#1. After that to CPU#3, and so forth. By using this technique, load
balancing is achieved (see last row of Table 1).

3. Assign jobs to available workers—When the ‘start time’ of a specific job begins, imme-
diately, the main server looks for a free connected worker and assigns the job to it.
Assigning the job also includes providing the worker with required information about
the reader (i.e., the IP address and port number), the database name, and the period of
the assigned job.

4. Specify the time for the operation-The most important information that the server pro-
vides the worker is the time of the operation. Specifying this period ensures the ability
to terminate the attendance-tracking process automatically without any human interven-
tion.

The sequence diagram for the auto-scheduling module is shown in Fig. 3.

4.3 Attendance-Tracking Module

This module contains two parts: Data Detection Process (DDP) and Data Acquisition Process
(DAP).

Data Detection Process (DDP): When the attendance-tracking process begins, any tag
within the range of the working reader is detected and all its information is transferred to the
worker assigned to the job. The sequence diagram for DDP is shown in Fig. 4.

Data Acquisition Process (DAP): The worker assigned to the job is the only actor in the
DAP module. The functions performed by the worker in this module are presented below.
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Fig. 3 Sequence diagram for the auto-scheduling module

Fig. 4 Sequence diagram for the DDP module

1. Mark a “free” situation—Here; the free workers are the workers (CPUs) without jobs
or with low loads so that they can handle any job assigned by the server. It is necessary
for the main server to identify the free workers; hence, whenever a worker is free, a
free “flag” situation is created. Every worker (CPU) creates a dedicated thread for every
assigned job.
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Fig. 5 Sequence diagram for the DAP module

2. Obtain a job—When the worker is free, it waits to be assigned by the main server to
handle a job.

3. Connect to the specified reader and database—For every stored job, there is a specific
reader with specific connection settings and specific related database information. After
obtaining information from the main server, the worker establishes correct connections
to both the reader and the database.

4. Receive data—The acquisition process includes detecting and filtering dataflow sent by
the reader.

5. Update the database—After filtering; the revealed information is stored in the corre-
sponding database for tracking purposes. Automatically, different types of reports are
generated in real time for any tracker using the system.

6. Terminate the process automatically—One of the received information from the server
is the time period specified for the job. As soon as this period elapses, the worker imme-
diately terminates the attendance-tracking process and returns to its original state (i.e.,
free state).

The detailed information about the processes performed in this model is shown in the
sequence diagram in Fig. 5.

4.4 Remote Tracking Module

With this module, the remote tracking feature can be achieved using Web service. The web
server continuously updates the website in order to track the attendance situation in real
time. After establishing a connection to the corresponding database, all reports displayed
on the website are updated to follow the real state of the attendance situation. Thereafter,
any interested user can follow the real-time state of the attendance by simply browsing the
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Fig. 6 Sequence diagram for the remote tracking module

website. For security purposes, every user is supplied with a login username and password
to gain access to the website.

The sequence diagram for the remote tracking module is shown in Fig. 6.

5 IAAS Implementation

For the IAAS implementation, constructed Java classes and GUIs are classified into three
modules. These are discussed in detail below.

5.1 Administration Module

The administration module is responsible for the initialization, update, and auto generation
of schedules used by the system. Full authority is given to the administrator to add, delete, or
update as many jobs as desired. The constructed GUI for the administration module (Fig. 7)
facilitates the creation of a new database for every new group of jobs. Daily schedules for each
stored job are generated automatically to ensure the automatic initialization and termination
for every acquisition and database updating processes.

5.2 Acquisition Module (Controller and Executers)

The acquisition process includes detecting, receiving, and filtering dataflow received from
the detecting device (reader). The acquisition process mainly consists of two parts: the con-
troller and executers. Referring to the class diagram depicted in Fig. 8, the following points
can be noticed:

1. The runner-acquisition class is the main controller and motivator in the acquisition
module;

2. The runner-acquisition class annually checks the stored schedules and activates jobs
accordingly;
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Fig. 7 GUI for administration module

Fig. 8 Class diagram for the acquisition module
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Fig. 9 Acquisition controller program

3. The runner-acquisition class checks the load balancing table for free workers to be
assigned with the activated job;

4. When a job is activated, the runner-acquisition class creates a new class; Job, to be
handled by the worker; and

5. The worker creates a thread class to handle the connection to the reader and database,
acquisition process, and database updating operations.

The controller in the acquisition module is represented by the GUI shown in Fig. 9. The con-
troller GUI displays the jobs being executed and all the related information for monitoring
purpose. The main function of the controller GUI is to perform load balancing by assigning
jobs within a specified period to free workers. Furthermore, using the acquisition controller,
automation is highly achieved by auto-handling required jobs with no need for any human
interaction. When the job begins, the executing GUI is activated to display all acquired data
after receiving it from the reader (Fig. 10).

Two modules of the architectural design are covered by implementing the acquisition
module, namely: auto-scheduling module and attendance-tracking module (including its two
parts, DDP and DAP).

5.3 Reports Generators and Website Browser Module

The constructed GUI for selecting the job and the type of report to be displayed is shown
in Fig. 11. When a specific date is selected, attendees, absentees, and foreign identities are
displayed along with their corresponding collected information (Fig. 12). In addition, these
reports can be printed if desired.

The report generation system was implemented to support internet browsing. The web
browsing is implemented using Java Server Page (JSP) technology, which provides a simpli-
fied and rapid way of creating dynamic web content. This JSP technology enables the rapid
development of web-based applications that are server—and platform-independent [23]. Fur-
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Fig. 10 Activated acquisition thread

Fig. 11 Main utility programs for reports generation

thermore, with web browsing using the JSP feature, any user can browse the reports of IAAS
without any restriction on the used OS, because it can be operated on different operating
systems (e.g., Windows, MAC, Linux) as can be seen in Fig. 13.

6 Evaluation and Discussion

In this section, the performance of the proposed system will be discussed and evaluated in
terms of the required characteristics as far as the scalability, and automation are concerned.
A comparison among all attendance systems will be presented in terms of a tabular checklist.
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Fig. 12 Attendees of the selected job and date

Fig. 13 Web browsing in different operating systems

6.1 Scalability Justification

Scalability in the IAAS design and implementation is represented by five features presented
below.

1. Centralized or distributed—According to the application demand, the IAAS software
can be installed and executed in a single centralized machine, including the software of
the initialization, acquisition and reporting modules, or distributed in tightly (i.e., a sin-
gle PC) or loosely coupled machines (i.e., PCs connected together through a network).
The same holds true for the system’s database, which can be centralized or distributed
locally or via a web host. Furthermore, the required servers for the system (information,
database, and web servers) can be in a single machine or separated in different PCs.
This feature makes the overall system scalable: it can be laid in a single PC, or it can
be distributed in loosely coupled machines. As such, like RFIDTM, unlike RFIDBAS,
PEAS, and ASRFIDGSM that support centralised operations only, and unlike ATAS
that supports distributed operations only, IAAS supports both centralised and distrib-
uted functionalities.
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2. Cross-platform functionality—Like RFIDTM,unlike all other existing attendance sys-
tems
(ATAS, RFIDBAS, PEAS, and ASRFIDGSM), IAAS is implemented using pure Java
coding; hence, the system provides cross-platform functionality.

3. Load balancing—Load balancing is accomplished by the information server by assign-
ing jobs to workers. Load balancing ensures the capability of dealing with as many jobs
as desired, thereby ensuring the ability of implementing the system in large-scale appli-
cations. Unlike ATAS, RFIDBAS, PEAS, RFIDTM, and ASRFIDGSM, IAAS supports
load balancing feature.

4. Highly multithreaded—Like RFIDTM,unlike all other existing attendance systems
(ATAS, RFIDBAS, PEAS, and ASRFIDGSM), IAAS is highly multi-threaded, enabling
the information server to assign more than one job to the same PC (e.g., make acquisition
for many readers simultaneously). As such, it better utilizes the computing power of the
PC.

5. Remote and concurrent tracking—Like RFIDTM and ASRFIDGSM, unlike ATAS that
support remote tracking only, unlike RFIDBAS that supports concurrent tracking only,
and unlike PEAS, IAAS supports both remote and concurrent tracking of attendance
situations. The real-time generated reports can be browsed using a dedicated website.

6.2 Automation Justification

For IAAS, automation requirements do not only include the automated dealing with RFID
equipment and Java/MySQL commands, although these facilities are very important for
non-professionals. The most significant part in the automation requirement is scheduling the
automated initialization and termination of every acquisition process. The points explained
below represent the major achievements of the automation feature in the IAAS design and
implementation.

6. Scheduling—With the scheduling approach, system automation is efficiently improved,
because there is no need for daily human interaction to initialize and terminate the acqui-
sition processes. In any TCP/IP-based system, network failure is a common problem,
which occurs due to overloading in case of continuous acquisition requests from every
connected reader in the network. It is an evident that although overloads do not happen
frequently, the failure resulting from them can be quite expensive [11,17]. Using the
scheduling technique reduces the probability of network failure; this is because every
reader has a specific date and period to deal with. Moreover, by using the scheduling
technique, load balancing is achieved by the information server; hence, the schedul-
ing technique is an intertwined factor for both automation and scalability. Furthermore,
the absence of the need for daily human interaction reduces the required efforts to
the minimum level, leading to big savings in time and cost. Unlike all reviewed atten-
dance systems (ATAS, RFIDBAS, PEAS, RFIDTM, and ASRFIDGSM), IAAS provides
scheduling feature.

7. Automated operations—In IAAS, all of the following operations are automatically per-
formed without requiring professionals who are adept in Java programming or MySQL
commands:

i. Creation and updating of required jobs: unlike all reviewed attendance systems
(ATAS, RFIDBAS, PEAS, RFIDTM, and ASRFIDGSM), this operation is auto-
mated in IAAS;

123



2176 M. I. Younis et al.

Table 2 Comparison between IAAS and Related RFID-based Attendance Systems

Characteristics ATAS RFIDBAS PEAS RFIDTM ASRFIDGSM IAAS

Scalability

Central-
ized/distrib-
uted

Only
distributed

Only
centralized

Only
centralized

√
Only
centralized

√

Cross-platform
functionality

× × × √ × √

Load balancing × × × × × √
Highly multithreaded × × × √ × √
Remote and

concurrent tracking
Only remote

tracking
Only

concurrent
tracking

× √ √ √

Automation

Scheduling × × × × × √
Automated operations

Jobs’ creation and
updating

× × × × × √

Start of jobs
√ × × × × √

Termination of jobs × × × × × √
Dealing with required

acquisition
processes

√ √ √ √ √ √

Updating the database
√ √ √ √ √ √

Generating real-time
reports

× × √ √ √ √

Website updating in
real time

× × × √ × √

ii. Start of jobs: like ATAS, unlike RFIDBAS, PEAS, RFIDTM, and ASRFIDGSM,
IAAS supports automation for starting jobs;

iii. Termination of jobs: unlike all reviewed RFID-based attendance systems (ATAS,
RFIDBAS, PEAS, RFIDTM, and ASRFIDGSM), IAAS provides automatic ter-
mination of jobs;

iv. Dealing with required acquisition processes: like any RFID-based attendance sys-
tems, this operation is automated in IAAS;

v. Updating the database accordingly: like any RFID-based attendance systems, this
operation is automated in IAAS;

vi. Generating real-time reports: like PEAS, RFIDTM, and ASRFIDGSM, and unlike
ATAS, and RFIDBAS, IAAS generates reports automatically in real time; and

vii. Website updating in real time: like RFIDTM, and unlike ATAS, RFIDBAS, PEAS,
and ASRFIDGSM, the website is updated in real time.

In order to summarize the performance of the proposed system comparing with the existing
attendance system, a tabular checklist is presented in Table 2. According to Table 2, the
shaded cells present the unique characteristics which are distinguished the proposed IAAS
among other RFID-based attendance systems.
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7 Conclusion

This paper presented a fully scalable, automated, and reusable RFID system called IAAS.
The work investigated existing RFID-based attendance systems, in which the investigations
involved evaluating the performance of these systems in terms of elected characteristics. Fix
and build from earlier works, IAAS supports auto load balancing feature integrated with
auto scheduling technique. In doing so, there is no need for daily human interaction. Saving
efforts, time, and costs needed in the daily initialization and termination of the system is
achieved by using schedules that are automatically generated by the system.
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