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ABSTRACT

It is virtually impossible to do away completely with papers, files, folders and cabinets. A lot of essential services (e.g. legal and
healthcare services) demand that written or printed copies of certain documents be carefully and orderly kept. But these files are
regularly retrieved and updated. It becomes highly inefficient and time consuming to retrieve these files from where they are
kept when their numbers become very large. This paper proposes the use of a low-cost Radio Frequency Identification (RFID)
mechanism to manage documents filed and stored in shelves and cabinets. The proposed system makes use of a passive RFID
tag and an interrogator. Radio signals in the low-frequency range (125 KHz) delivered inventory rounds (commands) that aid
the speedy and timely retrieval of any file from a very large pool of others. The designed and implemented system worked per-

fectly well with a satisfactory modulation depth of 100% and a read range of two (2) meters.
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1 INTRODUCTION

he twenty first century has brought with it a keen sense of

the importance of time. Multinational corporations, small

and medium scale enterprises all want more time to do
business and make greater profits. One of the keys to the
greater productivity that can translate into higher profits for
businesses is the way files are stored and retrieved. Organisa-
tions that have not been able to devise a means of storing and
retrieving documents in a timely and efficient manner end up
having internal (employee and manager) and external (clients)
conflicts. The loss of valuable time due to an inefficient file
management system for hard copies of files almost always
results in loss of revenue and slow organizational growth[1]
[10].

The utmost need for some information to be written or
printed on papers and properly kept makes the need to a time-
ly and efficient method for retrieval very important. Business-
es grow and this causes the amount of information they store
on papers to increase exponentially. A “drag” in the speed of
business transactions will become more evident if a way to
efficiently manage this large amount of document is not found
[11].The average worker uses 10,000 sheets of copy paper year-
ly. When multiplied by the number of workers in the compa-
ny, it gives a very startling value. Offices and Institutions
around the world use and store important documentations of
their work every day and employees constantly need to re-
trieve this information from stored files. As member of such a
corporate body, are you able to find that report you need for
your meeting in five minutes? It depends on the type of search
system used in your company [12]. This paper proposes the
use of RFID tag and an interrogator (reader) to manage the
storage and retrieval of documents in a timely and efficient
manner. The proposed system makes use of a microcontroller
that interprets the inventory rounds sent to it by the RFID
reader. Each folder is given an RFID tag that contains all the
essential information needed to correctly identify the files con-

tained in every folder [2] [13].

2 LITERATURE REVIEW

Implementation of RFID solutions in various units of the
organization is slowly gaining ground in many of today’s big
organizations. The following case studies expatiate on current
happenings and mirror the implementation of RFID solutions
as described in this paper [3] [14].

The use of RFID is so pervasive that many organizations
like Lhermet Labigne & Remy (LLR), a French law firm with a
staff strength of about forty sees the need for it. The law firm,
a custodian of over thirty thousand intellectual property and
patent documents that increases by not less than six thousand
every year had to employ the use of RFID technology to man-
age its files. At a time the firm could not efficiently handle
clients’ files because of the huge number of documents in its
care. In fact retrieving clients’ files was a very cumbersome
and inefficient process [15]. Clients began to express dissatis-
faction with the way their files were being handled because
locating a file could take several days. Implementing an effi-
cient RFID file management system within the firm greatly
improved her productivity. All the firm did was to attach a
paper-thin adhesive RFID tag to each file and with a portable
tag reader, relay all details about each file to a programmable
station. This made it possible for clients’ file to be located effi-
ciently, reliably and in a timely manner [4] [16].

RFID technology has been used to manage waste disposal.
The collection and disposal of waste can be a very inefficient
process. The waste disposal process is inefficient if waste bins
are emptied regularly and irrespective of whether they are full
or not. Waste disposal trucks are forced to make unneeded
trips to neighbourhoods with no present need for any waste
disposal service because there is no way to know ahead of
time if the neighbourhood in question has a present need for
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waste disposal service. The use of RFID technology has helped
to optimize waste disposal truck routes and save waste dis-
posal firms a lot in fuel, time and money. A typical example of
an RFID-based waste disposal system is the Pay-as-you-throw
(PAYT). The customer in this system is charged based on the
number of times a waste disposal service is ordered. The unit
charge is fixed by weight and volume. This type of RFID as-
sisted waste management scheme has been implemented in
several nations. It has proven to be fair, efficient and practica-
ble [5] [17].

Implementation of RFID solutions have been proven by ex-
isting literature to deliver speedy positive Return-on-
Investment. This is even made better by the fact that RFID
technologies are extremely flexible and can be tailored to pro-
vide customer-specific solutions. RFID solutions help to re-
duce costly human errors and workplace bottleneck. Virtually
any organizational process can be improved with RFID-based
solutions. The hallmark of deploying RFID-based solutions is
the savings it brings to organizations in time and costs [6] [18].

Today, RFID technology is being combined with mobile
computing to deliver premium ways of identifying and man-
aging assets to organizations [7] [19]. When combined with
RFID technology, mobile computing can provide the tools
needed to do away with any form of paper-work, prevent the
loss of important assets and documents, and take attendance.
The combination of mobile computing with RFID technology
has provided firms with a reliable means of monitoring their
assets in real-time and minimizing theft [8] [20]. Financial in-
stitutions are not left out of the current trend and have
plugged into it. Financial institutions have even developed
standards for tagging assets that are being implemented in
other industries [9]. The most basic operation of any RFID-
based system is illustrated in Figure 1.

3 METHODOLOGY

The main parts of the RFID-based document management
system are the microcontroller, interrogator (reader) and RFID
tags. Other parts of the system include the LCD display and
the power supply unit. The block diagram used to realize the
proposed RFID-based document management system is
shown in Figure 2.

It consists of the digital/control section, the Radio
Frequency (RF) section and the antenna. The digital section of
the interrogator reader processes the signals received from the
RFID tags (transponder). The digital section of the interrogator
has a microprocessor, memory block, analogue-to-digital
converter (ADC) and an enabling software application. The RF
section is used to transmit and receive inventory rounds
(commands). It operates at a frequency of 125 KHz. The
passive RFID tag is “awakened” (electromagnetic coupling
effect) by the inventory rounds (modulated radio waves) sent
to it by the interrogator. The RFID tag “re-modulates” the
radio wave and sent to it by the interrogator and “re-radiates”
(through a process called backscattering) it back to the
interrogator’s antenna.

To send a logic ‘0" to the RFID reader (interrogator), the tag
requests for more power from the reader. This causes a small
voltage drop on the RFID reader’s side. The voltage drop

represents logic “0”. When the tag does not require any
additional power there will be no voltage drop on the
interrogator’s side. This represents logic “1”.

The read distance between the RFID tag and the reader is
dependent on the turns of the reader’s coil. When the RFID tag
is placed in the read distance of the interrogator, it will read
the 10-digit unique ID of the tag and transmit it as ASCII
characters through its serial output and via an antenna whose
resonating frequency, gain, directivity and radiation pattern
can a determine read distance.The Reader module transmits at
125kHz, has a Baud rate of 9600, operates at a voltage level of
5V.

RFID solutions in various units of the organization is
slowly gaining ground in many of today’s big organizations.
The following case studies expantiate on current happenings
and mirror the implentation of RFID solutions as described in
this paper [3] [14].

COMMANDS OR INVENTORY
ROUNDS

Antenna

TAGREADEROR RFIDTAG

INTERROGATOR

AIR
INTERFACE

Fig. 1.The Basic RFID Mode of Operation

6.1 How the System Works

A Voltage Regulator regulates the input voltage to 5V.
The current enters the first LED and lights it to indicate that
there is power supply. The RFID Reader module is connected
to the 5V power from the regulator. A second LED lights up to
show that the reader is powered. Once the reader is powered
on, oscillating movement occurs between its Inductor and ca-
pacitor, in this case, 125000 times a second. Hence, it emits 125
KHz Low Frequency energy into its surroundings and creates
a magnetic field. The tag when brought in close proximity to
this field is “awakened” due to a phenomenon called Induc-
tive Coupling.

The tag consists of a silicon device and an antenna which
has a resonant LC circuit connected to it. It is this resonant
circuit that both receives the modulated RF energy from the
reader and “re-radiates” the “re-modulated” RF signal
(backscatter signal). When the reader receives the modulated
backscatter signal, it decodes the signal. The decoded signal is
sent to the serial communication port of the microcontroller.
The microcontroller uses a 4MHz crystal to skip to each in-
struction in its memory. It responds to the input and sends the
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required output to the LCD screen.

The source code that provides the blueprint by which the
microcontroller functions is written using Micro Basic. First
declarations are made so that the microcontroller stores varia-
bles in its memory which will be called during the execution
of the program:

'declarations

dim txt as string [20]

dim txts as char [12]

dim A as char [12]

dim B as char [12]

dim CC as char [12]

dim DD as char [12]

dim delim as char[1]

dim n,i,temp,value as byte
dim Card as byte

The main function which comprises all the sub-functions
which are called according to different inputs is written thus:

main:
Usart_Init(9600)
'Call LCD declearations and welcome message
welcome
delim=("")
while true
while Usart_Data_Ready = 0 wend
‘delay_ms(100)
Usart_Read_Text(txt, delim)
Led_Cmd(LCD_CLEAR)
LCD to clear it’s display
Led_Cmd(LCD_CURSOR_OFF)
prevents the cursor from appearing on the screen
GetID
GetData
wend
end.

" This sends a command to the

‘This command

The Sub function ‘welcome’ displays the first message that
is shown on the screen once the device is turned on. The Sub
function GetID is one of the most important. It declares the
Identification numbers on each tag and instructs the microcon-
troller to display particular messages once it reads the number
associated with it. For example, in the second line in the code
below, Letters A to D which have correctly been declared in
the previous code are represented with unique characters as-
sociated with each tag. In this case, four tags. ‘CC" and ‘DD’
are used here to create a variation as Micro Basic already has
inbuilt functions with ‘C” and ‘D’".

sub procedure GetID
'A = 7F9FF82 B = 79D2039 C = 80726AA D = 79C1109
A = "030087F9FF82"
B = "0300879D2039"
CC = "0300880726AA"
DD = "0300879C1109"
n=0
fori=0to11

txts [n] = txt [n+3]
inc(n)

next i

temp =1

temp = Strcmp(txts,A)
if temp = 0 then

temp =1
Card=1
end if

temp = Strcmp(txts,B)
if temp = 0 then

temp =1
Card =2
end if

temp = Stremp(txts,CC)
if temp = 0 then

temp =1
Card=3
end if

temp = Strcmp(txts,DD)
if temp = 0 then
temp =1
Card =4
end if
end sub

The Sub function: ‘GetData’ tells the microcontroller to
display particular messages associated with each unique tag.
The completed code is written into the micronctroller through
an ICSP. This technology enables easy re-writing and
improvement of the source code during the testing phase.

4 TESTING AND IMPLEMENTATION

When the user places the reader close to the “first folder”
with an embedded 125KHz tag;, it displays the message:

“Date Created:20/2/14

This Folder contains

File 1: Proposal for installation of AC's”
After 4 seconds:

"File 2: Proposal for FCDA project

File 3: Bid for NAFDAC project”

Placing the reader close to “another folder” has it display:

“Date Created:23/2/14

This Folder contains

File 1: Issuance Inc

File 2: Concordance”

After 4 seconds:

“File 3:Certification for Training 101

File 4:Certification for NACOSS training”
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Fig. 4.The Implemented RFID-Based Document Management
System.

Microcontroller

e Input Buttos The total power induced in the tag’s antenna is given as:

PG A
Feag = [4117"2} A Grag

Where;

)
I3

LCD Display

P,og = Total power induced in tag 5 antenna
Grog = The tag's antenna gain
A = Wavelength

P, = Transmitting antenna power

Fig. 2.The Block Diagram of the RFID-Based Document Man- Gr — Transmitting antenna gain
agement System.

1 — The tag's antenna distance from the transmitting antenna

The re-radiated power:
- 4R}
THE REGULATED | _ _ tag
POWER SUPPLY P = |73 PtagCrag
|Z tag T Z c| @)
—» i | DISPLAY DEVICE
MICROCONTROLLER ¢ .
4R
tag
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| Z tag +Z c | (3)
THE RFID MODULE |-
. I
Z,45 — The impedance of the tag's antenna

Z,— The impedance of the tag's chip inlay

R.__ — Length of the tag's chip inlay
Fig. 3. The Communication Path between the Interrogator and h di d
the Microcontroller. F.. — The re —radiated power

tag

The read range:
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T+ K
E

G reciv_tag_min

P

tagmin — Minimum tag antenna gain

- Minimum receiving (interrogator) antenna gain

tag-min Minimum tag antenna gain

5 CONCLUSION

The proposed RFID-based document management system
is relatively easy to implement and is not costly. It does not
need an internet connection to operate. In fact, a calculation of
the Return-on-Investment and Cost Benefit of using this pro-
posed RFID-based document management system revealed
emphatically, a large improvement in both savings and prof-
its. The realized system has been proven to aid the seamless,
efficient and timely retrieval of hard copies of documents that
have been archived or stored.
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