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Abstract 

 
Radio frequency identification (RFID) 

technology has become more sophisticated in recent 
years and is being developed rapidly for a variety of 
applications. The problem of eliminating redundant 
readers has been reduced to the minimum cover 
problem and proved to be NP-hard. In this paper, a 
Density-based Redundant Reader Elimination 
Algorithm (DRRE) is presented; DRRE eliminates 
the redundant readers without influencing the 
number of usable tags. Simulation results 
demonstrate that the DRRE algorithm performed 
better in all instances in a variety of environments 
compared with other algorithms. In a densely 
deployed RFID network, the DRRE algorithm 
detected 85% more redundant readers than others. 
 
1. Introduction 
 

The radio frequency identification (RFID) 
technology uses radio frequency to identify an object, 
animal, or person. The RFID system is an essential 
element in automation systems, such as access 
control, security applications and supply chains. 
Furthermore, the convenience of a RFID system has 
increased its use in a variety of applications in 
diverse areas. [4, 5, 9]. 

In a densely deployed RFID network, over-
intensive readers easily lead to mutual interference 
because the radio frequencies of two or more 
neighboring readers may overlap and interfere. 
Additionally, too many unnecessary readers 
consuming the limited power can also be wasteful. 
Consequently, finding the minimum number of 
readers to cover every tag efficiently, called the 
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redundant reader eliminating problem (RREP), is a 
fundamental problem in RFID systems. The RREP 
has been reduced from the minimum cover problem 
and thus proved to be NP-hard [10]. 

In this work, a Density-based Redundant Reader 
Elimination Algorithm (DRRE) is designed to detect 
the almost maximum number of redundant readers 
that can be safely turned off without changing the 
origin network coverage in an RFID network.  

Simulation results showed that DRRE can detect 
the number of redundant readers 10% – 85% more 
effectively than other algorithms and reduce the 
number of readings/writings by up to 450%. 
 
2. Related Work 
 

The most essential problem in RFID collision is 
signal collision, which can be categorized into two 
groups: Tag Signal Collision and Reader Signal 
Collision. RFID systems usually use SDMA, FDMA 
and TDMA to solve the collision problem, such as 
slotted ALOHA [11] based on the ALOHA 
algorithm. In [3, 8, 12], a modified ALOHA 
algorithm is proposed to avoid RFID collision. In 
[14], an application theory of Colorwave that based 
on TDMA is proposed to avoid collision. Using 
TDMA, some scholars proposed [6, 13] exploiting 
the identification codes of tags to avoid the tag 
collision; their algorithm is based on the Manchester 
code, similar to a binary search. 

To avoid collision, another solution is focusing 
on reducing the number of readers; this is the main 
issue addressed in this work. The use of redundant 
readers does not only increase the loading of the 
RFID systems, it is also wasteful because of limited 
battery power. 

In solving the redundant reader problem, RRE 
[1] and LEO [7] are the most representative 
algorithms. 
(a) RRE 



The RRE(Redundant Reader Elimination algorithm) 
[1] is designed based on greedy method. The RRE 
algorithm always first chooses the reader with the 
biggest number of tags in its coverage. This 
procedure iterates the above step until all tags must 
be assigned to a reader. Lastly, all readers are 
checked; when a reader has not been assigned to a 
tag, it means the reader is not the owner of any tags, 
making it a redundant reader and it is therefore 
eliminated. 

 
(b) LEO  

The LEO algorithm (Layered Elimination 
Optimization) [7] uses a layered approach: by 
combing a LEO procedure with RRE. The main 
principle of LEO procedure is “first read first own”. 
All readers send requests to the tags in its coverage 
to get the record of the tag. If the tag does not belong 
to any other owner, the reader becomes the tag's 
owner. If the tag already has another reader's ID, the 
ID cannot be changed. Finally, the reader without a 
tag is eliminated. 

In the layered approach, the LEO procedure is 
implemented first, when every reader terminates 
LEO procedures; the remaining non-redundant 
readers will be filtered by the RRE procedure. The 
total number of redundant readers identified by both 
the LEO and the RRE procedure gives the final 
redundant LEO algorithm result. 

Although the LEO algorithm can reduce the 
number of readings and writings effectively, LEO 
procedure determines the owner of tags in a random 
way, therefore the quality of tag owner selection is 
unreliable. Eliminating the wrong readers in the 
beginning may cause unsatisfactory results.  
 
3. DRRE Algorithm 
 

In a fully distributed RFID environment, the 
sequence of reader operation cannot be 
predetermined; the order is different every time. 
Therefore, the owner is unable to ensure the degree 
of stability. The LEO procedure can greatly reduce 
the number of readings and writings to the tags, but it 
is unsuitable for selecting owners of tags. 

For these reasons, a Density-based Redundant 
Reader Elimination (DRRE) algorithm is proposed. 
The DRRE algorithm exploits the concept of 
neighboring reader density to evaluate the priority of 
reader. That is, the priority value of a reader depends 
on the number of its neighboring readers. Here two 
neighboring readers indicate that they share at least 
one tag in the deployed RFID system. First, in the 
DRRE algorithm, the readers communicate with each 
other by writing their IDs into tags for obtaining the 

number of neighboring readers. Next, each reader 
computes its priority value by reading the ID 
information stored in the tags in its coverage. Each 
reader R writes its ID into the tags which are in its 
coverage, when the tags have no owner yet or the 
priority value of its current owner is less than that of 
R. Finally, any reader owning no tag is determined to 
be redundant. 

In DRRE algorithm, the ID information of 
reader has been written into and read from tags many 
times in order to detect redundant readers. To reduce 
the amount of readings/writings into the tags, two 
different techniques, “back-off operation” and 
“Partial-writing”, are used in each phase to 
effectively diminish the number of readings/writings. 

 
3.1. Back-off operation 
 

Suppose that a tag has an owner. When a reader 
with a higher priority value and writes information to 
the tag, the owner of the tag changes. This situation 
is called “ownership snatching”. In the DRRE 
algorithm, many ownership snatchings indicate that 
there exist unnecessary writings into the tags. If the 
sequencing of writing of readers can be controlled in 
order of priority values of readers descendently, the 
ownership snatching can be avoided totally, thus 
reducing the amount of unnecessary writings.  

The purpose of “back-off operation” is designed 
in order that high priority readers will write early 
with light overhead. 

The back-off operation necessitates that each 
reader will wait for a short delay time before writing 
into tags in the DRRE algorithm. The delay time of 
each reader is reverse to its priority value. 

After having waited for the delay time, the 
initial operation time of each reader will be diverse, 
and they will be automatically sorted according to 
priority values. Therefore, the reader who has high 
priority will write information into a tag sooner, and 
the readers with lower priority will write later. Then 
few ownership snatchings will occur. With the help 
of the back-off operation, the number of necessary 
writings for ownership snatching can be diminished 
drastically. 

 
3.2. Partial-writing 
 

In order to compute the priority value of each 
reader, in DRRE, every reader needs to communicate 
with its neighboring readers by writing their IDs into 
every tag in its coverage, resulting in lots of extra 
writings. Instead, the partial-writing technique 
proposed in this subsection requires that each reader 
writes its IDs into only a fix percentage α (0 < α < 1) 



of tags in its coverage. Evidently, the technique will 
save 1-α tag writings. The partial writing technique 
scarifies exact priority value information for saving 
1-α tag writing costs. 

When the partial writing technique is integrated 
into the DRRE algorithm, simulation results 
(described in Section 4) show that DRRE can still 
almost maximize the number of redundant readers 
being eliminated, while using a near-minimum 
number of readings/writings. 
Below the DDRE algorithm is described in details.   
Step 1:  each reader broadcasts a signal to query tags 

in its coverage.  
Step 2:  then, each reader writes its reader id (Rid) 

and increase the value of total number of 
readers covering the tag (reader_num) by 1 
and writes back into the tag.  

Step 3: each reader broadcasts again to query the 
neighboring reader information which has 
been stored in the tags in Step 2.  

Step 4:  after receiving the information, each reader 
inspects the value of reader_num for every 
tag covered by the reader, if the value of 
reader_num equals 1, the program closes 
and it is clear that it is not redundant. If the 
value of reader_num is not equal 1, the 
program goes to Step 5 to determine the 
total number of neighboring readers and 
records in a value, i.e. the priority value of 
the reader.  

Step 5:  then, the standard initial time (I_time) is 
used to determine priority and to get the 
delay time (S_time). After getting the delay 
time, the reader delays for S_time. Then, 
reader checks if the tag has recorded the Rid. 
If the tag has not recorded any Rid, the 
reader writes its Rid into the tag as owner_id.  

Step 6:  each readers delays for priority waiting for 
other readers to check owner.  

Step 7: the reader broadcasts to determine whether 
the owner is redundant or not and records a 
value (rddt) to 1. If any tag’s owner_id 
equals to its rid, the value rddt is set to 0. 
After checking every tag, if rddt still equals 
1, then the reader is redundant and goes into 
the sleep mode. 

 
4. Simulation 
 

In order to verify the performance of the DRRE 
algorithm, a RFID network simulation environment 
was designed and then compared with RRE 
algorithm and LEO algorithm (combining LEO 
procedure with RRE procedure). For precision, two 
different versions of DRRE were used in the 

simulation. One was DRRE without back-off 
operation and partial-writing capability; the other 
was DRRE with back-off operation and partial-
writing, denoted by SDRRE. The percentage 
required for Partial writing technique was set to 10%. 

At the invariable regional size of 1000×1000, 
the location of all readers and tags was generated 
randomly. According to the variation in reader radius, 
number of readers and tags, the influence of the 
environment on performance could be observed. In 
all figures shown as follows, each dot represents an 
average of 100 test sample runs. 

The first experiment used the same region size, 
the same number of readers and tags, and different 
reader radii to compare its performance. Figure 1 
shows the performance comparison of different 
reader radii. From the results, it can be seen that the 
number of redundant readers detected by DRRE and 
SDRRE was greater than for RRE and LEO under 
varying radius. Moreover, when the radius was 60 
meters, DRRE performed 20% and 30% better than 
RRE and LEO, respectively. As a result of SDRRE 
just writing 10% of the tags, the reader’s priority 
values were somewhat inaccurate. The number of 
redundant readers detected decreased slightly in a 
dense RFID environment (with radius changing from 
80 to 100), whilst it was still better than RRE and 
LEO. 
 

 
Figure 1. Comparison of difference reader radii. 

 
In the second simulation, a different number of 

tags are used to compare the performance. Figure 2 
depicts the relationship between the number of 
redundant readers and the number of tags. In the 
figure, it can be seen that DRRE and SDRRE still 
performed well when compared with RRE and LEO. 
Moreover, DRRE and SDRRE detected 85% more 
redundant readers when compared with RRE and 
51% more than LEO when the number of tags was 
larger. 

 



 
Figure 2. Comparison of difference number of tag. 

 

5. Conclusion 
 

In this work, two high performance redundant 
reader elimination algorithms, DRRE and SDRRE, in 
a RFID network have been presented. Compared 
with existing algorithms, DRRE (SDRRE) eliminated 
more redundant RFID readers by up to 85%. 
Moreover, DRRE and SDRRE only needed a small 
number of readings and writings compared with 
others.  
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