
  
Abstract—In this paper, we propose an evolutionary algorithm 

(EA) for solving the constrained reader network planning (CRNP) 
problem of radio frequency identification (RFID) system. The CRNP 
is a constrained combinational optimization problem, which is an NP 
hard optimization problem. We have tested the proposed EA on 
several CRNP problems, and the test results demonstrate that the 
proposed EA is an excellent method for CRNP. 
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I. INTRODUCTION 
ADIO frequency identification (RFID) technique has been 
widely used recently [1]-[2]. The RFID system consists of 

two types of devices, tags and readers. Tag contains a unique 
identifier of the object and the associated information. Rader 
will periodically read the information associated with the 
objects from the appended tags. The area for a reader to identify 
tags is called the interrogation zone. Due to the limited 
interrogation range of the communication between the reader 
and the tag, the deployment of minimum number of readers to 
cover all tags in the entire region is known as the RFID reader 
network planning (RNP) problem [3-4]. In most of the existing 
methods designed for solving the RNP problem, the tag 
coverage is formulated as a term in the objective function. This 
implies that the tag coverage is only a soft constraint, which may 
lead to a possibility that the obtained optimal placement of the 
readers may not achieve the complete tag coverage. To avoid 
this possibly inadequate result, in this paper, we will treat the tag 
coverage as a hard constraint in the RNP problem to form a 
constrained RNP (CRNP) problem. The objective function of 
the considered CRNP problem is composed of two terms. The 
first term is related with the reading efficiency, and the second 
term is related with the cost. The tags located in the overlapping 
area of interrogation zones of any two readers may cause the 
reader collision problem provided that both readers read tags 
simultaneously. To increase the reading efficiency, minimizing 
the number of tags located in the overlapping area of 
interrogation zones should be one of the objective of the CRNP. 
For cost consideration, minimizing the total number of placed 
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readers while satisfying the complete tag coverage hard 
constraint should be the second objective of the CRNP. 
Therefore, the considered CRNP problem is a type of 
constrained resource allocation problems, which is a 
constrained combinational optimization problem and is an 
NP-hard optimization problem. In this paper, we propose a 
popular evolutionary algorithm, the genetic algorithm (GA) 
[5-9], to solve the CRNP problem.  

We organized our paper in the following manner. In Section 
2, we will present the formulation of the CRNP problem. In 
Section 3, we will present the proposed GA. In Section 4, we 
will present the test results of applying the proposed GA to 
several CRNP problems with various-size reader networks. 
Finally, we draw a conclusion in Section 5. 

II. FORMULATION OF CONSTRAINED READER NETWORK 
PLANNING (CRNP) PROBLEM 

A. Assumptions and Notations 
We assume that the space for storing the objects with tags is 

rectangular, and the union of interrogation zones of the readers 
placed in the fixed candidate reader positions (FCRPs), which 
are equally spaced from left to right and from top to bottom, can 
cover the whole rectangular space. To formulate the CRNP 
problem, we need the following notations to define the terms 
regarding tag coverage, selected number of FCRPs for placing 
readers and the tags in the overlapping of interrogation zones.  

Notations — 
     :  Index of solution.
  :  Total number of tags.
  :  Number of tags covered by all placed readers.
  :  Total number of FCRPs.
  :  Total number of overlapping tags.
  :  Total number of placed 
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B. Tag Coverage Hard Constraint  
For a given solution, we will use the coverage ratio to indicate 

the degree of its tag coverage. The coverage ratio denoted by  is 
defined as the number of tags covered by all placed readers 
divided by the total number of tags, such that  , and the tag 
coverage hard constraint can be expressed as  

( ) 1r k =                                    (1) 
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C. Objective Function or Fitness Function 
In general, GA is designed to maximize the objective 

function or the fitness function. Therefore, instead of 
minimizing the total number of tags located in the overlapping 
area of the interrogation zones, OT , we will maximize the total 
number of tags not in the overlapping area of interrogation 
zones, which is defined by ( /)N O NOT T T T= − . Furthermore, 
instead of minimizing the cost associated with all placed readers, 
we will maximize the ratio of total number of unplaced FCRPs 
over the total number of FCRPs, which is defined by 

( ) /N U NC R R R= − .  
Therefore, combining the above two terms by suitable 

weighting factors, the fitness function for a solution k  denoted 
by ( )f k  can be formulated as  

 

( ) ( ) ( )Of k T k C kα β= +                                  (2) 
 

Wwhere α  and β  are weighting coefficients and satisfy 
1α β+ = . 

D. Formulation of CRNP Problem 
Now, we can state the CRNP problem in the following 

mathematical form: 
 

( )max
k

f k  

subject to              ( ) 1r k =                                       (3) 
 

The above CRNP problem is to find an optimal reader 
placement solution that is with the largest fitness value among 
all possible placements that satisfy the complete tag coverage 
hard constraint. 

III. PROPOSED GENETIC ALGORITHM  
Using GA to solve the CRNP problem (3), we let each FCRP 

represents a gene, and a solution of reader placement represents 
a chromosome.  We employ a binary code to indicate whether a 
FCRP is selected for placing a reader or not, such that 1 
represents that the FCRP is selected and 0 otherwise. An 
example chromosome can be formed by starting from the first 
FCRP, place them as the genes of the chromosome from left to 
right as shown in Fig. 1. We encode the genes, such that 1 
represent that the corresponding FCRP is selected and 0 
otherwise. N in Fig. 1 represents the total number of FCRPs. 

 

1 0 1 1 1 1 1 1 1 1

N

Chromosome

Gene  
Fig. 1 Chromosome used in proposed GA 

 
To cope with the complete tag coverage hard constraint, the 

proposed GA requires a correction operation, which will be 

applied to the chromosome resulted during the solution process, 
to make the infeasible chromosome become feasible. Therefore, 
we can summarize the structure of the proposed GA solution 
process as follows. Start from initializing the population of GA, 
we will randomly assign 0 or 1 to the FCRP and form a 
chromosome in the initial population. Such a chromosome 
formation procedure is repeated for | |P times to from the initial 
population, where | |P  denotes the size of the population. 
However, the chromosomes generated in this way may not 
satisfy the hard constraint. Therefore, we will apply the 
correction operation to each chromosome in the initial 
population. We then proceed with the operations of selection, 
crossover, and mutation. Again, the chromosomes resulted after 
the crossover and the mutation operations may not be feasible. 
Therefore, we will also apply the correction operation to each 
chromosome resulted after the mutation operation. The 
termination condition is defined based on the fitness value, such 
that if the fitness value does not improve, we stop; otherwise we 
proceed with next generation. 

The four basic operators, selection, crossover, mutation and 
correction, used in the proposed GA are stated in the following: 

A. Roulette Wheel Selection Scheme 
The operation of roulette wheel selection scheme is designed 

based on the concept that chromosomes with larger fitness will 
occupy larger fraction of roulette wheel. Each time, the roulette 
wheel pointer points one chromosome, then that chromosome is 
placed in the mating pool. This operation will repeat for   times. 
Consequently, a chromosome with a larger fitness is likely to 
receive more copies than a chromosome with a smaller fitness.  

B. Single Point Crossover Scheme 
The crossover operation produces new individuals by 

combining the information contained in the parent 
chromosomes. Parents are selected from the mating pool with 
probability cP . The operation of the single point crossover 
scheme is applied to each pair of parents, and its details can be 
described as follows. Firstly, a crossover position is randomly 
selected, then the genes situated after this point are exchanged 
between the parents. The resulting chromosomes and called 
offspring. This process is illustrated in Fig. 2. For each pair of 
parents we generate two offspring, which will replace their 
parents in the population. 
 

1 1 0 0 0 0 0 0

N

0 0 1 1 1 1 1 1

1 1 1 1 1 1 1 1

N

0 0 0 0 0 0 0 0

Parents Offspring
 

Fig. 2 Single point crossover (arrows indicate the crossover point). 

C. Mutation 
Mutation operation is used to explore new solutions in the 

search space; this operation is applied to each offspring resulted 
from the crossover operation, and its details can be described in 
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the following. For each gene of the offspring resulted from the 
crossover operation, if the random number generated based on 
an uniform distribution over [0,1] interval is lower than the 
mutation probability  , the code of the gene will change from 1 to 
0 or from 0 to 1. The process is illustrated in Fig. 3. 

 

1 1 1 1 0 0 0 1

N

1 1 1 0 0 0

N

Before mutation After mutation

0 1

 
Fig. 3 Mutation at the mutation point  

 

D. Correction Operation 
The correction operation is used to make an infeasible 

chromosome become feasible. Our criterion to achieve this goal 
is to find minimum additional readers placed in the FCRPs to 
cover the yet covered tags. Details of this operation can be 
described as follows. For each given infeasible chromosome, 
we first identify all the yet covered tags, and then determine the 
yet-placed-reader FCRP whose interrogation zone will contain 
the largest number of yet covered tags. We update the 
chromosome by including this FCRP. Repeat this operation 
until the updated chromosome is feasible. 

E. Flowchart of Proposed GA 
Now, we can use the flowchart presented in Fig. 4 to describe 

the solution process of the proposed GA. 

IV. SIMULATION RESULTS 
We deploy a square space with   FCRPs, where   denotes the 

total number of FCRPs in a row as shown in Fig. 5. We consider 
four cases of  N =7, 8, 9, and 10 with 441, 576, 729, and 900 
tags being randomly placed, respectively. We apply the 
proposed GA to the corresponding CRNP problem of each case. 

The parameters used by the proposed GA are presented in 
Table I. 

 
TABLE I 

PARAMETER USED 
Parameter  Value  

Number of Populations  40 

Length of Chromosome  2N  

Parent Selection Probability cP  0.5 

Mutation Probability mP  0.1 

 
We set the weighting coefficient of the fitness function (4) to 

be  0.5  and  0.5α β= = . The progression of the obtained 
best-so-far fitness with respect to the CPU time consumed by 
the proposed GA is presented in Figs. 6-9, marked by the square 
points.  

From these figures, we found that in case 1,when GA obtain 
the best-so-far fitness value 0.5968 at time 1.67s shown in Fig. 

6. Similarly, in case 2, we found that when GA obtain the 
best-so-far fitness value 0.6389 at time 2.68s shown in Fig. 7. In 
case 3, we found that when GA obtain the best-so-far fitness 
value 0.6635at time 8.11s shown in Fig. 8. In case 4, we found 
that when GA obtain the best-so-far fitness value 0.6889 at time 
15.6s shown in Fig. 9. The above test results demonstrate that 
the proposed GA can solve the CRNPs efficiently. 
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Fig. 4 Flowchart of proposed GA 

 
 

N

N

 
Fig. 5 The deploy status of the simulation space with N=10 
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Fig. 6 Best-so-far fitness with respect to the CPU time for the 

proposed GA in case 1 CRNP problem 
 

 
Fig. 7 Best-so-far fitness with respect to the CPU time for the 

proposed GA in case 2 CRNP problem 
 

 
Fig. 8. Best-so-far fitness with respect to the CPU time for the 

proposed GA in case 3 CRNP problem 
 

 
Fig. 9. Best-so-far fitness with respect to the CPU time for the 

proposed GA in case 4 CRNP problem 

V.  CONCLUSIONS 
In this paper, we have presented a GA to solve the CRNP 

problems and tested it on several CRNP problems of 
various-size RFID reader networks. The test results reveal that 
the proposed GA can solve CRNPs very efficiently.  

APPENDIX 
Appendixes, if needed, appear before the acknowledgment. 
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