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Abstract 
 

In 4th mobile communication, Orthogonal Frequency Division Multiplexing–

Interleave Division Multiple Access (OFDM–IDMA) system is a key 

technology. For OFDM systems, an important issue is optimal pilot design 

since channel estimation performance is affected significantly. For pilot 

design process, a Particle Swarm Optimization (PSO) algorithm is designed 

in previous system. However, in high-dimensional space, PSO algorithm 

may fall into local optimum and in iterative process, it has low convergence 

rate.For solving this problem, a Step size -Glowworm Swarm Optimization 

(DS-GSO) isdesigned based on dimension algorithm and it can also be used 

for designing optimal pilot. The pilot positions are optimized using DS-GSO 

algorithm, for enhancing Least Squares (LS) algorithm’s performance in 

channel estimation, which is a major contribution of this work. The DS-GSO 

algorithm’s fitness function corresponds to MSE’s upper bound, for 

decreasing system complexity. With respect to Mean Square Error (MSE), 

Bit Error Rate (BER), better performance is achieved using proposed system 

as shown in experimental results.  

 

Keywords: Pilot design, Channel State Information (CSI), Bit Error Rate 

(BER), Orthogonal Frequency Division Multiplexing (OFDM), Swarm 

Optimization. 

 
Journal of Green Engineering, Vol. 10_11, 12338-12350. 

© 2020 Alpha Publishers.  All rights reserved. 

mailto:aasheesh.shukla@gla.ac.in
mailto:aasheesh.shukla@gla.ac.in


 
 

 
 

 

12339 Shukla et al. 

 

1 Introduction  
 

Over a wideband bandwidth, for digital communication, Orthogonal 

Frequency Division Multiplexing (OFDM) is most commonly used in recent 

days. In applications requiring high bandwidth like video and audio 

broadcasting, television system, mobile communications high generations 

like 3G and 4G, this OFDM can be used.   

Multiple carrier frequencies are used in OFDM, Yadav et al., Sutar and 

Patil, Jaya and Amutha  [1-3] where digital date are encoded for transmission 

and excellent security and high speed are provided to the processed data as it 

is digital. Without having complex equalization filters, OFDM can be cope 

with various channel conditions which is a primary OFDM advantages over 

single-carrier schemes Xu et al. [4]. 

The IDMA and OFDM schemes are combined to create Orthogonal 

Frequency Division Multiplexing–Interleave Division Multiple Access 

(OFDM–IDMA). This scheme is presented recently for satisfying high data 

transfer rates demands of scientific world and used as a solution for most 

common wireless communication problems like Multiple Access Interference 

(MAI) and Inter-Symbol Interference (ISI) Xu et al., Taspinar and Simsir [5-

6]. 

As one system gathers the advantages shown by every scheme, using 

OFDM and IDMA parts, major obstacles of wireless channels called ISI and 

MAI are eliminated simultaneously.  

However, for obtaining Channel State Information (CSI) in OFDM–

IDMA system, there is need to have channel estimation as in other 

transmission schemes for eliminating channel’s fading effect produced due to 

obstacles like high buildings and mountains between receiver and 

transmitter. It is highly difficult to receive accurate data at receiver, if 

channel estimation is not done. 

Pilot and blind based channel estimation are the two channel estimation 

techniques classes Mohammadian et al., Guo et al., Shi et al. [7-9]. Received 

signal’s statistical features are used for estimating channel coefficients in 

blind channel estimation without inserting pilot signals or preamble. The 

blind channel estimation technique performance is worse than conventional 

pilot based channel estimation because of need of large received signal’s 

count for extracting statistical properties.  

At transmitter, a known data symbols (pilot tones) are inserted for 

performing channel estimation based on pilot and at receiver side, channel 

state information are obtained using them Jinglei et al., Zhang et al., Xiao et 

al. [10-12]. There are different estimation algorithms like Minimum Mean 

Square Error (MMSE) and Least Squares (LS) used in channel estimation 

techniques based on conventional pilot. There is minimized LS algorithm 

complexity and it can be implemented easily. 

The outline of the paper is as follows: In Section 2, review on pilot 

design methods in OFDM-IDMA system is presented briefly. In Section 3,  
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Dimension based Step size -Glowworm Swarm Optimization (DS-GSO) 

algorithm for pilot design process is described. In Section 4, the simulation  

results are demonstrated and finally, the paper ends with conclusions in 

Section 5. 

 

2 Literature Review  
 

In MIMO-OFDM systems, for minimizing Peak-to-Average Power Ratio 

(PAPR), adaptive clipping technique is designed in Singh and Kumar [13]. 

Based on an adaptive algorithm, successive peaks are clipped. An effective 

minimization on PAPR provided by this proposed clipping technique as 

shown in simulation outcomes and better BER efficiency is produced when 

compared with other techniques.  

In addition, PAPR reduction capability and BER performance are 

compared with SISO-OFDM systems. For normal SISO-OFDM, adaptively 

clipped, and conventionally clipped systems are plotted and analyzed with 

respect to Power spectral density (PSD). 

Blind channel estimation technique based on Second-Order Statistics 

(SOS) is proposed in Tu et al. [14]. In MIMO-OFDM systems, for pursing 

emerging time changing wireless channel, blind repeated algorithm is 

proposed by this, which is a pre-coded one. For fast time varying wireless 

channels, designed subspace based tracking using this approach. Data in 

frequency as well as time domain are used in this approach as wireless 

channels frequency correlation for enhancing required SOSs updates. 

A new channel selection strategy based on threshold is presented in 

Petros [15], for minimizing system complexity without affecting system 

performance in a considerable manner. Markov chain theory based generic 

analytical framework is presented first by assuming non-identically 

distributed and independent channel conditions. Three specific 

communication scenarios called cooperative relay selection, transmit antenna 

selection with diversity reception and multichannel reception are used for 

applying designed selection technique. 

Closed form results are obtained in all three cases and used for analyzing 

system performance under consideration. There is a minimization in 

computational complexity by using proposed scheme and achieved an 

important energy saving criteria without any degradation in performance 

Taşpınar, N., &Şimşir, Seyman MN, Taspinar N, Shukla et al.  [16-18]. 

In Orthogonal Frequency Division Multiplexing–Interleave Division 

Multiple Access (OFDM–IDMA) system, for pilot design process, Particle 

Swarm Optimization (PSO) algorithm is produced in Taşpınar, N., &Şimşir 

[16]. Major contributions of this work are, pilot positions are optimized using 

PSO algorithm in OFDM–IDMA system for enhancing least squares (LS) 

algorithm’s performance, which is utilized in channel estimation. 

Instead of MSE, Mean Square Error (MSE)’s upper bound is used for 

decreasing system complexity, where there is a requirement of matrix  
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inversion process as PSO fitness function in usage of MSE. In different 

conditions, designed techniques stability and reliability are supported by 

using two class of channel models called COST 207 Typical Urban and 

COST 207 Rural Area. 

Designed method based pilot placement optimization demonstrated a 

better performance when compared by exhibiting noticeable enhancement on 

LS algorithm performance  as it is observed from MSE and Bit Error Rate 

(BER) values in simulations. 

For MIMO–OFDM system, proposed a technique based on Artificial Bee 

Colony (ABC) algorithm for optimizing pilot tones used in LS algorithm. 

Using Gerschgorin disc theorem, LS estimation mean square error’s upper 

bound is derived using designed system for ABC algorithm’s fitness 

function. 

With respect to low computational complexity and high system 

performance, ABC algorithm based pilot design outperforms other 

considered placement strategies as shown in results. 

 

3 Proposed Methodology 
 

In this proposed work, Step size -Glowworm Swarm Optimization (DS-

GSO)  based on dimension algorithm is used for achieving optimum pilot 

design to maximize least squares (LS) channel estimator’s performance, 

which is employed in OFDM-IDMA system. 

 

3.1 System Model   
 

Figure 1 demonstrate, OFDM-IDMA system’s block diagram having K 

users. At transmitter side, any type of Forward Error Correction (FEC) 

encoders are used for encoding data streams allocated to K users. A 

spreading operation is done after encoding process, where every user is 

encoded with same spreading sequence.  

With an interleaving process execution through interleavers, achieved the 

user separation, inverse Fast Fourier Transform (FFT),pilot insertion, 

modulation and cyclic prefix addition operations are done. At receiver side, 

N 1 signal vector Y(n) computed by removing FFT and cyclic prefix.  

Y(n) =∑   
    ( )    ( )   ( ) 

     (1)  

Where, N 1 transmitted symbols vector is represented as Xk(n), N 1 

Channel Impulse Response (CIR) vector is represented as h(n) and N 1 

additive white Gaussian noise vector is represented as W(n). user number is 

represented as k, subcarrier number is represented as n, input arguments are 

converted as diagonal matrix using ( . ) 
diag

. F is used for expressing N  N 

unitary discrete Fourier transform matrix and is given by, 
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Figure 1 OFDM-IDMA System 

 

If sum of pilot and data tones are used for expressing vector Xk(n), 

Xk(n) = Sk(n) + Pk(n)         (3) 

Where, pilot vector is represented as Pk(n) and data vector is represented 

as Sk(n) and both are having N 1 size, expression (1) can be modified as,  

Y(n)=∑   
    

  ( )  ∑   
    ( )  ( )   ( ) 

   
 
    (4) 

The expression (4) is simplified as, 

Y = Gh+ Ah +W                (5)  

Where, N  N matrixes are given by G = S
diag

Fand A = P
diag

F. CIR vector 

h with N 1 is expressed as,  

h = [h1,h2, h3,….., hN]
T
(6) 

Where, transpose operation is indicated as ( . )
T
. Using LS channel 

estimator, fading channel’s CIRs is achieved as follows,  

 ̂     =h+(   )     =h+    (7)  
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Where, estimated CIR is represented as  ̂ and Hermitian matrix is 

represented as ( . )
H
 and pseudoinverse matrix is represented as( . ) 

t
. 

Next to CIRs estimation, for initiating CBC MUD process, elementary 

signal estimator (ESE) is given with received signal as input, where, to 

eliminate fading effects produced due to wireless channel, employed the 

estimated channel coefficients. Extrinsic log-likelihood ratio (LLR) values 

production is done at the start of CBC MUD process for every user using 

ESE block and LLR streams, deinte leaving and de-spreading operations are 

continued.  

In addition to giving decoder (DEC) inputs as de-spreader outputs, DECs 

signals are reinter leaved and re-spread and with the application of ESE 

block with reinterleaved signal, one CBC MUD cycle process ends. For a 

certain number of iterations, repeated the operations performed for one cycle 

and re-computation of DEC outputs and LLR values are done for every 

iteration. 

Using the below mentioned expression, LS channel estimator’s MSE 

which is used in OFDM-IDMA system is computed. 

MSE=
 

 
 *‖ ̂   ‖

 
+=

 

 
 *‖   ‖ }=

 

 
  * 

  *   +    (8)  

Where, expectation operator is represented as  (.) and trace operator is 

represented as tr (.). A zero-mean white Gaussian noise is assumed as 

channel noise, it is possible to represent     in place of  *   +, where, 

noise variance is represented as    and M M identity matrix is represented 

as Im. With above inclusion, expression (8) is modified as,  

MSE=
 

 
  *(  

 )  }  (9)  

To ensure GG
H
= PIN equivalence, attained minimum MSE, where, fixed 

power assigned to pilot tones is represented as P. The minimum MSE’s 

eventual expression is expressed as, 

MSE=
  

 
  (10)  

 

3.2 Dimension Based Step Size -Glowworm Swarm Optimization 
(DS-GSO)   Algorithm for Pilot Design 
 

In this work, a D-dimensional vector like Xi= (x1i; x2i; x3i; :::; xDi) is used 

for representing candidate solutions of glowworms positions, to design pilot 

in OFDM-IDMA system, where, pilot positions to be optimized corresponds 

to solution vector dimension. 

 

Fitness Function   
 

It is feasible to use MSE in expression (10) as DS-GSO’s fitness 

function. However, requirement of matrix inversion operation while 

computing MSE increases, pilot optimizer based on DS-GSO’s 

computational load. Therefore, Gershgorin circle theorem’s advantage is 

used for eliminating this computational load, MSE’s upper bond is achieved. 

Since, matrix G is  
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full-rank and real and positive eigenvalues are possessed by GG
H
. The 

MSE’s upper bound is expressed as, 

tr(   )  }=∑
 

  
 {

 

      
       

              

 
    (11)  

where, matrix GG
H
’s eigenvalues is represented as   (  

        )1,2,...,N ). In expression (11), Gershgorin disc’s maximum radius is 

indicated as Rmax = max(Ri), where, in matrix GG
H
, ith row's off- diagonal 

components sum is specified as Ri(i = 1,2,...,N ). 

    [

              
   

              
](  ) 

In expression (12), diagonal elements are represented as P and it will be 

equal. Ri is expressed as, 

   ∑      
 
          (13) 

Where, elements possessed by matrix GG
H
 is represented as xij(i = 

1,2,...,N; j=1,2,...,N). For GSO, fitness function’s final form is acquired as 

follows, 

fitness function = 
    

 
  (14)  

 

Glowworm Swarm Optimization (GSO)  
 

In GSO, in solution space, glowworms swarms are deployed randomly 

during initial phase. In GSO, the agents corresponds to glowworms which 

carries luminescence quantity along with it and it is termed as luciferin. 

Current locations fitness are encoded by glowworms as a luciferin value and 

objective function is used for evaluation and this value is broadcasted into its 

neighbors. An adaptive neighborhood is exploited for identifying neighbors 

and computing movements by glowworms, which is bounded above its 

sensor range. 

Using a probabilistic mechanism, every glowworm selects its neighbor, 

such that, its luciferin value is less than its neighbor’s value and move 

towards it. This selective neighbor interactions and local information based 

movements enables glowworms swarm to get partitioned as disjoint 

subgroups. For a specified multimodal function, multiple optima are 

produced by this subgroups convergence.  

Until algorithm satisfying termination condition, repeated the above 

process. Around brighter glowworms, majority of individuals gathers at this 

point. There are six major stages in GSO. They are, decision radius update 

phase, movement phase, moving probability-computer phase, neighborhood-

select phase, luciferin-update phase, Glowworms’ initialization phase. 
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Glowworms’ Initialization 
 

 Glowworms are considered as pilot tones in this phase and in a specified 

fitness function space, they are distributed initially in a random manner. 

Equalluciferin quantity exists in glowworms. Further, value of 1 is set as 

current iteration. In optimization process of this proposed work, Mean 

Square Error (MSE)’s upper bound is used as a fitness function. 

 

Luciferin-Update Phase 
 

Previous luciferin value and fitness value (MSE) defines the luciferin 

update and its rule is expressed as,  

  (   )  (   )  ( )              (   ) (15)  

Where, at time t, glowworm so called pilot tones i’s luciferin is 

represented as   ( )  , luciferin decay constant is represented as   with 

0    , luciferin enhancement constant is represented as  , at time t, pilot 

tones i’s location is represented as    (   )    and at time t, at pilot tones 

i’s location, fitness value is represented as           (   ) . 
 

Neighborhood-Select Phase  
 

At time t, the pilot tone i’s neighbors   ( ) has minimum errors and is 

given by, 

  ( )  *  ||   ( )    
 ( )||      ( )    (  (16)  

Where, variable local-decision domain is represented as   
 ( ) and at 

time t, between pilot tone i and j, Euclidean distance is represented as 

     ( ) . 

 

Moving Probability-Computer Phase 
 

A probability rule is used by a glowworm called pilot tone for moving 

towards other pilot tones with high level of luciferin. The pilot tone i’s 

moving probability    ( ) towards its neighbor j is expressed as, 

   ( )  
  ( )   ( )

∑   ( )   ( )    ( )
(17)  

 
Movement Phase 

If pilot tone j    ( ) is selected by pilot tone i  with   ( ); pilot tone i’s 

movements discrete time model is expressed in (18) as,  

  (   )=   ( )   ( ) (
  ( )   ( )

 |  ( )   ( )| 
)(18) 

Where, step size is represented as S, Euclidean norm operator is represented 

as ||.||. 
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Decision Radius Update Phase 
 

In every update, pilot pattern i’s decision radius is given as follows: 

  
 
(   )  =min {       *    

 ( )   (      ( ) )++ (19)  

Here, a constant value is given by  , pilot pattern i’s sensory radius 

is represented as     and parameter used fro controlling neighbor number is 

represented as   . 
 

Dimension based Step size -Glowworm Swarm Optimization (DS-
GSO)   algorithm   
 

Premature and low accuracy are the major problems suffering classical 

GSO performance. For enhancing accuracy, introduced a step size based on 

dimension and it also speeds up the GSO convergence. In DS-GSO, using 

expression (20), step length is updated. 
 

s= rand (0,1) (       ) (20) 

Where, a random number between 0 to1 is represented as rand (0, 1), 

individual i’s d
th
 dimension is represented as     and individual j’s d

th
 

dimension is represented as    . 

  (   )=   ( )  (     (   ) (       ))(
  ( )   ( )

 |  ( )   ( )| 
)(21)  

Algorithm 1:  Dimension based Step size -Glowworm Swarm 

Optimization (DS-GSO)   algorithm  

1. Set dimensions count as m  

2. Initialize pilot tones count 

3. Set generation G  =   1   

4. Assume s as step size   

5. In search space, pilot tones are uniformly distributed in random manner. 

6. While   (G  <   max generation) do   

7. for everypilot tone i do                                          

8. Using expression (15), Luciferin is updated 

9. Using expression (16), neighbors set is confirmed 

10. Using  (17), movement probability is computed 

11. Based on expression (21), pilot tone i moves towards j 

12. Every pilot tones, next decision radius   (   )  and next position 

x(t+1) are computed 

13. Using expression (19), neighborhood range is updated 

14. Position update 

15. Optimal pilot tones are return 

16. End for    

17. End while         
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4 Experimental Results   
 

In MATLAB simulation environment, experimental analysis are carried 

out. Existing two swarm intelligence and evolutionary based optimization 

algorithms like PSO and GA based robust pilot design techniques are used 

for making comparison with proposed Step size -Glowworm Swarm 

Optimization (DS-GSO) based on dimension algorithm with respect to Bit 

Error Rate (BER) and Mean Square Error (MSE). Table 1 represents, 

MIMO- IDMA system parameters. 

The BER performance of pilot design based on GA, PSO and DS-GSO 

method are shown in figure 2. At low as well as high Eb/No values, less BER 

is produced by pilot placement strategy based on DS-GSO when compared 

with other pilot placement techniques.  

The BER value of 0.25dB can be attained using proposed pilot design 

based on DS-GSO as shown in experimental results, where, 0.5dB is 

produced in GA based technique and 0.38dB is produced in PSO based 

technique at 8 Eb/ No. With decrease in BER value, there will be a gradual 

increase in gain of three considered placement techniques.  

 
Table 1 Simulation Parameters used for OFDM–IDMA System 

 

Subcarriers count 256  

FFT  Size 256  

Frequency of sampling 250 kHz  

Sampling period (Ts)  4 s  

Symbol part duration 

(TFFT)  
256 Ts = 1024  s 

Cyclic prefix size FFT/4 = 64  

Cyclic prefix duration TFFT/4 = 1024/4 = 256  s  

Modulation type QPSK  

 

 
Figure 2Eb/No versus BER 
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Figure 3 Eb/No versus MSE 

 

Figure 3 shows pilot design based on PSO, GA and DS-GSO’s MSE 

performance. At every Eb/No values, less estimation errors are produced in 

proposed pilot design based on DS-GSO, which outperforms other two 

methods. At 8 dB, around 0.22 MSE value is produced by proposed 

technique while 0.54 MSE value is produced by GA based design and 0.3 is 

produced by PSO based design as indicated in that figure.  

 

5 Conclusion  
 

In an OFDM- IDMA system, for pilot design process, Step size -

Glowworm Swarm Optimization (DS-GSO) based on dimension algorithm is 

designed in this proposed work. Pilot positions are optimized for achieving 

pilot distribution in designed system for minimizing Least Squares (LS) 

algorithm’s estimation error. This algorithm is used in OFDM-IDMA 

systems. Better performance is achieved using proposed pilot optimizer 

based on DS-GSO in simulation. In OFDM-IDMA system, when compared 

with PSO based pilot design and GA-based pilot design, BER and MSE 

performance are enhanced significantly using this proposed optimizer design. 
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