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Abstract: Estimation of channel Interference in wireless communication has remain a topic of research from many decades. With rapidly 

evolving new communication system and randomly varying channels, the existing estimation approaches need a finer updation in 

mitigating the interference issue. For signal estimation Kalman filtration has been used for its simpler computation and faster processing. 

Kalman filter are state based estimation which update the estimates based on a priori estimates. Existing Kalman estimation show lower 

estimation performance under a dynamic varying channel condition. The random deviation in user position with dynamic varying 

channel results into estimation error. To improve the estimation performance, in this paper an updation to the existing Kalman filtration 

is proposed. Two adaptively varying monitoring factors were presented to incorporate the varying position in estimation process. 

Proposed update observes an improvement in system throughput and estimation accuracy with less data loss under dynamic varying 

interferences.  
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1. Introduction 

Resource allocation for interference monitoring is 

presented in [1]. This approach is developed based on 

load balancing, where the interfacing base stations are 

provided with the information of streaming packets and 

allocated bandwidth for communication. Similar 

allocation approach for interference management based 

on packet loss monitoring is outlined in [2]. The 

developed method monitors the retransmission phase in 

reducing interferences. Power allocation in cross layer 

coding was developed in [3,4] using a scalable approach 

of power and data rate allocation. The presented method 

controls the power allocation for interference monitoring 

in accordance to the data rate usage. Channel interference 

was governed using temporal and spatial coding in [5]. 

This method improved the accuracy in estimation for 

varying channel interferences.  

Estimation of signal was developed in [6,7] under 

imperfect channel condition. The presented method 

developed a pilot assisted estimation approach for a multi 

path scenario. The estimation was developed for a MIMO 

system in [8], where the interference is tracked based on 

the accumulated channel gains and operation phase in 

communication system. Extended filtration for channel 

estimation was outlined in [9, 10], where a semi blind 

estimator is used in tracking of noise for interference 

mitigation. The filtration is developed using feedback 

logic processing on multiple data bits. Approach of 

estimation in MIMO-OFDM communication system is 

outlined in [11-13] under diverse channel conditions. [14] 

Outlined the estimation approach using Kalman based 

filtration approach for a MIMO-OFDM system, where 

jakes training was used to improve estimation 

performance with minimum computation complexity. In 

[15], joint frequency and time offset approach for channel 

estimation for a MIMO-OFDM communication system is 

presented. Pilot based approaches were presented in [16] 

defining the estimation process in a MIMO-OFDM 

communication system. The proposed approach controls 

the Doppler Effect and computes the impulse response for 

estimation.  

Multi antenna interface for Kalman based estimation is 

developed in [17], where the channel fading and Doppler 

Effect is monitored for interfacing channel. The presented 

method uses a correlation method in developing 

estimates. Estimation using basic expansion model (BEM) 

is outlined in [18]. The presented approach operates on 

complex amplitude (CA) and develops an auto regression 

model for channel estimation using Kalman filter. QR 

equalization is developed in the process of estimation. 

Pilot assisted estimation used in Kalman filter is outlined 

in [19,20] which operated on the minimization of fading 

effect in a MIMO-OFDM communication system. Pilot 

assisted channel estimation using a least mean approach 

for Kalman filtration is outlined in [21]. This approach 

defines the usage of Kalman filter for varying channel 

condition based on the recursive feedback logic. Kalman 

filtration using noise tracking is developed termed 

extended Kalman filter (EKF) for phase noise in MMO-

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

1 CMR Institute of Technology, Hyderabad, Telangana, India-501401 

https://orcid.org/0000-0003-1012-2979 
2 G Narayanamma Institute of Technology and science (Women), 

Hyderabad, Telangana, India-500104 

https://orcid.org/0000-0002-9355-2829 

* Corresponding Author Email: rajender427@gmail.com 

https://orcid.org/0000-0003-1012-2979
https://orcid.org/0000-0002-9355-2829


International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(19s), 518–524 |  519 

OFDM communication system. Online tracking of 

channel parameter for MIMO-OFDM communication 

system using state-space modeling is outlined in [22]. The 

estimation using Kalman filtration is used in system for 

lower computation complexity. The decision in a Kalman 

filter is developed using thresholding logic. The defined 

threshold limit is derived from multiple testing under 

varying channel conditions. However, the rapid change in 

the channel parameters and varying position of user in the 

network in a random manner constraint the existing 

thresholding operation of Kalman filter resulting in lower 

estimation performance. To outline the presented work, 

the rest of this paper outlines the MIMO-OFDM system 

model in section 2. The dynamic estimation approach is 

outlined in section 3 with simulation result of the 

developed approaches in section 4. Section 5 outlines the 

conclusion of the presented work.  

2. System Outline 

The proposed work is developed for a MIMO-OFDM 

communication system. MIMO-OFDM system is suitable 

for high data rate services which are developed as a set of 

multi-input-multi-output antenna interfacing. A MIMO 

system with multiple input-output interfacing is illustrated 

in figure 1.  

 

 

 

Fig 1: MIMO communication interface 

The MIMO system reads multiple user input data in 

parallel and modulate with multiple carriers transmitting 

over multiple channels. In accessing multiple data 

simultaneously there is a severe interference been 

observed in the channel due to simultaneous transmission. 

In minimizing the interference in the channel orthogonal 

frequency division modulation (OFDM) system is 

proposed. Communication system architecture for a 

OFDM communication system is presented in figure 2.  

 

 

Fig 2:  OFDM communication system with channel 

interface  

The MIMO-OFDM communication system process on P 

simultaneous information’s symbols (I) which are 

modulated with n sub carriers. The information symbols 

are processed as a group of data represented as,  

 

𝐼 = [𝐼1, 𝐼2, … 𝐼𝑃]𝑇   (1) 

 

Where the information symbols are modulated with a set 

of subcarriers 𝑋𝐶𝐼= [𝐶𝐼(0) ⋯ 𝐶𝐼(𝑘) ⋯ 𝐶𝐼(𝑁 − 1)]𝑇 .The 

modulated information is processed for invert 

transformation using IFFT. Then this information is cyclic 

prefixed to include information of the transmission in the 

transmitting packets. The appended CP information data 

is represented as,  

 

𝐼′ = [{𝐼1(𝑚)}{𝐼2(𝑚 + 1)} ⋯ Ip
T]𝑇            (2) 

 

Where m cyclic prefix bits are inserted with each 

information symbol. The transmitting information is then 

modulated with transmitting power and carrier signal and 

mapped to different transmitting antennas. The received 

signal at the receiver end is given as,  

 

𝑅𝑥 = ℍ𝐼′ + 𝜉                                 (3) 

 

Where, I' is the modulated transmitted information 

mapped to different transmitting antennas and ξ is the 

additive noise observed in the channel. H defined the 

channel matrix for K multipaths given as, 

 

ℍ = [

ℍ1,1 ℍ2,1 ⋯ ⋯ ⋯ ℍ𝑚𝑇,
, 1

ℍ1,2 ℍ2,2 ⋯ ⋯ ⋯ ℍ𝑚𝑇
, 2

ℍ1,𝐾 ℍ2,𝐾 ⋯ ⋯ ⋯ ℍ𝑚𝑇,𝐾

]            (4) 

 

The effect of each channel has a varying impact on the 

transmitting data. Due to high varying interferences 

estimation approach has a constraint of slow convergence 

or lower estimation accuracy. The channel estimation unit 

in the receiver module is developed in estimation of the 

equalizer for interference mitigation. It is required to 
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enhance the estimation process to adapt to the dynamic 

channel variations. 

3. Estimation Approach 

Various estimation approaches were developed in past. 

Due to low computation complexity and faster 

convergence, Kalman filters were adapted in different 

communication system. Kalman is a recursive estimation 

filter which process on the feedback error derived by the 

estimate correlated with the input information. Kalman 

filter process on two stages of operation, namely update 

and measurement. The recursive process of update and 

measurement is illustrated in figure 3 below.  

Kalman filter perform the estimation using state transition 

model where the state information at nth iteration given as,  

𝐼𝑛 = 𝐴𝐼𝑛−1 + 𝐵𝑟𝑛 + µ𝑛   (5)
 

Where, A&B are the state transition and the control 

matrix respectively, In-1 and In are the information symbol 

at n-1 iteration and rn is the current input data. The 

observation vector On is given as,  

                    𝑂𝑛 =  𝐹𝑛𝐻 + 𝛽𝑛   (6) 

Vector Fn is the transmitting nth symbols in frequency 

domain µn and, βn are the zero mean gaussian noise. The 

prediction is perofrmced based on the estimated error еn is 

given as,  

  𝑒𝑛−1 =  𝐴𝑛𝐸𝑛𝐴𝑛
𝐻 + 𝑄µ  (7)

 

The estimation is performed based on the past error еn-1 

current eror is computed given as, 

           𝐸𝑛 =  (𝐸𝑛−1 − 𝐺𝑛𝐼𝑛𝐸𝑛−1)  (8) 

Where, Gn is the Kalman gain and given as,  

𝐺𝑛 =  𝐸𝑛−1𝑋𝑛
𝐻(𝐼𝑛𝐸𝑛−1𝐼𝑛

𝐻 + 𝑄𝛽)
−1

  (9) 

The estimate is given as, 

𝐶𝑟𝑛 =  𝐶𝑟𝑛−1𝐺𝑛(𝑂𝑛 − 𝐼𝑛𝐶𝑟𝑛−1)                    (10) 

The estimation is developed based on the thresholding 

conditions given by,  

𝐾_𝐸𝑠𝑡 =  {
𝐶𝑟𝑛 ,   𝐶𝑟𝑛  ≥ 𝑅𝜎𝑛

2

0,   𝐶𝑟𝑛  ≤ 𝑅𝜎𝑛
2    (11) 

 

Where 𝐾𝐸𝑠𝑡  the kamana estimate and R is is the relative 

channel parameter based on prior knowledge and ck is the 

estimated channel response. The Kalman estimation is 

developed with the assumption of prior knowledge of 

channel data. However, in current communication system, 

with the varying user’s position the interference randomly 

varies. The position variation of active communicating 

users has varying interference with the movement, hence 

a new estimation process using two monitoring 

parameters is proposed. The proposed estimation defines 

a forwarding movement (fr) or backward movement (d) in 

deriving the channel response. Figure 3 illustrate the 

variation in interference under the two cases.  

 

 

Fig 3: Varying interference observed with varying user 

position 

The estimates are computed using Least Mean Square 

Error (LMSE) approach, where the two monitoring 

parameters are defined as,  

𝑝𝑛+1
^𝑓𝑟

= 𝑝𝑛
^𝑓𝑟

+ 2µ𝑓𝑟𝑒𝑛
𝑓𝑟

𝑎𝑛  (12) 

𝑝𝑛−1
^𝑑 = 𝑝𝑛

^𝑑 + 2µ𝑑𝑒𝑛
𝑑𝑎𝑛  (13) 

The updation of the forwarding or descending movement 

is updated by µ𝑓𝑟𝑎𝑛𝑑µ𝑑 paramters respectively. The error 

𝑒𝑛
𝑓𝑟

𝑎𝑛𝑑𝑒𝑛
𝑑 observed for the forwarding a desceneding 

condition is given by,  

𝑒𝑛
𝑓

= 𝑦𝑛 − 𝑝𝑛
^𝑓

𝑎𝑛   (14) 

𝑒𝑛
𝑑 = 𝑦𝑛 − 𝑝𝑛

^𝑑𝑎𝑛   (15) 

Where, the gain factor 𝑎𝑛 is given as,  

𝑎𝑛 = (𝑝𝑛
^𝑓𝑟

+ 𝑝𝑛
^𝑑)/2   (16) 

The error is computed as a gradient deviation of error 

value given as,  

𝑑𝑣𝑛+1 = 𝑑𝑣𝑛 − 𝜁∇(𝑑𝑣𝑛), 𝑓𝑜𝑟 𝑛 = 0,1 … 𝑘  (17) 

Where, ∇(𝑑𝑣𝑛) is the gradeient deviation of the 

comoauted error. The updation factor 𝜁 defiens the error 

updation rate and hence an optimal factor is computed 

given by,  

𝜁𝑜𝑝𝑡 = arg  min (𝜁∇(𝑑𝑣 − 𝜁𝐺𝑘)) (18) 

In the case of location varying, the two errors observed 

were updated as,  

𝑑𝑣𝑛+1
𝑖𝑛 =𝑑𝑣𝑛

𝑖𝑛+2𝜁𝑜𝑝𝑡𝑑𝑣𝑛
𝑓𝑟

𝑎𝑛                     (19) 

𝑑𝑣𝑛+1
𝑜𝑢𝑡 = 𝑑𝑣𝑛

𝑜𝑢𝑡+2𝜁𝑜𝑝𝑡𝑑𝑣𝑛
𝑑𝑎𝑛  (20) 

The estimation error for the minimal estimate obtained as,  
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             𝑒𝑟_𝑚𝑖𝑛 = min (𝐸{|𝑋 − 𝑑𝑣|2})  (21) 

Where the estimate function (E) computes the variation of 

computed error with the updated data for minimal error. 

The minimal estimated is used in the Kalman filter for 

resulting the final estimate which is defined as a threshold 

function given as,  

𝐾_𝐸𝑠𝑡 =  
‖𝑒𝑟_𝑚𝑖𝑛𝑛+1−𝑒𝑟_𝑚𝑖𝑛𝑛‖

‖𝑒𝑟_𝑚𝑖𝑛𝑛‖
<

𝑇

𝐾
 (22) 

The estimate is repeated for n iteration and Kalman 

estimate with minimum error is computed. The estimate is 

iterated for correlating the obtained errors of previous 

error with the current measurement. The estimation 

threshold (T {𝑇𝑙𝑜𝑤 , 𝑇𝑚𝑎𝑥})is dynamic of the interference 

monitored an defined as two bounding variable given as,  

𝑇𝑙𝑜𝑤 = min (
1

2
£−1 (

(∑ √𝐶𝑟𝑛
𝑇𝜀 𝐶𝑟𝑛

𝑘
𝑛=1 )

𝑛
))            (23) 

 and  

𝑇𝑚𝑎𝑥 = max (£−1 (
(∑ µ𝑛

𝑘
𝑛=1 )

𝑛
) + (

(∑ 𝛽𝑛
𝑘
𝑛=1 )

𝑛
)) (24) 

Where, ek is the estimated error under varying user 

position and µ𝑛 and 𝛽𝑛 are the estimated interfernces. The 

two limitrs are weight optimized using the parameter(£ >

0) which defines the interference level in the channel 

given as a prior information to Kalman filter. 

4. Simulation Result 

The simulation of the developed communication system is 

carried out using a 2x2 antenna system. 128-bit block size 

is considered for transmission having 16 bot cyclic prefix 

bits. A FFT of 256 size is considered and the modulation 

was performed for 50 sub carrier signals. The system is 

developed with following communication parameter 

values for a MIMO-OFDM system using Matlab tool.  

Table 1:  Parameters for simulation of communication 

system 

Parameter of the 

communication system 

Types and values 

used 

Modulation QPSK 

Operating Frequency 5GHz 

Transmission Rate 7.2Mbps 

Sampling time period 0.16μs 

Sampling Frequency 7.68 MHz 

Number of Sub-carriers 512 

Sub-carrier for Data 240 

Sub-Carrier for pilot 48 

 

For the analysis of the proposed system, Delay, system 

throughput and packet loss ratio parameter were evaluated 

for varying SNR conditions. Observed metrics for 

simulated system is shown in following figures. 

 

Fig 4:  Delay performance for the developed system 

Table 2: observation of delay parameter for varying SNR 

SNR 

(dB) 

Kalman 

filter-RLS 

method 

Kalman 

filter -

min-max 

method 

Proposed 

Estimator 

with dual 

parameter 

10 0.51 0.33 0.3 

20 0.26 0.16 0.2 

30 0.23 0.12 0.06 

40 0.14 0.08 0.04 

 

Delay parameter is defined as the time taken in processing 

the signal estimation. The efficiency of the estimation is 

evaluated by the time taken in detection of the noised 

parameter from the received signal. The signal strength 

for a given signal is measured in terms of signal to noise 

ratio (SNR) is given by,  

                   Singal_SNR =
|𝐼(t)|

𝜐
  (25) 

Where, I(t) is the information data and |I(t)| define the 

energy in the signal at a noise variance of 𝜐. The 

simulation derives that the variant in the signal strength 

due to multiple path channel interference is more 

effectively estimated for the proposed dual metric 

monitoring. As the proposed approach process the 
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estimation for both forwarding and descending 

probability, the convergence is achieved faster which 

reduces the processing delay. The proposed method 

observed to minimize the processing delay by 1.2 msec 

compared to existing approaches of signal estimation.  

 

Fig 5:  System throughput metric for the developed 

system 

Table 3: observation of System throughput parameter for 

varying SNR 

 

SNR(dB) Kalman 

filter-RLS 

method 

Kalman 

filter min-

max 

method 

Proposed 

Estimator 

with dual 

parameter 
10 0.14 0.18 0.3 

20 0.18 0.29 0.7 

30 0.21 0.43 1.1 

40 0.24 0.58 1.5 

 

System throughput of the proposed system is compared 

with the existing approaches to observe the offering data 

service combability under the varying noise level. System 

throughput is defined as the volume of data transmitted 

over volume of data retrieved for an observing time 

period as given by,  

𝑠𝑦𝑠_𝑇ℎ =
𝑉𝑜𝑙.  𝑇𝑥

𝑉𝑜𝑙.  𝑅𝑥 
   (26) 

Where, 𝑉𝑜𝑙. 𝑇𝑥 defiens the volume of transmitted data 

and 𝑉𝑜𝑙.  𝑅𝑥 defines the Volume of retrieved data at the 

receiver for a given time interval.  

The proposed estimation approach attains a higher 

throughput to the system, as the processing time is 

observed to reduce. The decreased time period increases 

the data processing volume which resulted into increase in 

system throughput. The proposed system attains about 

1.5Mbps increase in throughput as compared to the 

existing Kalman based filtration.In addition to the delay 

and system throughput, observation to the accuracy of the 

estimation is also evaluated. The packet loss ratio (PLR) 

is defined as a ratio of packets been correctly retrieved 

over total transmitted packets, given as, 

𝑃𝐿𝑅 =  
𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑
 (27) 

PLR for the simulated system is shown in figure 7.  

 

Fig 6:  Packet loss ratio observed the developed system 

Table 4: Observation of Packet loss ratio parameter for 

varying SNR 

SNR(dB) Kalman 

filter-

RLS 

method 

Kalman 

filter -

min-max 

method 

Proposed 

Estimator 

with dual 

parameter 
10 0.98 0.66 0.38 

20 0.25 0.18 0.11 

30 0.11 0.09 0.03 

40 0.08 0.07 0.03 

 

With varying interference level, the performance of 

estimation varies. The estimation with higher robustness 

and accuracy of estimation result into lower data loss. In 

the proposed approach the estimation due to dual bound 

limits the observation limits are increased, this resulted 

into a wider range of estimation probability. The 

observation of the simulated model illustrates 5% 

improvement in retaining of data accuracy when 

compared to existing Kalman based estimation approach. 

The validation of varying channel is performed with a 

fading value of 150dB and Doppler shift of 15KHz. 

Observation of the simulated system for processing delay, 

system throughput, and packet loss ratio at a Doppler shift 

of 15KHz and fading of 150dB is shown in figure 8 (a-c) 

respectively.  
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(a) 

 
(b) 

 
(c) 

Fig 7:  Observation for (a) processing delay, (b) system 

throughput, and (c) packet loss ratio at a fading factor of 

150dB and Doppler shift of 15 KHz 

  Observations for the monitored parameters at fading 

factor of 150dB and Doppler shift of 15 KHz is presented 

in table 5.  

 

Table 5: Observation for simulated model at fading factor 

of 150dB and Doppler shift of 15 KHz 

Delay 

(ms) 

SNR 

(dB) 

Kalman 

filter-

RLS 

method 

Kalma

n filter 

-min-

max 

method 

Proposed 

Estimator 

with dual 

parameter 

10 0.51 0.24 0.16 

20 0.26 0.14 0.07 

30 0.18 0.07 0.05 

40 0.14 0.05 0.04 

Throug

hput 

(Mbps) 

10 0.12 0.31 0.5 

20 0.15 0.52 1.3 

30 0.32 0.71 1.8 

40 0.46 1.13 2.4 

PLR 

10 0.96 0.42 0.3 

20 0.23 0.15 0.08 

30 0.13 0.05 0.03 

40 0.03 0.03 0.01 

 

The observation at fading factor of 150dB and Doppler 

shift of 15 KHz shows a lower delay metric, increase in 

throughput and lesser PLR. These observation inferences 

the robustness of the proposed approach at different 

channel effects in the MIMO-OFDM communication 

system.  

5. Conclusion 

The performance of estimation in a MIMO 

communication system is improved by developing a new 

estimation parameter in consideration with varying potion 

and channel interference. Two observing factor of user 

varying position were defined in updating the monitoring 

parameter using an adaptive threshold value, the 

presented approach evaluated for varying channel 

interference illustrated an increase of throughput and 

decrease in estimation convergence due to distinct varying 

parameters. The proposed approach observes an increase 

of 12% in throughput in comparison to existing Kalman 

filtration approach. The packet loss is observed to 

decrease by 8% and the convergence delay is decreased 

by 13% as compared to the existing estimation approach 

using Kalman filter. The proposed approach shows a 

significant enhancement in the estimation under dynamic 

channel interference conditions.  
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