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Abstract: A primary tool for estimation of future 

results, like channel prediction of a system, is through 

EKF (Extended Kalman filter), which generates the 

product of a system with the previous state output. 

Accurate channel estimation is an important parameter to 

achieve effective transmission of data over the wireless 

sensor nodes. Packet loss and transmission delay are 

critical parameters which degrade the performance of 

network systems over a communication channel. It has 
been a major challenge in transmission of data over 

sensor nodes. However, by the implementation of EKF, 

effective data transmission over multi-channel networks 

can be achieved efficiently, as well as minimizing 

hurdles in transmission over networks. In the proposed 

system, EKF is implemented in multi-channel 

communication systems and communication to several 
channels by changing its channel of communication with 

respect to channel vacancies. However effective 

transmission of data is achieved through identification of 

the most suitable channel for communication to facilitate 

sharing of data among links to reduce network 

congestion, packet loss as well as delay. Hence, 

complexity is reduced in data transfer. 

 

Keywords-EKF, channel prediction, Network 

Congestion. 

 

1.  Introduction 

 
Many routing algorithms exist for wireless transmission. 

Both static and dynamic methodologies with pros and 

cons provide several methods of communication. But, a 

flaw that one finds is the time required for processing 

each packet aggregates over the total travel time. It could 

be efficient if one can find the correlation among packets 

thereby having a pre-processing estimate close to the 
actual path required, even before the packet arrives will 

provide a better time efficiency. 

The concept of “prediction” can be done using Extended  

Kalman filter (EKF) with the help of previous packet 

paths. With this, an effective method can be devised 

using EKF for time efficient routing. 

The communication includes sending raw sample data 
taken at a remote area by WSN nodes to the processing 

unit, for cloud backup data, surveillance alert, online 

application websites. In such cases the data may be 

transferred at the higher rate; therefore, a single channel 

communication is difficult. There are many ways to send 

the data efficiently over the network using many 

protocols including time-variance,bandwidth modulation 

that transmit and receive to various nodes and with 

numbers increased, leads to time varying channels for 

MIMO system. 

 

 

 
 

 

 

 

 

 

 
 

 

 
Figure 1.  Basic Block Diagram 

 

The EKF can used to track the delays, channel 

coefficients [4] along with the phase noise tracking and 

has better accuracy in the MIMO systems [2],[11]. Also, 

this EKF can better perform with the fading channel 

environment [6]. It has a wide range of applications, 

which includes vehicle state estimation that determines 

the longitudinal and lateral parameters [1],[7]. The EKF 

can work with the Gaussian environment, when the 
channel is fast time-varying, non-linear and non-

Gaussian environment it is not applicable [10]. 

Navigation estimation in Ocean exploration and GPS is 

the furthermost achievements of the EKF algorithm 

[13],[15]. 

 

2.  Methodologies 
 

The existing algorithms for packet routing among 

various nodes in WSN networks, both static and 

dynamic ones, need routing tables for their working. The 

packets once received are checked for their respective IP 

addresses and are routed to their respective channels. 

Hence there exists some criteria where a time lapse 
occurs at each node. It would serve better if one can 

reduce the time parameter to zero. Then it would lead to 

a better quality of service. If one can use the correlation 

among packets, then this could be achieved. The packets 
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from one end to a node will be such that, the data could 

not be complete under a single packet, rather will have 

many packets streaming together to a particular 

destination. So, a packet sent to a pathway can be used 

as a template for the rest to follow. Thus, previous 

packets can be used as states or references for the future 

packets. This is the concept to be used. The EKF filter 

uses the principle of using its previous state values to 

determine the outcome of the future state. One can 

explore this on the nodes, to determine the condition of 

the packets and thereby its path. 

The Kalman filter is a finite dimensional time-varying, 

discrete time, linear system that attenuates mean-square 

error by figuring out the state estimate. Filter’s 

inclination outcome is achieved by performing 

continuous iteration series through revision and 

refinement. The repetition series is derived and 

interpreted in Gaussian probability density functions. 
EKF focuses to a steady-state gain and the steady-state 

filter. The modern practice collaborates along the filter, 

epitomizes the peculiar data trajected for estimating the 

state through the previous system analysis. The progress 

of the screen is made clear through error ellipsoids 

accompanied with the Gaussian pdf. 

Whenever the observation data or the system state data is 
considered to be nonlinear, the conditional pdf provides 

the least-mean-square prediction which is not extended 

to Gaussian. The mean is calculated with these non-

Gaussian functions proliferated by the great non-linear 

filter, where high computational burden is carried out. 

Extended Kalman filter (EKF) utilizes a Kalman filter, 

which linearizes the first non-linear filter data over the 

last estimates. 

 

A.  Ekf For Channel Estimation 
 

The ordinary filtering issues have been formulated as 

follows. Let 
a(m 1) u(a(m), b(m), s(m)) c(m) v(a(m), t(m)) 

Represents the state inclination of an ordinary system 

which is autonomous, where 

a   Rx  is the complex vector, 

u(.,.,.) defines the sophisticated preference, 

b   R 
y
  is the force vector, 

s is the sources with error from the system, 
c Rz is the measurement vector, v(.,.,.) is the observation 

activity, 

t is the sources of error from the measurement. Given u, 

v, is assumed noise in an initial state, 

The array of controls, b(0),b(1),...,b(m  1), 

The array of measurements, c(1), c(1), c(2),..., c(m), 

Obtain the best estimate of a(m) . 
Every filter tries to grab the data which is the best 

predicted one among the required information collected 

from a riotous background. By which the best-predicted 

data is obtained with a minor error in the state estimated. 

According to Bayesian aspect, the filter produces the 

conditional pdf over required entities, by the data 

expecting from the calibrating equipment. p(a(m) | 

c(1),..., c(m), c(0),...,c(m  1)) 

Diverse expansion in the parameter may be picked, leads 

to a clear prediction of the complex vector. The 

evaluation could be done regarding either MEAN or 

MEDIAN or MODE. We generalize the filtering 

problem for a nonlinear system dynamics. Assume that 

the system is a time-varying linear and progressive one 

equating to, streamed onto their estimated channels from 

the node. The block diagram for its implementation is 

shown in figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Block Diagram for Proposed System 

 

The Kalman filter is one that obtains the state estimate 

by optimizing a given benchmark, is the best filter of all 

types and it optimizes any criteria that might be 

considered.  

It is beneficial that the Kalman filter only propagates the 

first and second moments through which the gross can 

be obtained. Now, we deduce the dynamics of the filter 

regarding the mean and covariance matrix and elucidate 

how the filter propagates these.  

• Error in Estimate (eest) represents the change in 

calculated value due to change in the measured link.  

• Current Estimate (estt) is the error calculated for the 

packet at the current channel.  
• Previous Estimate (estt-1) is the error calculated for 

the packet at previous instances.  

Error in Current Measurement (eestt) is the error present 

in current measurement of packet arrived. Error in 

Previous Measurement (eestt-1) is the error found in the 

previous analysis of packet arrived.  
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Figure 3. Schematic diagram 

 

3.  Implementation Of Ekf With Fpga 
 

Implementing the above concept, one can attain an 

advantageous routing algorithm. Implementation can be 

done using a FPGA board as a node. The node is coded 
with the EKF algorithm. The incoming packets are  

Extended Kalman filter is an iterative process that uses 

the set of equations (1),(2),(3) to calculate the link 

estimates of individual packets with unpredicted or 

random error, uncertainty, or variation. 

PC is the source node for the data transmission in which 

the information is converted into data packets by using 
the packet creation tool. These data packets are then 

passed to the FPGA board in which the Proposed 

algorithm is dumped. Finally, the packet arrived at the 

board and then the link number is tagged and then sends 

to the estimated channel 

 

A.  Algorithm 

 

To estimate the communication path, it requires a 

process flow from input packet link to the output links. 

Initially, before any of the packet’s arrival the algorithm 

assumes a default link (say link 1) as the measured 

value, feeding it back onto the input link. The central 
mechanism calculates the EKF parameter given above 

and predicts the next estimated path. The error between 

the estimated and the measured value is obtained. The 

assessed value represents the binary number 

corresponding to each output link. If the packet once 

arrived inside a node is fed on to the estimated link. This 

output connection forms the new measured value, and 
the process continues. The concept is pictorially 

explained as a flow chart as shown in figure 4. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Process flow structure 

 

This concept is valid because the messages received at 

the node, in all probabilities, be a part of a long message 

from a sender to a receiver in continues fashion. 

 

4.  Results And Discussions 
 

 
 

 

 

 

 

 

 
 

 

 

 

 

Figure 5. Channel estimated to node 4 
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Figure 6. Channel estimated to node 2 

 

The hardware implementation of the project is shown in 

figure 5,6. The incoming packets are first broken down 

to obtain the IP addresses of the sender and the receiver. 

The IP addresses denote and provide the details about 
the receiver thereby allowing the node in determining 

the shortest path to the receiver in the channel. Four 

routing tables are used individually in determining the 

individual nodal paths the packet takes. This hardware 

saves the link of the previous packet in its memory. 

Once done, the value is used as the measured value in 

the equations (1),(2),(3) with this, the next estimate is 
calculated. 

In figure 5, the measured value for packet routing is 

shown to be node 4. Having this as the measured value 

of the next sequence we get the next nodal number to be 

node 2 shown in figure 6. The calculations for the above 

operation can be derived as follows. 

If previous meas value (meas = 3), eest = 1, emeas = 1, 

estt-1 = 2, 

kg = 1/1 + 1 = ½ = 0.5, 

estt = 2 + 0.5 (3 - 2) = 2 + 0.5 = 2.5 3, eestt = (1 – 0.5) 2 

= 0.5 * 2 = 1, 

Thus, the value would be estt + eestt = 4. Thus, the new 

estimate is node 4. 
 

 

 

 

 

 

 
 

 

 

 

 

 

 
Figure 7. Simulation Output 

 

The algorithm’s process flow can be viewed in figure 7. 

The diagram shows an input being fed onto a node (data 

row). The information is analysed, and the delay 

parameters ( f, q, y, r) are found using EKF algorithm. 

Using these parameters, the estimation variables 

(x1_next, p1_next, x1_dgr, p1_dgr) are deduced. Using 

these as references, EKF determines the shortest link (1-

4) and sends the data. 

 

5.  Conclusion 
 

The incoming packets are routed onto the best possible 

channel link with the help of the Extended Kalman filter 

concept. The method was effective, especially on nodes 

where the probabilities of the future packets going to a 

particular destination due to big data are high. The nodal 

hardware was implemented and the results of channel 

routing were obtained and shown. The existing system 

presents particle filters for receiving shortest path link. 

But, according to studies, most noises are Gaussian. This 
means usage of Extended Kalman filters, based on 

Gaussian noise provide higher effectivity than particle 

filters. This improves the overall efficiency of the node. 

The concept can be extended to any number of nodes 

depending on the routes and the complexity of the 

network. Here we had used four output links for 

estimation. The probabilities of mutually exclusive paths 
are to be taken into account for higher order parallel 

routing, leaving a scope for further research on the topic. 
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