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BRIEF DESCRIPTION 

 The root-MUltiple SIgnal Classification (root-
MUSIC) super resolution algorithm is used for 
indoor channel characterization (estimate of the 
multipath propagation charachteristics).

 The estimate of indoor channel characteristic is 
based on estimating the channel impulse 
response from the complex channel transfer 
function.

 The algorithm then estimates the number of 
multipath components, their time delays and their 
amplitudes.



 The multipath parameters of interests are the 
number of multipath components in WLAN indoor 
channel, their amplitudes, their relative  time 
delays and their delay spread.

 The simulation and the analysis results show that 
the root-MUSIC can estimate accurately the indoor 
WLAN channel multipath parameters with high 
resolution. (it posses less loss of resolution effect)

 In addition, it separates very close multipath rays, 
which cannot be separated and identified using 
conventional methods.

 The performance is demonstrated and compared 
with Fourier technique.



CHANNEL CHARACTERIZATION

where L is the total number of delayed paths,                  , and          are the 
amplitude, phase sequence and propagation delay respectively and δ is the Dirac 
delta function. 

The baseband complex impulse response,

Where f is the frequency in Hz.



       (INDOOR CHANNEL) PARAMETERS
1. The power delay profile, which is the power response of the channel

2. The RMS delay spread τrms, which is the square root of the second 
central moment of the power delay profile

3. The coherence bandwidth Bc, which is the statistical average 
bandwidth of the channel, over which the signal propagation 
characteristics are correlated

4. K (Ricean) factor is a factor that is used to define a Ricean
channel, and is defined as the ratio between the LOS signal power 
and the power of the multipath components

is the total power.



PROBLEM !!

 The problem reduces to estimate these 
parameters.

 The transfer function is measured and then by 
using spectral estimation techniques, the impulse 
response is evaluated

 There are several performance limitations of FT 
such as spectral leakage and low resolution, which 
reduce its ability to estimate rays with short delay, 
in addition, when it is used to estimate the 
propagation characteristics it does not take the 
noise into account, which affects the estimation 
accuracy



 The root-MUSIC super resolution algorithm is a 
method that is based on the eigen structure 
principle of the transfer function 
autocorrelation matrix

root- MUSIC super resolution algorithm 



 The autocorrelation matrix can be represented by 
two autocorrelation matrices; the first for the 
original signal and the other for the noise, thus:

 Solving the Eigenvector –eigen values problem 
and Defining the following polynomial:

 Solving  this equation gives 2(N-1) roots where 
they are(N-1) pairs, where one root represents the 
conjugate reciprocal of the other. By selecting only 
L roots that lie on and nearest (form inside) to the 
unit circle, estimation of the time delays can be 
done.



 The amplitude of the multipath components 
can be calculated after solving the linear 
system H = SA using linear least squares:

 Root-MUSIC algorithm needs to identify and 
estimate the number of multipath components 
L to work correctly.  In this paper, we used the 
minimum descriptive length (MDL)



MDL criterion as a function of the number of multipath components.



Estimated channel impulse response which correspond to simulated results .
a- Inverse Fourier Transform
b- Root-MUSIC algorithm



Table II compares the obtained channel parameters using the two approaches

Table I shows the original and the estimated values of multipath parameters.



Channel frequency magnitude response
(a) actual
(b) reconstructed after using root-MUSIC algorithm. SNR =20dB and RMSE= 0.0557.


