
[Reddy, 3(11): November, 2014]   ISSN: 2277-9655 
                                                                                         Scientific Journal Impact Factor: 3.449 

         (ISRA), Impact Factor: 2.114 
   

http: // www.ijesrt.com                 (C)International Journal of Engineering Sciences & Research Technology 
[45] 

 

IJESRT 
INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH 

TECHNOLOGY 
Indoor UWB Communication System Model 
Gogulamudi. Pradeep Reddy*, Dr SVS Prasad 

Research Scholar,ECE Department,JJT University, Jhunjhunu, Rajasthan 333001, India  
Professor, ECE Department, Narayana Enginnering&Technical Campus, India 

Abstracts 
In this paper we have realized UWB (Ultra –wide band) communication system by modelling UWB signal as Gaussian 

and its derivatives and convolving them with the IEEE 802.15.3a channel models for LOS and different NLOS 

conditions, namely CM1, CM2, CM3 and CM4, using modified Saleh-Valenzuela (S-V) model.  
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Introduction 
IEEE 802.15.3a was an attempt to provide a higher speed UWB PHY enhancement amendment to IEEE 802.15.3 for 

applications which involve imaging and multimedia. 

 

Three main indoor channel models were considered the tap-delay line Rayleigh fading model, the Saleh-Valenzuela 

(S-V) model, and the -k model, as well as several novel modifications to these approaches that better matched the 

measurement characteristics. Each channel model was parameterized in order to best fit the important channel 

characteristics.  Although many good models were contributed to the group, the model finally adopted was based on 

a modified S-V model that seemed to best fit the channel measurements. In particular, the channel measurements 

showed multipath arrivals in clusters rather than in a continuum, as is customary for narrowband channels. This is a 

result of the very fine resolution 

 

UWB waveforms provide. The S-V model was modified for the IEEE model by prescribing a lognormal amplitude 

distribution. 

 

The modified Saleh-Valenzuela (S-V) model was adopted as a reference UWB channel model by the IEEE 802.15.3a. 

The modelling of UWB channels is based on the measurement of indoor propagation environment, as the main 

commercial applications will be indoor communications. 

 

Modified saleh-valenzuela channel model 
The modelling of UWB propagation channel is fully based on the proposed IEEE802.15.3a standard model. The 

impulse response of modified Saleh-Valenzuela model may be represented as: 

 

   ℎ𝑖(𝑡)= 𝑋𝑖 ∑ ∑ 𝛼𝑙,𝑘
𝑖𝐾

𝑘=0
𝐿
𝑙=0 (t−𝑇𝑙

𝑖 − 𝜏𝑘,𝑙
𝑖 )         (1) where , 𝛼𝑘,𝑙

𝑖   represents the multipath gain coefficients, 𝑇𝑙
𝑖   represents 

the delay of the 𝑙𝑡ℎ cluster, 𝜏𝑘,𝑙
𝑖   represents the delay of the 𝑘𝑡ℎ multipath component relative to the 𝑙𝑡ℎcluster arrival 

time 𝑇𝑙
𝑖, 𝑋𝑖  represents the log-normal shadowing, and i refers to the 𝑖𝑡ℎ realization, which is calculated by  

20 log10 Xi ∝ Normal(0, σx
2)                   (2) 

The definition assumes that within a cluster, the first ray arrives at with no delay (𝜏0,𝑙=0). The distribution of cluster 

arrival time and the ray arrival time can be calculated by 

𝑃(𝑇𝑙/𝑇𝑙−1) = 𝚲exp[ 𝚲 (𝑇𝑙 − 𝑇𝑙−1)] , 𝑙 > 0                                                                                          

  (3) 

 P(𝜏𝑘,𝑙/𝜏(𝑘−𝑙),𝑙)=𝛌exp[ 𝛌(𝜏𝑘−1 − 𝜏(𝑘−1),𝑙)], 𝑘 > 0                                                             (4)  

𝚲=cluster arrival time, 𝛌=ray arrival time. 

 

Channel coefficients 
 The channel coefficients are defined as follows 

 

http://www.ijesrt.com/


[Reddy, 3(11): November, 2014]   ISSN: 2277-9655 
                                                                                         Scientific Journal Impact Factor: 3.449 

         (ISRA), Impact Factor: 2.114 
   

http: // www.ijesrt.com                 (C)International Journal of Engineering Sciences & Research Technology 
[46] 

 

 multipath gain coefficients 

 

𝛼𝑘,𝑙=𝑝𝑘,𝑙𝜉𝑙𝛽𝑘,𝑙                                (5) 

 

20 log10(𝜉𝑙𝛽𝑘,𝑙) α Normal(𝜇𝑘,𝑙 ,𝜎1
2+𝜎2

2) , Or  |𝜉𝑙𝛽𝑘,𝑙| =10(𝜇𝑘,𝑙+n1+n2)/20, Where    𝜉𝑙  is fading of cluster. 

 

 Reflection co- efficient, 

 

𝜇𝑘,𝑙 = 
10 ln(𝛺0)−10(𝑇𝑙 𝛤)⁄ −10(𝜏𝑘,𝑙/𝛾)

ln 10
 –

(𝜎1
2+𝜎2

2) ln 10

20
              (6)                                        

and  n1 α Normal(0,𝜎1
2) and  n2 α Normal(0,𝜎2

2), 

 

 Gain of Rays, exponentially decay with respect to delay profile 

 

𝛽𝑘,𝑙
2̅̅ ̅̅̅    =𝛽2(0,0)̅̅ ̅̅ ̅̅ ̅̅ ̅̅  exp(−𝑇𝑙/𝛤)  exp(−𝜏𝑘,𝑙/λ)                                                        (7) 

 

UWB propagation channels 
According to the model parameters in the Table1, the four IEEE 802.15.3a channels using the S-V model are, 

 

CM1- this model is based on LOS (0-4 m) channel measurements; 

 

CM2 -this model is based on NLOS (0-4 m) channel measurements; 

 

CM3 -this model is based on NLOS (4-10 m) channel measurements; 

 

CM4- this model was generated to fit a 25 nsec RMS (Root Mean Square) delay spread to represent an extreme NLOS 

multipath channel.  

 

The channel characteristics of these different channel models namely CM1, CM2, CM3 and CM4 are shown in figs. 

2-5.  

 

UWB Signal modelling 
The most common pulse shapes for Impulse-UWB work are the Gaussian pulse and its derivatives, since they are easy 

to describe and work with. The Gaussian pulse is described by 

𝑃(𝑡) =
𝐴

√2𝜎2
 𝑒

(
−𝑡2

2𝜎2)
             (8) 

where 𝜎2 is the variance parameter. The pulse width is given by the expression, 𝑇𝑝=2σ. 

Another pulse model is the first derivative of the Gaussian pulse. This is used as a model since a UWB antenna may 

have the effect on the signal to be equivalent to differentiating the pulse with respect to the time variable. Letting the 

mean value be zero, the first derivative is given by,       

 𝑃(1)(t)= − (
𝐴𝑡

√2𝜎3) 𝑒
(

−𝑡2

2𝜎2)
  (9) 

 The third model is based on the second derivative of the Gaussian pulse and given by, 

 𝑃(2)(t)= A(
𝑡2

√2𝜎5 −
1

√2𝜎3) 𝑒
(

−𝑡2

2𝜎2)
      (10) 

 

Simulation results 
The UWB signal is modelled as Gaussian and simulated as shown in Fig.1, 
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Fig 1 UWB signal at the channel input 

 

The channels characteristics calculated from modified S-V model for CM1, CM2, CM3 and CM4 are shown in figs 

2-5. 

 
Fig.2  CM1: impulse response, h(t) 

 

 
Fig.3  CM2: impulse response, h(t) 
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Fig4  CM3: impulse response, h(t) 

 

 
Fig.5  CM4: impulse response, h(t) 

 

     

The four channel impulse responses are convolved with this input UWB signal to get the channel output, the simulation 

results are as shown in figs. 6-9. 

 
Fig6  CM1: Channel output 
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Fig.7  CM2: Channel output 

 

 
Fig8  CM3: Channel output 

 

 
Fig.9  CM4: Channel output 
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Conclusions 
From the simulation results we observed that for the UWB input peak value of 0.8V, the peak channel output values 

for CM1, CM2, CM3, CM4 are 5mV, 25mV, 2mV, 16mV respectively. The channel characteristics of the four channel 

models are also shown. 

 

Table1: Multipath channel target characteristics and model parameters. 
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