
Communications on Applied Nonlinear Analysis 

ISSN: 1074-133X 

Vol 31 No. 4s (2024) 

 

253 
https://internationalpubls.com 

Enhanced Ultra-Wideband Communication System with OFDM 

Modulation: Performance Analysis in LOS and NLOS Conditions 

 

Khushbu Meena1, Rahul Jain2 

Research  Scholar, Department of Electronics and Communication Engineering, JECRC University, Jaipur, Rajasthan, 

India. 

Assistant Professor, Department of Electronics and Communication Engineering, JECRC University, Jaipur, Rajasthan, 

India. 

 

Article History: 

Received: 22-04-2024 

Revised: 15-06-2024 

Accepted: 25-06-2024 

Abstract:  

Ultra-wideband (UWB) communication systems, employing Orthogonal Frequency 

Division Multiplexing (OFDM) modulation, are renowned for their high data rates, low 

power consumption, and robust performance in multipath environments. However, these 

systems face significant challenges in varying propagation conditions, specifically under 

Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) scenarios. In LOS conditions, the 

signal travels directly from the transmitter to the receiver without obstructions, typically 

resulting in optimal performance characterized by high transmission efficiency, strong 

Signal-to-Noise Ratio (SNR), low Bit Error Rate (BER), and maximum throughput. 

Conversely, NLOS conditions involve obstructions and reflections that cause multipath 

propagation and signal degradation. This leads to reduced transmission efficiency, lower 

SNR, higher BER, and diminished throughput. This study examines the performance of an 

UWB communication system using OFDM modulation in both LOS and NLOS conditions. 

The performance metrics evaluated include transmission efficiency, SNR,BER, and 

throughput. In LOS conditions, the system demonstrates high transmission efficiency, 

superior SNR, minimal BER, and maximum throughput due to the unobstructed signal path. 

In contrast, NLOS conditions result in decreased transmission efficiency, lower SNR, 

increased BER, and reduced throughput due to signal attenuation and multipath effects. 

These findings highlight the significant impact of environmental conditions on UWB-

OFDM system performance and underscore the importance of optimizing such systems for 

reliable communication in varied deployment scenarios. 

Keywords: UWB, OFDM, Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS). 

 

1. INTRODUCTION 

 Ultra-Wideband (UWB) technology has emerged as a promising solution for wireless 

communication systems due to its unique characteristics and capabilities. Unlike traditional 

narrowband communication systems, UWB utilizes a wide spectrum of frequencies, enabling high 

data rates, low power consumption, and robustness against interference. UWB communication has 

found applications in various domains, including indoor localization, asset tracking, medical 

monitoring, and high-speed data transfer. One of the key advantages of UWB technology is its 

ability to operate effectively in diverse environmental conditions, including both Line-of-Sight 

(LOS) and Non-Line-of-Sight (NLOS) scenarios. In LOS conditions, where there is a clear, 

unobstructed path between the transmitter and receiver, UWB communication can achieve high data 

rates and reliable connectivity. However, in NLOS conditions, where obstacles such as buildings, 
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walls, or foliage obstruct the direct path between the transmitter and receiver, traditional narrowband 

communication systems may experience significant signal attenuation and degradation in 

performance.[1] 

In this paper, we explore the performance of UWB communication systems in both LOS and NLOS 

conditions. We investigate the challenges and opportunities associated with each scenario and 

discuss the techniques and strategies employed to optimize UWB communication performance in 

diverse environmental conditions. Additionally, we evaluate the impact of factors such as multipath 

propagation, signal attenuation, and interference on the reliability and efficiency of UWB 

communication. 

Through comprehensive analysis and experimentation, we aim to provide insights into the 

capabilities and limitations of UWB technology in various real-world scenarios. By understanding 

the behavior of UWB communication systems in both LOS and NLOS conditions, we can develop 

effective strategies for deploying and optimizing UWB-based applications in a wide range of 

practical settings.to enhance the speed of information transmission in communication networks is 

driven by the desire to improve efficiency and productivity in various aspects of life, work, and 

thought processes. This drive motivates initiatives such as the IEEE 802.15.3a undertaking, which 

aims to define a secondary information rate exchange physical layer for IEEE 802.15.3, [2-3] the 

standard for high-speed wireless personal area networks (WPANs). Establishing this secondary 

physical layer is crucial for enabling faster data exchange rates in WPANs. To accomplish this goal, 

various groups have provided recommendations, and the IEEE 802.15a assignment aggregation is 

currently undergoing a process of review and modification to evaluate these suggestions. It is 

common for ultra-wideband (UWB) communication to be considered in one of the proposed physical 

layers due to its ability to facilitate high-speed data transmission over short distances. Among the 

suggested options, Multiband Orthogonal Frequency Division Multiplexing (MB-OFDM) emerges as 

a promising solution for enabling short-range secondary data-rate UWB communications.MB-

OFDM utilizes orthogonal frequency division multiplexing (OFDM) techniques to enable UWB 

transmission, harnessing the benefits of OFDM that have been successfully applied in various long-

distance communication systems such as Asymmetric Digital Subscriber Line (ADSL), Digital 

Video Broadcasting (DVB), IEEE 802.11 (Wi-Fi), and IEEE 802.16 (WiMAX).[4] Figure 1 showing 

the UWB Spectrum Division into Band Groups and sub-bands 

 

Figure 1: UWB Spectrum Division into Band Groups and sub-bands 

The Ultra-Wideband (UWB) spectrum, spanning from 3.1 GHz to 10.6 GHz, is categorized into 

multiple band groups and sub-bands to accommodate various applications and adhere to regulatory 

guidelines. Regulatory bodies such as the Federal Communications Commission (FCC) delineate the 
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UWB spectrum into distinct bands, including low-band (3.1 GHz - 4.8 GHz), mid-band (4.8 GHz - 

6.0 GHz and 8.5 GHz - 10.6 GHz), and high-band (6.0 GHz - 8.5 GHz). Within these bands, specific 

sub-bands are identified for different applications and standards, such as wireless personal area 

networks (WPANs) and location-aware systems. Additionally, organizations like the WiMedia 

Alliance and IEEE define additional frequency bands within the UWB spectrum to cater to specific 

communication requirements, including high-speed data transfer and multimedia streaming. This 

division into band groups and sub-bands enables efficient spectrum utilization and facilitates the 

deployment of diverse UWB applications while ensuring compliance with regulatory requirements 

[5]. 

Theoretical review  

Line-of-Sight (LOS) Condition: In LOS conditions, there is a direct unobstructed path between the 

transmitter and receiver. This means that the transmitted UWB signal travels directly from the 

transmitter to the receiver without encountering significant obstacles or reflections. In LOS 

conditions, UWB communication tends to exhibit better performance in terms of range, data rate, 

and reliability. The absence of significant obstacles allows for minimal signal attenuation and 

distortion, resulting in robust and efficient communication. 

Non-Line-of-Sight (NLOS) Condition: In NLOS conditions, obstacles such as buildings, walls, or 

other structures obstruct the direct path between the transmitter and receiver. As a result, the UWB 

signal may experience reflections, diffractions, and scattering off surrounding objects before 

reaching the receiver. NLOS conditions can lead to signal attenuation, multipath effects, and 

increased interference, which can degrade the performance of UWB communication. However, 

UWB technology is known for its ability to penetrate obstacles and propagate through challenging 

environments, making it suitable for NLOS communication scenarios.[6] 

Baseband Implementation of the Mb-OFDM UWB System  

There is an OFDM design [2] that separates different bands. Figure 3 shows both the emitter and the 

collector for the MB-OFDM UWB [4] structure. Basically, they are made up of two parts: base band 

RF is another name for it. In the transmitter's baseband, there is a convolutional decoder. Its goal is 

to include designs that can claim more information than is already there while also increasing the 

signal-to-noise ratio (SNR) and making processing more perfect at the receiver. There are five 

different coding rates that can be used with this system. Fractions are things like 1/3, 11/32, 1/2, 5/8, 

and 3/4. There is a way to leave out a percentage of odds encoded at the transmitter and put in a fake 

"zero" measure in its place at the receiver. This is called puncturing. In line with the agreed-upon 

plan, this is done. In order to give the right amount of protection against blast mistakes, the reason 

why those places overlap will be shown [7]. First there is picture interleaving, then there is tone arm 

interleaving, and finally there is touches interleaving. This is done in two steps. It's kind of spread 

out. The fourth part of the UWB transmitter's baseband is how the heavenly bodies are mapped. In 

order to control the OFDM subcarriers, QPSK management is put in place. According to graycoded 

heavenly body mapping, a complex-valued structure could change information double grouping right 

now. Right now, a single sub band’s download speed will be very fast over 500MHz, which is what 

the FCC requires for an ultra-wideband system. This is because it will be easier to reach the data 
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transfer capacity in sub-bands that are smaller and don't overlap. The system is called a "UWB-

OFDM" system by the system the frequency division multiplexing (OFDM) method works over a 

whole bandwidth, which is a lot faster than the transfer speeds of traditional OFDM frames. A sub-

band that stands out among those bands is used to send OFDM pictures during a certain time slot. 

The choice of the sub-band in every time slot, there is a chance that a Time-Frequency code (TFC) 

will be found. The TFC will not only be used, but it will also be used to provide recurrence of 

different qualities within the framework and to find the middle of a number of users. Five sub band 

aggregations are used in the suggested UWB method [8]. These are set up in a way that includes 

three recurrence groups, which are called the A band group. Besides that, TFC will weave itself 

together, and coded data will be spread out again among three repetition groups. The UWB range 

masjid includes that one band gathering for two groups (Figure 1). There are four more of these band 

gatherings, each for three groups. You also stop making sales on that one band setup. For your 

information, there are also four three-band TFCs and two two-band TFCs. When used with the right 

band aggregations, they can create eighteen separate legal channels that can work independently of 

each other. The required mode is chosen for devices that are working with band one assembly #1, 

which is made up of the three bands with the lowest frequency. Figure 2 shows an example of a TFC. 

It shows how the transfer speed of 1.584GHz (3.168–4.752GHz) can be split into three sub-bands for 

528MHz, Time-Frequency Code in MB-OFDM System as shown in the figure 2. This MB-OFDM 

implementation of UWB divides the 7500 MHz spectrum bandwidth into (6) band groups and (14) 

non-overlapping bands spaced at 528 MHz bandwidth each, where each band provides a carrier 

frequency for an OFDM Symbol Baseband signal. To allow for such a large signal bandwidth, there 

are power restrictions which prevent MB-OFDM devices from disturbing narrower band devices 

nearby, such as 802.11ab/g radios. Typically, MB-OFDM devices operate within a 10 meter radius. 

 

Figure .2: Time-Frequency Code in MB-OFDM System 

Along with the pilots, guards, and nulls being inserted in the OFDM pictures before IFFT can be 

made, this part of the arrangement is currently being changed to parallel. The date for this change has 

now been adjusted. There are 128 subcarriers in every OFDM picture. There will likely be 242.42 

seconds in that OFDM image's span. From there, the cyclic prefixes used to kill the OFDM image 
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and the watchman interval used to make sure there is a smooth flow between two OFDM images can 

be linked together. Twenty-two subcarriers will be present, which is the same number of 

nanoseconds that make up the span of the circular prefix. For the watchman intermediate, TG = 9.47 

nanoseconds, which is equal to five subcarriers, will be its length. Now that the RF action is over, the 

indicator will be up-sampled and sent over the UWB radio wire. Basebands of both transmitters and 

receivers are usually blocked by the same kinds of things. The baseband of the receiver is made up of 

the same problems when the request is the reverse.[9] 

 

Figure 3. Illustration of LOS, NLOS and multi-path (MP) scenarios in a UWB-based ranging system. 

Line-of-Sight (LOS) and (NLOS) Scenario 

Line-of-Sight (LOS) Scenario 

In the LOS scenario, the signal travels directly from the transmitter to the receiver without 

obstruction. The received signal can be expressed as: 

rLOS(t)=A0⋅s(t−τ0)+n(t) 

Where: 

• A0 is the amplitude of the received signal. 

• s(t)is the transmitted signal. 

• τ0 is the time of flight (TOF) corresponding to the direct path. 

• n(t) is the additive white Gaussian noise (AWGN). 

The distance d can be estimated from the TOF: 

d=c⋅τ0 
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Where c is the speed of light. 

Non-Line-of-Sight (NLOS) Scenario 

In the NLOS scenario, the signal is obstructed, and the received signal consists of reflected or 

diffracted paths. The received signal can be modeled as: 

rNLOS(t)=∑ Ai
N
i=1 . s(t−τi)+n(t) 

Where: 

Ai is the amplitude of the i-th reflected path. 

τi is the delay of the i-th path. 

N is the number of reflected paths. 

The distance estimation is more complex due to the additional path delays and requires advanced 

signal processing techniques to distinguish the direct path from reflections. 

Multi-Path (MP) Scenario-In the MP scenario, the received signal consists of multiple paths 

including the direct LOS path and several reflected paths. The received signal can be expressed as: 

rMP(t)=A0⋅s(t−τ0)+∑ Ai ⋅ s(t − τi) + n(t)N
i=1  

Where: 

A0 and τ0 represent the amplitude and delay of the direct path, respectively. 

Ai and τi represent the amplitude and delay of the i-th reflected path. 

Distance Estimation in MP Scenario-The primary challenge in MP scenarios is accurately 

estimating the direct path delay τ0. Techniques such as the Maximum Likelihood Estimation (MLE) 

or Super-Resolution Algorithms (e.g., MUSIC, ESPRIT) are often used. The estimation problem can 

be formulated as: 

r0̂=arg maxr∣∫rMP(t)⋅s(t−τ) dt 

Path Loss Model:The path loss PL(d) in LOS and NLOS conditions can be modeled as: 

PLLOS(d)=PL0+10nLOSlog10(d)+XσLOS 

PLNLOS(d)=PL0+10nNLOSlog10(d)+XσNLOS 

Where PL0 is the path loss at the reference distance, n is the path loss exponent, d is the distance 

between transmitter and receiver, and Xσ  is a Gaussian random variable representing shadowing 

effects. 

2. RELATED WORK 

Yaodong Yang et al. (2022) proposed the UWB-RF approach integrating random forest with Kalman 

filtering for enhanced indoor localization in dynamic scenarios, showing superior performance 

compared to traditional methods. Jinglong Zhou et al. (2022) focused on NLOS identification and 

mitigation in UWB-based indoor positioning, developing a method using RSS and time of arrival 

fusion with biased Kalman filtering to significantly reduce ranging errors in dynamic and static 
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environments. Jieum Hyun et al. (2022) introduced a pose-graph-based UWB SLAM algorithm for 

robust pose estimation in NLOS indoor environments, demonstrating high accuracy through IMU 

pre-integration and UWB range corrections. Tong Wu et al. (2023) addressed NLOS error mitigation 

under human occlusion using low-cost UWB devices, employing signal feature extraction and 

weighting to reduce ranging errors caused by human presence. Hao Zhang et al. (2023) analyzed 

UWB diffraction propagation characteristics in complex indoor structures and proposed a time-delay 

model to improve UWB range accuracy, validated through experimental validation. Mingxiang Liao 

et al. (2022) presented the CTK joint positioning algorithm combining Chan-Taylor with Kalman 

filtering to mitigate NLOS errors and achieve higher UWB positioning accuracy in challenging 

indoor environments. These studies collectively advance UWB technology, offering innovative 

solutions to enhance localization accuracy and reliability, particularly in scenarios affected by NLOS 

conditions and environmental complexities.[10-20] 

3. PROPOSED SYSTEM 

An OFDM communication system incorporating RS coding, channel estimation, PAPR reduction, 

and BER analysis across various SNR levels and antenna configurations. It starts by generating and 

encoding random data using RS coding, followed by PSK modulation and IFFT operations with a 

cyclic prefix. The script models a random channel and performs channel estimation using PN 

sequences. At the receiver, it introduces AWGN, recovers the transmitted signal via convolution and 

Deconvolution, removes the cyclic prefix, and applies FFT for demodulation and RS decoding. It 

calculates and plots the PAPR before and after applying a clipping technique to reduce PAPR, and 

evaluates the system's BER for increasing SNR values. Additionally, it analyzes the capacity of 

MIMO systems with different antenna setups and assesses the impact of Carrier Frequency Offset 

(CFO) on BER, concluding with plotting the transmission efficiency and EVM for LOS and NLOS 

scenarios.  

In a typical communication system, binary data is represented as a sequence of 1s and 0s, encoding 

information to be transmitted over a channel. Encoding techniques such as Reed-Solomon coding or 

convolutional coding may be employed to add redundancy and error correction capabilities to the 

data stream. Before modulation, the encoded data may be interleaved to spread out burst errors and 

improve the system's robustness against channel impairments. Subsequently, the data is modulated 

onto a carrier signal using baseband modulation techniques such as Phase Shift Keying (PSK) or 

Quadrature Amplitude Modulation (QAM). In Ultra-Wideband (UWB) communication systems 

utilizing Orthogonal Frequency Division Multiplexing (OFDM) modulation, the modulated data is 

upsampled to the desired symbol rate and frequency hopped to mitigate interference and improve 

spectral efficiency. The data is then transmitted over the UWB channel, characterized by its 

frequency-selective fading and multipath propagation effects. At the receiver, the received signal is 

down sampled and subjected to frequency hopping synchronization before being processed by the 

OFDM receiver. The baseband modulation is demodulated, and the interleaving process is reversed 

through de-interleaving. Finally, the decoded binary data is obtained by applying decoding 

algorithms to correct errors and retrieve the original information. Through these steps, binary data is 

efficiently transmitted and received in communication systems, ensuring reliable and accurate data 

exchange. 
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Mathematical Formulation  

Analyzing the performance of an Ultra-Wideband (UWB) communication system with Orthogonal 

Frequency-Division Multiplexing (OFDM) modulation in Line-of-Sight (LOS) and Non-Line-of-

Sight (NLOS) conditions involves several key mathematical expressions. Below are the main 

expressions used in such an analysis? 

Transmitted Signal in OFDM: The transmitted OFDM signal can be expressed as: 

s(t)=   ∑ Xkej2πfkt    N−1
K=0  for 0≤ t≤ T                   Eq.1 

Where Xk are the data symbols, N is the number of subcarriers, fk_ is the frequency of the k-th 

subcarrier, and T is the OFDM symbol duration. 

Channel Impulse Response: The channel impulse response for LOS conditions is typically simpler 

and can be expressed as: 

hLOS(t)=δ(t−τ0) Eq.2 

Where τ0is the propagation delay 

For NLOS conditions, the channel impulse response is more complex: 

hNLOS(t) =∑  alL−1
t=0 δ(t−τl) Eq.3 

Where αl are the path gains, τl are the path delays, and L is the number of multipath components. 

Received Signal: The received signal in the presence of multipath can be written as: 

r(t)=s(t)∗h(t)+n(t) 

Where ∗ denotes convolution, h(t) is the channel impulse response, and n(t)n(t)n(t) is the additive 

white Gaussian noise (AWGN). ,down sampling,ofdm reciver, 

Figure 4: MB-OFDM system 

Binary data:  Binary data is a sequence of bits (0s and 1s) to be transmitted. Let's denote the binary 

data as: 

b={b1,b2,…,bN} Eq.4 
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Where bi∈{0,1} 

Encoding:  The binary data is encoded to introduce redundancy for error correction. One common 

method is convolutional encoding. The encoded data c is generated from the input bits b.Let  

c={c1,c2,…,cM} Eq.5 

The encoded data where M>N. 

Interleaving: Interleaving is used to rearrange the order of the encoded data to mitigate the effects of 

burst errors. The interleaved sequence cint is a permutation of c. 

cint = π(c) 

Where π is a permutation function. 

Baseband Modulation: Baseband modulation maps the interleaved binary data to symbols. For 

example, using Quadrature Amplitude Modulation (QAM): 

sn=M(cint,n) Eq.6 

Where M is the modulation function, and sn are the modulated symbols. 

OFDM Transmitter: OFDM Symbol Generation 

Data Mapping: Map the input data bits to complex QAM symbols Xk where k is the subcarrier 

index. 

OFDM Symbol Construction: Place the QAM symbols on the OFDM subcarriers, setting unused 

subcarriers (e.g., for guard bands) to zero. 

X={X0,X1,…,XN−1} Eq.7 

Inverse Fast Fourier Transform (IFFT): Convert the frequency-domain symbols to the time-

domain OFDM symbol using IFFT. 

xn=N1
1

√N
∑ Xk

N−1
K=0 ej

2πkn

N    Eq.8 

,n=0,1,…,N−1 

Cyclic Prefix Addition: Add a cyclic prefix to combat inter-symbol interference (ISI).  

xCP=[xN−G,xN−G+1,…,xN−1,x0,x1,…,xN−1] Eq.9 

Where G is the length of the cyclic prefix. 

Up sampling Frequency Hopping: Up sampling increases the sample rate by a factor of L by 

inserting L−1 zeros between each sample of the signal. 

Let x[n] be the original signal: 

xup[n]  = {
x

n

L
if   n = kL

0    otherwise
 

where L is the upsampling factor and k is an integer. 
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Frequency Hopping 

Frequency hopping involves changing the carrier frequency periodically to avoid interference. 

The upsampled signal after frequency hopping can be represented as: 

 xfh(t)=xup(t)⋅ej2πfhop(t)t, 

Where fhop(t) is the instantaneous hopping frequency. 

UWB Channel: WB Channel: The UWB channel is characterized by multipath propagation. The 

received signal y(t)y(t)y(t) is the convolution of the transmitted signal with the channel impulse 

response plus noise. 

y(t)=∑i=0L−1 hixfh(t−τi)+n(t), Eq.10 

y(t) =∑ hixfhx(t − τi) + n(t),L−1
t=0  Eq.11 

 hi are the multipath gains, 

 τi are the multipath delays, 

 n(t) is additive white Gaussian noise (AWGN). 

OFDM Receiver-Down sampling reduces the sample rate by a factor of L by keeping one out of 

every L samples. 

ydown[n]=y[nL]  Eq.12 

Cyclic Prefix Removal-Remove the cyclic prefix of length G from the received OFDM symbol. 

yrm_cp[n]=ydown[n+G],       Eq.13 

n=0,1,…,N−1 

Fast Fourier Transform (FFT)-Convert the time-domain received samples back to the frequency 

domain using FFT. 

xn=N1
1

√N
∑ yrm_cp[n]N−1

K=0 ej
2πkn

N        Eq.14 

k=0,1,…,N−1 

De-Interleaver-The de-interleaver reverses the permutation applied by the interleaver to restore the 

original sequence order. 

cdeint=π−1(crec) Eq.15 

Decoder-The decoder processes the de-interleaved data to recover the original binary data. For 

example, using a Viterbi algorithm for convolutional codes: 

bdec=D(cdeint) Eq.16 

Binary Data 

Finally, the decoded binary data bdec\mathbf{b}_{\text{dec}}bdec is obtained: 

bdec={b1,b2,…,bN}\ 
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Figure 5 NLOS & Los based transmission 

Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) transmission  

In Ultra-Wideband (UWB) systems differ in terms of path loss, multipath propagation, and signal 

degradation. Here's how the mathematical expressions and models change for LOS and NLOS 

conditions: 

Line-of-Sight (LOS) Transmission-In LOS conditions, the signal travels directly from the 

transmitter to the receiver without significant obstruction. The path loss PLOS  can be modeled using 

the Friis transmission equation: 

PLOS(d)=Pt+Gt+Gr−20log10(d)−20log10(
4π

λ)
) 

Where: 

• Pt is the transmitted power. 

• Gt is the transmitter antenna gain. 

• Gr is the receiver antenna gain. 

• d is the distance between the transmitter and receiver. 

• λ is the wavelength of the signal. 

Non-Line-of-Sight (NLOS) Transmission-In NLOS conditions, the signal encounters obstacles, 

resulting in reflections, diffractions, and scattering. The path loss PNLOS is generally higher and can 

be modeled using empirical models such as the Log-distance path loss model: 

PNLOS(d)=Pt+Gt+Gr−10nlog10(d)−χσ 
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Where: 

• n is the path loss exponent, which is higher in NLOS scenarios. 

• χσ is a Gaussian random variable with zero mean and standard deviation σ accounting for 

shadow fading. 

Path Loss Model 

The path loss in LOS, NLOS, and MP scenarios can be expressed as: 

PLLOS(d)=PL0+10nLOSlog10(d)+XσLOS 

PLNLOS(d)=PL0+10nNLOSlog10(d)+XσNLOS 

PLMP(d)=PL0+10nMPlog10(d)+XσMP 

where: 

• PL0  is the path loss at a reference distance. 

• n is the path loss exponent. 

• Xσ is a Gaussian random variable representing shadowing effects. 

4. PERFORMANCE EVOLUTION AND RESULT  

The performance evaluation of the proposed Ultra-Wideband (UWB) communication system 

involves a systematic analysis of various metrics and parameters to assess its reliability, efficiency, 

and effectiveness in transmitting data.[20] 

Throughput: Throughput is typically defined as the rate at which data is successfully transmitted 

over a communication channel. It is often expressed in bits per second (bps) or a similar unit. The 

formula for throughput is:  

Throughput=  
𝐓𝐨𝐭𝐚𝐥 𝐭𝐫𝐚𝐧𝐬𝐦𝐢𝐬𝐬𝐢𝐨𝐧 𝐭𝐢𝐦𝐞

𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐬𝐮𝐜𝐜𝐞𝐬𝐬𝐟𝐮𝐥𝐥𝐲 𝐭𝐫𝐚𝐧𝐬𝐦𝐢𝐭𝐭𝐞𝐝 𝐛𝐢𝐭𝐬
 

Bit Error Rate (BER): Bit Error Rate (BER) is the ratio of the number of bits received in error to 

the total number of bits transmitted during a given time period. It is a key metric used to quantify the 

performance of a communication system. The formula for BER is: 

BER=  
𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐛𝐢𝐭𝐬 𝐭𝐫𝐚𝐧𝐬𝐦𝐢𝐭𝐭𝐞𝐝  

𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐛𝐢𝐭𝐬 𝐫𝐞𝐜𝐞𝐢𝐯𝐞𝐝 𝐢𝐧 𝐞𝐫𝐫𝐨𝐫
 

Signal-to-Noise Ratio (SNR): Signal-to-Noise Ratio (SNR) measures the ratio of the power of the 

signal to the power of the noise in a communication channel. It is often expressed in decibels (dB) 

and is used to characterize the quality of the received signal. The formula for SNR is:  

SNR=10log10( Signal Power)/Noise Power 
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Figure 6 OFDM signals 

Figure 6 illustrates the stages of an OFDM signal within a UWB communication system, depicting 

its generation, transmission, and reception processes. Initially, modulated symbols are combined into 

an OFDM symbol using the Inverse Fast Fourier Transform (IFFT), converting frequency-domain 

data into time-domain signals. A cyclic prefix is then added to each OFDM symbol to mitigate inter-

symbol interference (ISI). These OFDM symbols are transmitted over the UWB channel, which can 

include Line-of-Sight (LOS), Non-Line-of-Sight (NLOS), and multipath (MP) scenarios 

 

Figure 7 OFDM channel allocation and received data 
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Figure 7 provides a comprehensive view of OFDM channel allocation and received data within a 

communication system. It illustrates how the frequency spectrum is partitioned into subcarriers for 

efficient data transmission using OFDM modulation. The figure 7 shows the assignment of 

subcarriers to carry data symbols, highlighting the structured approach to utilize available bandwidth 

effectively. 

 

Figure 8 Thought vs. Signal to Noise Ratio 

In UWB OFDM systems, thought, or the intended message, is encoded into digital data points which 

are then modulated using OFDM techniques for transmission. The SNR represents the ratio of the 

power of the transmitted signal to the power of background noise in the channel. As the SNR 

decreases, the noise level relative to the signal increases, potentially leading to degradation in signal 

quality and increased susceptibility to errors in data transmission. Therefore, analyzing the 

performance of the UWB OFDM system in terms of thoughtput vs. SNR is crucial for evaluating the 

system's ability to maintain reliable communication under varying noise conditions showing in 

Figure 8 

 

Figure 9 BER Vs.SNR 
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In an Ultra-Wideband (UWB) Communication System employing Orthogonal Frequency Division 

Multiplexing (OFDM) modulation, the Bit Error Rate (BER) vs. Signal-to-Noise Ratio (SNR) curve 

illustrates the relationship between the quality of received signals and the level of noise present in the 

communication channel. The BER represents the probability of a bit being incorrectly received or 

decoded due to noise and other impairments in the channel. As the SNR increases, meaning the 

signal power becomes stronger relative to the noise power, the BER typically decreases, and 

indicating improved communication reliability showing in Figure 9 BER Vs.SNR 

 

Figure 10 OBTB 

Optical Back-to-Back (OBTB) refers to a testing configuration commonly used in optical 

communication systems to evaluate the performance of optical transceivers or components. In an 

OBTB setup, the transmitter and receiver are placed in close proximity to each other, typically within 

the same laboratory environment or testing chamber. The term "back-to-back" implies that there is 

no actual transmission of optical signals over a physical medium such as fiber optic cable; instead, 

the transmitter directly connects to the receiver without any intervening transmission medium. 
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Figure 11 throughputs for NLOS and LOS condition 

The throughput of a communication system in both Non-Line-of-Sight (NLOS) and Line-of-Sight 

(LOS) conditions refers to the rate at which data is successfully transmitted over the channel. In 

NLOS conditions, where obstacles obstruct the direct path between the transmitter and receiver, the 

throughput may be lower compared to LOS conditions due to increased signal attenuation, multipath 

effects, and higher susceptibility to interference. To evaluate throughput in both NLOS and LOS 

conditions, one can measure the amount of data successfully transmitted over a certain period of 

time, typically expressed in bits per second (bps) or a similar unit. Throughput can be calculated by 

dividing the total amount of transmitted data by the duration of the transmission showing in Figure 

11 throughputs for NLOS and LOS condition. 

5. CONCLUSION 

The study has presented an in-depth analysis of an Enhanced Ultra-Wideband (UWB) 

Communication System employing Orthogonal Frequency Division Multiplexing (OFDM) 

modulation in both Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) conditions. Through 

rigorous experimentation and evaluation, several significant findings have been observed: 

Firstly, the proposed UWB communication system has demonstrated robust performance in both 

LOS and NLOS scenarios. By utilizing OFDM modulation along with Reed-Solomon coding and 

interleaving techniques, the system effectively mitigates the effects of multipath propagation, signal 

attenuation, and interference, ensuring reliable data transmission even in challenging 

environments.Secondly, the system's performance metrics, including Bit Error Rate (BER), Signal-

to-Noise Ratio (SNR), and throughput, has been thoroughly evaluated. The results indicate that the 

system maintains low BER levels and achieves high throughput rates, highlighting its efficiency and 
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reliability in delivering data over the UWB channel. Furthermore, the analysis of PAPR (Peak-to-

Average Power Ratio) and MMSE (Minimum Mean Square Error) has provided insights into the 

system's signal processing efficiency and robustness against noise and channel impairments. 

Moreover, the comparative analysis of LOS and NLOS conditions has revealed that while LOS 

conditions generally offer better performance due to reduced signal attenuation and multipath effects, 

the proposed system exhibits satisfactory performance in NLOS scenarios as well, making it suitable 

for a wide range of real-world applications. 

REFERENCES 

[1] Chihi H, Bouallegue, R. Energy efficiency investigation for the MB‐ OFDM UWB cross‐layer design. Wirel Pers 

Commun. 2017. 5. USB‐IF Wireless universal serial bus specification.  

[2]  MBOA‐Sig MultiBand OFDM physical layer proposal for IEEE 802.15 task group 3a.6. 

[3]  WiMedia Alliance Multiband OFDM physical layer specification. 8. ECMA‐368, High rate ultra wideband phy 

and mac standard.  

[4]  Woo JY, Joo HS, Kim KH, No JS, Shin DJ. PAPR analysis of class‐III SLM scheme based on variance of 

correlation of alternative OFDM signal sequences. IEEE Commun Lett. 2015;19(6):989‐992.  

[5] R. S. Kshetrimayum, “An introduction to UWB communication systems”, IEEE Potentials, pp. 9-13, March/April 

2009. 

[6] George L. Matthaei, Leo Young, E.M.T. Jones, “Microwave Filters, Impedance-Matching Networksand Coupling 

Structures”, Artech House 1980. 

[7] J.S. Hong and M.J. Lancaster, “Microstrip Filters for RF/Microwave Applications”, John Wiley &Sons, Ltd 2001. 

[8] Rasmussen, C.E. Gaussian processes in machine learning. In Summer School on Machine Learning; Springer: 

Berlin, Germany, 2003; pp. 63–71. [Google Scholar] 

[9] Nelder, J.A.; Wedderburn, R.W. Generalized linear models. J. R. Stat. Soc. Ser. A Gen. 1972, 135, 370–384. 

[Google Scholar] [CrossRef] 

[10] Barral, V.; Escudero, C.; García-Naya, J.A. NLOS Classification Based on RSS and Ranging Statistics Obtained 

from Low-Cost UWB Devices. In Proceedings of the 27th European Signal Processing Conference, EUSIPCO, A 

Coruña, Spain, 2–6 September 2019. [Google Scholar] 

[11] Betrò, B. Bayesian methods in global optimization. J. Glob. Optim. 1991, 1, 1–14. [Google Scholar] [CrossRef] 

[12] Sokolova, M.; Lapalme, G. A systematic analysis of performance measures for classification tasks. Inf. Process. 

Manag. 2009, 45, 427–437. [Google Scholar] [CrossRef] 

[13] Musa, A.; Nugraha, G.D.; Han, H.; Choi, D.; Seo, S.; Kim, J. A decision tree-based NLOS detection method for 

the UWB indoor location tracking accuracy improvement. Int. J. Commun. Syst. 2019. [Google Scholar] 

[CrossRef] 

[14] Yaodong Yang;Li Zhang;Jingao Xu;Danyang Li;Jinhui Bao;Jieqing Tan(2022) Cooperative Indoor Localization 

System Based UWB and Random Forest Algorithm InComplicated Underground NLOS Scenario 2022 9th 

International Conference on Digital Home (ICDH) Year: 2022 

[15] Jinglong Zhou;Wenfeng Li;Shaoyong Jiang(2022) NLOS Identification and Ranging Error Mitigation for UWB 

Signal 2022 IEEE International Conference on Networking, Sensing and Control (ICNSC) Year: 2022 

[16] Jieum Hyun;Hyun Myung (2022) Pose-Graph-Based UWB SLAM with NLOS Factor Estimation 2022 22nd 

International Conference on Control, Automation and Systems (ICCAS) Year: 2022  

[17] Tong Wu;Han Li;Bo Gao;Ke Xiong;Pingyi Fan;Khaled Ben Letaief(2023) NM-LUD: A NLOS Mitigation 

Method with Low-cost UWB Devices for Indoor Positioning 2023 8th International Conference on Computer and 

Communication Systems (ICCCS) Year: 2023 

[18] Hao Zhang;Qing Wang;Jiujing Xu;Zehui Li;Yuan Yang(2023)Time Delay Characteristics Analysis of UWB 

Diffraction Propagation in Indoor NLOS Environment IEEE Communications Letters Year: 2023 

[19] Mingxiang Liao;Yongbo Li;Guangyao Wang;Zhenyu Lei;Zihao Zhang (2022) An Indoor Positioning Algorithm 

https://scholar.google.com/scholar_lookup?title=Gaussian+processes+in+machine+learning&author=Rasmussen,+C.E.&publication_year=2003&pages=63%E2%80%9371
https://scholar.google.com/scholar_lookup?title=Generalized+linear+models&author=Nelder,+J.A.&author=Wedderburn,+R.W.&publication_year=1972&journal=J.+R.+Stat.+Soc.+Ser.+A+Gen.&volume=135&pages=370%E2%80%93384&doi=10.2307/2344614
https://doi.org/10.2307/2344614
https://scholar.google.com/scholar_lookup?title=NLOS+Classification+Based+on+RSS+and+Ranging+Statistics+Obtained+from+Low-Cost+UWB+Devices&conference=Proceedings+of+the+27th+European+Signal+Processing+Conference,+EUSIPCO&author=Barral,+V.&author=Escudero,+C.&author=Garc%C3%ADa-Naya,+J.A.&publication_year=2019
https://scholar.google.com/scholar_lookup?title=Bayesian+methods+in+global+optimization&author=Betr%C3%B2,+B.&publication_year=1991&journal=J.+Glob.+Optim.&volume=1&pages=1%E2%80%9314&doi=10.1007/BF00120661
https://doi.org/10.1007/BF00120661
https://scholar.google.com/scholar_lookup?title=A+systematic+analysis+of+performance+measures+for+classification+tasks&author=Sokolova,+M.&author=Lapalme,+G.&publication_year=2009&journal=Inf.+Process.+Manag.&volume=45&pages=427%E2%80%93437&doi=10.1016/j.ipm.2009.03.002
https://doi.org/10.1016/j.ipm.2009.03.002
https://scholar.google.com/scholar_lookup?title=A+decision+tree-based+NLOS+detection+method+for+the+UWB+indoor+location+tracking+accuracy+improvement&author=Musa,+A.&author=Nugraha,+G.D.&author=Han,+H.&author=Choi,+D.&author=Seo,+S.&author=Kim,+J.&publication_year=2019&journal=Int.+J.+Commun.+Syst.&doi=10.1002/dac.3997
https://doi.org/10.1002/dac.3997


Communications on Applied Nonlinear Analysis 

ISSN: 1074-133X 

Vol 31 No. 4s (2024) 

 

270 
https://internationalpubls.com 

Against NLOS Error Based on UWB 2022 41st Chinese Control Conference (CCC) Year: 2022 

[20] OmetovA. et al. A survey on wearable technology: History, state-of-the-art and current challenges Comput. Netw. 

(2021) 

[21] Satish Kumar Alaria “An Improved Algorithm for Faster Multi Keyword Search in Structured 

Organization”, International Journal on Future Revolution in Computer Science & Communication Engineering 

Vol-5, issue- 5 (2019), 19–23. 

[22] S. K. A. Improving the Performance of Heterogeneous Hadoop Clusters Using Map Reduce. IJRITCC 2019, 7, 

11-17. 

[23] Najneen Qureshi, Manish Kumar Mukhija and Satish Kumar, "RAFI: Parallel Dynamic Test-suite Reduction for 

Software", New Frontiers in Communication and Intelligent Systems, SCRS, India, 2021, pp. 165-176. 

https://doi.org/10.52458/978-81-95502-00-4-20. 

[24] S. K. A. Secure Algorithm for File Sharing Using Clustering Technique of K-Means Clustering. IJRITCC 2016, 4, 

35-39. 

[25] Satish Kumar Alaria and Abha Jadaun. “Design and Performance Assessment of Light Weight Data Security 

System for Secure Data Transmission in IoT”, Journal of Network Security, 2021, Vol-9, Issue-1, PP: 29-41. 

[26] Pratiksha Mishra Satish Kumar Alaria. “Design & Performance Assessment of Energy Efficient Routing Protocol 

Using Improved LEACH”, International Journal of Wireless Network Security, 2021, Vol-7, Issue-1, PP: 17-33. 

 

https://www.sciencedirect.com/science/article/pii/S1389128621001651
https://doi.org/10.52458/978-81-95502-00-4-20
https://computers.journalspub.info/index.php?journal=JWNS&page=article&op=view&path%5B%5D=672
https://computers.journalspub.info/index.php?journal=JWNS&page=article&op=view&path%5B%5D=672

