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Abstract- Unlike wired networks that can provide large bandwidth, the bandwidth of wireless local area networks (WLANs) is rather l

imited because they rely on an inexpensive, but error prone, physical medium (air). Hence, it is important to improve their loss perfor

mance. In this paper, we introduce an efficient orthogonal QPSK-based Time hopping spectral shaping technique. Our proposed QPS

K time hopping approach is based on orthogonal spreading codes. We showed the comparison between QPSK-time hopping and QPS

K frequency hopping. Simulation is performed for a QPSK system in Raleigh Fading channels. The comparison of which shows that b

it error rate in QPSK-time hopping is less than QPSK- frequency hopping. This comparison also shows that error rate with distance de

creases more in QPSK with time hopping as compared to QPSK with time hopping. 

 

Index Terms- Wireless LAN, Time Hopping, Spread Spectrum 

1. INTRODUCTION 

Spread-spectrum telecommunications is a signal structuring technique that employs direct sequence, time hopping, frequency hopping, 

or a hybrid of these, which can be used for multiple access and/or multiple functions. This technique decreases the potential 

interference to other receivers while achieving privacy. Spread spectrum generally makes use of a sequential noise-like signal 

structure to spread the normally narrowband information signal over a relatively wideband (radio) band of frequencies. The receiver 

correlates the received signals to retrieve the original information signal. Originally there were two motivations: either to resist enemy 

efforts to jam the communications (anti-jam, or AJ), or to hide the fact that communication was even taking place, sometimes called 

low probability of intercept (LPI). The short-range wireless scene is currently held by four protocols: the Bluetooth, and UWB, 

ZigBee, and Wi-Fi. The table 1 contains comparison between different wireless technologies. It includes data on the range, data rate 

transmission, possibility of network building ,reliability ,power consumption and so on. 

1.1 DIFFERENT WIRELESS TECHNOLOGIES USED 

 1.1.1 Bluetooth 

 Bluetooth[2] is a short range wireless technology originally intended to replace the cable(s) connecting portable and/or fixed 

electronic devices. It’s a technology standard using short range radio links. Bluetooth operates Frequency Hopping Spread Spectrum 

(FHSS) to avoid any interference. Bluetooth radios operate in the unlicensed ISM band at 2.4 Gigahertz using 79 channels between 

2.402 GHz to 2.480 GHz.  

 1.1.2 Wireless Fidelity (Wi-Fi) 

Wireless Fidelity (Wi-Fi) is a generic term that refers to the IEEE 802.11 communications standard for wireless local area networks 

(WLANs). Wi-Fi network connect computers to each other, to internet and to the wired network. The 802.11 standard has been 

developed to enable wireless local area networking in either the 2.4 GHz or 5.2 GHz ISM bands (Industrial, Scientific, and Medical 

band) which is qualified by Federal Communications Commission (FCC). Specifically, the frequencies used by 802.11 fall in the 

unlicensed bands, these are frequency bands which anyone can use for radio communication (without a license). The exact frequencies 

used (and how they are used) depends on whether the system follows 802.11b, 802.11a, or 802.11g. 

 1.1.3 ZigBee  
ZigBee is a specification for a suite of high level communication protocols using small, low-power digital radios based on an IEEE 

802 standard for personal area network. ZigBee devices are often used in mesh network form to transmit data over longer distances, 

passing data through intermediate devices to reach more distant ones. 

ZigBee is targeted at applications that require a low data rate, long battery life, and secure networking. ZigBee has a defined rate of 

250 kbit/s, best suited for periodic or intermittent data or a single signal transmission from a sensor or input device. Applications 

include wireless light switches, electrical meters with in-home-displays, traffic management systems, and other consumer and 

industrial equipment that requires short-range wireless transfer of data at relatively low rates. 

In telecommunication [1] and radio communication, spread-spectrum techniques are methods by which a signal (e.g. an electrical, 

electromagnetic, or acoustic signal) generated with a particular bandwidth is deliberately spread in the frequency domain, resulting in 

a signal with a wider bandwidth. These techniques are used for a variety of reasons, including the establishment of secure 

communications, increasing resistance to natural interference, noise and jamming, to prevent detection, and to limit power flux density 

(e.g. in satellite downlinks). 
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1.2 EARLIER TECHNIQUES USED 

There are three  main ways[3] by which WLANs transmit information : microwave, infrared and spread spectrum. 

1.2.1 Microwave Transmission 
Motorola's WLAN product transmits data by using low powered microwave radio signals. It operates at the 18GHz frequency band. 

1.2.2 Infrared Transmission 
One of the major properties of IR transmission is that it is by nature a highly directive transmission scheme. This means that they can 

be used for point to point communications, but not for broadcast systems. To use IR transmission for broadcast systems, some extra 

devices - such as a reflector or a repeater - should be used.This method uses infrared light to carry information. There are three types 

of infrared transmission: diffused, directed and directed point-to-point. 
1.2.3 Spread Spectrum Transmission 
In telecommunication [4] and radio communication, spread-spectrum techniques are methods by which a signal (e.g. an electrical, 

electromagnetic, or acoustic signal) generated with a particular bandwidth is deliberately spread in the frequency domain, resulting in 

a signal with a wider bandwidth. These techniques are used for a variety of reasons, including the establishment of secure 

communications, increasing resistance to natural interference, noise and jamming, to prevent detection, and to limit power flux density 

(e.g. in satellite downlinks). Based on the kind of spreading modulation, spread spectrum systems are broadly classified as: 

(i) Direct sequence spread spectrum (DS-SS) systems 

(ii) Frequency hopping spread spectrum (FH-SS) systems 

(iii) Time hopping spread spectrum (TH-SS) systems. 

1.3 QUADRATURE PHASE SHIFT KEYING (QPSK) SIGNALING 

QPSK [4] is a method for transmitting digital information across an analog channel in which both a cosine and sine carrier wave are 

varied in phase, keeping amplitude and frequency constant. In this modulation technique, two bits are transmitted in a single 

modulation symbol, resulting In four different symbols. The phase of the carrier takes one of the four possible values, such as 0, π/2, 

π, 3π/2, where each phase corresponds to a unique symbol. The block diagram of a typical QPSK transmitter is shown in figure 1.1 

 
Figure 1.1 QPSK Transmitter 

The input bit stream db (t) is split into two bit streams, the in-phase and quadrature streams or I-channel and Q-channel bit streams. 

These two bit streams are then separately modulated by two carriers, which are in phase quadrature. Each modulated signal is a BPSK 

signal and is summed to produce a QPSK signal. At the receiver, a band pass filter is used to remove noise and adjacent channel 

interference. The filtered signal is then split into two parts, and each part is coherently demodulated using the in-phase and quadrature 

carriers. The demodulator outputs are passed through a decision-making circuit that generates estimates of the in-phase and quadrature 

binary streams. These two streams are then multiplexed to reproduce the original message binary sequence. In QPSK, two bits are 

transmitted in a single modulation symbol instead of one bit as for BPSK. Thus, the bandwidth efficiency of QPSK is twice that of 

BPSK. This is because the main lobe of the power spectral density of a QPSK i.e., the null-to-null bandwidth, is equal to twice the 

symbol rate, which is half that of a BPSK signal. Furthermore, the bit error probability of QPSK is nearly identical to BPSK, while 

twice as much data can be sent in the same bandwidth. When there is no cross talk or interference between the two quadrature 

channels, for coherent detection, the bit error probability for QPSK is given as  

 
where E, is the bit energy, No is the one-sided noise spectral density and Q(x) is defined  as  
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1.4 RAYLEIGH FADING 

Rayleigh fading[5] is a statistical model for the effect of a propagation environment on a radio signal, such as that used by wireless 

devices. 

Rayleigh fading models assume that the magnitude of a signal that has passed through such a transmission medium (also called a 

communications channel) will vary randomly, or fade, according to a Rayleigh distribution — the radial component of the sum of two 

uncorrelated Gaussian random variables. 

Rayleigh fading is viewed as a reasonable model for tropospheric and ionospheric signal propagation as well as the effect of heavily 

built-up urban environments on radio signals. Rayleigh fading is most applicable when there is no dominant propagation along a line 

of sight between the transmitter and receiver. 

Rayleigh fading is a reasonable model when there are many objects in the environment that scatter the radio signal before it arrives at 

the receiver. The central limit theorem holds that, if there is sufficiently much scatter, the channel impulse response will be well-

modelled as a Gaussian process irrespective of the distribution of the individual components. If there is no dominant component to the 

scatter, then such a process will have zero mean and phase evenly distributed between 0 and 2π radians. The envelope of the channel 

response will therefore be Rayleigh distributed 

 

2. PROPOSED WORK 

2.1 PROBLEM FORMULATION 

Methodology of the proposed work is given below:  

1. Design of different channels with wireless LAN. 

2. Insert time hopping technique in communication channel  

3.  Check the performance of system using network communication density. 

4. Advancement of system using hopping keys having orthogonal nature.  

5. Compare the performance of system using bar graph and spectrum density graph. 

2.2 FLOWCHART OF THE PROPOSED WORK 

. 

 
 

Figure 2.1 Flowchart of the proposed work 
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 At the transmitter end we are sending the signal(bit stream). 

 The bit stream consist of random signal at different orthogonal hopping frequencies. 

 The communication channel received the bit stream , reshape the bit stream using orthogonal hopping keys. 

 The signal is modulated using shift keys at quad degree levels. These are transmitted at specified symbol rate. 

 Some noise in the form of fading is introduced in the channel to check the robustness of the system. 

 At the receiver bit stream is collected and compared with the transmitted bits. 

 Spectrum density of the received data is calculated and plotted using diagram. 

 The BER is calculated for the system and compared with frequency hopping . 

 
3. RESULTS AND DISCUSSIONS 

 

In this research, a QPSK Time Hopping simulation model was developed. The aim of development of this model is primarily to study 

the system and evaluate its performance in Raleigh fading channel and compare results with analytical results.This provide the 

simulation results with QPSK with orthogonal codes. 

3.1. Parameters used:  

1. BER : In digital transmission, the number of bit errors is the number of received bits of a data stream over a communication 

channel that have been altered due to noise, interference, distortion or bit synchronization errors.  

The bit error rate (BER) is the number of bit errors per unit time. The bit error ratio (also BER) is the number of bit errors divided by 

the total number of transferred bits during a studied time interval. BER is a unitless performance measure, often expressed as 

a percentage. 

2. SNR :Signal-to-noise ratio (abbreviated SNR or S/N) is a measure used in science and engineering that compares the level of a 

desiredsignal to the level of background noise. It is defined as the ratio of signal power to the noise power, often expressed in decibels. 

A ratio higher than 1:1 (greater than 0 dB) indicates more signal than noise. 

3. DISTANCE :The distance here refers to the distance between the transmitter and the receiver (in meters). 

    

 

On comparing results obtained using various random number stream generators(of MATLAB) it was found that best results are 

achieved using  mersenne twister and Modified subtract with borrow generator. 
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Messene 

twister 

.0001 .0045 .008 .04 .0032 .0098 .0001 .0045 

Multiplicativ

e 

congruential 

generator 

.0005 .0075 .0045 .06 .0018 .0099 .0006 .007 

Multiplicativ

e lagged 

Fibonacci 

generator 

.0005 .005 .004 .04 .0017 .0092 .0005 .0049 
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Combined 

multiple 

recursive 

generator 

.0006 .005 .005 .04 .002 .0102 .0008 .005 

Shift-register 

generator 

summed with 

linear 

congruential 

generator 

.0004 .005 .0035 .04 .0015 .0099 .0004 .0045 

Modified 

subtract with 

borrow 

generator 

.0002 .0045 .0017 .04 .0015 .0076 .0003 .0045 

 

Thus  on making comparison between  time hopping and frequency hopping ,we can say that better results are obtained with time 

hopping. 

  

Results using Modified subtract with borrow generator 

  

Figure 3.1 Spectrum density graph for orthogonal system         Figure 3.2  Error rate comparison of QPSK system with or without                                                                                                  

Time Hopping 

 

Figure 3.1  shows the spectrum density graph comparison of QPSK time hopping and QPSK frequency hopping using Modified 

subtract with borrow generator.This graph shows that the bit error rate for the same signal to noise ratio in QPSK time hopping is less 

than QPSK frequency hopping. 

 

 

Figure 3.2 shows the Error rate comparison of QPSK system with or without Time Hopping using Modified subtract with borrow 

generator.This shows that with increasing distance the error rate of QPSK system with Time hopping decreases more as compared to 

the QPSK system without time hopping. 
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Figure 3.3 BER Comparison graph for QPSK time hopping and QPSK frequency hopping  

Figure 3.3 shows the BER comparison for two channels for QPSK time hopping and QPSK frequency hopping using Modified 

subtract with borrow generator. This bar graph shows that bit error rate decreases as we use the QPSK with time hopping as compared 

to the QPSK with frequency hopping. 

 

Result using mersenne twister 

  
Figure 3.4 Spectrum density graph for orthogonal system        Figure3.5Error rate comparison of QPSK system with or without Time 

Hopping 

 

Figure 3.4 shows the spectrum density graph comparison of QPSK time hopping and QPSK frequency hopping using Mersenne 

twister.This graph shows that the bit error rate for the same signal to noise ratio in QPSK time hopping is less than QPSK frequency 

hopping. 

 

 

 

Figure 3.5 shows the Error rate comparison of QPSK system with or without Time Hopping using Mersenne twister.This shows that 

with increasing distance the error rate of QPSK system with Time hopping decreases more as compared to the QPSK system without 

time hopping. 
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Figure 3.6  BER Comparison graph for QPSK time hopping and QPSK frequency hopping  

Figure 3.6 shows the BER comparison for two channels for QPSK time hopping and QPSK frequency hopping using Mersenne 

twister.This bar graph shows that bit error rate decreases as we use the QPSK with time hopping as compared to the QPSK with 

frequency hopping. 

 

 

4.  CONCLUSION 

Spectral shaping is one of the primary technical challenges in spectrally constrained multiple access applications. In this thesis, we 

introduce an efficient orthogonal QPSK-based Time hopping spectral shaping technique. Our proposed QPSK time hopping approach 

is based on orthogonal spreading codes. We showed the comparison between QPSK-time hopping and QPSK frequency hopping. As 

noted, the system performance is done in terms fo bit error probability. The simulation model is developed in MATLAB which 

utilized the orthogonal spreading codes to perform the simulation. Simulation is performed for a QPSK system in Raleigh Fading 

channels. This comparison shows that bit error rate in QPSK-time hopping is less than QPSK- frequency hopping.This comparison 

also shows that error rate with distance decreases more in QPSK with time hopping as compared to QPSK with time hopping. 

 

5.  FUTURE SCOPE 
Our future studies include analyzing the performance of various spreading code sets relative to different desired PSD shapes. Another 

important issue that needs to be addressed is the quantization effect on our system performance. Meanwhile, we also hope that this 

work can trigger the further investigations pertaining to spread spectrum signaling, especially the combinations of this technique with 

other advanced hardware/software tools. Finally, we plan to study our approach in the context of different applications, such as UWB. 
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