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	RESEARCH   FOCUS
The primary research focus of WCSP group is on wireless communications and signal processing systems. Current research areas include Ultrawideband, Orthogonal Frequency Division Multiplexing (OFDM)-based wireless systems, and multiple antenna transmit - receiver (MIMO) systems. Wireless systems including WPAN / WLAN / WMAN, wireless sensors and ad-hoc networks, cellular mobile radio, and specialized wireless systems such as wireless telemetry and telemedicine are among the research foci. Detailed overview of the research areas are as follows.
Orthogonal Frequency Division Multiplexing (OFDM)
and Multi-Carrier Modulation

The enhancement of current OFDM-based wireless communication systems and the development of future generation wireless and mobile communication systems based on OFDM and multi-carrier modulation are the primary research interests in this category. Focus is on physical layer and MAC layer algorithm development—as they relate to transmitter and receiver adaptation—and improved receiver algorithms, including channel estimation, frequency offset estimation, synchronization, interference cancellation, impairment modeling, and studying the effect of these algorithms on the system. 

A state-of-the-art wireless test-bed that was completed recently provides opportunities for us to study practical aspects of the OFDM-based wireless systems, including PA impairments and PA linearization studies. Additionally, accurate models of RF impairments are developed using the test-bed and computer-aided design tools. The test-bed includes a vector signal generator and a vector signal analyzer for generating custom waveforms and for testing the performance of the baseband transceiver algorithms under realistic radio conditions.
Ultrawideband (UWB) Research

This research category involves the development of new physical layer techniques for the improvement of ultrawideband (UWB) systems for personal area wireless communication systems. Goals include: increasing data rate, improving capacity and system performance, and reducing power consumption by designing simple and power-efficient algorithms. Research includes: multi-user interference cancellation; narrowband interference cancellation; multiple access techniques and multiple access code design; study/evaluation of modulation options; ultrawideband channel characterization and study of its effect on the system; synchronization, jitter and multipath analysis; and receiver enhancement algorithms, including improved channel estimation, practical and efficient RAKE receiver design, interference cancellation receiver algorithms, etc.

In addition, a generic wireless test-bed based on the UWB technology is being developed. This will allow the study of practical transceiver design techniques in realistic transmission scenarios. It will also allow for accurate modeling of the channel and other transceiver impairments. Energy Detector type of receiver is considered in the initial design of UWB testbed. Once successfully implemented, other type of receivers such as transmitted-reference and RAKE receiver implementation will follow.
MIMO Research

Our research goal in this category is to study and improve multiple-antenna transmit and multiple antenna receiver (MIMO) wireless communication systems. Issues related to mutual coupling and correlation between antenna elements, multi-user receiver algorithms for MIMO schemes, channel estimation and tracking of multi-channel, synchronization, and frequency offset estimation are among the focus areas. More specifically, our focus is the application of MIMO to OFDM systems (MIMO-OFDM). Currently, the OFDM-based wireless test-bed is being updated to test and develop MIMO-OFDM research.

Applications

In addition to the fundamental research issues related to the above technologies, practical and efficient applications of these technologies for several wireless networks are being studied. Major focus is on WLAN, WPAN, WMAN, and wireless sensors and ad-hoc networks. UWB is being studied for WPAN, wireless sensors and ad-hoc networks, and for specialized wireless networks. OFDM is being studied for WMAN, WLAN, and for the 4-G cellular.




Design of 802.16e Transceiver
Recently approved WMAN standard IEEE 802.16a (WiMax) provides point to multipoint broadband wireless access for fixed subscribers. The draft standard (IEEE 802.16e) updates and expands this standard to allow for mobile subscriber stations. This joint project targets the building of a product prototype (both base station and subscriber station units) for the IEEE 802.16e standard within a one-year time frame. USF's contribution will be in the MAC and PHY layers. Baseband signal processing algorithms for the transmitter and receiver will be developed and application of the software-defined radio concept to the standard will be investigated. The effect of mobility on overall system performance will be studied. We will be involved in algorithm/code development, hardware design, test and alignment procedures and field trials. This project is being funded by CableShoppe Canada, Inc.
Covert PHY Communication for OFDM systems

The main advantage of orthogonal frequency division multiplexing (OFDM) systems is the fact that they are immune to multipath distortion. In OFDM, the linear convolution of the transmitted signal with the channel impulse response (CIR) is converted to circular convolution by cyclically extending the transmitted OFDM symbols. This way, the transmitted data symbols can be recovered using a simple one-tap equalizer in the frequency domain. The redundancy introduced by the cyclic prefix (CP) can be used for channel estimation and synchronization as well. While having these benefits, CP may be undesirable for applications that require covertness, since the periodicity introduced by the CP may be explored by unwanted users who could synchronize to the transmitted signal. In this project, the effect of CP length on the performance of uncoded OFDM systems is investigated, and methods are proposed to prevent enemy exploitation of the CP for synchronization while maintaining the advantages of CP. 
We propose changing the size of the CP adaptively depending on the channel conditions, and appending random signals to some of the OFDM symbols in a pseudo-random manner in order to scramble the correlation peaks in time domain. When the correlation peaks are scrambled in time, unwanted users who do not know the scrambling pattern will be unable to combine the synchronization information from differing symbols. The proposed methods prevent enemy detection of the transmitted signal even if an initial synchronization is achieved by these unwanted users.  This project is being supported by Raytheon, Inc. Areas of application include defense and covert communications.

Joint Channel and Frequency Offset Estimation for OFDM Systems

In OFDM systems, the frequency offset is traditionally estimated using the periodic nature of the cyclic prefix, or training sequences are designed to have periodic parts. Although the transmission of repeated training information eases the frequency offset estimation problem, it creates security problems since the repetitive structure of the preamble may be used by unwanted users who could synchronize to the transmitted signal (both time and frequency synchronization). Therefore, secure synchronization techniques for preamble-based transmission need to be developed that use a preamble without periodic parts. In order to estimate the frequency offset of time-distorted signals without periodic preambles, the channel response should be known; or frequency offset and channel response should be estimated jointly. In this project, a joint channel and frequency offset estimation algorithm is proposed. The proposed algorithm uses a channel tracker to find the effective CIR, which is a combination of the CIR and frequency offset. The frequency offset and channel coefficients are then calculated from the effective CIR. With this method, covert transmission is possible since no periodicity is introduced in the transmitted signal. This project is being funded by Raytheon, Inc. Targeted application areas include covert communications and commercial wireless applications.

Non-Linear Effects of Power Amplifiers on WLAN System

The nonlinearities in the 802.11a/g WLAN system and their effects on system performance are being investigated. The 802.11a WLAN system is based on Orthogonal Frequency Division Multiplexing (OFDM). The OFDM system is based on multicarrier modulation in which Discrete Fourier Transforms (DFT/FFT) spectra are used for sub-carriers. Hence, high data rate bits are converted to low data rate parallel bits. Each bit stream is modulated on one of the N sub carriers. The sub-carriers are modulated using digital modulation techniques, such as BPSK, QPSK, 16-QAM, 64-QAM, etc. The OFDM system is advantageous due to its robust nature in a multipath environment and delay spread, and its resistance to fading. The main drawback in multicarrier systems is the high peak-to-average ratio (PAR) of the signal, which extends to as high as 10 dB. OFDM is capable of transmitting many sub-carriers when the phases are coherent. Due to this phenomenon, the peak power increases momentarily. Hence, the PAR increases as the number of carriers increases. The signal with large PAR causes distortions, such as Adjacent Channel Interference (ACI), frequency dependent distortions, and in-band distortions. As it is well known, power amplifiers, like the High Power Amplifier (HPA), are important components in the 802.11a WLAN system, because they increase the signal power at the transmitter end. The main disadvantage of the HPA, however, is that it exhibits a nonlinear characteristic. This nonlinearity causes IMD distortions and in-band distortions. Thus, it is important to characterize the distortions before the linearization techniques are implemented. This project aims to characterize the distortions and incorporate an efficient linearization technique to reduce them. This project is being supported by Conexant, Inc. Application areas include WLANs, WMANs.
Blind Modulation Detection

The objective of this research is to formulate efficient algorithms to classify the modulation scheme of a received signal in an adaptive Orthogonal Frequency Division Multiplexing (OFDM) system; the goal being to do so without using explicit signaling to transmit modulation information. This is particularly useful in adaptive modulation systems, where the modulation scheme changes dynamically with observed channel conditions. Blind detection increases data capacity by eliminating the need for signaling. Other advantages include source identification and noise identification.
Parameter Estimation

Adaptation schemes require a form of measurement (or estimation) of one or more variable(s) that might change over time. For example, adaptive modulation entails the need for accurate parameter estimation techniques in order to adapt transmission parameters to fully capitalize on observed channel conditions. Parameter estimates like SNR and noise variance make it possible to employ adaptive techniques to obtain optimal performance. Efficient parameter estimation together with blind detection algorithms would ensure a high degree of performance in adaptive OFDM systems, which are now being considered for use in next generation wireless communication systems. The information about the time/frequency/space selectivity of the channel can be very useful for improving the performance of the wireless radio receivers through transmitter and receiver adaptation. Techniques for estimating these parameters are being investigated. These include coherence bandwidth, which gives information about the frequency selectivity of the channel, and RMS delay spreads, which are estimated using autocorrelation of the frequency domain channel. In addition, Doppler spread estimation is being studied to adapt mobile OFDM systems.

Intercarrier Interference Cancellation

The loss of orthogonality among sub-carriers causes inter-carrier interference (ICI), which affects both channel estimation and detection of OFDM data symbols. Maximum Likelihood (ML) channel estimation and data detection methods for OFDM systems with ICI are being developed.

UWB Modulation Options

A major challenge when designing ultrawideband (UWB) systems is choosing the right modulation type. Data rate, transceiver complexity, BER performance, and spectral characteristics of the transmitted signal are all related to the employed modulation scheme. Determining the right modulation scheme for the right application is, thus, essential. Although various UWB modulation alternatives have been investigated in the past, the studies were mostly limited to generic conditions. This research covers the performances of UWB modulation schemes considering multipath, multi-user environment, narrowband interference, and timing jitter. Multi-band modulation scheme is being analyzed as a way of avoiding narrowband interference and obtaining flexibility in the desired data rate. Analyses are supported via computer simulations.

Effect of Timing Jitter on UWB Systems

Synchronization is a major problem in ultrawideband (UWB) communication systems, due to the current use of sub-nano second pulses in these systems. Timing jitter, which is mostly due to transceiver clock instabilities, is the mismatch of the received pulse with the correlator template. This degrades system performance, since it affects the correlator output. In this research, performances of different ultra-wideband (UWB) modulation schemes in the presence of timing jitter are being evaluated and compared. Static and Rayleigh fading channels are considered. For fading channels, flat and dispersive channels are assumed. First, bit error rate (BER) performances for each case are derived for a fixed value of timing jitter. Later, a uniform distribution of jitter is assumed to evaluate the performance of the system, and the theoretical results are verified by computer simulations. Finger estimation error is treated as timing jitter and an appropriate model is generated. Furthermore, a worst case distribution that provides an upper bound on the system performance is presented and compared with other distributions. Effects of timing jitter on systems employing different pulse shapes are analyzed to show the dependency of UWB performance on pulse shape. Although our analysis assumes uniform timing jitter, our framework can be used to evaluate the BER performance for any given probability distribution function of the jitter.
Synchronization
Detecting very short and large number of pulses in UWB radio requires accurate and rapid synchronization. UWB synchronization for coherent receivers consists of initial time acquisition of the signal, code tracking, and control logic algorithm that manages the transition between acquisition and tracking modes. The initial acquisition consists of symbol-, frame-, and pulse level timing acquisitions. In the symbol-level acquisition mode, the receiver tries to determine the existence of an incoming signal. If there is a signal, the code phase and the time offsets of each path need to be estimated. Therefore the correct code phase is searched over all possible code phases in the frame-level acquisition mode. Once the receiver locks into the code phase, the time offset of each pulse is estimated in the pulse-level acquisition mode. Our current research includes data-aided optimal and suboptimal timing acquisition algorithms for UWB correlator receiver and channel estimation algorithms for multiuser UWB using symbol-, frame-, and chip-spaced sampling. Assuming perfect synchronization to the desired multipath delays, symbol-spaced sampling allows both training based, and semi-blind channel estimation. Increasing the sampling rate introduces more complexity however this allows additional signal processing capability, enabling improved receiver performance. By processing the frame-spaced samples, simple and low complexity pulse discarding channel-estimators can be implemented to suppress multiuser interference effects. Chip-spaced sampling allows implementation of all-RAKE receivers using the LS channel estimation without need for multiple analog matched filters.
Time Hopping Sequence Design for UWB-IR Systems 

Time hopping (TH) is commonly used with impulse radio (IR)-based ultrawideband (UWB) systems as a multiple access scheme. In such systems, TH codes must be carefully designed to optimize system performance. The objective of this research is TH code design for both synchronous and asynchronous UWB-IR systems. For synchronous systems, a novel code assignment algorithm that depends on the number of users and delay spread of the channel is proposed. Then, the proposed codes are extended to quasi-synchronous scenarios. For asynchronous systems, frequency hopping (FH) codes obtained by finite field theory are applied to TH-IR, and their autocorrelation and crosscorrelation properties are investigated. A multiuser performance analysis method is proposed that makes use of code correlation characteristics.

UWB RAKE Receiver Design

The robustness of UWB against multipath fading is due to its time resolution, which, when combined with RAKE receivers, leads to a high diversity gain. RAKE receivers require the knowledge of channel parameters; path delays and attenuations incurred by the signal echo along the propagation paths. This research has focused on channel parameters estimation for UWB RAKE receivers. Finger estimation (path delays) was addressed first. The effects of pulse shaping and pulse position modulation (PPM) for the performance of finger estimation, and for the performance of RAKE receivers have been studied. New algorithms for finger assignment have been developed. 
Semi-Blind Channel Estimation for TH-UWB-IR Systems

Accurate estimation of the path attenuations are essential when coherent detection techniques like optimum-PPM and BPSK are used. Optimum RAKE combining schemes, such as maximal ratio combining (MRC), require accurate values of the path attenuations. In this research, semi-blind channel estimation algorithms are proposed for time hopping ultrawideband impulse radio (TH-UWB-IR) systems employing binary and higher order modulation schemes. The proposed algorithms estimate the channel using data symbols, and require only few training symbols to resolve the phase. For training-based channel estimation methods, it is demonstrated that interferer symbols cancel out when the statistics of the interferers are constant over the block. Also, a novel blind pulse discarding algorithm that improves both the channel estimation and the symbol detection in fading multiple access channels is proposed. As opposed to other methods available in the literature, proposed pulse discarding algorithm requires neither the knowledge of the multiple access codes of other users, nor the signal-to-noise ratio estimate over each pulse position.
Multi-User Interference Cancellation for UWB Systems

Coexistence of multiple UWB devices that are in close proximity of each other requires the handling of multiuser interference (MUI).  By appropriately designing the TH sequences, it is possible to avoid/reduce MUI to some extent. Asynchronous transmission of the users and the extremely dispersive nature of UWB channels require efficient and low complexity multiuser interference cancellation techniques that further improve system performance. In this research, a low complexity maximum likelihood based MUI cancellation approach is investigated, which makes use of the fact that very few of the desired pulses are corrupted by other users. The proposed approach requires only the knowledge of the TH sequence of the desired user. Furthermore, only the interfering users are considered in the implementation rather than all the users in the system, which considerably decreases the implementation complexity. In addition to the proposed MUI cancellation approach presented above, other low complexity approaches are being investigated (such as subtractive interference cancellation methods, Kalman filters, and subspace approaches).
Narrow-Band Interference Cancellation in UWB Systems

UWB systems operate over extremely wide frequency bands (wider than 500 MHz), where other narrowband technologies also operate with much higher power levels. The unlicensed usage of a very wide spectrum that co-exists with the spectra of other narrowband technologies brings about some concerns. Therefore, significant amount of research has been carried out lately to quantify the effect of UWB signals on narrowband systems.                                                                                           

                                                                                            
The transmitted power of UWB devices is regulated by the government agencies (like FCC in the United States) so that the effect of the UWB signal on the narrowband technologies is negligible. Therefore, the regulated very low power transmission enables the UWB systems to co-exist with other technologies. However, looking at the phenomenon from the other side, the influence of the narrowband signals on the UWB  signal can still be significant and in the extreme case, it may jam the UWB receiver completely. Even though the narrowband  signals interfere with only a small fraction of UWB signal's spectrum, due to their relatively large power with respect to the UWB signal, the performance and capacity of UWB systems can be affected considerably. The recent studies show that the bit-error-rate (BER) performance of the UWB receivers is  greatly degraded due to the impact of narrowband interference (NBI).                                                                           


The high processing gain of the UWB signal can cope with these narrowband interferers to some extent.  However, in many cases, even the large processing gain will not be sufficient alone to suppress relatively high power narrowband interferers. Therefore, either the UWB system design needs to consider avoiding the transmission of the UWB signal over the frequencies of the strong narrowband interferers, or the UWB receivers require to employ NBI suppression techniques to improve performance, capacity, and range of communication.                                                                                                          


NBI is not a new problem. It has been studied extensively for wideband systems like direct sequence spread spectrum - code division multiplexing (DSSS-CDMA) based wireless communications and for the operation of broadband Orthogonal
Frequency Division Multiplexing (OFDM) system in unlicensed frequency bands. In DSSS-CDMA systems, NBI is partially handled with the processing gain, and by employing interference cancellation techniques. Approaches including notch filtering, linear and non-linear predictive techniques, adaptive methods, minimum mean square error (MMSE) detectors,
and transform domain techniques have been investigated extensively for  interference suppression.                                  

Optimization of Energy Detector Receivers for UWB Systems                                                                                                           


Energy detector is a non-coherent approach for ultrawideband (UWB) signal reception, where low complexity receivers can be achieved at the expense of some performance degradation. As opposed to more complex RAKE receivers, estimation of individual pulse shapes, path amplitudes, and delays at each multipath component is not necessary for energy detectors. Moreover, energy detectors are less sensitive against synchronization errors, and are capable of collecting the energy from all the multipath components. On-off keying (OOK) is one of the most popular non-coherent modulation options that has been considered for energy detectors. OOK based implementation of energy detectors is achieved by passing the signal through a square law device (such as a Schottky diode operating in square-region) followed by an integrator and a decision mechanism, where the decisions are made by comparing the outputs of the integrator with a threshold. Two challenging issues for the enhancement of energy detector receivers are the estimation of the optimal threshold, and the determination of synchronization/dump points of the integrator. The effect of integration interval on the system performance has been analyzed before for energy detectors, and for transmitted reference (TR) based non-coherent receivers. In this work, a practical and adaptive receiver design for UWB signal transmission is developed. An energy detector receiver that estimates the optimal decision threshold and integration parameters is discussed. Suboptimal solutions which allow
practical and simple implementations with slight performance degradation are also provided.
Ultrawideband Testbed

The objective of this research is to design and implement a flexible UWB testbed using FPGAs. Both conventional and proprietary (which considerably decrease the overall system cost) approaches are being investigated. The challenges being faced include pulse generation, antenna design, channel estimation, and acquisition and synchronization. The project tasks to date are architecture verification using MATLAB and SystemView tools, architecture definition (in process), hardware selection (in process), step recovery diode (SRD) Gaussian pulse generation (successfully simulated in Agilent ADS EDA software), and pulse generator hardware prototype for measurements (soon). After the testbed is completed, it will gradually be improved to include the algorithms developed in our research labs, such as NBI and MUI cancellation algorithms.

Wireless Ultrawideband (UWB) Sensor Interface

This proposal addresses the need to eliminate short-range wires between ground-based sensor network devices and within rocket telemetry systems. Wiring in general for any application is not desired because of the limitations it creates on device mobility as well as the high complexity and cost involved in the installation of large complex systems. In addition, the implementation of wires in rocket telemetry systems limits fuel capacity and adds weight to the system. For ground-based sensor networks, wires impose restrictions on the placement of the sensor devices. By implementing a UWB wireless communication interface, size, power consumption, cost, and weight can be reduced with the added bonus of creating a secure adaptive communication system that is robust to interference. This work is being supported by Custom Manufacturing and Engineering (CME), Inc.
Fully Reconfigurable Wireless Interconnects for Future Satellites

Next generation applications will be deployed based on wireless, networked, power constraint, embedded systems on a chip or systems on a multi-chip module (MCM).  Both future commercial and military applications require fully reconfigurable (programmable), flexible, multi-functional, and inter-operable hardware architectures. The reconfigurability enables the usage of such hardware architecture for an unlimited number of military situations and scenarios. The focus of this project is to develop wireless interconnects for fully reconfigurable, multi-functional, and programmable next generation satellite systems. This work is being supported by Honeywell, Inc.
Mutual Coupling and Pattern Diversity for MIMO Systems

The use of closely spaced multiple antennas in handheld devices causes significant mutual coupling between antenna elements.  With mutual coupling, antenna patterns are deformed, causing a pattern-diversity-like scheme. However, since the antenna pattern is changed, the antenna gain will deviate from its original value. Hence, SNR will be affected as well due to mutual coupling. While it is known that pattern diversity causes antennas to be less correlated, thereby resulting in a higher MIMO capacity, the effect of modified antenna gain also needs to be taken into account for a complete analysis. In this research, by using dipole and patch antennas, the effect of mutual coupling on MIMO capacity is being investigated.
Spatial Correlation Analysis

Spatial correlation among MIMO antennas is a critical parameter that needs to be taken into account in the system analysis; however, the analysis of spatial correlation is greatly determined by the scattering environment. One of the goals of this study is to develop a scattering environment based on observed data from previous studies. Once a scattering environment is developed, wireless channels can be based on this scattering model. The spatial correlation analysis can then be performed. In this study, by assuming a 3D scattering environment, first, a MIMO channel model is developed; then, analyses are performed so that adaptive algorithms, like antenna selection and angle spread estimation, can be developed. 
Channel Estimation for MIMO-OFDM Systems

The goal of this study is to develop high performing and low-complexity MIMO-OFDM channel estimation. Although there are many channel estimation techniques developed for MIMO-OFDM systems, LMMSE channel estimation is optimal in the sense of MSE. In real time, however, LMMSE is prohibitively and computationally complex. Hence, instead of adaptive real time LMMSE estimation, the so called robust channel estimation techniques are introduced. These techniques assume a fixed environment, and perform the estimation accordingly. In this study, by relating the subspaces of the CIR and CFR, low-complexity, real-time LMMSE channel estimation techniques are being investigated. Moreover, channel estimation algorithms employing the spatial correlation as side information will also be investigated.
Space-Time Coding for Multiple Antenna Communication Systems

Transmit diversity and space time coding have gained a lot of interest in the area of wireless communications systems. However, there are many issues that need to be improved before these technologies can be efficiently applied. The project is looking at efficient transmitter and receiver designs as related to these technologies. Channel estimation and equalization of the space-time coded signals are some of the research topics that are under investigation. The study will investigate the performance of the space-time codes in correlated environments for a higher system performance.
Pushing the Limits of Wireless Data through Multiple-Input Multiple-Output (MIMO) Antenna Systems and Their Application to the Current WLAN Test-Bed
Recently, we have developed an orthogonal frequency division multiplexing (OFDM)-based wireless local area network (WLAN) test-bed with the support of industry (Intersil, Globespan Virata, and Agilent technologies). The test-bed integrates the Vector Signal Generator (VSG), Vector Signal Analyzer (VSA), and RF hardware with computer aided design (CAD) tools including Matlab, Advanced Design System (ADS), and Signal Studio. The test-bed setup is very flexible and allows for the generation of various signal waveforms, measurements and modeling of the RF and baseband circuitry under different stimulus conditions, modeling of the wireless radio channel effect and RF impairments, and optimization of the transceiver structures and baseband algorithms. This test-bed opened up many research opportunities for the WAMI group at USF. One such area is the study of MIMO antenna systems.

In this work, we study the practical issues related to MIMO technology for OFDM-based wireless communication systems (MIMO-OFDM). Our current OFDM-based WLAN test-bed will be equipped with MIMO, and the extended test-bed will be used to study the practical issues in both RF and baseband signal processing.  The RF power amplifier is a key element in providing required transmit powers at minimal distortion and maximum efficiency.  Proper PA modeling and the impact of MIMO implementations on the system effects of PA non-linearities are sub-topics to be studied in this work. 

Efficient detection of the transmitted signals also requires the MIMO matrix channel estimation to be accurate. Improved channel estimation can be developed by exploiting the channel statistics across multiple antenna elements. In addition to channel estimation, synchronization (both timing estimation and frequency offset correction) is another area that will be studied. This work is being supported by Conexant, Inc.
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