ACQUISITION OF INSTRUMENTATION FOR WIRELESS ENGINEERING RESEARCH

The wireless industry has undergone dramatic growth in the past decade. This field has expanded from a few simple short-range devices to global wireless networks linking a wide variety of hand-held and other communicating devices, such as cellular telephones with internet and email capability, personal digital assistants, notebook and desktop computers, global positioning systems, medical monitors, and more.  Wireless devices are proliferating and expanding in capability to work with voice, video, and data, while becoming more personal and portable. Networks of these devices are becoming more complex to design and manage effectively, and to integrate with existing telecommunications networks. All this growth has resulted in many new engineering problems to be solved. There already exists a critical shortage in industry for RF/wireless circuit, software, system, and network designers, and this shortage is expected to increase over the next two decades.

The major trend in the development of next generation wireless products is reduction in physical size together with increasing functionality, operating frequency, and bandwidth. Present and future IEEE standards such as Bluetooth, IEEE 802.11a/b/g/n and Ultra Wide Band (UWB) for wireless communications are evolving towards higher data rates over shorter distances. However, in the cellular industry, the trend is somewhat different resulting in increased range, dense capacity, and more features such as multi-media capabilities. It is expected that this trend will continue in the foreseeable future with no sign of abating. Obviously, the new generation of engineers must be well-versed with these trends, and invariably it is the responsibility of researchers to address these issues.

Recognizing these factors, Auburn University, using the interest generated from a generous gift of $25 million from Dr. Samuel Ginn, retired Chairman of Vodafone AirTouch, PLC, started a wireless research/training center which critically caters to the needs of undergraduates as well as researchers and graduate students. This center offers a Bachelor’s degree in Wireless Engineering which is the one and only such program in the country. The new Wireless Engineering Program is a joint offering of the Department of Electrical and Computer Engineering (ECE) and the Department of Computer Science and Software Engineering (CSSE), leading to the Bachelor of Wireless Engineering (BWE) degree. It is an interdisciplinary venture that blends the expertise and strengths of faculty and programs from ECE and CSSE. Building on traditional broad-based programs in these departments, the BWE program has been designed to provide the knowledge and skills required to practice engineering in the wireless telecommunications and data networking industry in these times of a mobile society. Graduates of this program will be able to design, analyze, test, administer and support wireless network systems, software, communication devices, and other components used in wireless computer and telecommunication networks. Examples of businesses who are interested in these graduates include wireless network service providers, manufacturers of telecommunication network switching equipment, wireless application developers, and manufacturers of personal wireless communication appliances, such as telephones and personal digital assistants.

Auburn University is also active in the Global Wireless Education Consortium (GWEC), a collaboration of wireless industry companies and educational institutions. Through GWEC, Auburn University will share its expertise and developments in wireless engineering education and research with GWEC industrial and academic partners and learn from the contributions of these partners. 

The wireless engineering program at Auburn University is also enhanced by $3.15 Million from the Vodafone-US Foundation for support of scholarships and fellowships exclusively for students. Of the total amount, $2M will provide undergraduate scholarships, $1M will provide graduate fellowships, and 0.15M is allocated for program development. However, no part of this money may be used for equipment acquisition. 

As a major research/teaching institution in the Southeast, Auburn University already possesses fairly decent infrastructure consisting of HP4396B Network Analyzer,  HP8684A Signal Generator, HP 4145A Semiconductor Parameter Analyzer, to name a few. However, to meet our goals and aspirations to become the leading center for wireless education and research in the country we need to constantly upgrade the existing infrastructure by supplementing with the latest tools. This is especially true because of the fast changing landscape in the wireless technology arena. 

The requested instruments and equipment stem from our idea of developing an integrated research and teaching laboratory leading to a highly educated and cognizant workforce capable of designing and producing high quality wireless products for future generation systems, both in the cellular and wireless internet industry. The trends in wireless product design and development may be categorized into four main areas viz. a) Radio frequency Integrated Circuit (RFIC) chip design, b) microsensor design including MEMS sensors and biological sensors, c) Smart antenna design incorporating MEMS technology and d) Integrating a), b), and c) to develop and test products for all aspects of wireless/sensor networking such as mobile ad hoc networks, software radio, cognitive radio and impulse radio based UWB technology.  It is imperative that, in order to develop state of the art products in wireless systems, one must possess state of the art equipment and instruments for design, testing and verification.

The equipment requested for the above mentioned research areas can be classified into four major groups. a) The Spectrum Analyzer E4448A, High Sample Rate Digital Oscilloscope, and Noise Figure Analyzer are very useful for RF and Digital CMOS chip design. b) Antenna research and education requires the Vector Network Analyzer, Wireless Anechoic Chamber equipment for measurement, and a high-end, high memory multiprocessor computer for numerical analysis of radiation patterns. c) The proposed sensor research requires the Microsensor Dynamic Characterization Unit and associated UWB software. d) Lastly, for field testing of wireless products, an array of workstations, wireless enabled laptops, light-weight laptops, PDAs, wireless robots are required which supplement the networking area. 

a) RFIC Chip Design and Test Equipment

Silicon-Germanium (SiGe) technology is the driving force behind the explosion in low-cost, lightweight, personal communication devices like digital wireless handsets, as well as other entertainment and information technology gadgets like digital set-top boxes, Direct Broadcast Satellite (DBS), automobile collision avoidance systems, and personal digital assistants.  SiGe extends the life of wireless phone batteries, and allows smaller and more durable communication devices.  Products combining the capabilities of cellular phones, global positioning systems, and internet access in one package, are being designed using SiGe technology. These multifunction, low-cost, mobile client devices capable of communicating over voice and data networks represent a key element of the future of computing and communications. 

The heart of SiGe technology is a SiGe heterojunction bipolar transistor (HBT), which offers advantages over both conventional silicon bipolar and silicon CMOS for implementation of communications circuits [1]. SiGe research at Auburn includes the design, optimization, and testing of state-of-the-art SiGe heterojunction bipolar transistors and integrated circuits. We work closely with IBM, a world leader of SiGe technology since 1982, and the first company to broadly manufacture SiGe technology. 
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We currently have an RF characterization system consisting of a microwave probe station, an HP4155 semiconductor parameter analyzer, an 8510C Vector Network Analyzer based S- and parameter measurement system (45MHz to 50GHz), all controlled by a computer program.  This RF characterization system is heavily used in characterizing state-of-the-art SiGe heterojunction bipolar transistors (HBTs) and on-chip passive components.  An example of a successful RFIC design is a MIMO WLAN transceiver [2]. Figure 0 shows the die photo and measured performance of the SiGe WLAN transceiver MMIC, which has met or exceeded the requirements specified in IEEE 802.11a/b/g and Japan WLAN standards. However, the laboratory is lacking in some key instrumentation necessary for characterization of noise and linearity performance of RF devices and circuits.  We have relied on measurements at IBM and Georgia Tech for noise and load-pull measurements in the past.  This short term solution, however, is tedious and slow, and prevents us from optimizing the measurements and design on our own.  The instrumentation requested would strongly support four current funded projects (including two by NSF) on RF devices and RF integrated circuits.

Moreover, we have been developing a Built-In Self-Test (BIST) technique for RF wireless systems that provides not only fault detection but also measurement of analog functionality for on-chip and in-system calibration and compensation of the RF circuitry.  The direct digital synthesizer (DDS) based BIST approach can generate a variety of modulated waveforms and frequency tones for RF and analog circuit functional testing including measurement of amplifier linearity and frequency response [3].  The vast majority of the BIST circuitry resides in the digital portion of the mixed-signal system to minimize area and performance impact on the RF circuitry [4].  The following instruments and equipment are needed to accurately analyze, improve, and further develop RFICs with BIST approach.

Requested Equipment 

1) Agilent E8257D-540 Signal Generator provides RF source signals to test for linearity under two tone test and also serves as a high-frequency clock generator.  The signal generator is capable of generating signals in the microwave frequency range of up to 20 GHz.  Selecting Option 520 provides a 250 kHz to 20 GHz frequency range for the PSG.  Option 520 is required for signal generation applications that call for carrier frequencies at or below 20 GHz.  Common applications include test stimulus generation for component and receiver test in point-to-point and point-to-multipoint broadband wireless communications systems, radar and electronic warfare systems, and satellite systems.  

2)  Agilent 54852A Digital Oscilloscope will be used to evaluate the analog waveform of RFIC inputs and outputs.  

3) Spectrum Analyzer along with the Probe will be used to measure the spectral performance of RFIC output, evaluate the phase noise and spurious components of phase lock loops and frequency synthesizers.  Agilent 8560EC Series Portable Spectrum Analyzers are a general purpose high performance spectrum analyzer family. The spectrum analyzer consisting of a multiplier and accumulator avoids the use of a traditional FFT-based spectrum analyzer, which consumes more power and die area.  This is also the only rugged portable spectrum analyzer with frequency pre-selection capability of up to 50 GHz and a complete range of external mixers up to 110 GHz. The ability to measure integrated phase noise makes this analyzer ideally suitable for aerospace, defense and commercial RF, microwave, and millimeter-wave applications.  The 8560EC Series spectrum analyzers offer outstanding specifications for sensitivity, phase noise, the second and third order dynamic range, and the voltage standing wave ratio (VWSR). 

4) Agilent N8975A is a high performance noise figure analyzer designed to make fast, accurate and repeatable noise figure measurement in the frequency range of 10 MHz to 26.5 GHz.

Educational and Broader Impacts

The requested instruments would enable the advancement of our research activities in high-speed RFIC design and SiGe device development at Auburn University. The research is multidisciplinary, linking the fields of IC design, RF technology, fabrication and packaging.  The graduate and undergraduate students pursuing courses in the RFIC design area will be trained to provide hands-on experience using the requested instruments.  Currently, there are very few schools in the US that offer courses in the high-speed RFIC design and SiGe device technology for wireless communications.  It is hoped that our educational effort will help spur the development of advanced courses in high-speed RFIC design and SiGe device modeling. Auburn graduates from the WEREC program will be better qualified in the competitive careers in the semiconductor industry and academia. The broader impact of this effort lies in graduate education of underrepresented groups, research at an EPSCoR institution, participation of students in professional society meetings, and dissemination of the research results through teaching at both undergraduate and graduate levels.

b) MEMS for Wireless Systems

Microelectromechanical System (MEMS) will play a crucial role in wireless communication in the 21st century.  They have proved to be a revolutionary technology in many application arenas, including accelerometers, pressure sensors, micro-optics, inkjet nozzles, optical scanners, and fluid pumps. Promising applications of MEMS in the wireless area include miniaturized cellular terminals, robotics, implantable medical devices, optics etc. [8]-[10]. Over the next five to ten years, MEMS low power inertial measurement unit, microphones, pressure sensors, resonators and Biosensors are forecasted to find applications in low power wireless sensor systems [11]. 

MEMS based sensors can be deployed on the ground, in the air, under water, on bodies, in vehicles, and inside buildings. Cheap, smart devices with multiple onboard sensors, networked through wireless links and the Internet and deployed in large numbers, provide unprecedented opportunities for instrumenting and controlling homes, cities, and the environment. In addition, networked MEMS sensors provide the technology for a broad spectrum of systems in the defense arena, generating new capabilities for reconnaissance and surveillance as well as other tactical applications. Current and potential applications of wireless sensors include: military sensing, physical security, air traffic control, traffic surveillance, video surveillance, industrial and manufacturing automation, distributed robotics, environment monitoring, and building and structures monitoring. The sensors in these applications may be small or large, and the networks may be wired or wireless. However, ubiquitous wireless networks of microsensors probably offer the most potential in changing the world of sensing [6].

For the past 20 years, Auburn University has been involved in the design and fabrication of MEMS accelerometers, gyros, optical mirrors, RF MEMS switches and phase shifters, Biosensors etc. [12]
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 \* MERGEFORMAT [13]. An example of a prototype pressure sensor array fabricated using Liquid Crystal Polymer (LCP) at Auburn is shown in Figure 1. Currently, Auburn researchers are focusing on the design and development of RF MEMS devices and circuits (such as switches, resonators and filters etc.). These devices and circuits will enable the development of high performance next generation wireless communication systems. An example comb-drive actuator fabricated at Auburn for use in RF MEMS application is shown in Figure 2. Within the Department of Electrical Engineering, there is approximately 8500 square feet of laboratory space for MEMS design and development, including integrated circuit and MEMS device fabrication, thick film hybrids fabrication, die and component level packaging, circuit board assembly, environmental testing and failure analysis [14]. The addition of the requested characterization instruments will immensely improve the research and educational infrastructure at Auburn. 
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	Figure 1. Liquid Crystal polymer (LCP) based Pressure sensor array fabricated at Auburn.
	Figure 2. Comb-drive actuator for RF MEMS application fabricated using the facilities available at Auburn.




Requested Equipment

The following instruments and equipment are required for wireless MEMS testing and characterization. 
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	Figure 3. Veeco DMEMS NT1100 MEMS profile characterization unit
	Figure 4. Polytec MMA-400 Micromotion analyzer for vibration and motion analysis of MEMS devices




5) The Veeco DMEMS NT1100 system shown in Figure 3 is crucial for the characterization of MEMS sensors and RF MEMS devices. The system offers both static and dynamic 3D profile measurements (from sub-nanometer roughness to millimeter-high steps) of MEMS devices using white light interference combined with a stroboscopic method.

6) The Polytec micromotion analyzer shown in Figure 4 is required for analysis of vibration and motion in RF MEMS devices. The instrument is capable of performing out-of-plane and in-plane measurements of moving MEMS microstructures.

Educational and Broader Impacts

The Electrical and Computer Engineering Department offers two undergraduate/graduate level course on sensors “ELEC 5760/6760: Solid State Sensors” and “ELEC 5970/6970: MEMS Sensors and Actuators”.  The MEMS course consists of lab sessions in which the students are given hands-on experience in the fabrication and testing of MEMS devices. The Veeco optical profiler and the Polytec motion analyzer will greatly aid in training undergraduate/graduate students to perform MEMS device characterization. The instrument will significantly impact MEMS research in the Department of Electrical and Computer Engineering, Department of Mechanical Engineering, and Department of Chemical Engineering.

C) Smart Antenna Modeling, Design, and Testing

Antennas are an essential component in any wireless communication system. In recent years, there has been considerable interest in the development of smart antennas and reconfigurable antennas for the next generation wireless communication system [15]. A smart antenna system combines multiple antenna elements (referred to as antenna arrays) with a signal-processing capability to optimize its radiation and/or reception pattern automatically in response to the signal environment. Smart antennas have numerous advantages such as co-channel interference reduction, increased user capacity and throughput, higher spectral and power efficiency, and lower handovers and transmission errors. A wide range of wireless communication systems may benefit from smart antennas, including high-mobility cellular systems, low-mobility short-range systems, wireless local loop applications, satellite communications, and wireless LAN [16],[17]. 

The new generation of smart antennas for wireless applications may have curved domains of irregular shape (such as Vivaldi antennas) and may be embedded in dielectric media. It is also possible that these new antennas may be dielectric antennas with no metal portion at all. To analyze, design, synthesize such antennas, the most appropriate method would be to use surface integral equation formulation (SIEF) in conjunction with the method of moments (MoM). For many years, the research team at Auburn University introduced many pioneering techniques based on SIEF/MoM to antennas/electromagnetics both in frequency as well as in time domain [18]-[22]. In fact, many techniques developed at Auburn University are industry standards throughout the world and incorporated into several commercial software packages. An example antenna analyzed using the numerical techniques developed at Auburn is shown in Figure 5. However, we further need to improve these methods to handle the new generation of smart antennas for wireless applications. A state-of-the-art parallel vector processing workstation will enable the development of the advanced numerical algorithms. 
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(b)

	Figure 5. Water meter antenna analyzed using numerical techniques developed at Auburn (a) antenna structure showing mesh elements, and  (b) radiation pattern


In recent years, there has been considerable interest in the use of MEMS technology for developing smart antennas. WEREC has been involved in the research and development of MEMS based beam switchable antennas, reconfigurable antennas, and phase shifters [16]-[25] for next generation wireless communication and radar systems. Auburn has developed a novel approach for fabrication, assembly, and packaging of low cost MEMS devices fabricated using printed circuit processing techniques (Example prototype is shown in Figure 6). Unlike RF MEMS switches based on Si, GaAs or ceramic technologies that are not compatible with antenna arrays on laminate substrates, these novel MEMS switches are fabricated using existing printed circuit processing techniques. These switches are uniquely suitable for integration with planar smart antennas and reconfigurable antennas on laminate substrates. This MEMS technology enables the entire assembly (MEMS and antenna elements) to be fabricated and assembled monolithically, as a single element, using low cost and large-scale printed circuit board technologies. Currently, Auburn is developing such an electronically steerable smart antenna array (Layout shown in Figure 7) for Sandia National Labs, Albuquerque, NM.

At Auburn, there are extensive facilities available for the fabrication of antennas in the Alabama Microelectronics Science and Technology Center in the Department of Electrical and Computer Engineering [14]. There is a lack of instruments/equipment needed for modeling and experimental characterization of antennas. Particularly, there is an urgent for a near field measurement system with a vector network analyzer to support the ongoing antenna research projects. 
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	 Figure 6. Printed Circuit Based RF MEMS switches and phases shifters for integration with Smart Antennas
	Figure 7. MEMS-based Electronically Steerable Smart Antenna array with 3-bit MEMS phase shifter.



Requested Equipment

The advanced capabilities provided by the requested instruments currently not available to researchers at AU, are extremely crucial to develop nationally competitive and externally fundable antenna research projects in WEREC.
7) Spherical Near Field Measurement System Model 700S-30 from Near Field Systems Inc. (shown in Figure 8) will be used for characterization of smart antennas. The system is capable of measuring medium and low gain antennas up to 39 inches (1 m) in diameter.  The 700S-30 uses a dual-axis phi-over-theta high accuracy stepper motor based positioning system with an adjustable extension foot for probe support. The location of the probe, theta and phi stages are fully adjustable to accommodate different antenna sizes and mounts. The system interfaces with a wide variety of RF equipment and is capable of measuring amplitude and phase patterns from L-band to mmWave Band. The near field measurement system will be controlled by NSI Antenna Measurement Software. The software runs on a PC based measurement workstation and provides automatic setup of scans based on measurement parameters and desired output. Measured data can be processed for far-field or holographic patterns yielding complete characterization of the antenna’s performance such as antenna gain, sidelobe structure, beam pointing and cross polarization. The proposed system will be utilized at Auburn’s Anechoic Chamber (shown in Figure 9).

8) The requested VNA is an Agilent N5250A Millimeter-wave PNA Series network analyzer system that can rapidly perform measurements over a swept frequency range from 10 MHz to 110 GHz with exceptional accuracy. The VNA will be used in conjunction with the near field measurement system discussed above.

9) Antenna design usually requires sophisticated numerical analysis involving robust methods such as finite element, method of moments, FDTD etc. All these methods require large scale computations, especially when the structure of the antenna is complex. The requested Sun server will be extensively used for numerical design and modeling of smart antennas.
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	Figure 8. Requested Spherical Near Field Measurement System Model 700S-30 from NSI.
	Figure 9. 12m x 5m x 2.5m SHF Anechoic Chamber currently available at Auburn




EDUCATIONAL AND BROADER IMPACTS

WEREC in the Electrical and Computer Engineering department offers two undergraduate/graduate level course on antennas “ELEC 5310/6310: Design of Antennas and Antenna Systems” (Fall semester) and “ELEC 5970/6970: Printed Antennas for Phased Array Applications” (Spring semester).  As part of the course requirements, students are expected to carry out an independent project, which typically involves design, fabrication and testing of conventional and planar antennas. This user-friendly system will be very useful in training the undergraduate students to perform near field measurements of various antennas. Acquisition of a near field measurement system will have a major impact on teaching infrastructure at WEREC. WEREC offers Bachelor of Wireless Engineering Degree for undergraduate in the Electrical and Computer Engineering at AU. 

d) Wireless Networking Research Platform Development 
A state-of-the art wireless networking research platform is being developed at WEREC.  This programmable wireless platform will support a number of research initiatives to be launched by the WEREC. These include sensor networks [26], mobile ad hoc networks, cross-layer protocol research, and cognitive radio [27], to name a few. Modularity and Plug & Play will be the guiding factors in developing this platform. Such an approach will enable the integration of components and systems (i.e., RFIC chips, Microsensors, and Smart antennas elaborated in this proposal) developed in-house as well as those commercially available. Such a methodology will provide a platform to researchers at Auburn University to develop prototypes that conform to system-level requirements of commercial components and systems. Following the NSF-sponsored Network Testbeds Workshop directive [28], this platform will be an open wireless multi-user experimental facility that with remote accesses to other institutions in the state of Alabama. It will primarily be used for graduate (MS and PhD) research. 

In October 2004, Saad Biaz and Prathima Agrawal of Auburn University along with Nitin Vaidya of the University of Illinois  were awarded an NSF grant (CRCD/EI: 4G Wireless Engineering Sandbox, award No. CNS-0417565). The objective of this work is to develop a wireless engineering undergraduate curriculum with a strong hands-on experience. Senior design and MS-level projects will contribute to the development of the 4G Sandbox that was inspired by a research testbed developed at Telcordia Technologies under the leadership of Prathima Agrawal.  Wireless Engineering undergraduate and Master’s students at Auburn will focus on issues of mobile wireless systems such as the management of mobility, configuration, security and AAA (Authentication, Authorization and Accounting). The sandbox is being constructed using commercial components operating in the unlicensed ISM band and will develop applications such as wireless IP telephony. Sandbox, while an adequate platform for undergraduate teaching, does not serve the needs of our graduate research program. Because it is a hardwired experimental testbed, it does not have the plug and play capability needed for research experimentation. The objective of the present proposal, is by contrast, to develop a research network platform encompassing multiple layers of the protocol stack. It is hoped that the instruments requested will spearhead and open up new research areas such as sensor networking, cognitive radios and  smart antennas at Auburn. This platform will also enable the integration of Auburn-designed  physical hardware such as RF chips and MEMS-based antenna elements and sensors into the platform. 

The platform, set up using the requested funds, will provide essential understanding of the interaction between the radio, medium access control (MAC) protocols and possible foray into network and application layers. This will result in synthesis of innovative mechanisms for drastically improving system performance. Auburn has proven researchers in signal processing, communication theory, mobile and wireless networking. Their collective cooperation towards network systems research shall synergize in evolving dynamic adaptation schemes that respond to physical layer channel impairments and mobility constraints. Thus, undergraduate and MS students trained on the 4G Sandbox will transition to and will be provided a platform for conducting PhD level wireless systems oriented research.  The platform can be used as a better alternative to simulators like ns-2, Opnet or Qualnet for evaluating new algorithms, protocols and analytical models

Further, the use of cognitive radios (a relatively new technology yet to be proven for its effectiveness and reliability) points to an unused high quality spectrum (a finite and expensive resource) that can be utilized for the application at hand. Commercially available software defined radios will be used for realizing cognitive radios [29], [30]. Such an approach provides the required programmability and flexibility for rapidly producing prototype systems, thus permitting a variety of experimentation by researchers. Cognitive technologies [31], [32] have the potential to dramatically transform large scale systems from increasingly unmanageable complexity, into scalable and adaptive systems that “take care of themselves or are self managed”. 

The platform will enable the integration of biosensors with software-defined radios in which the radio's waveform is programmed by software, rather than determined by hardware. This results in an extremely flexible, multi-band, multi-mode radio. Such integrated sensor devices are useful in conceiving wireless biosensor networks (WBSN).  

The proposed modular, wireless systems-oriented platform will be a radically new approach to synthesizing systems, getting feedback from actual physical entities that range from antennas, radios, RFIC chips and microsensors to immediate responses from networking protocols and applications. This promises to be a viable alternative to simulation tools like ns-2, Opnet or Qualnet and is different from existing wireless testbeds [33], [34], [35]. New and improved higher layer protocols will strive for spectrally efficient, high throughput and low-packet loss wireless systems under worst case scenarios of interference and user mobility. The new platform will bring researchers close to the physical systems. The Plug & Play feature of the platform will provide a better perspective of modern wireless systems to a variety of researchers ranging from those working at the component-level to protocol developers to software levels. The same feature makes it possible to rapidly test for high-scalability and readiness for deployment. This is because the infrastructure eliminates the need to make assumptions of physical circumstances such as the channel and mobility, thereby bridging the understanding between researchers at different layers. Being in a controlled environment allows reproducibility of results.

Requested Equipment 

The following list of equipment is requested for realizing the wireless networking platform:

11) Software Defined Radio - Pentek Model 4205 VIM/PMC  1GHz carrier and Pentek Model 6236 14-bit A/D converter and FPGA  

12) 12 Wireless Enabled Laptops (Dell Inspiron 1150 2.6GHz, 256MB memory) 

13) 6 Wireless Enabled PDAs Sharp Zaurus SL-C3000–Dynamism

14) Wireless robots Powerbot AGV from Activemedia robots

15) Wireless Sensors MOTE-KIT2400CB MICAZ KIT W/SURGE –Developer’s Kit-

Education and Broader Impact

Auburn offers several courses both at the undergraduate and graduate level in wireless communication systems and networks. Advanced courses in these areas include “ELEC 6420/6426: Wireless communication systems” and “COMP 7360/7366: Wireless and mobile networks”.  Use of a realistic experimental platform has obvious benefits in the arena of teaching and research in preparing a community of graduates who are industry-ready and prepared for creativity and innovation in their careers. It is hoped that the network platform developed at Auburn will become a role model in educational institutions for preparing students specializing in various aspects of wireless technology to synergistically and cooperatively contribute to systems research

The vertically integrated network platform spanning multiple layers of the protocol stack is rather unique. It is conceived using a Plug & Play philosophy giving opportunities for innovation in designing radio components to new protocols to applications. Further, the modularity of the proposed platform enables commercial components and systems to be used in lieu of customized components.  Thus, the scientific and educational impacts appear to be very high. The proposed approach of conceiving cognitive radio characteristics using SDRs enables experimentation with novel adaptive radio technologies. Use of radio technology enables experimental research and encourages the design of new protocols and algorithms.

The broader impact of the platform project lies in the undergraduate and graduate education of underrepresented groups, research at an EPSCOR institution, participation of students in professional society meetings and dissemination of the research results through teaching at both undergraduate and graduate levels, particularly the courses that are part of the newly established Bachelor of Wireless Engineering degree program at Auburn University.

Overall Impact

University Research Goals – Auburn University has identified thirteen centers for research emphasis. WEREC is dedicated to wireless research research and education. In addition, several other centers such as AMSTC, Center for Innovations in Mobile, Pervasive, and Agile Computing Technologies (IMPACT), Center for Advanced Vehicle Electronics (CAVE), and Materials Research and Education Center (MREC) are strongly committed to interdisciplinary wireless research. Wireless device technology development, RFIC design, MEMS, sensors, and antennas have been identified as key research areas in these centers. The instrumentation proposed will complete Auburn’s vision in the wireless area. We believe this capability and concept will significantly enhance Auburn’s competitiveness in this area.

University Educational Goals - Auburn University received a generous gift of $25 million from Dr. Samuel Ginn, retired Chairman of Vodafone AirTouch, PLC, for starting a wireless research/training center which critically caters to the needs of undergraduates as well as researchers and graduate students. This center offers a Bachelor’s degree in Wireless Engineering which is the one and only such program in the country. The new Wireless Engineering Program is a joint offering of the Department of Electrical and Computer Engineering (ECE) and the Department of Computer Science and Software Engineering (CSSE), leading to the Bachelor of Wireless Engineering (BWE) degree. 

Auburn University is proactive in encouraging diversity in the university. Based on the graduation results, the periodical Black Issues in Higher Education has ranked Auburn University 16th nationally in producing African-Americans with Bachelor’s degrees in engineering. The BellSouth Minority Engineering Program (BMEP) at Auburn has received funding from BellSouth Corporation. BMEP works to increase minority student recruitment and retention and works with the departments and centers to increase diversity.  Active engagement of students in undergraduate research projects is an effective of mentoring and retaining students. It also strongly influences first generation college students to consider graduate school working BMEP and the Auburn Chapter of the National Society of Black Engineers, the faculty in the wireless in the RFIC, MEMS, Antennas, and Network platform co-design research areas will actively recruit African-American and other under-represented students as undergraduate researchers and for graduate school. 

PI Prathima Agrawal, Director of WEREC, is the first woman to lead a research and education center at Auburn. She will present research results and opportunities at meetings of the student chapters of the Society of Women Engineers (SWE) to further encourage participation of women.

Auburn University has made a decision to increase graduate student enrollment. The equipment request supports this goal by supporting Auburn’s research capability and enabling RFIC, MEMS, Antennas, and Network platform co-design. We believe the co-design concept is an exciting research area that will attract top graduate students. 

Reaching Middle and High School – PI Prathima Agrawal, has plans to approach NSF for a grant on Research Experiences for Teachers (RET). She plans to recruit and introduce middle school teachers to the wireless program at Auburn. The ECE Department student honor society (Eta Kappa Nu) routinely visits area middle, junior, and grade schools to give talks and demonstrations. Wireless technologies are a key emphasis.
Support of Small Businesses – Auburn researchers collaborate with a number of small businesses in the RFIC/MEMS/Antennas/Networking area. The MIMO chip shown in Figure 1 is an outcome such collaboration. Auburn’s support of these projects helps to promote innovations and advance the technology to commercial applications. Working with small businesses is an excellent educational experience for Auburn students.

Anticipated Percentage Usage of the Requested Instrumentation

The following table shows the distribution of the usage of the proposed instrumentation by personnel at Auburn University and Tuskegee University

	Personnel Type
	Number
	Percentage Usage

	Faculty
	20


	35%

	Graduate Researchers
	40


	30%

	Undergraduate Researchers
	20


	10%

	Graduate and Undergraduate Lab Courses
	80
	15%

	Outreach activities
	-
	5%



	Tuskegee Researchers
	6
	5%

	Total
	100%


Results from Prior NSF Support
In 1995, the Alabama Microelectronics Science and Technology Center (AMSTC) at Auburn University received an NSF grant to purchase electronic packaging research equipment though the Academic Research Infrastructure (ARI) program ("Acquisition of Equipment to Support 
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Figure 10. State-of-the-Art Electronics Assembly Line at Auburn University.
AMSTC Packaging Research," 10/95 - 9/97, $921,000). Richard C. Jaeger was the Principal Investigator and R. Wayne Johnson and Jeffery C. Suhling were Co-investigators. The major equipment purchased with these funds was used to upgrade facilities for test chip fabrication and application, electronics assembly and electronics manufacturing. The equipment purchased through the NSF grant coupled with significant research projects funded by DARPA ($1.8M), NASA ($2.1M) and industry ($0.6M) during the 1995-1999 time period, dramatically increased Auburn's research output (65% increase in graduate students) in the area of electronics assembly. The increased interactions with industry and government, combined with increased publications (115%) in electronics assembly helped to establish Auburn's reputation in the field. This culminated in two significant accomplishments in 1999. The first accomplishment was the establishment of an advanced surface mount technology and flip chip assembly line at Auburn. High volume, automated, state-of-the-art electronics assembly equipment was provided by equipment manufacturers (Siemens, MPM, Heller Industries, Camalot, Asymtek, Viscom, Sonix, Phoenix X-ray, MVT) to support Auburn's electronics assembly and manufacturing research. The value of the Auburn assembly line shown in Figure 10 is approximately $2.5M. The second accomplishment was the formation of the Center for Advanced Vehicle Electronics under the NSF Industry/University Cooperative Research Center program. The focus of the Center is the materials, processing, manufacturing and reliability of automotive electronics. The Center has 12 industrial/government members with annual membership fees totaling $900,000 and approximately $1.4M in additional contracts annually.
In reviewing the educational benefits, an average of 20-25 graduate students (M.S.and Ph.D. from Electrical & computer Engineering (ECE), Mechanical Engineering (ME), Materials Engineering (Matl. Eng), Industrial & Systems Engineering (ISE) and Physics) work directly in the test chip and electronics assembly/manufacturing laboratories annually. In addition, an undergraduate senior design project based on electronic product design and electronics manufacturing was developed [21]. A senior or first year graduate level course in electronics manufacturing with a hands-on laboratory has also been added to the curriculum with students enrolling from ECE, ME, Matl. Eng, ISE and Physics. Equipment purchased under the 1995 NSF grant is used by the students in these courses.
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