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Summary 
· Graduate in Electronics & Communication Engineering & Masters in Microwaves & Optical Communication Engineering. 
· Specialist in RF/Microwave Antennas, Filters, Passive Components, Circuits, Electromagnetics, Optics. 
· Over 25 years varied experience in Engineering R&D, product development, software applications development, IT service delivery, and Project Management. Over 18 years R&D experience in RF/Microwave/Optical technologies with team management role. R&D experience in Government (Defense Research & Development Organization) & private industry. 
· Managed projects for IT service delivery (sustenance, development); Wireless & Optical products development. 
· Vast experience on algorithms, programming languages, tools, product development & management. 
· Coursera Online Certification in Machine Learning authorized by Stanford University (Mar. ’18). 
Technical Education 
	Degree
	Board / Institute / University

	Branch / Specialization


	Post-Graduation: 

Master of Technology (M.Tech) 
	INDIAN INSTITUTE OF TECHNOLOGY (IIT), KHARAGPUR 

	Microwaves & Optical Communication Engineering 


	Graduation: 

Bachelor of Engineering (B.E)

	BIRLA INSTITUTE OF TECHNOLOGY (BIT), MESRA, RANCHI 

	Electronics & Communication Engineering 



	


Career 
	Employer Name
	Position / Designation
	From
	To

	SIRAB Technologies
	Senior Engineer 
	Jan 2018
	April 2019

	Independent Consultant 
	R&D Consultant 
	Aug-2016
	Present 

	LUKUP Technologies, Bangalore 
	Associate Director (Optics) 
	Mar-2015
	July 2016

	Self Employed (Independent Consultant)   
	R&D Consultant 
	Jul-2014
	Feb-2015

	Plus-Ray Innovations
	Principal Systems Engineer 
	May-2012
	May-2014

	Self Employed (Independent consultant / Freelancer) 
	Technology Consultant
	Dec-2011
	Apr-2012

	TVS Interconnect Systems, Bangalore
	Head (Development & Engineering)
	Aug-2010
	Oct-2011

	ACE Technology, Incheon, Korea
	Principal Research Engineer
	April-2008
	April-2010

	Astra Microwave Products Limited, Hyderabad
	Group Head, Antenna R&D
	Jan-2008
	Mar-2008

	Wipro Technologies, Bangalore
	Technical Consultant
	Jul-2002
	Nov-2007

	SWG Inc., New York, USA
	Consultant
	May-2000
	Jun-2002

	Infosys Technologies, Bangalore
	Senior Systems Analyst
	Aug-1999
	May-2000

	DRDO, Ministry of Defense, Govt. of India, Hyderabad
	SCIENTIST
	Apr-1990
	Aug-1999


Expertise 
	Technology 
	Expertise 

	Wireless Technology
	· Wireless Networks, Wireless Sensor Networks, Cognitive Radio, , RFID, DAS, IBS 
· GSM, 4G/LTE, 3GPP, WLAN, 802.11 a/b/g/n, OFDM, MIMO, Massive MIMO, 5G NR

	Optical Technology
	· Fiber & Integrated Optics (channel waveguides, beam propagation, modulation)  

· Free Space Optics (FSO) / OWC 
· Fourier Optics, Spatial Light Modulators, Holographic Displays 
· Optical Networks – DWDM, SONET/SDH, MPLS, etc.
· Fiber optic rotational sensors (Gyros), communication systems 

	Engineering Analysis / Design / Simulations Tools
	· MATLAB, Simulink, Octave, Python (NumPy, SciPy) 
· CST Design Studio, CST Microwave Studio (CST MWS), CST PCB Studio, CST Cable Studio, AWRDE/MWO, ADS, Momentum, Sonnet, HFSS 

	RF/Microwave Measurements 
	· Antenna testing on Scientific Atlanta's Compact Antenna Range (CAR) 

· HP 8510 B/C Vector Network Analyzers 

· Agilent E5070B / 5071B Network Analyzers
· Tektronix/R&S Spectrum Analyzers & Oscilloscopes 

	RF/Microwave Design & Technology
	· Microwave/RF Engineering – Antennas, Antenna components, Filter Synthesis and Design, components & sub-systems based on Waveguide / Microstrip line / Coaxial line, Microwave/RF system analysis. 

· Transmission lines – Microstrip lines, Stripline, Waveguide, Coaxial, etc. 
· RF circuits & sub-systems; Filters, Diplexers, Splitters, Couplers, Switches; 
· Microstrip Band Pass & Band Stop Filters. DBR (stub) Filters, Microstrip Diplexers. 

· Impedance matching, filtering, noise & interference control. 
· N-Pole Filter/Diplexer Synthesis using Chebyshev/Elliptic functions; Rational polynomial modeling of filter/diplexer; Filter coupling matrix & reduction; Data fitting by Total least squares (Cauchy method); Mathematical models for fast, accurate & efficient tuning of high performance filters & diplexers. 

· Active RF Circuits & RF microelectronics - Stability, Gain & Noise analysis, bilateral simultaneous conjugate-matching, feedback & gain compensation, stabilization. 
· RFIC, LNA, PA, detectors, PIN attenuator, mixers, up/down converters. 
· Signal Integrity: EMI, modeling, analysis, simulation, understanding of electromagnetic and transmission line theory, IBIS, parasitic effects, coupling, impedance matching, differential and single-ended interface technologies.

	Antennas & Antenna components 
	· Taylor, Circular Taylor, Dolph-Chebyshev Array Synthesis 

· Microstrip Patch, Cassegrain, Dielectric, Horn, Ridged Horn, Slotted planar Array. 

· Polarizer, Transition, Radiating/Coupling Slot, Compound Coupling Slot, 90 deg Hybrid, Rat-Race & Coupled-Line Hybrids, Wilkinsons  Comparator, Junctions, etc. 

	Computational Techniques for Electromagnetics
	Variational Method, Method of Moments, Boundary Element Method, Cauchy Method, Mode Matching, Finite Difference Time Domain (FDTD), FDVBPM (Finite Difference Vector Beam Propagation Method), EIM (Effective Index Method), etc. 

	Algorithms
	Ill-conditioned over-determined homogenous Linear Systems, Total Least Squares(TLS), Constrained TLS, Cauchy Method, Regularization, Optimization, LM Algorithm, Adaptive Neuro-Fuzzy Inference System (ANFIS), Machine Learning Algorithms  

	Programming/Scripting Languages
	Python, Octave, MATLAB, Java, C, C++, Fortran 

	Data Analysis 
	With Python: NumPy, SciPy, MatPlotLib, Seaborn, Pandas (Series, DataFrame, etc) & MATLAB 

	Machine Learning 
	Regression, Classification, Clustering, PCA, K-means, Neural Networks 

	Software Technologies
	UNIX shell-scripts, SQL*Plus, NetBeans, Eclipse, Visual Studio, Visual Age, Rational ClearCase, Visual SourceSafe, DDTS, OOAD, UML, Rational Rose, Enterprise Java Beans (EJB), JSP, Servlets, Tomcat, WebLogic, WebSphere, iPlanet  


Significant Contributions 
	Employer
	Significant Contributions

	LUKUP Technologies
	Design & development of Free Space Optic (FSO) TX/RX unit operating at 850 nm; Comprehensive simulation based system study of FSO / OWC systems; Laser Beam propagation analysis through atmosphere and optical components like lenses and dielectrics. Evaluation & procurement of lenses, lasers, detectors, optical components, etc. Planning & commissioning of Optical Laboratory. 

	Independent Consultant
	1. Designed 2-18GHz wideband response double ridged waveguide Horn Antenna with VSWR < 2.5 over entire band. 

2. Designed dual frequency (L/S band), dual polarization crossed slot configuration patch antenna with 200 MHz bandwidth 

	TVS Interconnect Systems, Bangalore/Madurai 
	Designed Microstrip Band Pass dual balanced resonator (DBR) & Band Stop Filters; and cross-channel Diplexers for separating CDMA, GSM900, GSM1800 and 3G/UMTS channels. 

	ACE TECHNOLOGY, 

Incheon, Korea
	1. Analysis & development of algorithms for synthesis & design of high performance filters and diplexers. 

2. Analysis & development of algorithms to generate mathematical model of filters & diplexers from measured or simulated data. Measured data used for automatic, fast, accurate & efficient tuning of filters/diplexers by correlating with the established models [Automatic Tuning]. Algorithms based on Total Least Squares (TLS) optimizations & Cauchy Method. 
3. Developed algorithm implementing a modified Inverse Chirp Z-Transform (ICZT) to compute time domain response from device frequency domain response, measured using spectrum analyzer. Significant and useful for device characterization & optimization, eliminating need for expensive time-domain spectrum analyzers. 

	Astra Microwave Products Limited, Hyderabad 
	1. Synthesis of Antenna pattern of planar array using Circular Taylor distribution.  

2. Design and layout of Microstrip Patch Array Antenna in Ku band. 

3. As the lead for ISRO (Indian Space Research Organization) tender on a large Yagi Array Antenna facility for weather radar, estimated & responded to the proposal. Worked closely with various groups and bagged the order worth Rupees 30 Million involving design, manufacturing, qualification, installation & commissioning. 

	Wipro Technologies, 

Bangalore 
	1. Developed Circularly Polarized Microstrip Patch Antenna for RFID Readers for TOSHIBA TEC, Japan. 

2. Developed various Microstrip Line Near Field Antennas for RFID Printers at Japanese and European frequency bands for TOSHIBA TEC, Japan. 

3. Prepared RFID Deployment Plan, RFID hardware technical report, and hardware test plans. Provided RFID training to the group in RF Engineering & deployment. Published knowledge documents & technical reports. Made presentations to internal & external groups in RFID technology & deployment. Evaluated RFID tags & readers. Determined physical limits in specified environments. Led a RFID proof of concept – integrating reader to middleware and backend system using Wireless LAN.  Simulated and designed tag buffers using dielectric substrates over various items to optimize read & write distances. 

4. Managed a mid-sized project involving enhancements & sustenance, product delivery, and releases of products (applications involving switching & real time web collaboration) for Cisco Systems Inc. This included many aspects like sustenance/maintenance support, development of new features, enhancements, planning & scheduling product releases, defect management, people management, etc. 

	SWG Inc., 

New York, USA
	Developed code and application modules based on JAVA/ J2EE framework, took part in requirement analysis, design and implementation. Worked on web-based software application development in various domains like Finance, Telecom Services, Accounting and Government. 

	DRDO, Ministry of Defense, Hyderabad 
	1. Designed, developed, fabricated, and tested Microwave/RF components such as polarizer, hybrids, comparator, transition, compound slot couplers, etc on Waveguides / Microstrip lines / Coaxial line for Antenna and Transceiver sub-systems. 

2. Synthesized array antennas. Designed & fabricated slotted waveguide array antenna. 

3. Designed optical waveguide and polarizer for optical sensors. Connected fabrication process model with analysis and performed simulation based design. 

4. Developed an algorithm, “Finite Difference Vector Beam Propagation Method” (FDVBPM), for analysis of optical beam propagation in anisotropic waveguides in crystals like Lithium Niobate. Developed design programs and application in MATLAB. 


Details of Projects  
Jan 2018 – April 2019, Senior Engineer, SIRAB Technologies (Startup), Bangalore, India 
ADAS Project involving MMW RADAR based lane keeping & platooning for MRT. 

Work involves simulations, design & system studies for millimeter wave (MMW) FMCW Radar in Advanced Driver Assistance Systems (ADAS) and for autonomous road vehicles in mass rapid transportation (MRT) applications. Used the MATLAB Phased Array System Toolbox for complete RADAR system study and analysis. The work involved analysis, simulation, implementation & integration of typical software components like Antenna Array, Waveform, Radiator, Transmitter, Platform, Propagation, Target RCS, Clutter, Collector, Receiver, Range-Doppler processing, Range, Velocity, Angle of Arrival computations, and CFAR Detection. Worked on development of FMCW Radar signal processing algorithms on TI AWR1443 transceiver and connected MCU platforms. 
Aug 2016 – Present, R&D Consultant, Bangalore, India 
Project proposals, estimations, technical analysis, simulations, etc for LTE, IoT, RF design areas: 

1. 4G LTE eNodeB project proposal for board design, test & evaluation. 
2. Developed project proposal for 4G LTE based tactical LAN. Study of 3GPP Network Architecture. 
3. IoT systems study, IoT Antenna analysis 
4. MIMO & Massive MIMO system study, analysis, simulations & feasibility of phased array antenna and baseband development. Studied and gained familiarity with TX/RX chains, Analog/Digital/Hybrid Beamforming and phased array antenna Architectures. 
5. Self Study – Data Analysis, Machine Learning, etc. 
Mar 2015 – July 2016, Associate Director at LUKUP Technologies, Bangalore, India 
1. Free Space Optic (FSO) TX/RX Unit 
· 850 nm FSO TX/RX unit – designed and developed prototypes 
· Analysis and Simulations of single mode Gaussian or multi-mode Hermite-Gaussian / Laguerre-Gaussian laser beams propagating through atmosphere & components like lenses & dielectrics 
· FSO / OWC systems study, analysis, simulations & visualizations.  

2. Optical Laboratory 
· Planning and setup of Optical Lab for experiments & testing of 850 nm technology. 
· Evaluation of lenses, lasers, detectors, optical components & electronics. 

3. Holographic 3D display
· System study & simulations of Holographic displays based on spatial light modulator / integrated optic waveguide technology. Studied the effects of viewing angles and distances on pixel density, pixel pitch of object, SLM & reconstruction planes. Computation of image at reconstruction plane through Fresnel Transform of image at object plane and image at SLM plane through inverse Fresnel Transform of image at reconstruction plane. Established algorithms in MATLAB based on FFT2 & IFFT2 for the above computations. 

Jul 2014 – Feb 2015, Independent Consultant, Bangalore, India 
1. Double Ridge Waveguide Horn Antenna (contract project) 

· For EMC, UWB, EW, Radar and Medical applications 

· 2-18GHz wideband response with VSWR < 2.5 over entire band 

· Gain: min. 6 dB 

STATUS – completed & delivered to client 

2. RF/Microwave product design & development (contract projects undertaken for Defence/Space) 
· Patch Antenna – crossed slot configuration broadband (200 MHz) dual frequency (L, S bands) & dual orthogonal linear polarization on Air substrate 
· Wideband Microstrip Coupled Line Ring Hybrid (WMCLRH) / Rat-Race Hybrid – broadband (200 MHz) dual frequency operation (L, S bands) on RT-Duroid 6006 laminate 
· Bandpass Filter – high performance dual frequency (L, S bands) on RT-Duroid 6006 laminate 
3. Wireless Sensor Network performance simulations - Implemented mobility based energy efficient and multi-Sink Algorithms like EMCA (multi-sink) & MECA (mobile multi-sink) for Consumer Home Networks. 
4. Signal processing of cardiogenic oscillations – Sleep Apnea Project – Medical Center in the USA 
Work involved separation of breathing signal & cardiac pulses from composite cardiogenic oscillations. Work done included FFT/IFFT & CZT/ICZT based signal analysis, processing, filtering and visualizations using MATLAB. 
5. Cognitive Radio – Adaptive neuro-fuzzy inference system (ANFIS) based opportunistic power control optimization in fading channels for Cognitive Radio Networks (CRN) - Analysis & Simulations with MATLAB implementing ANFIS based power control strategy to optimize power usage in primary & cognitive users. 

6. MIMO-OFDM system simulation: Implementation of MIMO-OFDM system in cognitive radio system for performance evaluation in AWGN and flat fading channels; simulation of parameters like BER vs SNR and Eb/N0 vs. SNR. In this project MIMO-OFDM transmission technique is used for CRN in emergency conditions where transmission requires high reliability and high data rate using modulation like PSK and QAM. Fading channels like Rayleigh or Rician are considered. 
May 2012 – May 2014, Principal Systems Engineer, Plus Ray Innovations, Bangalore, India 
1. Plus-Ray Innovations contractor with Broadcom India

	Description
	Automatic Test & Verification of WLAN (802.11 a/b/g/n) chips – BRCM 4322, 4324, etc. 

	Skills
	Python, MATLAB, test program development, domain (WLAN, 802.11 a/b/g/n PHY), RF configurations, Testing 

	Contribution
	· Migrated linearity parameters functionality from legacy phy_evm to d11evmtestauto object oriented code

· Developed scripts for automatic testing/verification using Python/UNIX Shell Scripts/MATLAB combination.
· Study & debugging for system testing. System & board level testing of parameters like EVM, IM, ACPR, Spurs, spectral flatness, PAPR, etc. 
· RF Hardware configuration, integration and bring-up for board/system testing. 
· Operation of Python based instrumentation on UNIX platform of 802.11 DUT/REF Boards, Automated Test Equipment (RF), Controller, Attenuator & MUX boxes. 


Dec 2011 – Apr 2012, Freelancer (independent), Bangalore, India 
1. Freelance Projects for Educational Consultants  
	Description
	Study, analysis & simulations on advanced topics in Wireless technology like OFDM, MIMO, Cognitive radio, Wireless Sensor Networks

	Skills
	MATLAB, Domain knowledge (OFDM, MIMO, Wireless Sensor Networks)

	Contribution
	Study & analysis, computation & performance simulation, generating visualizations and reports. 


Aug 2010 – Oct 2011, Head (Development & Engineering), TVS Interconnect Systems, 
Bangalore / Madurai, India 
1. Product Development Management & Project Management 

	Description
	Complete product development management, set-up, procurement, project management, technical leadership. 

	Skills
	Project Management of Product Development Process

	Contribution
	1. Made overall Development Project Plan. Contributed to Development-Marketing & Deployment plans. 
2. Estimation of BOM and Budgetary requirements for prototypes. 
3. Technical evaluations for software procurement. 

4. Procurement of Software (MATLAB, ADS) & Hardware (workstations). 
5. High level architecture & design requirements of products. 

6. Evaluation & Procurement of components, boards, cable assemblies, housings, etc. 

7. Development center set-up having design, assembly, integration, and test facilities. 
8. Interfacing with production & external firms before final integration/assembly. 

9. Interfacing with Marketing, Manufacturing, and Technical Services groups. 


2. Production Support for GSM 900/1800 BTS Antennas; Development of Passive Components & Antennas for DAS/IBS 
	Description
	Production & testing support for ARGUS licensed GSM 900/1800 BTS Antennas. Development of components like planar splitters/combiners, directional couplers, and patch panel antennas. 

	Skills
	RF/Microwave components for BTS & IBS Antennas; Testing & Simulations; Analytical & Numerical Techniques for passive components design; Product Development. 

	Tools
	MATLAB, CST MWS, AGILENT - ADS & Momentum 

	Contribution
	* Component design, analytical & numerical computations & simulations. 


3. Development of Filters / Cross-Channel Diplexer for DAS/IBS 

	Description
	Development of planar filters (Bandpass Dual Balanced Resonator & Bandstop) and Cross-Channel Diplexer. 

	Skills
	Filter Synthesis, Filter Design, Microstrip cascaded structures, Simulations, Analytical & Numerical Techniques for design, Diplexers, Product Development. MATLAB, CST MWS, AGILENT - ADS & Momentum

	Contribution
	* Chebyshev Filter Synthesis 
* Filter Design (Bandpass DBR and Bandstop filters) 
* Analysis of Microstrip cascaded structures using Analytical & Numerical Techniques 

* Simulations 


4. Development of 3G/UMTS Repeaters for DAS/IBS 

	Description
	Development of 3G/UMTS Repeater. 

	Skills
	Linear Amplifier design, RF power control, UP/DOWNCONVERSION, Board Layout using ADS, MATLAB, AGILENT - ADS & Momentum

	Contribution
	· Linear Amplifier design using scattering parameter and spice models. 

· Analysis of stability, gain, noise figure & impedance matching. 

· Design incorporating simultaneous conjugate matching, feedback for constant power & stabilization techniques. 
· UP/DOWNCONVERSION, RF Power control by PIN attenuator, Baseband Filter design (5 MHz), Power Amplifier, AGC, etc 

· Systems analysis & Integration 

· Board layout using ADS. 


April 2008 – April 2010, Principal Research Engineer, ACE Technology, Korea 

1. Filter & Diplexer Synthesis, Automatic Tuning Algorithms Development & Design
	Description
	* Developed algorithms for Filter/Diplexer synthesis & design. 

* Developed algorithms for generating accurate mathematical models from experimental or simulated data for efficient automatic tuning of the filters. Used filter/diplexer measurement data for automatic, accurate & efficient tuning of filters/diplexers by correlating with the established models. The technique is based on the Total Least Squares optimization by solving over-determined, homogeneous linear systems using the Cauchy method. Excellent correlation between measured data and mathematical model is possible even up to -180 dB level in the transmission characteristics. This method successfully models filters and diplexers implementing multiple transmission zeros. [Automatic Tuning] [Cauchy Method] [Total Least Squares]
* This is for high power filters/diplexers used in GSM, WCDMA, 3G, LTE, and WiMAX equipment. 

	Skills
	MATLAB, CST MWS , RF/Microwave components, Filter Synthesis, Filter Design, Diplexer Synthesis (Type 1, Type 2), Simulations, Mathematical Modeling, Analytical & Numerical Techniques, Product Development. 

	Contribution
	1. Developed complex algorithms for synthesis & design of high performance band-pass filters and diplexers (type 1, type 2) with Chebyshev characteristics. Computed coupling matrix, reduced coupling matrix and resonant frequencies for given filter topology. 

2. Modeled filters/diplexers from simulated or experimental data by Cauchy method, using a Total Least Squares solution. Developed a technique based on Cauchy Method for accurate filter & diplexer mathematical modeling & S-parameter data fitting. Computed coupling matrix, resonant frequencies, and filter polynomials that describe accurate filter models from experimental data (S-parameters data) to facilitate efficient and accurate tuning of filters and diplexers. 

3. Developed algorithm implementing a modified Inverse Chirp Z-Transform (ICZT) to compute the time domain response from filter/diplexer frequency domain response, measured using spectrum analyzer. This was significant and useful for device characterization & optimization, and eliminated the need for expensive time-domain spectrum analyzers. Thus, with ordinary spectrum analyzers & modified ICZT algorithm, the time-domain response could be obtained. This contributed to enormous cost saving and productivity for filter tuning process. 
4. Took part in RF Filter/ Diplexer design and development (Coaxial Air-Type, Ceramic-Type, Dielectric Resonator, Waveguide, etc) for GSM/WCDMA/WiMAX/3G technologies. 


Jan 2008 – Mar 2008, Group Head, Astra Microwave Products Limited, Hyderabad 

1. Antenna R&D Group Management and R&D activities. 

	Description
	Management of Antenna R&D Group at Astra Microwave, and hands on R&D Activities. 

	Skills
	MATLAB, CST MWS , RF/Microwave Antennas & Components, Analytical & Numerical Techniques, Product Development, Product Management. 

	Contribution
	1. Synthesis of Antenna Patterns for Microstrip Patch Array Antenna. 

2. Layout of Microstrip Patch Array Antenna. 

3. As Group Head of Antenna R&D, responded to ISRO tender for a large Yagi Array Antenna facility. Worked closely with marketing group to bag the order worth Rupees 3 Crores from ISRO involving Yagi array antenna design, manufacturing, qualification, installation and commissioning. 

4. Managed R&D, Qualification & Production activities for DRDO projects as Head of the Antenna R&D Group, in addition to hands on R&D work. 

5. Group developed Microstrip patch array, Yagi-Uda array, log-periodic, quadrafilar helical antenna, reflector and many other antennas for Telecommunication and Radar applications.  


July 2002 – Nov 2007, Technical Consultant, Wipro Technologies, Bangalore  

1. RFID Reader & Printer Antennas; RFID Transceiver Development. 

	Description
	Design and Development of RFID Antennas & Transceiver for Readers and Printers. This is R&D oriented work along with RF hardware product development. The developed Antennas have met all user requirements after integration and are being inducted for Toshiba’s line of RFID printers.

	Skills
	RF/Microwave Circuit Design, ANTENNAS, CST MICROWAVE STUDIO, MATLAB

	Tools
	* MATLAB, CST MICROWAVE STUDIO on WINDOWS. 

* BSA-4 & BSX-8R RFID Printers. 

* Agilent E5070B / 5071B Network Analyzers. 

	Contribution
	1. Designed Circularly Polarized Microstrip Patch Antenna for RFID Readers. 
2. Designed 4 different Near Field Microstrip Line Antennas for RFID Printers at 2 different frequency bands (Japanese & European). 
3. Helped the Japanese team for testing & productionisation. 
4. Performed testing of various RFID tags along with developed printer antennas. 
5. Comprehensive report and documentation. 
6. RF Power Amplifier Analysis for Gain, Stability, Noise done and a project report submitted for detailed design. 


2. RFID Deployment, RF Engineering, and Application Development. 

	Description
	Technology development, consulting and deployment project engagements with various RFID vendors and service providers.

	Skills
	RFID Deployment Consulting, RF / Microwave / Wireless Systems

	Tools
	Intermec RFID Reader (UHF), Intermec / TI RFID tags (UHF), Pocket PC, Wireless LAN, and RFID software 

	Contribution
	* Prepared RFID Deployment Plan. Contributed to project plan.

* Prepared RFID hardware technical report. 

* Prepared documents on RFID hardware deployment case study, and RFID capability & offerings. Prepared RFID hardware test plans. 
* Provided RFID training to the group. 
* Wrote a white paper on RFID test and simulated results. Published white paper and technical reports and made presentations (internal and external to group). 
* Carried out testing of RFID Tags and Readers on various tagged items. Published test results. Evaluated RFID tags and determined physical limits in specified environments. 
* Led a RFID application proof of concept (PoC) for integrating reader to middleware and backend system with a Wireless LAN. 

* Simulated and Designed tag buffers over dielectric, water-based and metallic items. 

* Prepared for RFID hardware deployment pilots. 


April 1990 – June 1995, Scientist, DRDO, Ministry of Defense, Hyderabad, India 

1. Design of planar comparator for monopulse antenna 

	Description
	Designed monopulse planar comparators used for airborne planar array antenna systems to separate out sum and difference pattern signals from the 4 quadrants of the planar antenna. 

	Skills
	MATLAB, C/C++, Fortran, Electromagnetics, AUTOCAD, Microwave/RF component and system design. 

	Contribution
	· Designed waveguide rat-race hybrid junctions in Ku-band. 

· Program developed to generate co-ordinates and layouts for automatic CNC milling of planar comparators. 
· Generated design data for fabrication. Made layouts using AUTOCAD. 

· Testing/validation done using HP 8510B network analyzer. 


2. Design of waveguide transition for monopulse antenna 

	Description
	Design of abrupt waveguide transitions used for airborne planar array antenna systems in Ku-band. Transitions are used to optimize the coupling between feed and antenna of Cassegrain antennas.

	Skills
	MATLAB, C/C++, Fortran, Numerical Algorithms (mode matching techniques), Electromagnetics, AUTOCAD, Microwave/RF component and system design. 

	Contribution
	· Developed programs in C / MATLAB for the design of abrupt waveguide transitions, using the variational and mode-matching methods. 

· Generated design data and optimized dimensions (size and length) of transition for best performance. Used variational and mode-matching techniques and compared results of both techniques with measured results. Achieved accurate results with mode matching. 

· Generated design data for fabrication. Made layouts using AUTOCAD. 
· Testing/validation done using HP 8510B network analyzer.


3. Design of dielectric antenna polarizer elements in C and X band 

	Description
	Design of antenna polarizers in C and X bands used for airborne communication antennas. Polariser elements (complex waveguide), used for communication antennas, are used to convert linear to circular polarization and vice-versa. Such a section of waveguide was designed to achieve a 90-degree phase shift between two orthogonal polarizations. Polarizer elements are fitted between rectangular and circular waveguides. The circular waveguide feeds the dielectric (circularly polarized) antenna. 

	Skills
	MATLAB, C/C++, Fortran, Numerical Algorithms (method of moments, boundary element method), Electromagnetics, AUTOCAD, Microwave/RF component and system design. 

	Contribution
	· Programs were developed in MATLAB and C to analyze dielectric polarizer elements for circularly polarized antennas in X-Band and C-Band. 

· Employed method of moments and boundary element techniques to compute the cut-off wavelengths of complex waveguides (somewhat between circular and rectangular waveguides). Once cut-off wavelengths were computed for given waveguide dimensions, the length of waveguide needed to achieve 90 degree phase shift was calculated. 

· Testing/validation done using HP 8510B network analyzer. 


4. Design of Antenna Array using Circular Taylor distributions and simulation of far-field patterns from element excitations. 

	Description
	Optimal Design of Antenna Arrays constrained by size, beam-width, gain and side-lobe levels done. Performance specifications: max. 5-degree beam-width, 33 dB gain & 30 dB side-lobe-level. 

	Skills
	MATLAB, C/C++, Fortran, Numerical Algorithms, Electromagnetics, Microwave/RF component and system design. 

	Contribution
	· Carried out analysis and synthesis of antenna array using circular Taylor distributions with performance specifications: max. 5-degree beam-width, 33 dB gain & 30 dB side-lobe-level. 

· Developed the program for computations (synthesis/design) and visualization in MATLAB. 
· Simulated far-field sum and difference patterns from the synthesized element excitations for monopulse planar array antennas in Ku-Band. 

· Performed validation of design with fabricated planar array antenna in compact antenna test range. 


5. Analysis of compound coupling slots in rectangular waveguides for planar array antennas & design of corporate feed network. 

	Description
	Analyzed resonant compound coupling slots used for airborne planar array antenna systems in Ku-band. Scattering coefficients were computed for resonant slots with respect to the design parameters such as slot tilt, offset and slot length. For design (of the corporate feed network to feed power to radiating slots) computations were performed by considering linear arrays of resonant compound coupling slots and by employing scattering matrix techniques. 

	Skills
	MATLAB, C/C++, Fortran, Numerical Algorithms (method of moments), Electromagnetics, AUTOCAD, Microwave/RF component and system design. 

	Contribution
	· Developed programs in C, MATLAB for analysis of compound coupling slots, using method of moments. 

· Formulated the problem from guided wave equations converted to set of integral equation. Applied the method of moments to convert the integral equation formulation to a linear system and solved by employing matrix methods. 

· Program was used to compute the coupling slot parameters for any given waveguide and frequency band. 
· Extensive data was generated for resonant coupling slots. Data was used for the corporate feed design. 
· Designed corporate feed network (to feed power to radiating slot layer) by employing scattering matrix techniques. 
· Generated design data for fabrication. Made layouts using AUTOCAD. 

· Testing/validation done using HP 8510B network analyzer. 


July 1995 – Aug 1999, Scientist, DRDO, Ministry of Defense, Hyderabad, India 

1. Design of integrated optic channel waveguides and photonic switch for 3-axis fiber optic gyroscopes. 

	Description
	Optical waveguides, polarizers & switches for fiber optic gyros were designed based on comprehensive and accurate modern numerical techniques. Fabrication process models for Titanium diffusion was applied to the design process, thus connecting the fabrication process to the simulated results. Simulation based design was adopted. Application was developed to compute various performance parameters for waveguides and switches. 

	Skills
	MATLAB, C/C++, Numerical Algorithms (effective index method, optimizations), Electromagnetics, Fiber Optics, Integrated Optics, IO chip fabrication. 

	Contribution
	· Involved in planning, monitoring the project & development of the application (design software developed). 

· Various performance parameters like propagation constants, effective indices, switching frequency, crosstalk, extinction ratio, loss and field overlap integral were computed using the application. 

· Design charts (b-V charts) were generated. 
· Fabricated and characterized IO waveguides. Tested the waveguide parameters.  


2. Design of integrated optic channel waveguides and polarizers. 

	Description
	Software was developed for simulation-based design of integrated optic waveguides and polarizers for Fiber optic gyros. Fabrication process models for Titanium diffusion was applied to the design process, thus connecting the fabrication process to the simulated results. Simulation based design was adopted. Application was developed to compute various performance parameters for waveguide and polarizer based on accurate numerical algorithms. 

	Skills
	MATLAB, C/C++, Numerical Algorithms (FDVBPM - finite difference vector beam propagation method), Electromagnetics, Fiber Optics, Integrated Optics, IO chip fabrication. 

	Contribution
	· Development of GUI based software for simulation of refractive index profiles in channel waveguides with a standard fabrication process model. Took a leading part in analysis, generation of specifications and development of the software. Used modern numerical algorithms - finite difference vector beam propagation method (FDVBPM) to compute field profiles and extinction ratio. 
· Generated visualizations (3-D & 2-D contour plots) of the refractive index profiles and propagating waves (electric fields). Waveguide behavior analyzed vs. propagation characteristics & polarization extinction ratio. 
· Programs & visualizations developed in MATLAB. 
· Was also involved in project management and planning. 


Professional Affiliations 
· Senior Member of IEEE (Membership no. 40207066) 

· IEEE MTT (Microwave Theory & Techniques) Society 

· IEEE AP (Antennas & Propagation) Society 

· Life Member of IETE India (Membership no. M110965) 

Some Publications 

1. Design of Abrupt Waveguide Transitions in Waveguides for Cassegrain Antenna Systems using method of mode matching.
National Symposium on Numerical Techniques in Electromagnetics and Microwaves, Indian Institute of Science, Bangalore, ~1992, December, 1992

Method of mode matching is a powerful numerical technique to solve axial waveguide discontinuity problems & this was used for waveguide feed optimization for Cassegrain Antenna systems. 

2. Simulation & Design of Integrated Optic Channel Waveguides using the finite difference vector beam propagation method (FDVBPM).
National Seminar on Miniaturization in Aerospace Systems, Bangalore – 1998 Proceedings

Channel waveguides in anisotropic Lithium Niobate substrates are important elements of integrated optic chips for fiber optic gyros and other optical systems. This paper describes the advanced mathematical techniques like FDVBPM along with simulated results of optical channel waveguides with respect to their behavior and performance, using an established fabrication process model for the Titanium in-diffusion process. Initially the effective index method and the finite difference vector beam propagation methods are used for analysis of waveguide parameters, and then FDVBPM is used to visualize the propagating waves and compute important parameters like polarization mismatch, field strengths, etc. Results of simulation are presented for important waveguide parameters such as refractive index profiles, mode propagation constants and electric field patterns due to anisotropic behavior (computed and visualizations) of propagating waves, which are necessary to arrive at the specifications. 
3. Technical Report on Microstripline near field Antenna Design for RFID Printers.

Toshiba TEC Corporation, Mishima (Japan) - Internal Report, April 5, 2007

RFID printers need low form factor near field antennas to write and read information to/from tags (in labels) rolling inside the printer at a given speed. RFID write/read antennas are integrated tightly inside printers narrowly separated from label (having tags) rolling inside. This separation is not more than 40 mm. The printers are BSX-8R (953 MHz) and BSA-4 (869 MHz). The 
purpose of this report is to highlight the design approach, present designed layouts and results (both simulated and test). This report describes the designs at 953 MHz for European RFID band. It was required to limit the total power radiated to below 0.5 W (EIRP) at 869 MHz (European RFID bands) and 953 MHz (Japanese RFID bands). In this report results are presented for 953 MHz band although 869 MHz and 910 MHz (dual frequency – for both bands) antennas were also designed, fabricated, tested, and manufactured successfully. 
Certifications 
1. Coursera Online Certification in Machine Learning authorized by Stanford University (Mar. ’18). 
https://www.coursera.org/account/accomplishments/verify/TNJE4LG34PUW
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