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Abstract: Remote monitoring devices deployed by utility companies that provide electricity services to 

customers typically measure IRMS, VRMS, apparent power, active (real) power, reactive power, and power 

factor.  Sampling rates of power measurement devices can vary from one sample every 30m to 1 kS/s, which 

affects the time-on-air (ToA) to transmit an uplink (UL) packet to the utility.  Smart grid initiatives seek to 

implement bidirectional communication between a utility and its customers, such that remote monitoring 

devices receive downlink (DL) packets transmitted by the utility to implement demand response during peak 

periods governed by tiered rate plans, or to shed load when demand exceeds transmission infrastructure capacity 

or generation supply.    Low cost, low-power, long-range, and license-free communication for smart metering 

applications can be implemented using the LoRa Chirp Spread Spectrum modulation (CSS) scheme, whereby 

each symbol is transmitted as a chirp constructed from frequency varying sinusoidal pulses spread over 

frequency bands in the 7.8 to 500 kHz range.  CSS has shown to be resilient against Doppler shift and multipath 

interference.  An overview of LoRa modulation and the LoRa MAC layer is presented.  We also provide a 

motivation for our present research in developing algorithms for determining optimal LoRa gateway placement. 

Different configurations of spreading factor and forward error correction code rate will be required for 

communication between public gateways placed in residential neighborhoods and LoRa devices deeply placed 

within buildings.  Modeling losses due to propagation, building penetration, and shadow fading will be 

discussed, and an integer linear programming (ILP) model combined with a gradient descent method to find the 

optimal geographic placement of a gateway that minimizes the total ToA required for all devices to successfully 

transmit a metering update packet, by varying the spreading factor and code rate of each device, will be 

proposed. 

Biography:  Dr. Christopher Paolini is an Assistant Professor in the Department of Electrical and Computer 

Engineering at San Diego State University. Chris is the recipient of grants from the Department of Energy 

and NASA, and five NSF Office of CyberInfrastructure awards, most recently the current NSF CC* Grant 

1659169 “CC* Storage: Implementation of a Distributed, Shareable, and Parallel Storage Resource at San 

Diego State University to Facilitate High-Performance Computing for Climate Science”. Christopher 

Paolini's current research interests include Internet of Things device development, machine learning, 

embedded systems, cloud computing, big data analytics, deep learning, software engineering, numerical 

chemical thermodynamics, numerical chemical kinetics, numerical geochemistry, high performance computing, 

scientific computing and numerical modeling, high speed (100gbps) networking, cyberinfrastructure 

development, and cybersecurity. Chris received a B.S. degree in Computer Science in 1991, M.S. degree in 

Computer Science in 1998, and his Ph.D. degree in Computational Science in 2007, all from San Diego 

State University. 

Department of Electrical and Computer Engineering 

Seminar / Presentation 

All faculty and graduate students are welcome to attend.  All graduate students must attend at least 

three Graduate Research seminars before registering for EE 799.  An attendance sheet will be 

circulated at the seminar. 


