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Context
The Internet of Things (IoT) offers a large application field such as smart building and smart cities. Yet, the
energy-efficiency of the resource-constrained IoT devices stays important. Using Wake-up radios can signifi-
cantly reduce power consumption in IoT devices, as it enables long periods of deep-sleep mode while allowing
real-time controllability. In addition, it makes wireless communication perfectly asynchronous, thus solving the
problem of time synchronization overhead by duty cycling (sleep-wake-sleep) communication pattern.

In the last decade, a large effort has been undertaken to develop wake-up circuits based on radio frequency
energy harvesting systems. These circuits can be classified into three groups: passive circuit, active circuit and
semi-active circuit. The active circuit is based on adding a second low power transceiver, the most used of
which in literature are based on OOK modulation, which needs continuously an external power source. Also, in
some configurations a second low power microcontroller is required for address decoding, although this is not
mandatory. Passive wake-up circuits do not require a connected power source to be supplied permanently, as
they recover energy from the transmitted wake-up signal. Although passive wake-up requires minimal energy
through this process, the receiver sensitivity for passive wake-up radios is relatively lower, hence the wake-
up range becomes shorter. There are also semi-active circuit solutions, where few components, such as the
microcontroller, comparator, etc..., in the wake-up radio circuits are powered by the same source as the IoT
device, while the remaining components are powered with the harvested RF energy. The semi-active circuit
can overcome the problem of the wake-up range. In contrast, the address decoding incurs additional power
consumption for the IoT wireless communication.

Recent works have already focused onwireless power transfer for battery-less wireless sensor. They are trying to
enhance the different wake-up circuit subsystems such as the RF power source, receiver antenna array, rectenna,
pump charge, voltage detector, DC-DC converter and so on. However, the RF energy harvesting process induces
a delay in the wake-up of the main transceiver due to the time needed to accumulate the necessary energy. This
increases the latency and reduces throughput in the IoT device, hence affecting the overall network performance.
Therefore, a low power semi-passive circuit design, with reduced latency and addressing capability remains
an open challenge, which requires a major research effort to define an innovative hardware architecture and
addressing mechanism.

Objectives and Work Plan
The objective of the internship consists of implementing a semi-active radio wake-up circuit with addressing
capabilities on FPGA to take advantage of their speed, flexibility and low power consumption. A novel lower-
energy addressing mechanism will be implemented and evaluated. For the latency time reduction, we will ex-
plore options to include an innovative Negative Group Delay (NGD) electronic circuit in the system. To do that,
there are two possibilities: we can implement this circuit in the FPGA or we can consider a passive circuit outside
of the system.

To that end, you will:

• Review the literature on passive, active or semi-active circuits for wake-up radios.
• Design and implement addressing mechanisms.
• Test and evaluate the performance and energy consumption of the system.
• Review and integrate a NGD circuit in the system.
• Test and evaluate the performance and energy consumption of the system.
• Establish an energy consumption balance and evaluate the IoT device lifetime.

Candidate Profile
Master 2 student (or 5th year Engineering) in Computer/Electrical Engineering, Embedded Systems, Electron-
ics/Microelectronics or Computer Science.



Ideally you have a (strong) background in one or various of the following topics:

• Analog and digital electronics, digital filter synthesis.
• IoT based on LoRa/LoRaWAN protocol.
• Embedded systems design with Zynq devices.
• Xilinx tools for FPGA/SoCs (Vivado, SDK/Vitis, Vivado HLS) and/or add-on Xilinx tools for Matlab like
System Generator, Model Composer.

• Hands-on experience in practical implementations using FPGA/SoCs.
• Use of laboratory instrumentation like oscilloscopes, power supplies, etc.

Other interesting skills you might have that can certainly help you are:

• Programming in C/C++/Python/LabVIEW.
• Knowledge of ARM microcontroller architectures.
• Use of Linux/Git as development environment

You are able to speak, write and read English with a very good level (french language is not required).

Interested?
This internship is for you if: you are passionate about embedded systems, low-power systems, IoT and
research; you like participating in innovative projects; you like embedded computing and FPGAs, communica-
tion systems; you wonder why things are the way they are and want to go further and improve them; you have
initiative to propose and defend your own ideas; you are a proud computer geek.

CentraleSupélec is one of the top engineering schools in France and the University of Rennes 1 is one of 61 uni-
versities included in U-Multirank for France, recognized establishment, appears in many international rankings.

This project is a collaboration between Rivo Randriatsiferana (University of Rennes 1) and Rubén Salvador (Cen-
traleSupélec), both associate researchers at the IETR CNRS-affiliated laboratory, a great place to do your Master
internship in embedded systems.

Come join us and benefit from a great international environment in Rennes, a vibrant city with great surround-
ings which is an important technological pole in embedded systems.

Location
CentraleSupélec, IETR Laboratory, Rennes.
Avenue de la Boulaie-CS 47601
35576, Cesson-Sévigné, France

Information
• Supervisors:

– Rivo Randriatsiferana: rivo.randriatsiferana@univ-rennes1.fr
– Rubén Salvador ruben.salvador@centralesupelec.fr

• Starting date: flexible, during Spring 2021 (anytime from February/March)
• Duration: 5-6 months
• Stipend: according to regulations, between 550-600 €/month

How to apply
Please send an email with the following information to both supervisors:

• Your CV
• Your Bachelor/Master transcripts (important to better know your background)
• A motivational letter
• Any additional document/report or link to repositories that you can think can prove your experience

Application deadline: January, 15th (though interviews to candidates will start immediately).
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