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Wireless Sensing

Cross Layer Wireless

- Rateless Code & Soft PHY
- Interference Alignment  
- Virtual MIMO 
- Opportunistic Routing 
- Network Coding

5G & Next Generation

- Millimeter Wave Networks 
- Massive MIMO
- Full Duplex Radios 
- Dynamic Spectrum Access
- Programmable Surfaces

Millimeter
Waves

Small Cell Massive 
MIMO

Beamforming Full-Duplex

Wireless Sensing

- Gesture Sensing
- Vital Sign Monitoring
- Behavioral Sensing
- Human Sensing 
- Food Sensing 

Internet of Things

- LoRa Networks
- Backscatter Networks
- Smart Cities & Homes
- Acoustic IoT
- IoT security

- Self-driving Cars
- Medical Micro-Implants
- Robotics & Drones
- Underwater Networks
- Noise Cancellation

Emerging Areas

COS 563

Wireless Imaging

- Radar Imaging
- Self Driving Cars
- Through wall Imaging
- Human Imaging
- 3D Mesh Recovery

Wireless Localization

- WiFi Localization
- Battery Free Localization
- Antenna Arrays
- Time of Flight
- Tracking 

Wireless Networks
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Course Information

• Staff
– Instructors: Kyle Jamieson, Yaxiong Xie
– Office hours: Tuesday after class

• Material
– Mainly research papers 
– Lecture Slides
– Perusal for discussions & questions

• Recommended Prerequisites
– Any undergraduate networking, wireless, or digital 

communications class 
– Basic math and signal processing: probability, Fourier, …
– Programming maturity (important for the project)



Class Participation
• Papers will be discussed in a very involved manner.   All 

students are expected to have thoroughly read and considered 
each assigned paper, and to be prepared to pose and answer 
questions about each reading.

• Preparing for class. Please prepare at 
least five comments or questions for each paper and post 
those comments or questions on Perusall

• Class participation grade will be determined based on 
attendance and, most importantly, your concrete contributions 
to the paper discussion both on Perusall and in class

https://app.perusall.com/courses/cos563_s2021-wireless-networks/_/dashboard/startup


Term Project

• Open-ended systems research project
– topics reached after discussion with the class instructor
– Projects should be done in groups of one or two
– All software code/firmware, hardware designs, etc

shared privately with instructor

• All group students expected to share equally in 
implementation
– At end of semester, each student working in a group 

asked to describe contributions of teammate



Grading
• Class participation: 30%

• Precept lead: 20%
– Organize discussion, may answer questions
– Submit a 500-1000-word report that summarizes both 

discussion and paper

• Project: 50%, comprised of:
– Checkpoint #1 - project proposal - 10%
– Checkpoint #2 - preliminary demo - 10%
– Checkpoint #3 - project presentation - 10%
– Checkpoint #4 - final report (5 pages + biblio) - 20%



Class Webpage
www.cs.princeton.edu/courses/archive/spring21/cos563



Syllabus



Sample Topics in this Class

• Network Coding

• Cross Layer Networking

• 5G Millimeter Wave

• Full Duplex

• Programmable surfaces

• Localization: Smart homes

• Human Sensing & Imaging

• Self Driving Cars

• Medical Implants

• Food Sensing



Introduction to Wireless Networks
Wireless networks provide advantages
•Mobility

•Eliminates piles of wires at home and office

But wireless networks present different challenges
•Medium is shared à Interference

•Medium is shared à Throughput ↘ as Devices ↗

•Channel can bad & unstable à Losses + Dead Spots



Traditional Design of Wireless Networks
Traditional design of wireless networks mimics wired networks
§ Assumes links are point-to-point

§ But wireless links have a broadcast nature



Why point-to-point is a suboptimal 
abstraction for wireless links?



Scenario: Alice and Bob want to exchange two packets; their radio 
range doesn’t allow them to reach each other à they need a router 
to relay the packets between them.

Router BobAlice



Requires 4 transmissions 
§ Alice to router; Router to Bob; Bob to router; Router to Alice

But wireless links are broadcast not point-to-point!
§ Can we exploit broadcast to do better?

Router BobAlice

Traditional Approach

Scenario: Alice and Bob want to exchange two packets; their radio 
range doesn’t allow them to reach each other à they need a router 
to relay the packets between them.



Router

XOR =

XOR = XOR =

BobAlice

Approach: Network Coding

Requires 3 transmissions instead of 4 
§ Alice to router; Bob to router; and router to both Alice and Bob

Harnessing the broadcast nature of wireless via network 
coding increases throughout

Scenario: Alice and Bob want to exchange two packets; their radio 
range doesn’t allow them to reach each other à they need a router 
to relay the packets between them.



Traditional Approach New Approach 
Optimize within isolated 

layers

HW and Radios

Comms. and Coding

Network & Apps

Optimize across the layers

HW and Radios

Comms. and Coding

Network and Apps

Cross-
Layer 

Desig
ns

Disruptive gains are unlikely Major opportunities!



Why is layer separation suboptimal in 
wireless networks? 



010101011111X 011101011011X
Loss Loss

With Layer Separation
a few bit errors à persistent loss But access points are 

unlikely to have same bit 
error

Scenario: Laptop in a Dead Spot



010101011111X 011101011011X
High-speed Ethernet

Solution: Cross-Layer Approach
§ Allow the layers to collaborate instead of acting separately
§ PHY layer delivers partially correct packets
§ Network layer combines correct bits across different access points to 

obtain correct packet

Scenario: Laptop in a Dead Spot



Which access point should we believe?

First bit is “1”First bit is “0”

Challenge



Solution: Network cooperates with physical layer

Physical Layer
010110111

§ Physical layer already estimates a confidence in its 0-1 decision
§ If we expose this information to the network layer, we can compare 

bits in packets received at different APs

First bit is “0”
First bit is “1” 

with 0.6 confidence
with 0.9 confidence

§ Assign to each bit the value that corresponds to a higher confidence
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Cross-layer Approach
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Experiment: Packet Delivery vs. Poor Coverage



High Data Rate Applications

Wireless Data Centers

Virtual Reality Connected Vehicles 

Robotic Networks

5G Wireless Backhaul & Access

mmWave Mesh Networks



VR requires a cable connection to a PC

Significantly limits mobility & experience



Millimeter Wave Technology

Huge bandwidth available at millimeter wave frequencies

0 GHz 10 GHz 30 GHz 40 GHz 50 GHz 60 GHz 70 GHz 80 GHz 90 GHz 100 GHz20 GHz

Millimeter Wave Bands

Currently we 
operate here

Millimeter Wave can support data rates of multi-Gbps



Small Wavelength enables thousands of antennas to be packed into 
small space à Extremely narrow beams

Millimeter Waves Suffer from Attenuation

mmWave radios use phased antenna arrays to focus the power 
along one direction

IBMAnokiwaveUCSD Bell LabsUCSD
256 elements 64 elements 384 elements 256 elements 64 elements

Fujitsu
64 elementsNokia & National 

Instruments



Today’s Networks : Broadcast



mmWave changes how wireless systems operate
mmWave: Narrow-beam Antennas







Need to quickly find the right beam 
alignment and track the user.

Suffers in case of: 
• Mobility
• Blockage
• Multi-users



mmWave changes how wireless systems operate
mmWave: Narrow-beam Antennas



mmWave changes how wireless systems operate
mmWave: Narrow-beam Antennas



Today’s Radios Are Half Duplex

4/25/2014 2

TX

RX

RX

TX

Radio 1 Radio 2

Refresher: Why was full duplex considered 
impossible?

4/25/2014 2

TX

RX

RX

TX

Radio 1 Radio 2

Refresher: Why was full duplex considered 
impossible?

Self Interference is hundred billion times 110dB+ 
stronger than the received signal!

But we know the signal which we are transmitting!
àCancel the self-interference on the hardware
à1.97x increase in throughput

Full Duplex Radios: Major change in 
communication protocols



• Wireless Channel changes quickly and is 
unpredictable.

• If Channel is Bad 
à Reduce data Rate, more coding

• If Channel is Good
à Increase data rate, less coding

Today: Wireless Communication Adapt to 
Channel Conditions



Today: Wireless Communication Adapt to 
Channel Conditions

New Approach: Programmable Radio Surfaces
Change the wireless channel itself

Implementation and deployment

(b) AP side

LAIA control 
boardAccess point

(a) Control board   

Phase 
shifters

Arduino 
board

USB 
cable

(c) Client side

Client

Antennas

Princeton IoT house

• 36 LAIA elements are implemented in Princeton IoT house
• 4-bit phase shifters (16 phase shifts)

68



How to Read a Paper
S. Keshav



Next class meeting: Sprout


