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CSE570 Spring 2020
Wireless and Mobile 

Networks

IoT/Sensor Networks

Slides borrowed from https://www3.nd.edu/~cpoellab/teaching/cse34468/schedule.html
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What is IoT?
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https://www3.nd.edu/~cpoellab/teaching/cse34468/schedule.html


4/24/20

2

How Does My Fridge Do That?

• You are leaving the home (sense user)
• There’s no milk in fridge (sense object)
• Use this information to make a decision (process)
• Inform user of decision (communicate)
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How Does My Fridge Do That?

• You are leaving the home (sense user)
• What type of sensor?
• Distinguish between parent and child
• Identify reason for leaving home
• Identify other contexts (e.g., store hours)

• There’s no milk in fridge (sense object)
• Use this information to make a decision (process)
• Inform user of decision (communicate)
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How Does My Fridge Do That?

• You are leaving the home (sense user)
• There’s no milk in fridge (sense object)
• What type of sensor?
• Is milk needed?
• No milk or “little” milk? (prediction)

• Use this information to make a decision (process)
• Inform user of decision (communicate)
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How Does My Fridge Do That?

• You are leaving the home (sense user)
• There’s no milk in fridge (sense object)
• Use this information to make a decision (process)
• Where is processor?
• What are the rules?
• Fixed rules versus dynamic rules (learning)

• Inform user of decision (communicate)
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How Does My Fridge Do That?

• You are leaving the home (sense user)
• There’s no milk in fridge (sense object)
• Use this information to make a decision (process)
• Inform user of decision (communicate)
• How?
• When?
• Privacy?
• Subtleness?
• Information overflow?
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What is IoT?

Physical object (“thing”)
+

Controller (“brain”)
+

Sensors
+

Actuators
+

Networks (Internet)
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How does IoT System look like?
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IoT Growth
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Some IoT Devices
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IoT in work

Connected Roadways Connected buildings
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IoT in work
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IoT Enablers
• Portability

• Miniaturization
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IoT Enablers
• Low power and Low heat

Low power architectures
Low power radios
Sleep modes
Energy harvesting

• Connectivity
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Key Component

• A sensor is a device that receives a stimulus 
and responds with an electrical signal.

Sensor

• Sensors talk to each other.
• Only a few sensors are connected to the 

internet through gateway/router.
• The data generated by sensors can grow 

huge.
• GBs, TBs per minute, day etc

Wireless

16
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IoT/Wireless Sensor Networks
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IoT/Wireless Sensor Networks
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IoT/Wireless Sensor Networks

§ Mesh Networks
§ Ad hoc Networks
§ Mobile Ad hoc Networks (MANETs)
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Why Ad hoc Networks
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MANET Characteristics
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MANET Characteristics
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MANET Routing
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MANET Routing
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Summary

• IoT Applications
• Sensors
• IoT/Senor Networks
• Ad hoc Networks
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Recent work in IoT Space

• Wireless Networking
• Emerging platforms for IoT
• LivingIoT
• Farmbeats
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LivingIoT – Flying Sensors

• A Flying Wireless Platform on Live Insects

https://homes.cs.washington.edu/~gshyam/Papers/living-iot.pdf
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Drones as Flying Sensors
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https://homes.cs.washington.edu/~gshyam/Papers/living-iot.pdf
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Drones as Flying Sensors

Need recharging every 10-20 min
29

Drones consume lots of power
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Idea: Use live insects to carry wireless sensors
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Benefits of LivingIoT

• Bio-based solution
• No need for mechanical 

propulsion
• Bees are introduced on 

farms for
pollination
• Bees sense their 

environment
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Bee Carrying Sensors
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Key Challenges

Size/Weight Power

~100 mg = 70 mg battery + 30 mg electronics
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Key Challenges

Can’t control bee motion
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LivingIoT Solutions

• Building lightweight hardware

• 2D location tracking of bees
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Designing small size and weight

Ambient backscatter

Custom ASIC
+ Lowest power and size
- Needs external components
- Long expensive process
- Not programmableFreerider
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Programmable General-purpose Design

• Programmable 
microcontroller

• Interfaces with temperature 
and humidity sensors

• Low range backscatter 
communication

• Weighs < 30 mg
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Programmable General-purpose Design
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LivingIoT Solutions

• Building lightweight hardware

• 2D location tracking of bees

40
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Bee Localization

GPS

Problem: GPS is power expensive
Solution: Passive receiver circuit

But, no phase info!

41

Extracting Phase from Amplitude
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What’s Next  with LivingIoT

• What other sensors can we use?

• Can we stream sensor data in real time?

• Can we use live insects to build bio-hybrid robots?

• Can we use these technologies to better study insects?
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Farmbeats

An IoT System for Data-Driven Agriculture

NSDI’17
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Key Challenges

• Internet Connectivity
• Power Availability
• Limited Sensor placement
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Deployment

• Six months deployment in two farms: Upstate NY 
(Essex), WA (Carnation) 
• The farm sizes were 100 acres and 5 acres 

respectively 
• Sensors: 
• DJI Drones
• Particle Photons with Moisture, Temperature, pH 

Sensors 
• IP Cameras to capture IR imagery as well as monitoring 

• Cloud Components: Azure Storage and IoT Suite
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Deployment

• Used 10 sensor types, 3 camera types and 3 drone 
versions 
• Deployed >100 sensors and ~10 cameras 
• Collected >10 million sensor measurements, >0.5 

million images, 100 drone surveys 
• Resilient to weeklong outage from a thunderstorm
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