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Computing Paradigms
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Mainframe
1950s 

PC
1990s

Mobile
2010s

IoT
2020s

Automation
Aggregation

Customization
Productivity

Personalization
Mobility & Connectivity

Ubiquity
Intelligence



Mobile and IoT Computing
The convergence of sensing, communication, and computation that allows us to:
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Acquire data from the 
environment

Aggregate data from 
multiple sources

Analyze data (cloud/edge) and 
provide insights about the world

Act based on the data



Mobile and IoT Computing
The convergence of sensing, communication, and computation that allows us to:
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Acquire data from the 
environment

Aggregate data from 
multiple sources

Analyze data (cloud/edge) and 
provide insights about the world

Act based on the data

This course
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Areas Will Be Covered in This Course
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Smart Homes Health & Wellness Transportation Wearables

Connected Vehicles Digital Agriculture Ocean IoT Space



Example System
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Transportation & Smart Cities

* Slides Courtesy of Fadel Adib and Hari Balakrishnan at MIT



CarTel Project at MIT (2005-2011)



Pothole Patrol (MobiSys 2008)
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Road Safety
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Main Component of IoT Systems
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Axis #2:
Connectivity

Axis #1:
Power & Energy

Axis #3:
Sensing & Computing



WHAT?

Sensing Objectives

HOW?

Sensing Modalities
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Axis #3: Sensing & Computing

Locations Health

Motion & Activity Environment

Radio Acoustic

Inertial Visual



Power source Efficient Computing
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Axis #2: Power & Energy

- Edge vs cloud processing

- Efficient ML/processing 
with resource constraints

Infrastructure

- Electricity, Network

Battery

- Rechargeable?

Energy Harvest

- Ambient, wireless power
- Solar, waves, human 

motion



What are the metrics that we care about?
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Axis #1: Connectivity

Device-to-gateway range

inches

body/room

factory/campus

building

miles

Device’s data rate
Gbytes per day

bytes per day

Wi-Fi: hours, Gbytes/day, factory

LTE: hours-, Gbytes/day, miles, costs more

Battery life (low-power operation)

hours 20 years



Example Mobile and IoT Systems
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Device in another room

Device

Device-Free Localization (WiTrack, 2014)



Through-Wall Vision (RF-Pose, 2018)



Breath Monitoring (Vital-Radio, 2015)



Exhale

Inhale

Heartbeats
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Baby Monitoring



Mobile Security
Case Study: Inaudible Voice Commands

Can hack Android/Alexa using inaudible voice commands





Tiny Deep Learning on IoT Devices





End-to-end IoT System
Case Study: Precision Agriculture





Course Organization
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Module 1: Localization and Motion Tracking

Contextual information: 
location impacts how 
data is interpreted

Location-based services: 
ride-sharing, retail in-
store promotion

Spatial computing: 
motion tracking for 
immersive interactions

Spatial intelligence: 
combine sensor readings 
across buildings/cities

We will cover:

• Fundamental principles for localization and tracking

• Different sensing modalities for localization: radio, ultrasound, inertial, and cameras.



Course Organization
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Module 1: Localization and Motion Tracking

Module 2: Sensing

Module 3: Connectivity

Module 4: Low-power IoT & Efficient Computing

Module 5: Emerging Topics

Our lecture = Fundamentals + State-of-the-art systems



33

iOS Labs
Phone loaded 
with sensors

MCU

Sensors



Course Project
• Work in groups (ideal group size: 3)

• The projects involve system implementation

• Will suggest project ideas; students can choose their own projects

• What is expected?

Timeline:

• Proposal (2 pages): March 15th

• Weekly project meetup: starting from March 15th

• Final presentation: April 29th

• Final report: May 5th
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Past Course Projects
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Localization in Penn Engineering Pose Estimation with mmWave Radar



What you are expected to learn from this class
Lectures:

• Fundamentals of Mobile and IoT Computing

• How are they applied across various industries?

• What are emerging IoT domains and what does the future of IoT look like?

Labs:

• iOS APIs, including Bluetooth, inertial, basic UI programming

Project:

• Build a physical IoT project using material learnt from class

• Collaboration
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Logistics
Grading:

• Reading assignment (20%)

• Module reviews (20%)

• iOS labs (20%)

• Course project (30%)

• Class participation (10%)
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Haowen Lai (hwlai@cis.upenn.edu)

Staff:

• Lecturer: Mingmin Zhao (mingminz@cis.upenn.edu)

• TA: Haowen Lai (hwlai@cis.upenn.edu)

mailto:hwlai@cis.upenn.edu
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Next Lecture
• Time: Wed Jan 24th

• Topic: Fundamentals of Localization

• Readings: Chapter on Localization

38


