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Plan

● Why this course
● Course aims and goals
● Administrivia
● What is ubicomp?
● Historical context of ubicomp



If you want to...
● Learn how to reuse traditional sensors in the smart devices in an 

unconventional manner to have impact on real world problems like 
diagnosing diseases and health disorders that affect millions of people

● Explore state of the art interfaces to interact with VR/AR systems and drones
● Leverage sensor fusion, signal processing and deep/machine learning for 

activity monitoring and motion tracking
● Exploit the waves of signals around us for communication, gesture 

recognition, sensing and more
● Apply technical skills and knowledge of the world to solve issues that touch 

lives (instead of getting people to click on more ads)

This class is for you



Enrollment (n=~18)



Even split between CSE/non-CSE



Goal of the course
● Have an understanding of state of the art research going on in mobile 

systems
● Broaden view of what applications are capable with computing devices
● Acquire knowledge about the different techniques required to solve problems 

in this area
● Appreciate the different challenges and constraints that go into developing a 

mobile system
● Be able to critically evaluate mobile systems papers and know the tradeoffs 

made as a result of different design decisions



Mobile Health
Detecting medical conditions with just a smartphone

Instructors: Sleep apnea, opioid overdose, middle ear infection, agonal breathing, 
vascular anomalies, fetal heartbeat, sinus infection, speech dysfunction, microtia

Ubicomp lab/elsewhere: Jaundice, hemoglobin monitoring, lung function, 
melanoma detection skin cancer, blood pressure monitoring, HIV/syphilis 
detection, semen analysis, urinary tract infection diagnosis

Highly accessible and cheap alternative to medical devices that are 
expensive/difficult to acquire/requires expertise/inaccurate



Mobile 
health



Functions as an ECG 
monitor that can 
monitor heart rate 
detect cardiac 
arrests.
Detects falls

Sensors

Accelerometer
Gyroscope
Speaker/microphone
Camera
Magnetometer
GPS
Proximity
Thermometer
Barometer
Light sensor
Hygrometer About 90 percent of people who experience 

an out-of-hospital cardiac arrest die.



Mobile phone penetration



Smart 
homes



Interaction



Backscatter



Indoor localization



Syllabus
● Ubicomp/mobile systems
● Interaction (wireless, through-body, acoustic etc.)
● Localization
● Mobile health
● Physical computing
● Low-power systems
● Smart homes
● Fabrication
● Drones
● Deep learning
● Security and privacy
● Etc...



Staff
Rajalakshmi Nandakumar Justin Chan

Final year PhD
Active sonar/acoustic 
technologies
ApneaApp, FingerIO, 
CovertBand, Opioid 
overdose detection

3rd year PhD
EarApp, cardiac arrest 
detection, pediatric health
3D printing and fabrication
Smart homes and interfaces



Hours
Course hours
Wednesday, Friday, 2 - 3:20 pm

Office hours:
By appointment

Both instructors away during week of Oct 29th
Guest lectures will occur during that week



Prerequisites
Knowledge of basic programming

Assignments will be loosely specified, you have the freedom to select which 
mobile platform you wish to develop on e.g. iOS, Android, Windows, BlackBerry…

So long as the code works, the implementation details do not matter



Assignment grading (demo or die)
● Assignments will be graded based on in-person demos
● Code must be submitted by the start of the demo session
● Late code submissions will not be able to earn any points for the demo 

portion of the grade, but can still earn full points for the code portion



Assignments (TBD)
● Step counting (pedometer)
● Acoustic gesture recognition or acoustic 

communication
● Heart rate monitor with microcontroller

Around two weeks to complete each assignment

Schedule a demo session with instructors

All code should work in realtime on the mobile device



Reading summaries
● Post response to readings on Canvas before class
● Ideas for what to write in response

○ Compare papers assigned for that day
○ Compare with papers assigned previously in course
○ Compare with papers of your own choosing
○ Pros and cons of approach in the paper
○ How can the paper be improved?



Late policy
Don’t be late

Within reason we will accept assignments without penalty

Without reason assignments will be penalized 



Participation
● Active participation and discussion is valued
● Everyone should be comfortable commenting and providing insights from 

their own perspectives



Conferences for course project
● MobiCom/MobiSys - mobile systems, fabrication
● CHI/UIST - human computer interaction
● Nature, Science, Ubicomp - mobile health
● Sigcomm, NSDI - wireless, backscatter, networking

Aim high for course project -- ideal project should be publishable at these 
conferences! 

Mobile projects can have fast development cycles. 

Feasible to prototype an idea publishable at these top conferences



Grade breakdown
60% project

30% homeworks

10% paper reviews, participation



Introduction to Ubiquitous Computing
Background and Context



Definitions of UbiComp
● Computing that moves beyond the 

desktop
● Computing that is embedded 

everywhere in the environment
● A technology where the task is the 

focus, not the technology itself



Origins of UbiComp
Invented many 
ideas that 
were 
foundational to 
the original 
Apple 
Macintosh 
system



3 eras of computing



First wave
● Main Frame Computing
● 1960-1970
● Massive computers to do simple data 

processing
● Few computers in the world
● Killer apps: scientific calculations



Second wave (PC era)
● Desktop Computing
● 1980-1990
● Business applications drive usage
● One computer per desk
● Computers connected in intranets to a 

massive global network
● All wired
● Killer apps: spreadsheets, text editing



Third wave
● Ubiquitous computing
● 2000-present
● Information creation, access, communication 

drive usage
● Multiple computers per environment/person
● WANs, LANs, PANs, ad-hoc networking, 

wireless
● Traditional notion of a ‘computer’ 

disappearing
● Killer apps: social networks, ridesharing apps



Mark Weiser (1952 - 1999)
● CTO of Xerox PARC
● Introduced notion of “calm technology”

○ interaction between the technology and its user is designed to occur in 
the user's periphery rather than constantly at the center of attention. 

○ E.g. video conferences, smart homes
○ E.g. water kettle, you fill it up and walk away, and don’t need to focus on it

● Computing should be as “refreshing as a walk in the woods
● Late 1980s, Mark Weiser became new manager of PARC’s Computer Science 

Lab Mark felt it was time for a new and radically different paradigm of 
computing and proposed a new research agenda termed “ubiquitous 
computing.”



“The most profound 
technologies are those that 

disappear. They weave 
themselves into the fabric of 

everyday life until they are 
indistinguishable from it” 

(1991)



Disappearing technologies
Virtual reality focuses an enormous apparatus on simulating the world rather than 
on invisibly enhancing the world that already exists.

The vanishing of electric motors:  Cheap, small, efficient electric motors made it 
possible first to give each machine or tool its own source of motive force, then to 
put many motors into a single machine.

Abstraction of technologies



Scale: Inch, foot, yard contributions
● Research agenda focused on 

addressing the problems of everyday 
life (away from the desk). 

● Developed a computational agenda 
around computing by the inch, foot and 
yard

● Each sized device is built for different 
tasks

Tabs 
(inch)

Pads 
(foot)

Boards 
(yard)



Tabs (smart dust)
Post-it note sized, like Active Badge

Titles on book spines, labels on controls, thermostats and clocks, small pieces of 
paper

Clip-on computers that can identify themselves and track people or objects

Vision: 100s of computers per room

These computers will become invisible like wires in the walls to accomplish 
everyday tasks

Animate objects previously inert. Beep to locate objects. Make active maps for 
any book



Design requirements
● Cheap low-power computers, convenient displays
● Network - support hundreds of machines in every room that can work indoors 

and outdoors
● Tiny range wireless, long range wireless, high speed wired
● Software systems, future OSes based around tiny kernels of functionality that 

adapt to changing needs of environment



Pads
Size: sheet of paper/current laptop

Pads are *not* like laptops, they are ‘scrap 
computers’ that can be grabbed and used 
anywhere like scrap paper. They have no 
individualized identity or importance.

Pads can be used as reminders and spread out 
over the desk, not limited to desktop screen



Boards
Video screens, bulletin boards, whiteboards, flip charts

Computer interaction that casually enhances every room



Trends
Present: people holed in offices before glowing screens and smartphones, gets in 
the way of human interaction

VR: outside world ceases to exist

Vision: computers reside in human world and pose no barrier to personal 
interactions



What next UbiComp? (2012)
Thesis: ubicomp is here and no longer requires special attention -- 
ideas and challenges are widespread throughout computing

Everything that is published in Ubicomp could find a publication home 
elsewhere and vice versa

Fourth generation of computing (?): many to many

Crowd sourced/deep learning results benefitting the masses

Get answers to complex questions in real time, get medical advice 
instantly, personal assistants etc.



Early UbiComp research themes
Charting Past, Present and Future Research in Ubiquitous Computing (2000)

1. Automated capture and access
2. Natural and implicit feedback
3. Context-awareness



Automated capture
● Manual record-taking is hard
● Machines can record some things better than humans
● Multiple streams of information sometimes need to be synchronized



Automated capture examples



Natural and implicit interfaces
● Traditional computing involves interacting with a computer using command 

terminals, mice, and keyboards
● More intuitive and natural interfaces allow devices to be used more easily



Natural and implicit interfaces examples

“we expect that 75 percent of 
households with VPAs (virtual 
personal assistants) will have 
one, 20 percent will have two, 
and five percent will have three 
or more devices by 2020.” 
-- Gartner

Minority 
Report 
(2002)

Microsoft 
PixelSense



Context-aware computing
When devices are used in different scenarios, they might need to do different 
things

Computing services should sense the environment (e.g. location, emotion) and 
automatically change their behavior



Critical contextual elements
● Location and scale
● Biometrics
● Time
● Conversational context
● Environment context (e.g. temperature)
● Identity (i.e. who is using it)
● Proximity to other devices
● Human behavioral patterns
● Interests and beliefs
● Emotional context



Minimal set of contextual elements
● What are we doing?
● Where are we doing it?
● Who are we and who are we doing it with?
● When are we doing it? Have we done it before?



Example contexts
Location

Movement

Activity

Social interaction

Emotion



Location
Computers must know where they are 

When a computer has this knowledge it can adapt its behavior is significant ways 



“Simple” context can be hard
● Re: location. What does the system need to infer?
● Lat/long?
● A physical address (185 E Stevens Way NE)
● The room I’m in?
● A semantic place (e.g., my home, my work, a friend’s house)
● What’s near me?
● Which way I’m facing?
● ...



Location inference: Active Badge
The Active Badge emits a unique IR code every 15 secs, which are picked up by a 
sensor network placed throughout a building, which communicates with a 
centralized server and provides a social location API. IR was chosen because 
ultrasonic too expensive.



Technologies
Infrared

Ultrasonic

Radio frequency/Wi-Fi

FM radio

Bluetooth

GSM

Etc.



Today
● The Active Badge Location System Want et al., ACM Trans. InfoSys’92
● The Cricket Location-Support System Priyantha et al., MobiCom’00
● RADAR: An In-Building RF-Based User Location and Tracking System Bahl & 

Padmanabhan, INFOCOM’00
● Location Systems for Ubiquitous Computing Hightower & Boriello, IEEE Computer’01
● RightSPOT: A Novel Sense of Location for a Smart Personal Object Krumm et al., 

UbiComp’03
● LOCADIO: Inferring Motion and Location from WiFi Signal Strengths Krumm & Horvitz, 

Mobiquitous’04
● Place Lab: Device Positioning Using Radio Beacons in the Wild LaMarca et al., 

Pervasive Comp’05
● Accurate GSM Indoor Localization Otsason et al., UbiComp’05



Everyday computing constraints
● Rarely have beginning or end

○ There is typically no point of closure, information from the past is often recycled

● Interruption is expected
○ Assume that activities will not be continuous, may have to operate in background

● Multiple activities operate concurrently
○ Assume the need for context shifts

● Time is an important discriminator
○ Incorporating notions of time (minutes, hours, days) since last interaction

● Associative models of information are needed
○ Context-rich model. User should be allowed to gather information from multiple paths


