
Human 
Computer 
Interaction 
Laboratory 

@jonfroehlich 
Assistant Professor Computer Science 

makeability lab 

Making with a Social Purpose 

    @jonfroehlich 
Assistant Professor 

Computer Science 

University of Maryland 

Symposium and Hackathon in  

Social Media and Interaction 
Emmanual College, Cambridge University 

March 24, 2015 



My Group 
Started in 2012 





Human-Computer Interaction Lab 





Ben Shneiderman 
Circa 1983 





BenShneiderman BenBederson JonFroehlich JenGolbeck LeahFindlater 

MarshiniChetty 

JennyPreece 

AllisonDruin MonaLeighGuha TammyClegg JuneAhn EvanGolub TimClausner KentNorman IraChinoy 

KariKraus 

AnneRose CatherinePlaisant 

computer 

science 

hcil 

JessicaVitak 

NiklasElmqvist NicholasDiakopoulos 

JonFroehlich 

MichelleMazurek 

YlaTausczik 



Main Lab 
From Front 



Main Lab 
From Back 



HCIL Usability Lab 
With Two-Way Mirror  



Digital Physical 



HCIL Hackerspace 
Front Entrance 























FABRIC MOUSE TOUCHPAD 
By Peter Enns & Chris Imbriano, Spring 2014 





MUSICAL SPAGHETTI MADNESS 
By Richard Johnson, Spring 2014 





ACCESSIBILITY SUSTAINABILITY 

HEALTH 

SMART CITIES 

Misc 
Bear-With-Me (CHI’13) 
Pixel (IDC’14) 
Atmosphere (CHI’15) 
“I Like This Shirt” (CHI’15) 
MakerShoes (In Progress) 

Human 
Computer 

Interaction 
Laboratory 

MY RESEARCH 



ACCESSIBILITY SUSTAINABILITY 

HEALTH 

SMART CITIES 

Design Theory 
Behavior Change (CHI’13) 
Eco-Feedback (CHI’10) 

Eco-Feedback Prototypes 
Water (CHI’12) 
PhD Dissertation (UW’11) 
Electricity (Pervasive’11) 
Transit /UbiGreen (CHI’09) 

 

Building Resource Sensing 
HydroSense (UbiComp’09, Pervasive’11) 
WATTr (UbiComp’10) 
Electricity Usage (Pervasive’12) 
GasSense (Pervasive’10) 

Sustainable Transportation 
Bikeshare (UrbanSense’08, IJCAI’09) 
UbiGreen (CHI’09) 
 

Wearables for Health 
BodyVis (IDC’13, CHI’15) 

Social Fabric Fitness (CHI’14) 
UbiFit (CHI’08, UbiComp’08) 

Misc 
Bear-With-Me (CHI’13) 
Pixel (IDC’14) 
Atmosphere (CHI’15) 
“I Like This Shirt” (CHI’15) 
MakerShoes (In Progress) 

Accessible Cities 
BusStop (ASSETS’14, TACCESS’15) 

Sidewalk (ASSETS’12, CHI’13,  
HCOMP’13, UIST’14) 

Touchscreen Accessibility 
Games (ASSETS’13) 

Older Adults (CHI’13) 
Barrier Pointing (ASSETS’07) 

Wearables for Accessibility 
GlassEar (CHI’15) 

HandSight (ACVR’14) 

Automated Building Thermography 
Formative Study (CHI’15) 
UAV Feasibility Study (UbiComp’14) 
 

Human 
Computer 

Interaction 
Laboratory 

Transit Prediction & Analysis 
Public Transport (ICDM’10, PMC’12) 

Route Prediction (SAE’08) 
 

MY RESEARCH 



ACCESSIBILITY 

HEALTH 

SMART CITIES 

Design Theory 
Behavior Change (CHI’13) 
Eco-Feedback (CHI’10) 

Eco-Feedback Prototypes 
Water (CHI’12) 
PhD Dissertation (UW’11) 
Electricity (Pervasive’11) 
Transit /UbiGreen (CHI’09) 

 

Building Resource Sensing 
HydroSense (UbiComp’09, Pervasive’11) 
WATTr (UbiComp’10) 
Electricity Usage (Pervasive’12) 
GasSense (Pervasive’10) 

Sustainable Transportation 
Bikeshare (UrbanSense’08, IJCAI’09) 
UbiGreen (CHI’09) 
 

Wearables for Health 
BodyVis (IDC’13, CHI’15) 

Social Fabric Fitness (CHI’14) 
UbiFit (CHI’08, UbiComp’08) 

Misc 
Bear-With-Me (CHI’13) 
Pixel (IDC’14) 
Atmosphere (CHI’15) 
“I Like This Shirt” (CHI’15) 
MakerShoes (In Progress) 

Accessible Cities 
BusStop (ASSETS’14, TACCESS’15) 

Sidewalk (ASSETS’12, CHI’13,  
HCOMP’13, UIST’14) 

Touchscreen Accessibility 
Games (ASSETS’13) 

Older Adults (CHI’13) 
Barrier Pointing (ASSETS’07) 

Wearables for Accessibility 
GlassEar (CHI’15) 

HandSight (ACVR’14) 

Automated Building Thermography 
Formative Study (CHI’15) 
UAV Feasibility Study (UbiComp’14) 
 

Human 
Computer 

Interaction 
Laboratory 

Transit Prediction & Analysis 
Public Transport (ICDM’10, PMC’12) 

Route Prediction (SAE’08) 
 

MY RESEARCH 

SUSTAINABILITY 

SUSTAINABILITY 



of  the earth’s surface is covered by water  

two-thirds 



Ocean 
96.5% 

Polar Ice 
1.7% 

Brackish 
1% Drinkable 

Water 
0.8% 

[Glennon, Unquenchable: America’s water crisis and what to do about it, 2009; Gleick,World Policy Journal, 2009] 



per-capita water availability is declining 

As populations 

grow 
declining 



water availability disproportionately felt in 

urban environments 

[Barlow, 2007] 



This places an enormous strain on 

drinkable water supplies  

[Inman and Jeffery, 2006; Gleick et al., 2008 Vairavmoorthy, 2006] 



growing 
demand 
in 2010, water consumption rose 

to 938 billion gallons in beijing 

water supply = 576 billion gallons 

[Guardian, Dec 2010] 



“china melting snow to meet  

  freshwater demand” 

[Guardian, Dec 2010] 



 

barcelona, spain 
importing water by ship for $35m a month 

[Bloomberg News, Feb 2009] 







SHIFTING FOCUS 
from finding new supplies to using existing supplies more efficiently 



eco-feedback 
sensing and visualizing behavior to reduce environmental impact 



toyota prius 



toyota prius 





are the most water consuming 

activities in the average North 

American home? 



top water usage activities 

[Vickers, Handbook of Water Use and Conservation, 2001] 
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We asked 656 people the same thing 



survey results 

[Vickers, Handbook of Water Use and Conservation, 2001] 
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Selected in top 3 by only 33% 

 Selected in top 3 

 by ~50% 

Selected in top 3 by 26% 



Why don’t we know this? 



water feedback 



water feedback 



10,230 

gallons 



[Kempton & Layne, Energy Policy, 1994] 
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Water supply 

Traditional  

turbine-based  

water meter 

Into home 



Water supply 

Traditional  

turbine-based  

water meter 

Into home 

Requires inline installation. 

Only measures aggregate 

consumption. 



 

[Teague Labs, Arduino Water Meter, http://labs.teague.com/?p=722] 

direct sensing 



toilet 
78.4 gallons 

bath 
6.5 gallons 

bathroom sink 1 
4.2 gallons 

bathroom sink 2 
0.8 gallons 

shower 
62.4 gallons 

direct sensing 



toilet 
78.4 gallons 

bath 
6.5 gallons 

bathroom sink 2 
0.8 gallons 

shower 
62.4 gallons 

shower 
52.4 gallons 

bath 
6.5 gallons 

bathroom sink 1 
3.2 gallons 

bathroom sink 1 
4.2 gallons 

bathroom sink 2 
2.4 gallons 

direct sensing 



toilet 
78.4 gallons 

bath 
6.5 gallons 

bathroom sink 2 
0.8 gallons 

shower 
62.4 gallons 

shower 
52.4 gallons 

bath 
6.5 gallons 

bathroom sink 1 
3.2 gallons 

bathroom sink 1 
4.2 gallons 

bathroom sink 2 
2.4 gallons 

indirect sensing 

[UbiComp’09, Pervasive’11, PMC’12] 



HydroSense attempts to infer 

fixture-level usage for the entire 

home from a single point. 

[UbiComp’09, Pervasive’11, PMC’12] 



Pressure 

Sensor 
16-bit ADC 

20 MHz 

Microcontroller 

Class 1 

Bluetooth 

Radio 

3D-Printed Enclosure 

hydrosense implementation 



brief plumbing primer 
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plumbing primer 



water tower 
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incoming cold 
water from 
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plumbing primer 
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meter 
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pressure 
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pressure regulator 



water tower 
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incoming cold 
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supply line 

utility water 
meter 

pressure 
regulator 

plumbing layout 
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water tower 
water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 
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water tower 
water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
heater bathroom 2 

kitchen 

dishwasher 

incoming cold 
water from 
supply line 

toilet 

kitchen sink 
cold open 

kitchen sink cold 

thermal  
expansion  

tank 

Have another toilet as 2nd 
example rather than kitchen 

sink 
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flow volume 

bathroom sink pressure signal 

flow rate related to 

pressure via Poiseuille’s Law 





hydro study  

#1 
goal 

study feasibility of using pressure  

to disaggregate water usage  

approach 

controlled experiments across  

10 homes 



experimental protocol 

controlled experiments 
• 10 homes 

• 2 researchers per home would 

use fixtures in home 

• 5 trials per valve 
 

experimental script 
• valve opened full stop 

• pause for ~5 seconds 

• valve closed 



controlled data collection 
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unclassified open event open event library 

fixture classification 

compare via matched 

filtering across multiple signal 

transformations 



How accurately does HydroSense work? 
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10-fold cross validation 
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brushing teeth 



shaving 



bathing 



paw washing 
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hydro study  

#2 
goal 

study how well hydrosense can 

classify real world water usage 

approach 

5 week deployment in 5 homes 



in the first study, pressure 

waves were manually 

annotated with “ground 

truth labels” describing:  

• the fixture used  

• the water temperature 



I’m about to 

flush the 

toilet! 

Awesome! 

Marked it. Thanks 

Mr. Johnson 



  

 
can we record real-

world water usage? 



many failed solutions 



reed  

switch 

3-axis 

accelerometer 

hall  

effect 

unidirectional ball 

switch 

omnidirectional 

ball switch 

xbee wireless modem fixture usage sensor board 

custom ground truth data 
collection system 



Accelerometer 
& Ball Switch  

Taped on 

accelerometer 



reed  

switch 

3-axis 

accelerometer 

hall  

effect 

unidirectional ball 

switch 

omnidirectional 

ball switch 

xbee wireless modem fixture usage sensor board 

custom ground truth data 
collection system 



 residents 2 2 4 2 2 

size 3000 sqft 750 sqft 1200 sqft 700 sqft 750 sqft 

floors 3 2 2 3rd flr 6th flr 

fixtures 17 8 13 8 8 

valves 28 13 21 13 13 

deployment sites 

In total, we instrumented almost 90 individual water valves 













pressure 

sensor 1 

(hot point) 

pressure 

sensor 2 

(cold point) 

home 1 apartment 1 

two pressure sensors per home 

pressure 

sensor 2 

(hot point) 

pressure 

sensor 1 

(cold point) 



totals 

 days 33 33 30 27 33 156 

events 2374 3075 4754 2499 2578 14,960 

events/day 71.9 93.2 158.5 92.6 78.1 95.9 

compound 22.2% 21.8% 16.6% 32% 21.3% 21.9% 

5-week dataset 



How accurately does HydroSense work on 

real-world water usage activities? 
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real-world water usage data 



water tower 
water tower 

thermal  
expansion  

tank 

hose 
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utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
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water from 
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kitchen compound events 



of all water events were compound 

22%  

of all bathroom sink events were compound 

41.8%  



Technology patented and licensed to Belkin Inc. 





Also explored disaggregated energy and gas sensing 





eco-feedback 
sensing and visualizing behavior to reduce environmental impact 



Water Usage Eco-Feedback 





Two sets of designs: 

Design Dimensions 
Isolate eco-feedback design dimensions in the context of water usage 1 

Design Probes 
Meant to elicit reactions about how displays would fit within a household 

and investigate issues such as privacy, competition, family dynamics. 

2 



Data  

Granularity 

Time  

Granularity 

Measurement  

Unit 

Comparison 

Individual Fixture Fixture Category Activity Hot and Cold 

So Far Today So Far This Week So Far This Month 

Self Comparison To Others Social/Self 

In Gallons In Dollars Dollars / Gallons Including Sewage 

To A Goal 

Design Dimensions Explored 
DESIGN SET 1: ISOLATING DESIGN DIMENSIONS 



Design Probes Explored 
DESIGN SET 2: DESIGN PROBES 

Spatial 

Per- 

Occupant 

Time- 

Series 

Rainflow 

Other 

Aquatic 

Eco-system 
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DESIGN SET 2: DESIGN PROBES 

Spatial View 



Design Probes Explored 
DESIGN SET 2: DESIGN PROBES 

Spatial 

Per- 

Occupant 

Time- 

Series 

Rainflow 

Other 

Aquatic 

Eco-system 



ubifit  
Consolvo et al., CHI2008 
Consolvo et al., UbiComp2008 

ubigreen 
Froehlich et al., CHI 2009 

two examples: 

Aquatic Ecosystem Design Influences 

DESIGN SET 2: DESIGN PROBES 



water 

savings 

tracker 

“Frank” 

the fish 

Water savings 

goal met 

“Frank” the fish 

meets his mate 

New water 

savings goal met 

Frank and his 

mate have 

children and so on… 

display is also 

interactive so 

fish respond 

to touch 

DESIGN SET 2: DESIGN PROBES 

Aquatic Ecosystem View 



Design Probes Explored 
DESIGN SET 2: DESIGN PROBES 

Spatial 

Per- 

Occupant 

Time- 

Series 

Rainflow 

Other 

Aquatic 

Eco-system 



Rainflow View 
DESIGN SET 2: DESIGN PROBES 



Source: Froehlich et al., CHI’12 



Jon Froehlich, Sensing  and Feedback of Everyday Activities to Promote Environmental Behaviors, PhD Dissertation 2011 

http://www.cs.umd.edu/~jonf/publications.html


http://goo.gl/3ldFUu 

OTHER TALKS ON ECO-FEEDBACK VISUALIZATION 
If you want to learn more about the visualization side of my work, check out the following on slideshare: 

http://goo.gl/DouwNL 

http://goo.gl/aV3B3F 

http://goo.gl/ijrgxK 

http://goo.gl/vpwNIY 

http://www.slideshare.net/jonfroehlich/the-design-of-ecofeedback-technology
http://www.slideshare.net/jonfroehlich/applying-iterative-design-to-the-ecofeedback-design-process-15199729
http://www.slideshare.net/jonfroehlich/moving-beyond-line-graphs
http://www.slideshare.net/jonfroehlich/the-design-and-evaluation-of-prototype-ecofeedback-displays-for-fixturelevel-water-usage-data
http://www.slideshare.net/jonfroehlich/gamifying-green


ENVIRONMENTAL BEHAVIOR SENSING AND FEEDBACK WORK 
Sensing Focus 
• Froehlich, J., Larson, E., Saba, E., Campbell, T., Atlas, L., Fogarty, J., & Patel, S. (2011) A Longitudinal Study of Pressure Sensing to Infer Real-

World Water Usage Events in the Home. Proceedings of Pervasive 2011, 50-69. 

• Froehlich, J., Larson, E., Gupta, S., Cohn, G., Reynolds, M., & Patel, S. (2011) Disaggregated End-Use Energy Sensing for the Smart Grid. IEEE 
Pervasive Computing 2011, 28-39. 

• Campbell, T., Larson, E., Cohn, G., Froehlich, J., Alcaide, R., & Patel, S. (2010) WATTr: a method for self-powered wireless sensing of water 

activity in the home. Proceedings of UbiComp 2010, 169-172. 

• Larson, E., Froehlich, J., Campbell, T., Haggerty, C., Atlas, L., Fogarty, J., & Patel, S. (2010) Disaggregated water sensing from a single, pressure-

based sensor: An extended analysis of HydroSense using staged experiments. Pervasive and Mobile Computing (PMC) 2010, 82 - 102.  

• Cohn, G., Gupta, S., Froehlich, J., Larson, E., & Patel, S. (2010) GasSense: Appliance-Level, Single-Point Sensing of Gas Activity in the Home. 

Proceedings of Pervasive 2010, 265-282. 

• Froehlich, J., Larson, E., Campbell, T., Haggerty, C., Fogarty, J., & Patel, S. (2009) HydroSense: infrastructure-mediated single-point sensing of 

whole-home water activity. Proceedings of Ubicomp 2009, 235-244. 

Feedback Focus 
• Froehlich, J. (2015) Gamifying Green: Gamification and Environmental Sustainability. The Gameful World 

• Froehlich, J., Findlater, L., Ostergren, M., Ramanathan, S., Peterson, J., Wragg, I., Larson, E., Fu, F., Bai, M., Patel, S., & Landay, J. (2012) The 

Design and Evaluation of Prototype Eco-Feedback Displays for Fixture-Level Water Usage Data. Proceedings of CHI 2012, 2367-2376. 

• Froehlich, J., Findlater, L., & Landay, J. (2010) The design of eco-feedback technology. Proceedings of CHI 2010, 1999-2008. 

• Froehlich, J. (2009) Promoting Energy Efficient Behaviors in the Home through Feedback: The Role of Human-Computer Interaction. HCIC2009 
Winter Workshop 

Sensing and Feedback 
• Froehlich, J. (2011) Sensing and Feedback of Everyday Activities to Promote Environmental Behaviors. University of Washington Doctoral 

Dissertation 2011 

• Froehlich, J., Everitt, K., Fogarty, J., & Landay, J. (2009) Sensing Opportunities for Personalized Feedback Technology to Reduce Consumption. 

CHI2009 Workshop: Defining the Role of HCI in the Challenges of Sustainability 

• Froehlich, J., Dillahunt, T., Klasnja, P., Mankoff, J., Consolvo, S., Harrison, B., & Landay, J. (2009) UbiGreen: investigating a mobile tool for 

tracking and supporting green transportation habits.Proceedings of CHI 2009, 1043-1052. 

 

 

Add list of all workshop 

and full papers on this 
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from Belkin 
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1. CURTAILMENT BEHAVIORS 
Involve forming new routines to reduce 

environmental impact (e.g., taking a 

shorter shower, biking to work) 

2. EFFICIENCY BEHAVIORS 
One-time actions that provide a lasting 

impact such as replacing windows with 

energy-efficient counterparts or 

reinsulating your home 

[Source: Gardner & Stern, Environment: Science and Policy for Sustainable Development, 2008] 

ENCOURAGING EFFECTIVE SUSTAINABLE ACTION 







THERMAL CAMERAS 
Thermal cameras (or infrared cameras) 

detect electromagnetic radiation with 

lower frequencies than visible light (i.e., 
infrared frequencies) 

 

All objects above absolute zero emit 

infrared radiation, so thermal cameras can 

‘see’ in the dark without external 

illumination. 

 

The amount of radiation emitted by an 

object increases with temperature, so 

thermal cameras can also measure heat. 



There must be a minimum 10° C 
temperature differential between a 
building’s  interior and exterior to 
properly detect thermal leakage. 
Here, the 2nd floor appears to be 
leaking hot air perhaps due to poor 
insulation. 



Lots of Emerging Thermal Camera Applications 



Lots of Emerging Thermal Camera Applications 

Surveillance Search & Rescue Law Enforcement 

Firefighting Medical Applications Non-intrusive Equipment Monitoring 

Moisture Detection Non-Intrusive Pipe Inspection Home Energy Audits 



Surveillance Search & Rescue Law Enforcement 

Firefighting Medical Applications Non-intrusive Equipment Monitoring 

Moisture Detection Non-Intrusive Pipe Inspection Home Energy Audits 



COST OF INFRARED SENSING TECHNOLOGY 

Source: Larson et al., CHI2011, http://www.slideshare.net/ericcooperlarson/heatwave-chi2011  





$249.99 



What if everyone had a thermal camera built into their 

smartphones?  

 

Could ordinary people become amateur thermographers (i.e., citizen 

scientists) contributing thermal data about built infrastructure in their 

cities?  

RESEARCH/DESIGN PROVOCATION 



Energy audits and 

thermographic surveying  

are time and labor intensive 



How can we automate thermographic assessments? 



How can we automate thermographic assessments? 

1. Data collection 

2. Model generation 

3. Analysis 

4. Report generation 

What might this automation enable? For example, 

more frequent scanning may enable new types of 

temporal analyses. 



Could we automate the thermographic inspection process using robotics? 



Figure 1: Example of partial 3D 
reconstruction using UAV and data 
from our thermal camera. 

[Source:: Mauriello & Froehlich, UbiComp’14 Extended Abstracts] 



Source: Automation Group, Jacobs University Bremen, http://goo.gl/ZTN4Re, https://youtu.be/TPoCebERysc] 



Source: Automation Group, Jacobs University Bremen, http://goo.gl/ZTN4Re] 

Irma3D Ground Robot  
Equipped with Reigl VZ-400 laser scanner & Optris Imager PI thermal camera 



UbiComp’14: Reviewer 3 
…There are actually many factors 
that need to be taken into account 
when doing exterior thermal scans…  
 
It's not as simple as just taking 
thermal images. Temperature, 
sunlight, wind are some of the 
factors that need to be accounted 
for. It'd be great to do a formative 
study with energy auditors before 
proceeding too far with the research 
so that what is built improves upon 
the current/existing practices.  
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…There are actually many factors 
that need to be taken into account 
when doing exterior thermal scans…  
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thermal images. Temperature, 
sunlight, wind are some of the 
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so that what is built improves upon 
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NO HUMAN PERSPECTIVE IN AUTOMATED THERMOGRAPHY LITERATURE 
Reviewed over 30 papers in ‘automated thermography.’ No user studies, no investigations of how professional 

auditors may use or perceive emerging systems, no discussions of human-centered design, etc. 

Previtali et al.,Applied Geomatics’14 Bormann et al., Adv. Eng. Informatics’14 Laguela et al., Q. Infrared Thermography’14 Laguela et al.,  Energy and Buidlings’14 Previtali et al.,  J. Mobile Multimedia’14 

Hamet al., Adv. Eng. Informatics’13 Vidas et al., IEEE Sensors’14 Wang et al., J. Comp. Civil Engineering’13 Ham et al.,  J. Comp. Civil Engineering’14 Demisse et al., Intl. Conf. Adv. Robotics’13 



NO HUMAN PERSPECTIVE IN AUTOMATED THERMOGRAPHY LITERATURE 
Reviewed over 30 papers in ‘automated thermography.’ No user studies, no investigations of how professional 

auditors may use or perceive emerging systems, no discussions of human-centered design, etc. 

Previtali et al.,Applied Geomatics’14 Bormann et al., Adv. Eng. Informatics’14 Laguela et al., Q. Infrared Thermography’14 Laguela et al.,  Energy and Buidlings’14 Previtali et al.,  J. Mobile Multimedia’14 

Hamet al., Adv. Eng. Informatics’13 Vidas et al., IEEE Sensors’14 Wang et al., J. Comp. Civil Engineering’13 Ham et al.,  J. Comp. Civil Engineering’14 Demisse et al., Intl. Conf. Adv. Robotics’13 



Source: Mauriello, Norooz, & Froehlich, CHI’15 



AUTOMATED THERMOGRAPHY 
9 of 10 energy auditors agreed that there was value in automated 

data collection, especially related to:  

• saving time and money 

• assessing otherwise inaccessible parts of buildings (e.g., rooftops) 

• scaling up what can be surveyed (e.g., entire neighborhoods) 

• enabling new types of analyses (e.g., track building over time) 

• automatic anomaly detection 

• higher fidelity model generation (e.g, 3D reconstructions) 



CONCERNS 
The most common concerns:  

• data quality: automated approaches lack control of environment  

• data overload: how to manage orders of magnitude more data?  

• social process: energy auditing is a socio-technical process 

• fear and privacy: who owns data? how can you opt-out? 





Essess Car 
http://www.essess.com 





ESSESS CAMBRIDGE, MA DATASET 
Over 17,000 buildings surveyed without owner permission 

[Source: http://www.essess.com/technology/scale/] 

less 
efficient  

more 
efficient  









Source: UAV Workswell Thermal Vision Pro, https://youtu.be/f3suOumbmrU 

FUTURE WORK 
Engage in participatory design 

with auditors and continue 

ethnographic fieldwork 

Investigate computer vision to 

automatically infer building 

structures such as windows & 

doors (e.g., to calculate 

window-to-wall ratios) 

Explore benefits of temporal 

analyses, anomaly detection, 

and 3D reconstruction 

Examine opportunities for 

automating indoor 

thermographic inspections 

Explore privacy and policy 

implications 
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Most of my recent work in this space has been with e-textiles 



WHAT ARE? 

E-textiles are textiles with embedded electronics/digital 
components (including small computers) 



WRECKING CREW ORCHESTRA 

Source: http://youtu.be/6ydeY0tTtF4 



WRECKING CREW ORCHESTRA 



The Printing Dress 
Asta Roseway 
Microsoft Research 

Source: http://youtu.be/_9EVo2RicS0 

CARRIE UNDERWOOD’S DRESS 
2013 GRAMMY AWARDS 



Flutters in 
direction of 
sound 

FLUTTER 
DESIGNERS: HALLEY PROFITA, NICHOLAS FARROW,,NIKOLAUS CORRELL 

Vibration motors 

Microphone 

Source:  IWSC2012 



PILEUS: THE INTERNET UMBRELLA 
DESIGNERS: SHO HASHIMOTO & TAKASHI MATSUMOTO 

Source: http://www.pileus.net/ 
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WHAT IF OUR CLOTHES COULD 

SHOW HOW FAST  

WE RUN? 



Social Fabric Fitness 



Prototype #1 Prototype #2 Prototype #3 

Manufacturer Our Team Plastic Logic Erogear 

Display Weight 66.9 g 25.4 g 46.8 g 

Total Weight 152.9 g 411.7 g 161.2 g 

Pixels 24 x 12 320 x 240 32 x 16 

Refresh Rate 5 Hz 1.1 Hz 38 Hz 

Dimensions* 21.3 x 12.2 cm 18.4 x 14 cm 20.3 x 15.2 cm 

Display Thickness* 13.5 mm 4.9 mm 4.8 mm 

* With enclosure 

SFF: THREE INTERACTIVE PROTOTYPES 



Flexible PCB 
24 x 6 Matrix 

Green or Blue LEDs 

Prototype #1 
Manufactured Flexible PCB 

Manufactured at PCBUniverse.com and pick-and-place performed by Tristate Electronics 



Prototype #1 
Flexible PCB 



Prototype #1 
Experimenting with Enclosures 



Prototype #1 
Experimenting with Enclosures 



Prototype #1 
Experimenting with Enclosures 



2 x Arduino  
Pro Minis 

2 x LED Matrices on 
Flexible PCB 

2 x 3.7V (2000 mAh) 
LiPoly Batteries 

Velcro 
Perimeter 

Pleather  
Enclosure 

Cotton  
Diffusion Layer 

Prototype #1 
Final Prototype 



Prototype #2 
e-Ink Display 



Prototype #2 
e-Ink Display 



Plastic Logic Flexible e-Ink  
Display 4.7” (320 x240) 

4 x 1.5V (2000 mAh)  
AA Batteries 

32-bit BeagleBone 
(AM335x 720MHz ARM)  

Plastic Logic Display  
Controller (HummingBird) 

Nylon 
Enclosure 

Prototype #2 
Final e-Ink Prototype 



Prototype #3 
Early Erogear Visualizations 



Prototype #3 
Extremely Flexible/Lightweight 



2 x 3.7V (2200 mAh) 
Li-Ion Batteries 

2 x 32x8 Erogear 
LED Matrices 

2 x 32-bit MCU; 16-bit LED Matrix 
Driver; Bluetooth Modem 

Prototype #3 
Final Erogear Prototype 



Prototype #1 

Prototype #2 

Pilot Studies 
In-situ observation 



Pilot Studies 
In-situ observation 

Prototype #3 



SFF: FINAL VISUALIZATIONS 



Final Prototype 
Social Goal Pace Tracking Visualization 



FIELD STUDY PARTICIPANTS 
10 GROUPS; 52 INDIVIDUALS (35 FEMALE) 

Avg Group Size:  

5 
Avg Age: 

40.7 
Avg Target Pace: 

10:14 
Avg Distance: 

3.5 mi 



RACE STUDY PARTICIPANTS 
4 INDIVIDUALS (1 FEMALE) 

Part. ID Age  Gender Race 
Target 
Pace 

R1P1 34 M County 8K 6:15 

R1P2 33 F County 8K 8:20 

R2P1 26 M 
Labor Day 

10K 
7:45 

R2P2 18 M 
Labor Day 

10K 
8:30 

Male, 34 
Target Pace: 6:10 
County 8K 

Female, 33 
Target Pace: 8:20 
County 8K 

Male, 26 
Target Pace: 7:45 
Labor Day 10K 

Male, 18 
Target Pace: 8:30 
Labor Day 10K 



Race Deployment 
Competitive Interactions 



“It made me more aware 

of our pacing and kept me 

more focused on the run.” 
-G2P2-W 

FIELD STUDY RESULTS 
DATA AWARENESS; ALL (N=52) 



“Made me feel like I was pushing 

my efforts, which is good.”  
-G7P8 

 

FIELD STUDY RESULTS 
MOTIVATION; ALL (N=52) 

“Motivated me to go faster than 

the pace displayed.”  
-G7P7 

 



Gold Medal 



“It made me run faster 

because my performance 

was on display.” 
-R2P1-W  

RACE STUDY RESULTS 
MOTIVATION; WEARERS (N=4) 



Potential Dichotomy 

Increased motivation 

vs. increased anxiety 

SFF Externalizes 
Performance 



NEW EROGEAR FOS DISPLAY 

Source: http://www.erogear.com/ 









“Does my heart beat faster when 

running vs. reading a book? Why?” 

“How does my breathing rate 

compare to my classmate’s 

and why may this be?” 

“How does food travel 

through my body?” 



[Source: Norooz, Mauriello, & Froehlich, CHI’15, https://youtu.be/3zh_yaslOnY] 





 



http://learn.sparkfun.com http://learn.adafruit.com/ http://www.instructables.com/ 

proquest.safaribooksonline.com/ http://highlowtech.org/ itp.nyu.edu/physcomp/Tutorials 

JOIN US! ONLINE RESOURCES 

http://learn.sparkfun.com/
http://learn.adafruit.com/
http://www.instructables.com/
proquest.safaribooksonline.com/
http://highlowtech.org/
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Making with a Social Purpose 
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Computer Science 
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Social Media and Interaction 
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Back-up slides: crowd-powered streetview accessibility 
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The National Council on Disability noted that 

there is no comprehensive information on 

“the degree to which sidewalks are 

accessible” in cities. 

National Council on Disability, 2007 

The impact of the Americans with Disabilities Act: Assessing 

the progress toward achieving the goals of the ADA  



Incomplete Sidewalks Physical Obstacles Surface Problems No Curb Ramps Stairs/Businesses 



The lack of street-level 

accessibility information can 

have a significant impact on 

the independence and 

mobility of citizens 

cf. Nuernberger, 2008; Thapar et al., 2004  



SITUATIONAL IMPAIRMENTS 
Accessible cities can impact everyone: affecting health, sustainability, community 



 



460 New York Ave NW 

Washington, DC 20532 

Accessible Inaccessible No data 0-20 20-40 40-60 60-80 80-100 

78 
This area is fairly accessible and you can travel 

easily with a wheelchair. Most streets have 

sidewalks on both sides of the roads. Sidewalk 

condition is good. There is 1 intersection with 

missing curb ramps. 

Accessible 

Inaccessible 



 
How might a tool like AccessScore: 

Change the way people think about and 

understand their neighborhoods 

Influence property values 

Impact where people choose to live 

Change how governments/citizens make 

decisions about infrastructural investments 



Our Approach: Use Google Street View (GSV) as a massive data source 

for scalably finding and characterizing street-level accessibility 



HIGH-LEVEL RESEARCH QUESTIONS 

1. Can we use Google Street View (GSV) to find street-

level accessibility problems? 

2. Can we create interactive systems to allow minimally 

trained crowdworkers to quickly and accurately 

perform remote audit tasks? 

3. Can we use computer vision and machine learning 

to scale our approach? 

 




