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How does one go from                          to                       ? 





early exposure to computing 









my computer class in high school 







Dell Dimension 
Pentium I, 133MHz, 1GB hard drive, 32MB Ram 
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seachange 









Arduino 



RaspberryPi 



LilypadArduino 



Bringing 

Sexy Back 

[http://www.lolbrary.com/fullsize/643/fullsize-bringing-sexy-back-14643.jpg] 



#inspiration 

Leah Buechley 

Assistant Professor 

MIT Media Lab 













videoone 

Leah Buechley 

Blending Art, Craft, and Technology 
@ the Cyberlearning Research Summit 

January 18th, 2012 



paper, craft and embedded computing 





paper, drawing, and embedded computing 







#inspiration2 
Ann Marie Thomas 

Assistant Professor 

University of St. Thomas 



play dough and embedded computing 



[http://www.youtube.com/watch?v=y0LCTLKV2II] 

SquishySpeaker 







This Talk 

 

Rethinking 

CS 

1 
 

Reapplying 

CS 

2 

This Talk 





Design4Good 



Topic  

Sustainability 



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 

  

select the top 3 most water consuming 

activities in an average home 



survey results 

[Vickers, Handbook of Water Use and Conservation, 2001] 

31.4% 

18.3% 

14.9% 

11.5% 

10.8% 

9.4% 

1.6% 

1.2% 

1.0% 

0% 10% 20% 30%

Outdoor Use

Toilets

Laundry Machine

Showers

Faucets

Leaks

Other

Baths

Dishwasher

Title 

Selected in top 3 by only 33% 

 Selected in top 3 

 by ~50% 

Selected in top 3 by 26% 



Traditional water 
meters measure 

aggregate  
consumption 

 

Requires 

cutting into 

pipe to install 



kitchen sink 
28 gallons 

refrigerator 
0.3 gallons 

dishwasher 
6.5 gallons 

today‘s usage 



toilet 
78.4 gallons 

shower 
62.4 gallons 

bath 
6.5 gallons 

bathroom sink 1 
4.2 gallons 

bathroom sink 2 
0.8 gallons 

today‘s usage 



toilet 
78.4 gallons 

shower 
10.4 gallons 

bath 
0.0 gallons 

bathroom sink 1 
1.2 gallons 

bathroom sink 2 
0.8 gallons 

shower 
52.4 gallons 

bath 
6.5 gallons 

bathroom sink 1 
3.2 gallons 

bathroom sink 2 
2.4 gallons 

today‘s usage: hot vs. cold 



 

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

direct sensing 



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 



toilet 
78.4 gallons 

bath 
6.5 gallons 

bathroom sink 2 
0.8 gallons 

shower 
62.4 gallons 

direct sensing 

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 



scalable 

fixture-level sensing 

easy-to-install 

easy-to-maintain 

low-cost 



 
single, screw-on sensor  

identifies fixture usage 

estimates flow 

hydrosense 

Froehlich et al., UbiComp2009; Larson et al., PMC2010; Froehlich et al., Pervasive2011  



brief plumbing primer 



water tower 
water tower 

plumbing primer 



water tower 
water tower 

incoming cold 
water from 
supply line 

plumbing primer 



water tower 
water tower 

utility water 
meter 

pressure 
regulator 

incoming cold 
water from 
supply line 

pressure regulator 



water tower 
water tower 

incoming cold 
water from 
supply line 

utility water 
meter 

pressure 
regulator 

plumbing layout 



water tower 
water tower 

thermal  
expansion  
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water tower 
water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

bathroom 2 

kitchen 

dishwasher 

incoming cold 
water from 
supply line 

hot  
water  
heater 

thermal  
expansion  

tank 

closed pressure system 

hot  
water  
heater 



water tower 
water tower 

thermal  
expansion  

tank 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
heater bathroom 2 
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closed pressure system 



water tower 
water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
heater bathroom 2 

dishwasher 

incoming cold 
water from 
supply line 

toilet flushed 

toilet 

kitchen 

thermal  
expansion  
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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 



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 
hot open 

kitchen sink cold 

kitchen sink hot 

thermal  
expansion  

tank 

Change this to red 



what do you do with that data? 



Real-time  

Water Feedback 





time-series day view 



spatial view 



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 

Aquatic Ecosystem: Gamifying Water Savings 



time-series day view 

Why bathroom  

usage during  

mid-day? 



my collaborators 



my collaborators 

6/10 collaborators were female 



Topic  

Accessibility 















applying computing to solving real-world, 

physical accessibility problems 





Sidewalk Broken 
(Tree roots can create dangerous sidewalk 

impediments by creating cracks, breaking 

apart materials, pushing up the concrete itself) 



 

No smooth transition 

to alleyway 



Overgrown 

vegetation 

Temporary 

blockage  
(garbage in the way) 



No Curb Cut 



Topic  

Smart Cities 







 







 



 



launched march 2007 
 
by summer 2008: 
- 373 stations 
- 6,000 bicycles 
- 150,000 subscribers 

bicing in barcelona, spain 





num checked-out bicycles across 

all stations 

morning 

commute 

late spanish 

lunch 

evening 

commute 

evening 

commute 

sleeping  in on 

weekends 



how are  

  bicing patterns shared      

 across stations and    

     distributed in the city? 



avail. bicycle clusters 

Cluster B2 (N=72) 
Cluster B1 (N=106) 

flat  

Cluster B4 (N=62) 
Cluster B3 (N=42) 

outgoing 

Cluster B6 (N=38) 
Cluster B5 (N=50) 

incoming 



flat outgoing incoming 
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 station elevation vs.  
activity score 

biases of human behavior 



other mass transit other transit sources 



currently logging 11 cities across the world including 
montreal 

London 

washington dc 

paris 

barcelona 

taipai 



Topic  

Health & 

Wellness 



behavioral patterns of 

water usage 

home1 

home2 

home3 

6am noon 6pm midnight midnight 

morning 

routine 

gone to 

work 

evening 

kitchen  

activity 

bedtime 

routine 

how predictable are home water usage patterns? 



how can 

hydrosense be 

used to support 

aging in place 

applications? 



assisted living applications 

last active: 

10:03PM 

last active: 

10:08PM 

last active: 

7:20AM 

last active: 

10:09PM 

last active: 

10:33PM 



ubifit 

• fitness monitoring application 

• automatically senses activity 

• at-a-glance goal information 

strength 

cardio 

flexibility 

walk 

week’s goal met 

recent goal met 

[Consolvo et al., CHI2008; Consolvo et al., UbiComp2008;  



127 

Best Fit Linear Trend 

no glanceable display glanceable display 

effectiveness of the ubifit 

glanceable display 

Best Fit Linear Trend 

[Consolvo et al., CHI2008; Consolvo et al., UbiComp2008;  



ubifit in a shoe 



Human-Computer 

Interaction Laboratory  

Hornbake 2nd Floor 

Contact Me: 

jonf@cs.umd.edu 

@jonfroehlich 


