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reflections 



see the world differently 



see things we cannot otherwise see 



help us practice 



see ourselves differently 



technology 
new reflections of self with 

our behaviors 

our routines 

our past actions 

our social connections 

new 
insights 



example 

objective vs. subjective self 

a simple 





thanks,  
great clips! 



feedback sensing 

you 

how can we create sensors 
to sense and infer your 
behaviors? 

how do you react to this 
feedback? can we sense 
changes? 

how do we present this 
data back to you? what 
medium and interface is 
most effective? 



feedback sensing 

you 

computer science 

human-computer 

interaction 



why? 

1. i want to make the world better 

2. now is the time… 



running 

lester et al., ijcai 2005 
choudury et al., ieee pervasive 2008 



walking 

lester et al., ijcai 2005 
choudury et al., ieee pervasive 2008 



sitting 

lester et al., ijcai 2005 
choudury et al., ieee pervasive 2008 



transit modes 

patterson et al., ubicomp 2003 
zheng et al., ubicomp 2008 

reddy et al.,  sensor networks2009 



eating 

• jawbone microphone 

eating 

amft  et al., ubicomp 2007 
cheng et al., pervasive 2010 

microphone in ear 
detects when a 
person is eating 

with 99% accuracy 



lester et al., pervasive health 2010 

identifying fluids 

instrumented cup 
79% classification accuracy  

68 different fluids including 

sodas, juices, beers, wines 



coughing 

liu et al., in submission 



ok, we have all this data…  

 

        now what? 



coughing 

liu et al., in submission 



automatically detecting coughs 

with a commodity mobile phone 

liu et al., in submission 

microphone 



17 participants 

72 hours of naturalistic audio recording 

6 graduate students annotated recordings 

 

2542 coughs labeled by annotators 

 

collecting and analyzing the 

cough dataset 

liu et al., in submission 

84.4% of coughs were correctly classified 

0.7% false positive rate (3.3/hr) 
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number of coughs 
measured vs. self-report 



inaccuracy of self-report 
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diff: mean (22.8/hr), std (33/hr) 

number of coughs 
measured vs. self-report 
diff: mean (22.8/hr), std (33/hr) 



nike+ipod 



nike+ interface 



toyota prius 



eco-feedback 

sensing behavior paired with feedback to 
reduce environmental impact 



2003 

eco-feedback 

Fogg, B.J., Persuasive 
Technology, 2003 

2010 

a brief history 
Arroyo et al., CHI2005 

Kuznetsov et al., CHI2010 

hci/ubicomp 



2003 

eco-feedback 

Fogg, B.J., Persuasive 
Technology, 2003 

2010 

a brief history 
Arroyo et al., CHI2005 

Kuznetsov et al., CHI2010 

hci/ubicomp 

1976 

Kohlenberg et al.,  
J. Applied Behavior 
Analysis, 1976  
 

environmental  
psychology 

1970 



smart meters 



power-aware cord 

cord light pulsates & 
varies in intensity 
based on power draw 

Gustafsson and Gyllenswärd, CHI2005 



jetsam 

Paulos and Jenkins, CHI2005 

visualization allows 
pedestrians to view 
amount and type of 
garbage at-a-glance 



toyota prius 



• immediacy – relevant information accessible 
• constrained environment – few distractions 
• reason to care – gas mileage is important 
• simple – interface is easy to understand 
• educates – immediacy combined with history can teach 

efficient driving practices 

what makes this design effective? 

is the prius effect simply a learning effect? 

toyota prius 



feedback improves 

performance 

Becker, J. of Applied Psychology 1978 



gas gauge 

speedometer 





but if we have speedometers, 

why do we have… 



vehicle 

activated 

speed 

signs 



speed cameras 



vehicle 

activated 

speed 

signs 



the design of vehicle 

activated speed signs 



vas signs 



so an interesting research 

question then is: 

 

how can we design technology to 

influence behaviors? 



behavior change 

information 

prompts 

incentives 

goal-setting 

comparison 

feedback 

commitment 

techniques 

Geller et al., 1990 

Health Education Research 



information 

prompts 

incentives 

goal-setting 

comparison 

feedback 

commitment 

techniques  
behavior change 



prompts 

much more effective! 
 

Winett et al., Journal of Applied Psychology, 1978 

 



comparison 



self comparison 



comparison JOIN YOUR FELLOW GUESTS IN HELPING TO SAVE THE 
ENVIRONMENT. Almost 75% of guests who are asked to 
participate in our new resource savings program do help by 
using their towels more than once. You can join your fellow 
guests in this program to help save the environment by 
reusing your towels during your stay. 



comparison JOIN YOUR FELLOW GUESTS IN HELPING TO SAVE THE 
ENVIRONMENT. Almost 75% of guests who are asked to 
participate in our new resource savings program do help by 
using their towels more than once. You can join your fellow 
guests in this program to help save the environment by 
reusing your towels during your stay. 

standard environmental message 

35.1% 
descriptive norm message 

44.1% 



 

sensing opportunities 
for mobile health persuasion 



Twin Falls is only 1.4 mi away 
and you’ll burn an estimated 

170 calories round trip. 

Twin Falls is only 1.4 mi away. 

sensing opportunities 
for mobile health persuasion 



Twin Falls is only 1.4 mi away 
and you’ll burn an estimated 

170 calories round trip. 

Twin Falls is only 1.4 mi away. 

Kairos 
technology that suggests 
a behavior at the most 
opportune moment 

-fogg, 2003 

sensing opportunities 
for mobile health persuasion 



ubifit 
encouraging fitness 
behaviors through passive 
sensing and feedback 
 
consolvo et al., chi 2008 
consolvo  et al., ubicomp2008 

ubigreen 
encouraging proenvironmental 
behaviors through passive 
sensing and feedback 
 
froehlich et al., chi 2009 

two mobile phone 

examples: 



ubisystem components 

collects data about physical activities 

communicates data about physical activities 

glanceable display 

+ 

activity recognition device 

phone 
wallpaper! 



ubisystem components 

+ 

collects data about physical activities 

communicates data about physical activities 

interactive application glanceable display 

+ 

activity recognition device 

towards zero effort applications 



pedometer cell phone 

fitness study 

Consolvo, S., et al. Design Requirements for Technologies that 
Encourage Physical Activity. CHI 2006 



strength 

cardio 

flexibility 

walk 

primary goal met 

alternate goal met 

recent goal met 

ubifit 
personal ambient display 



ubigreen  

tracked 6 transit activities 

69 

minimum activity duration: 7 minutes 

walk bike drive alone train carpool bus 

“green” “not-green” 



current 
activity 

value  
icon bar 

evolving 
image 

phone 
background 
(wallpaper) 

ubigreen 
personal ambient display 



sense of anticipation for how story would unfold 



everything  
resets  

on sunday 

7:27 PM 

 

 

03/30/08 7:45 AM 

T-Mobile 

 

03/31/08 8:05 AM 

T-Mobile 

 

03/31/08 5:15 PM 

T-Mobile 

 

03/31/08 5:30 PM 

T-Mobile 

 

03/31/08 7:23 AM 

T-Mobile 

 

04/01/08 8:05 AM 

T-Mobile 

 

04/01/08 5:38 PM 

T-Mobile 

 

04/01/08 6:11 PM 

T-Mobile 

 

04/01/08 7:41 AM 

T-Mobile 

 

04/02/08 5:22 PM 

T-Mobile 

 

04/02/08 6:55 AM 

T-Mobile 

 

04/03/08 7:15 AM 

T-Mobile 

 

04/03/08 4:48 PM 

T-Mobile 

 

04/03/08 5:56 PM 

T-Mobile 

 

04/03/08 6:09 PM 

T-Mobile 

 

04/03/08 9:45 PM 

T-Mobile 

 

04/03/08 10:07 PM 

T-Mobile 

 

04/03/08 07:28 AM 

T-Mobile 

 

04/04/08 05:41 PM 

T-Mobile 

 

04/04/08 07:35 PM 

T-Mobile 

 

04/04/08 11:01 PM 

T-Mobile 

 

04/04/08 08:31 AM 

T-Mobile 

 

04/05/08 10:19 AM 

T-Mobile 

 

04/05/08 12:00 AM 

T-Mobile 

 

04/06/08 

ubigreen 
personal ambient display 

tree 

design: 
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ubigreen 
personal ambient display 

polar bear 

design: 



Monday Saturday 



personal ambient display 

With a website, it’s so easy to ignore… 

it’s just out of sight, out of mind. But on 

the phone, you can’t really ignore it… 

- P9UF 

If you didn’t have a screen [display], I 

wouldn’t think about it [physical activity] 

as much… I think about it maybe 

subconsciously every time I look at my 

phone.  

 - P5UF 

impressions of ubifit 





game mechanics 

measured progress 

virtual achievements collections 

playful 



loss aversion 



need for quantitative data 

I would like to see some graph or raw 

data. 

 - P13UG 

quantitative data 

• builds trust system is working 

• allows for self-comparison 

• some people like it better 



80 

Best Fit Linear Trend 

no glanceable display glanceable display 

effectiveness of the ubifit 

glanceable display 

study occurred over thanksgiving, christmas, and new years.  

Best Fit Linear Trend 



mpg? 

gpm? 

kwh? 



how much water do you 

use when you shower? 



how much energy does 

your dryer use? 



 

 why  

  the  

   dis- 

    connect? 











Kempton and Layne, 1994 



design activity 

1. split into groups of 3 or 4 

2. identify an activity that you want to 

change via sensing and feedback 

(energy usage, fitness, sleep, diet, 

etc.) 

3. design an interface to influence 

that activity. 

 



think about 

1. what does the interface look like? 

2. why would someone want to use it? 

3. how does the user see the 

interface? 

4. does the interface use social 

competition? gaming? 

 



hydrosense gassense electrisense 

ubicomp lab 
http://ubicomplab.cs.washington.edu sustainability research 

high resolution resource 

consumption sensing for 

electricity, water and gas 



three design goals 

easy-to-install low-cost device-level 
information 



how much energy does 

your dryer use? 

+ 

sensor 

= 

appliance- 
level data! 

appliance 



microwave coffee maker 

convection oven 

stove 

overhead 
lighting 

refrigerator 

 distributed direct sensing 



microwave coffee maker 

convection oven 

stove 

overhead 
lighting 

refrigerator 

 distributed direct sensing  infrastructure mediated sensing 

Patel et al., UbiComp 2007 



electrisense: appliance level 

sensing with two sensors 

powerline event  

detection sensor 

contactless power  

consumption sensor 

automatically detects and 
classifies electrical events 
on the home powerline 

whole-home power 
consumption sensing from 

outside breaker panel 

Patel et al., UbiComp 2007 Patel et al., CHI2010 



demo 
my colleague, sidhant, will walk 
around using various electrical 

switches/appliances 

list of recently 
activated events 

total power being 
consumed in real-time 

currently 
detected event 

graph of power 
consumption over time 

not for end users 
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how  

does  

this  

work? 



PowerMeter 

power consumption 
spikes and temporal 
patterns correlate 

to usage 

this is only one input feature into our machine learning algorithm! 



 your noise is our signal 

hydrosense gassense electrisense 



how ped works 

R R 

electrical noise transient 

mechanical switches 

Off 



how ped works 

R R 

electrical noise transient 

mechanical switches 

Off 



each switch has a unique 

transient signature 

switch 1 switch 2 

on 
off on 

off 
based on: 
1. switching 

mechanisms 
2. load characteristics 
3. position on 

transmission line 



transmission line  

shapes signal 

 

 

allows us to identify identical  

devices, which are in different 

locations in the home 
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how ped works 
three classes of noise 

resistive inductive loads 

(e.g., from motors) 

loads with solid 

state switching 

(e.g., tvs, cfls, 

computers) 

generates continuous noise 



transients   



transients   continuous  

noise 
fan resonant 

noise frequency 

tv resonant 
noise frequency 



fan resonant 
noise frequency 

tv resonant 
noise frequency 
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Infrastructure-Mediated Single-Point Sensing of Whole-Home Water Activity 

Jon Froehlich1, Eric Larson2, Tim Campbell3, Conor 

Haggerty4, James Fogarty1, Shwetak N. Patel1,2 

 

1Computer Science & Engineering, 2Electrical Engineering, 
3Mechanical Engineering, 4Community, Environment, and Planning 

UbiComp 2009 



average indoor household water usage per person/day (70 gpd) 

0% 5% 10% 15% 20% 25% 30%

Dishwasher

Baths

Other Domestic

Leaks

Faucets

Showers

Clothes Washer

Toilets

what are the most consuming 

water activities in your home? 

Vickers, 2001 



water scarcity 



 

barcelona, spain 



lake mead, nevada 



hydrosense 

single-point pressure-based 
sensor of water usage 

 

identifies water usage 
activity down to fixture level 
(e.g., toilet) 

 

provides estimates of flow 
at each fixture 



traditional inline  
water meter 

 

typical water meters 

 
- only provide aggregate 
information on water usage 
 

- require pipe modification 
for installation 
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Pressure 

Sensor 
16-bit ADC 

20 MHz 

Microcontroller 

Class 1 

Bluetooth 

Radio 

3D-Printed Enclosure 

the hydrosensor prototype 
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raw bathroom sink signal 

stabilized  
pressure drop 

open 
valve 

close 
valve 

time (t) 



water tower 

brief plumbing primer 



water tower 

incoming cold 
water from 
supply line 

40 psi 

100 psi 

1 psi = 6.89 kpa brief plumbing primer 



water tower 

incoming cold 
water from 
supply line 

pressure 
regulator 

pipe layout 



water tower 

incoming cold 
water from 
supply line 

thermal  
expansion  

tank 

laundry 

bathroom 1 

hose 
spigot 

hot  
water  
heater bathroom 2 

kitchen 

dishwasher 

pressure 
regulator 

closed pressure system 



incoming cold 
water from 
supply line 

thermal  
expansion  

tank 

laundry 

bathroom 1 

hose 
spigot 

hot  
water  
heater bathroom 2 

kitchen 

dishwasher 

pressure 
regulator 

water tower 

hot water 
heater drain 

valve 

hot  
water  
heater 



water tower 

incoming cold 
water from 
supply line 

thermal  
expansion  

tank 

laundry 

bathroom 1 

hose 
spigot 

bathroom 2 

kitchen 

dishwasher 

pressure 
regulator 

hot  
water  
heater 

some possible installation points 



thermal  
expansion  

tank 

laundry 

hose 
spigot 

hot  
water  
heater 

dishwasher 

hydrosense 
bathroom sink 

cold open  

kitchen sink 

hot open 

(cold) 
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     in-home data collection   



 home profiles 

ten locations 

 - 8 houses 

 - 1 apt / 1 cabin 

size 

 - avg: 2,300 sq ft 

 - min: 750 sq ft 

 - max: 4,000 sq ft 

install point: 

 - 8 hose bib 

 - 1 water heater 

 - 1 utility faucet 

 



 experimental protocol 

- controlled experiments 
- 2 researchers per site 

 

- 5 trials per valve 
- e.g., 5 cold / 5 hot for 

bathroom sink 

 

- for each trial, valve open 

for 5 seconds, then 

closed 



      collecting flow data 

- 4 / 10 homes 

gathered flow data 

 

- measure time to 

fill 1 gallon in a 

calibrated bucket 

 

- this provides Q, 

allowing us to 

solve for Rf  

- Rf = ∆P / Q 



 data collection stats 

- ten locations 

- 706 trials 

- 155 flow rate trials 

- 84 total fixtures tested  



fixture classification results across 

homes 
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fixture classification results across 

homes 

50%

60%
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80%
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100%

Open Events Close Events
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Sinks Toilets Showers Bathtubs Clothes
Washer

Dishwasher

Open Events Close Events

fixture classification results across 

fixtures 



what  i’m currently working on: 

 

1. studying hydrosense performance 

in field deployments 

 

2. building water feedback interfaces 



Movie Removed for Public Posting of Slides 



Movie Removed for Public Posting of Slides 



Movie Removed for Public Posting of Slides 









Thank You! 

jonfroehlich@gmail.com 

twitter @jonfroehlich 
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GasSense: Appliance-Level, 

Single-Point Sensing of Gas 

Activity in the Home 

Gabe Cohn1, Sidhant Gupta2, Jon Froehlich2, Eric Larson1, Shwetak Patel1,2  

1Electrical Engineering, 2Computer Science and Engineering 
 



gassense installs on 

outside of gas regulator 



the intensity of 
this audio 

signal and its 
rate of change 
indicate fixture 

and directly 
correlates to 

flow  

the gassense signal 



example data 
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feedback sensing 

you 

feedback sensing you 



thanks! 







sensors 

nike+ipod fitbit mobile phone 


