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action  

using computers to sense and feedback resource 

consumption information in the home  



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 in your behavior?  

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



how much energy does a load of 

laundry use in the dryer?  



toyota  prius  



gas gauge 

speedometer 
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itemized energy feedback  



At the flick of a switch: Detecting and Classifying Unique 

Electrical Events on the Residential Power Line. 
 
Shwetak N. Patel, Thomas Robertson, Julie A. Kientz, Matthew S. Reynolds, and Gregory D. Abowd 

UbiComp 2007 



how flick of a switch  works 

R R 

electrical noise transient 

mechanical switches 

Off 



how flick of a switch 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 



transient noise is generated when a 

physical switch is turned on/off 

key problem is signal depends on 

both the device and switch 

most modern consumer electronics  

have a soft-switch 



switched mode power supply 



smps based appliances are becoming 

increasingly prevalent 





efficient and small in size. 

stores energy in inductors & switches it in and out 

at high frequency.  
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what emi on power line looks like 



what emi on power line looks like 

pc lamp 



capture system 

Any electrical 

outlet 

Power Line 

Interface 

(High Pass Filter) 

Digitizer 

& 

Frequency Transform 

Event Processor 
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Classifier 



event processing 

Event Detection  

&  

Segmentation 

Feature 

Extraction 
Classification 

1 2 3 



event detection & segmentation 1 

Frequency (kHz) 

Movie Removed for Public Posting of Slides 
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event detection & segmentation 1 

baseline emi 

new emi is added 

difference vector 



Features 

pc 

lamp 

tv 
laptop  

unplugged 

feature extraction 2 

3 features 
1.center frequency 

2.bandwidth of signal 

3.amplitude of signal 

 
 



feature extraction 2 

Difference Vector gaussian curve fitting 

Center: 52 

Width:  2 

Amplitude: 23 

Center: 104 

Width:  1.5 

Amplitude: 16 

three features are extracted for each peak 



event classification 3 

three  

features from 

strongest peak 

nearest neighbor  

classifier 



(i) are these features good enough for 

accurate identification? 



(ii) do signatures remain stable over long 

period of time? 



(iii) can training be minimized by applying 

signature from one home to another? 



experiments in 7 homes 



apartments & houses 

home sizes: 650 - 3000 sq. ft.  

a total of 2576 electrical events 

94 different devices 



10 fold cross validation 

average %: 91.75 



confusion matrices 



10 fold cross validation 

Average %: 93.82 



training on a single sample  

for each event 



minimal training performance 

Average %: 89.25 



stability of signals over time 



samples in feature space 



potentially minimizing training by 

applying signatures across home 



we collected data for four of our own 

devices that we brought to  each home 



two of the three features remain consistent 



average accuracy: 100% 



can signatures from one device be applied 

to another given they are similar models? 



signature similar enough to yield an 

accuracy of 100% 
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water 



MAKE: Electronics: Learning Through Discovery , by Charles Platt 



MAKE: Electronics: Learning Through Discovery , by Charles Platt 



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 



single-point pressure-based 

sensor of water usage 

 

identifies water usage 

activity down to its 

source(e.g., toilet) 

 

provides estimates of flow at 

each fixture 

hydro sense  



traditional inline  

water meter 

 

typical water meters 
 
- only provide aggregate 
information on water usage 
 

- require pipe modification for 
installation 
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how it works  

1.detect that a water event has occurred 

2.classify event as òopenó or òcloseó 

3.determine source of event (e.g., toilet, shower). 

4.provide flow estimate 
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home 1 home 2 home 3 
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example open events  

signature dependent on: 

- fixture type 

- valve type 

- valve location in home 

 



matched filtering  

save 
maximum 
similarity si

m
ila

ri
ty

 



matched filtering  

new 
maximum 
similarity 

si
m

ila
ri
ty

 



b
a
th

 t
u

b
  

b
a
th

 f
a

u
ce

t  
ki

tc
h

e
n

 f
a

u
ce

t  
d

is
h
w

a
s
h

e
r 

to
ile

t 
sh

o
w

e
r 

unclassified open event open event library 

fixture classification  



detrendedunclassified 

derivativeunclassified 

cepstrumunclassified 

b
a
th

 t
u

b
  

b
a
th

 f
a

u
ce

t  
ki

tc
h

e
n

 f
a

u
ce

t  
d

is
h
w

a
s
h

e
r 

to
ile

t 

unclassified open event 

detrendedshower  

derivativeshower  

cepstrumshower 

open event library 

sh
o
w

e
r 



b
a
th

 t
u

b
  

b
a
th

 f
a

u
ce

t  
ki

tc
h

e
n

 f
a

u
ce

t  
d

is
h
w

a
s
h

e
r 

to
ile

t 

unclassified open event open event library 

detrendedunclassified 

derivativeunclassified 

cepstrumunclassified cepstrumshower 

detrendedshower  

derivativeshower  

possible 
events 

matched filter 

matched filter 

matched filter 

sh
o
w

e
r 

test similarity 



b
a
th

 t
u

b
  

b
a
th

 f
a

u
ce

t  
ki

tc
h

e
n

 f
a

u
ce

t  
d

is
h
w

a
s
h

e
r 

unclassified open event 

detrendedunclassified 

derivativeunclassified 

cepstrumunclassified 
possible 
events 

cepstrumtoilet 

detrendedtoilet  

derivativetoilet  

open event library 

to
ile

t 



b
a
th

 t
u

b
  

b
a
th

 f
a

u
ce

t  
ki

tc
h

e
n

 f
a

u
ce

t  
d

is
h
w

a
s
h

e
r 

unclassified open event open event library 

detrendedunclassified 

derivativeunclassified 

cepstrumunclassified 
possible 
events 

cepstrumtoilet 

detrendedtoilet  

derivativetoilet  

matched filter 

matched filter 

matched filter 

to
ile

t 



possible 
events 

unclassified open event open event library 

detrendedunclassified 

derivativeunclassified 

cepstrumunclassified 

b
a
th

 t
u

b
  

b
a
th

 f
a

u
ce

t  
ki

tc
h

e
n

 f
a

u
ce

t  
d

is
h
w

a
s
h

e
r 



ki
tc

h
e

n
 f
a

u
ce

t  
d

is
h
w

a
s
h

e
r 

sh
o
w

e
r 

unclassified open event open event library 

detrendedunclassified 

derivativeunclassified 

cepstrumunclassified 
possible 
events 



ki
tc

h
e

n
 f
a

u
ce

t  
d

is
h
w

a
s
h

e
r 

sh
o
w

e
r 

unclassified open event open event library 

detrendedunclassified 

derivativeunclassified 

cepstrumunclassified 
possible 
events 

derivativeshower  

derivativetoilet  

sh
o
w

e
r 

d
is

h
w

a
s
h

e
r 

ki
tc

h
e

n
 f
a

u
ce

t  

derivativekitchen faucet  



unclassified open event open event library 

derivativeunclassified 

possible 
events 

derivativeshower  

derivativetoilet  

sh
o
w

e
r 

d
is

h
w

a
s
h

e
r 

ki
tc

h
e

n
 f
a

u
ce

t  

derivativekitchen faucet  

nearest neighbor 
match 



evaluation  



home profiles  

ten test locations 
�‡8 houses / 1 apt / 1 cabin 

�‡avg size: 2,300 sq ft 

�‡1920s ð 2000s 

installation points 
�‡8 outdoor hose bibs 

�‡1 water heater 

�‡1 utility faucet 


