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

YO~

sensmg feedback

how can we create sensors how do we present this
to sense and infer your data back to you? what
behaviors? medium and interface is

most effective?



how much energy does a load of
laundry use In the dryer?
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itemized energy feedback
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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
mechanical switches

100kHz |
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electrical noise transient




how flick of a switch works
mechanical switches

100kHz On
50kHz |
100 Hz
N e 2 I
Low High

electrical noise transient




each switch has a unique
transient signature

100kHz

on based on:

1. switching
mechanisms
2.load characteristics
100 Hz | . 3. position on
P a—r transmission line

switch 1 I switch 2

off 0]

50kHz




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.



switching operation generates high frequency
electro magnetic interference (emi)

Supply K Load

Inductor T




switching operation generates high frequency
electro magnetic interference (emi)

Supply K Load

Inductor T \ n
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what emi on power line looks like

Frequency (kHz)



Time (s)

what emi on power line looks like
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capture system

POWEr Line Digitizer

nterfac &

Frequency Transiorm

Any electrical
outlet



event processing




’ event detection & segmentation
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@ event detection & segmentation

baseline emi




baseline emi




event detection & segmentation

baseline emi

difference vector




feature extraction

3 features
1.center frequency
2.bandwidth of signal
3.amplitude of signal

Frequency (kHz)



feature

gaussian curve fitting

Center: 52 Center: 104
Width: 2 Width: 1.5
Amplitude: 23 Amplitude: 16

k“,‘u_...” O i

features are extracted for each peak



a event classification

three
features from >
strongest peak

nearest neighbor
classifier




() are these features good enough for
accurate identification?



() do signatures remain stable over long
period of time?



(i) can training be minimized by applying
signature from one home to another?



experiments in / homes




apartments & houses

home sizes: 650 - 3000 sq. ft.
a total of 2576 electrical events
94 different devices




devices identified correctly
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confusion matrices
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% of devices identified correctly
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training on a single sample
for each event



minimal training performance

Average %: 89.25
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stablility of signals over time
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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



Experiment 2: Let's Abuse a Battery!

- - Water level
Ly bl
+ fo R —
Voltage
(pressure) Amperage

(flow)

' >4/5\\

Resistance

Figure 1-33. Think of voltage as pressure,
and amperes as flow.

MAKE:. Electronics. Learning Through [MsChieelgs Platt



P A Y

RESISTANCE

Figure 1-34. Larger resistance results in

HUI
smaller flow—but if you increase the pres-
sure, it may overcome the resistance and

increase the flow.

MAKE:. Electronics. Learning Through [MsChieelgs Platt



what are the most consuming
water activities in your home?

average indoor household water usage per persorgday (7(

Toilets
| | |

Clothes Washer
. | | |

Showers
| | |

Faucets

Leaks

Other Domestic

Baths

Dishwasher

0% 5% 10% 15% 20% 25% 30%
Vickers, 2001



hydro sense

single-point pressurebased
sensor of water usage

identifies water usage
activitydown to its
sourcde.g., toilet)

providesestimates of flonat
each fixture
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- onlyprovide aggregate
Informatioron water usage

- require pipe modification
_ installation



brief plumbing primer




water tower

brief plumbing primer

incoming cold
water from
supply line
I




water tower

water meters

incoming cold
water from
supply line
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utility water
meter




water tower

Pressure regulator

incoming cold
water from
supply line
—_—

— O

utility water pressure
meter regulator




water tower
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water tower

plumbing layout
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water tower

closed pressure system
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how It works

1.detect that a water event has occurred
B 2.cl assify event a s
3 S determine source of eventd.g.,toilet, shower).

-
-

4.provide flow estimate
==

——




event detection
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example open events

signature dependent on:
- fixture type
- valve type

tollet

- valve location in home

faucet

shower

0 2 4 6 8 10 12 14




matched filtering
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matched filtering
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fixture classification
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unclassified open event open event library
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home profiles

ten test locations
18 houses / 1 apt / 1 cabin
tavg size: 2,300sq ft
119200 2000s
installation points
18 outdoor hose bibs
11 water heater
11 utility faucet



