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how much energy does
your dryer use?




why
the
dis-
connect?
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what about in-home “eco-
feedback” displays?
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high resolution resource
consumption sensing for
, water and gas
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three design goals

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



device-level information

sometimes called W
disaggregated or E
disambiguated
data

or

or

information down
to the source of
consumption




how much energy does
your dryer use?

appliance sensor appliance-
level data!
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electrisense: appliance level
sensing with two sensors

powerline event
detection sensor

contactless power
| consumption sensor
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CFL Torch Lamp ON

Pawer (KW): 050  Voltage 1093

not for end users



CFL Torch Lamp ON

Power (kW) 050 Voltage 1093
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2.78 Voltage: 121.14

Power (kW) :




electrisense: appliance level
sensing with two sensors

contactless power
consumption sensor

)

Patel et al., To Appear



requirement:

we need
real-time
power consumption data




installing the energy
detective (ted)

N

L1~ Phase A
| PhaseB

Circuit Breaker Box

MTU ——

) f  “Serious injury/death could occur if you're
not familiar with electrical components and
the operation of the circuit breaker panel”
— TED website

Circuat Broakor

Installing MTU and clip-on C
Typical Combination Circuit Breake




installing contactless
power consumption sensor

installs on the outside of the circuit breaker box



how contactless power
consumption sensing works

Sensing areas near lugs
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calculate current flow based on the
magnetic field generated by the two
electrical feeds in the breaker box

use a magnetoresistive sensor to measure
magnetic field, which radiates a few
centimeters outward, even through sheet
metal



electrisense: appliance level
sensing with two sensors

powerline event
detection sensor

Patel et al., UbiComp 2007



installing power line
event detection (ped)

-

_—

listens for noise on
powerline and
monitors line voltage

N\

programmable
hardware for fourier

analysis and feature
extraction




& king

| . - = 1
{
| 1
§
%
v
|
3
|
f A
I
|
i
‘ Power (kW) : 2.78 Voltage : 121.14 ‘




00816 PowerMeter

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



your noise is our signal




how works
mechanical switches

100kHz _

100 Hz

Low

O—/WW—Z =0 electrical noise transient



how works
mechanical switches

100kHz _

100 Hz

Low

O—/WW—Z =0 electrical noise transient



each switch has a unique
transient signature

100kHz ,

based on:

1. switching
mechanisms

2. load characteristics

3. position on
transmission line

\ J | }

switch 1| ¢ ,  switch 2



transmission line

shapes signal

allows us to identify identical
devices, which are In different
locations in the home
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signal iIs stable over time

100kHz ]

100kHz '

100kHz _
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how works
three classes of noise

generates continuous noise

W

resistive Inductive loads loads with solid
(e.qg., from motors) state switching
(e.g., tvs, cfls,

computers)




transients

100kHz

50kHz

100 Hz

O
Low




continuous
noise

fan resonant MR j
noise frequency

transients

100kHz ,

50kHz
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Time
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100kHz

fan resonant
noise frequency
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calibration:

3 approaches




1. the early adopters




2. unsupervised Iearn%g
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Infrastructure-Mediated Single-Point Sensing of Whole-Home Water Activity
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water scarcity

Water stress indicator (WSI) in major basins: < //
Slightly ~ Moderately — Heavily over-

exploited exEIo'rted exEIoited exilo'rted
‘ PHILIPPE REKACEWICZ

Sources: Smakhtin, Revenga and Dall, 2004. 0 0.3 0.5 0.7 1 and more FEBRUARY 2002



hyd rosense

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



hydrosense: pressure-

toilet

kitchen sink
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pressure waves

shower
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- only provide aggregate
“information on water usage

| - require pipe modification
for installation
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raw bathroom sink signal
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example open events

faucet toilet

shower
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home 1
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signature dependent on:
- fixture type
- fixture location in home



GasSense: Appliance-Level,
Single-Point Sensing of Gas
Activity in the Home

Gabe Cohn!, Sidhant Gupta?, Jon Froehlich?, Eric Larson?, Shwetak Patel!-?
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gassense installs on
outside of gas regulator

~= Regulator =——

e ———

' = Relief

Microphone /
Sensor
Mount




the sense signal

FFT Intensity over Time and Frequency

Stove On
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how gassense works

classify
event

instrumented data
regulator cleansing

a gas event



example data

Estimated Flow vs. Time for H4 Compound Events
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using the stove
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enable new kinds of
consumption feedback

€W = Energy Monitoring

35 DAL = e iy
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ubigreen home energy table

Everitt, Kam, Landay



Week
Example

Air dry your

Air dry your
clothes.

Purchase a new
dishwasher.

Wash and dry
only full loads
in the laundry.

Only wash full
loads in the
dishwasher.

Wash your
clothes in cold
water
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advanced home resource
consumption sensing
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