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at ubicomp(9, we introduced hydrosense



* single, screw-on sensor

L+ identifies fixture usage

e estimates flow

Froehlich et al.,




hydrosense

uses pressure waves to

identify usage
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ubicomp2009
feasibility study
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ubicomp2009 data collection



ubicomp2009 paper
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successtully demonstrated the
potential of using pressure waves to
identity fixture usage

-

S

evaluation method
staged experiments

all faucet handles were operated at
approximately the same flow rates

all fixtures were tested in isolation

~

algorithm
each pressure wave treated
independently

did not consider context of usage

b/

was not probabilistic




what we're really interested in...

how well will hydrosense
perform on real-world
water usage data?
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compound events—




pervasive 2011 contributions

(1) longitudinal study of real-world water
usage and the resulting dataset

(2) anew probabilistic approach to water
usage classification

(3) demonstrate that this new approach
can accurately classity real world data



ground truth 5-week classification  classification
Sensors deployment results
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ground truth [abels
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how can we obtain water usage
[abels at the valve-level?



this is actually a challenging question...



function across fixtures
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custom ground truth data
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custom ground truth data
collection system
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custom ground truth data
collection system
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custom ground truth data
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deployment sites

1)

1)

1)

residents 2 2 4 2 2
size | 3000 sqft | 750 sgft | 1200 sqgft | 700 sgft | 750 sqft
floors 3 2 2 3 flr 6th flr
fixtures| 17 8 E 8 8
valves 28 E 21 E E




deployment infrastructure

ground truth sensor
on every valve

backend python

a laptop running hydroserver
hydrologger




two pressure sensors per home

pressure
. sensor 1
| (cold point)

pressure
sensor 2
(hot point)



















ressure stream
red = hot line
blue = cold line
| reed switches
 r high = active
low = inactive




reed switches




hydrosense annotations

1. ground truth sensor

2. semi-automated label

3. review annotator
4. verification

5. final label
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dual pressure sensor
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5-week dataset

1)

1)

1)

totals
days 33 33 30 27 33 156
events | 2374 3075 4754 2499 2578 | 14,960
events/day /19 93.2 158.5 92.6 /8.1 95.9
compound | 222% | 21.8% | 16.6% 32% 213% | 21.9%




ground truth 5-week classification  classification
Sensors deployment algorithm results
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bayesian inference
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hydrosense

example pressure waves
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term(i) template matchmg
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template comparisons
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term(i) signal features
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term (i): templates and signal features
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term (ii): bigram language model
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term (ii): bigram language model
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term (ii): bigram language model
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term(iv): paired valve priors
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term(iv): paired valve priors
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ground truth 5-week classification  classiiication
SeNsors deployment  algorithm results
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three levels of granularity

&

(1) valve level

e.qg., upstairs bathroom faucet hot water activated

y (2) fixture level

e.qg., upstairs bathroom faucet activated

)
4%% (3) fixture category level

e.qg., faucet activated



hydrosense classification results

real-world water usage data
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hydrosense classification results

real-world water usage data
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*error bars = std error *10-fold cross validation



hydrosense classification results

real-world water usage data
Evalve Efixture
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compound events

real-world water usage data
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hydrosense classification results

real-world water usage data

B one sensor, terms(i)-(iv)
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hydrosense classification results

real-world water usage data

B one sensor, terms(i)-(iv) B two sensors, terms(i)-(iv)
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..what about training?



hydrosense training results

real-world water usage data
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hydrosense training results

real-world water usage data
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pervasive 2011 contributions

(1) longitudinal study of real-world water
usage and the resulting dataset

(2) anew probabilistic approach to water
usage classification

(3) demonstrate that this new approach
can accurately classity real world data



future work
(1) additional features

(2) segmentation

(3) ease of training
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three levels of granularity
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valve mechanics: water tank dampening
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valve mechanics: flow rate
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ground truth labels

for the ubicomp2009 study, we manually
orovided ground truth labels for the pressure
stream during the experiment

" [inensnk ]

; MMM

52




three levels of granularity

&

(1) valve level

e.qg., upstairs bathroom faucet hot water activated

y (2) fixture level

e.qg., upstairs bathroom faucet activated

)
4%% (3) fixture category level

e.qg., faucet activated
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ground truth labels

- fOr the ubicomp2009 study, we
- A,;. manually provided ground truth
| labels for the pressure stream
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automated ground truth
[abeling method

hardware capabilities
1. wireless communication
2. low-power

3. water resistant

design goals —
sensing capabilities
1. work across fixtures/appliances

2. detect opens/closes
3. discriminate hot/cold/

S —



hydro deployment infrastructure

custom ground truth data
collection system

pressure
3 . sensor1
(cold point)

pressure

sensor2

3 (hot point) 4
1 Y

on-site sensing infrastructu

—

re

python web backend

hydrovisualizer

ESEES 1 ‘.—..— a—"sh U -

hydroanalyzer

TlmSHOuSe“ 10, States:1 Mix:1

c# and matlab analysis tools






§ ot

4 S "" " R .' W y . :
Pt $has I : ( 4
o W T
L 29 : i z -
T san” s P . o
S ATEY |







challenge: fixture diversity
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