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water pressure 







what are the most water consuming 

activities in your home? 
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one sensor tracks water usage  

at every fixture 



kitchen sink 
28 gallons 

refrigerator 
0.3 gallons 

dishwasher 
6.5 gallons 

today‘s usage 



toilet 
78.4 gallons 

shower 
62.4 gallons 

bath 
6.5 gallons 

today‘s usage 

bathroom sink 1 
4.2 gallons 

bathroom sink 2 
0.8 gallons 



toilet 
78.4 gallons 

shower 
10.4 gallons 

bath 
0.0 gallons 

bathroom sink 1 
1.2 gallons 

bathroom sink 2 
0.8 gallons 

shower 
52.4 gallons 

bath 
6.5 gallons 

bathroom sink 1 
3.2 gallons 

bathroom sink 2 
2.4 gallons 

today‘s usage: hot vs cold 



water meter 





traditional inline  
water meter 

 



 

hydrosense 

pressure sensor 
pace scientific p1600 

3d printed enclosure  
adc, microcontroller & 

bluetooth module  

water turned on 



brief plumbing tutorial 



brief plumbing tutorial 



brief plumbing tutorial 



water tower 
water tower 

plumbing primer 



water tower 

plumbing primer 

water tower 

incoming cold 
water from 
supply line 



water tower 

pressure regulator 

water tower 

utility water 
meter 

pressure 
regulator 

incoming cold 
water from 
supply line 



water tower 

pressure regulator 

water tower 

utility water 
meter 

pressure 
regulator 

incoming cold 
water from 
supply line 



water tower 

plumbing layout 

water tower 

incoming cold 
water from 
supply line 

utility water 
meter 

pressure 
regulator 



water tower 

closed pressure system 

water tower 

thermal  
expansion  

tank 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
heater bathroom 2 

dishwasher 

incoming cold 
water from 
supply line 

kitchen 



water tower 

closed pressure system 

water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

bathroom 2 

kitchen 

dishwasher 

incoming cold 
water from 
supply line 

hot  
water  
heater 

thermal  
expansion  

tank 

hot  
water  
heater 



water tower 
water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
heater bathroom 2 

dishwasher 

incoming cold 
water from 
supply line 

toilet flushed 

toilet 

kitchen 

thermal  
expansion  

tank 



water tower 
water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
heater bathroom 2 

kitchen 

dishwasher 

incoming cold 
water from 
supply line 

toilet 

kitchen sink 
cold open 

kitchen sink cold 

thermal  
expansion  

tank 



water tower 
water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
heater bathroom 2 

kitchen 

dishwasher 

incoming cold 
water from 
supply line 

toilet 

kitchen sink 
hot open 

kitchen sink cold 

kitchen sink hot 

thermal  
expansion  

tank 



water tower 
water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
heater bathroom 2 

kitchen 

dishwasher 

incoming cold 
water from 
supply line 

kitchen sink 
hot open 

thermal  
expansion  

tank 

kitchen sink hot 



water tower 
water tower 

hose 
spigot 

utility water 
meter 

pressure 
regulator 

laundry 

bathroom 1 

hot  
water  
heater bathroom 2 

kitchen 

dishwasher 

incoming cold 
water from 
supply line 



40

50

60

70

80

Cold Line Pressure
(Hose Spigot)

0 9 4.5 

time (s) 

ps
i 

open close 

bathroom sink pressure signal 



40

50

60

70

80

Cold Line Pressure
(Hose Spigot)

0 9 4.5 

time (s) 

ps
i 

open close 

bathroom sink pressure signal 

flow volume 



40

50

60

70

80

Cold Line Pressure
(Hose Spigot)

0 9 4.5 

time (s) 

ps
i 

open close 

bathroom sink pressure signal 

flow volume 



Movie Removed for Public Posting of Slides 



how it works 

1. detect that a water event has occurred 

2. classify event as “open” or “close” 

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

4. provide flow estimate 
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example open events 

signature dependent on: 

- fixture type 

- valve type 

- valve location in home 
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evaluation 



home profiles 

ten test locations 
• 8 houses / 1 apt / 1 cabin 

• avg size: 2,300 sq ft 

• 1920s – 2000s 

installation points 
• 8 outdoor hose bibs 

• 1 water heater 

• 1 utility faucet 



experimental protocol  

controlled experiments 
• 2 researchers per site 

• 5 trials per valve 

 

experimental script 
for each trial: 

• valve opened full stop 

• pause for ~5 seconds 

• valve closed 

 



example trial 
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5 manually annotated bath trials 



data collection stats 

ten test sites 
• 706 trials 

• 155 flow trials 

• 84 total fixtures tested 
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first to show: pressure can be used to 

dissaggregate water usage 

but…. 
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how can we study naturalistic 

uses of water? 
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how can we collect  

“ground truth labels”? 



our failed attempts 



wireless buttons 



tracks the number of times 
hot and cold are turned on/off 

how many times will 

the hot and cold water 

valves be opened and 

closed while washing 

these dishes? 
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wireless buttons 



intel labs shake sensors 



nike+ ipod piezo 
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thermistor 
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our solution 



custom direct sensors 

design goals 
• wireless 

• low-power 

• water resistant 

• detect fixture opens/closes 

• track hot only, cold only, mixed 
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cold flow control 

challenge: fixture diversity  

single handle faucet dual handle faucet 
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custom ground truth data collection system 
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how did we do the installations? 
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ground truth sensors example 
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five week deployment 

2 apartments & 3 houses 

103 water valves 

a total of 14,960 water events 
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collisions 



of all water events were either 

compound or collisions 

22%  



five week deployment 

2 apartments & 3 houses 

103 water valves 

a total of 14,960 water events 

 

75.5% valve 

89.5% fixture 

95.9% fixture category 



real-time water feedback 
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two pressure sensors per home 



water scarcity 



 

barcelona, spain 



lake mead, nevada 



feedback improves performance 

Becker, J. of Applied Psychology 1978 
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test similarity 
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