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Problem Statement

According to the United States Geological Survey, each person uses about 80-100
gallons of water per day for indoor home uses [1]. The majority of the households
cannot monitor which home fixture or water outlet dispenses the most amount of water.
The system we aim to create will measure the quantity of water flowing out of
each water outlet. Users can view their water consumption behavior from an app to
which the devices are connected. The data will allow users to learn which
appliance/faucets use the most amount of water. Moreover, users will also be notified if
leaking is detected.
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MDR Deliverables (from PDR)

e Sensor selection and design
e Wireless Network selection and design

e Prototype of a set of sensors (at least 3)
o Measure the flow
o Relay their data to the cloud via a wireless access point

e Sensors measure the volume of water used for each sensor placement with at
least <tbd> percent accuracy.
e Functional web app that can display water usage information
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MDR Deliverables (for MDR)

e Flow rate sensor selection and design
e \Wireless Network selection and design

e Prototype of a set of sensor nodes (3 nodes)

o Measure the flow rate from three different water outlets
o Relay flow rate data to the cloud via a wireless access point

e Sensors measure the flow rate with at least <tbd> percent accuracy
e Functional web app that can display water usage information
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MDR Deliverables

e Flow rate sensor selection and design
e \Wireless Network selection and design
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Primary Hardware Components

e ESP-32S Development Board
e Hall effect flow rate sensor
e Piezo-electric vibration sensor (Future use)

[1]
[2] [3]
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Preliminary Concept: 1 PCB per node

e ESP32S Development board

o Wireless Transceiver
o  Microcontroller
o USB->UART Bridge

e Power circuitry
o Voltage Regulator
e Flow rate sensor interface

e Piezo-electric sensor “wake up” circuit

We will develop a set of 3 PCBs, 1 for each sensor node. We request a hardware exclusion to use the
ESP32-WROOM module on these PCBs. This allows us to concentrate on overall functionality (power,

communication, control, sensing) without needing to replicate subsystems contained within the
ESP32-WROOM module.
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System Specifications (PDR)

Functional Specification

Characteristic
Specification

Performance Requirement

Design Goal

Measure the quantity of
water coming out of
each water outlet

Web App to display
information to user
showing water usage for
each outlet in real time

Installation of the sensor
by the homeowner,
without requiring a
plumber

Low voltage battery
operated system
Sensor output is
communicated
wirelessly through the
house

Data transfer via home
WIFI and internet
access point to the
cloud

Sensors measure
quantity of water with an
accuracy of <tbd>
Sensor lifetime exceeds
<tbd> months

System capability is up
to 15 sensors per house
Sensors capable of
detecting dripping at
water outlets, down to a
flow rate of <tbd>

Installation on the
outside of the pipe and
out of view of the user
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System Specifications (MDR: modified)

Functional Specification

Characteristic
Specification

Performance Requirement

Design Goal

Installation of the flow
sensor nodes by the
homeowner, without
requiring a plumber
Low voltage battery
operated system

Flow sensor nodes
measure quantity of
water with an accuracy
of 90%

Flow sensor node
lifetime exceeds <tbd>
months

System capability is up
to 15 flow sensor nodes
per house

flow sensor nodes
capable of detecting
dripping at water
outlets, down to a flow
rate of <tbd>

Installation on the
outside of the pipe and
out of view of the user
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Fittings and Fixtures
e Pipe adapters: PVC fittings, $1-$2

e Wrench: ~$5
e Thread sealant tape: ~$1
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Explanation of Accuracy

%
Container  VOlume o Average  Contamer OUMe o Average  Contaimer detwedfiom  error oy c1o9°
Volume sensor node  error % error Volume sensor node error % error Volume sensor node
Sensor 1 Average Sensor 2 Sensor 3
1300 1384 6.5 8.5 1300 1284 12 17 1300 1362 4.8 5.9
1200 1286 7.2 1200 1211 0.9 1200 1229 2.4
1100 1195 8.6 1100 1098 0.2 1100 1172 6.5
1000 1095 9.5 1000 960 4 1100 1132 29
900 968 7.6 900 885 17 900 925 2.8
700 742 6 700 697 04 700 755 7.9
600 629 48 600 620 33 600 654 9
500 563 12.6 500 498 0.4 500 542 84
400 438 95 400 396 1 400 425 6.3
300 338 12.7 300 288 4 300 277 7.7
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Dripping Problem

e The minimum flow rate measured by our current flow rate sensor is 2
mL/s

e Not sensitive enough to detect dripping
o Afast drip of 1 drop per second will results in a flow rate of 0.33 mL/s [9]
e Will work on solving that problem
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Power Management: Preliminary concept

e The sensor nodes will consume battery energy when sensing and
communicating to the wireless access point.

e Our concept is to put the system to sleep to save battery energy, waking it up
when flow is detected by using an interrupt detection circuit, then sleeping

again after a defined time interval.
o We may be using a piezo-electric vibration sensor as part of this, but we have not looked at
that yet.

e Deep sleep mode (test results)
o  5V: current with voltage regulator: 40mA, current without voltage regulator: 8mA

e \We have not chosen a battery yet

FLOW: For LOwering Household Water Usage 16



Performance of the Integrated System (video)

e Entire system
e \olume checking
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https://docs.google.com/file/d/19cVqQ1jsY2IxVQaoVzeL5hgr4KRpms9N/preview

MDR Deliverables

e Flow rate sensor selection and design
e \Wireless Network selection and design

e Prototype of a set of sensor nodes (at least 3)

o Measure the flow rate from three different water outlets
o Relay flow rate data to the cloud via a wireless access point

e Sensors measure the flow rate with at least <tbd> percent accuracy.
e Functional web app that can display water usage information
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MDR Verification Plan

Volume Checking:

e Place a container with a known volume under the tap. Place device on the tap and
turn the tap on. Once the tap is turned off, check the volume of the water calculated
by the flow sensing node against the amount in the container.
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https://docs.google.com/file/d/1iA2QniDYSdVSSE39RMLaqyZ4YZEW0L_7/preview

Are we settled on the flow rate sensor?

e Used Hall Effect flow rate sensor to work on the rest of the system.

e \Why are we not giving up on other sensors?
o Saw encouraging results with electret microphone

o Ultrasonic is a widely used flow rate sensor
m 644 patents were filed between 1950 to 2016
m  Did not get much time to work on it

o Dedicate 3 weeks time during the winter break

e Has more important components other than the sensor node
o Sensor alone does not define the success of our project

e Only a design goal

o Installation on the outside and out of the view
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Project Expenditures (current)

Components for Flow sensing circuit $42
Wireless Components $40
Water prototype system $12
Cloud service (free 12-month trial) $0
Website Hosting $0
Total $94
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Expected Expenditures

Components for Flow sensing circuit $100
Components $100
Cloud service $50
Website hosting $50
PCB $50
Fitting and fixtures $56
Total $406
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Gantt Chart

TASK NUMBER TASKTITLE

1 PCB and Sensors

1 PCB Research

1.2 Learn Altium

13 PCB Design

1.4 PCB Testing

1.5 PCB Design Finalization

2 Flow Sensing Circuit

21 Sensor development

2.1 Sensor finalization

3 Application

3.1 Cloud migration

39 M_odify Web App (due t>o cloud
migration) + Web-hosting

33 User interface design

3.4 Front-end design

35 Back-end design

TASK OWNER

All
TS&SH
SH
SK & SH
SH

SK&AT&TS
SK&AT&TS

SK&AT&TS

AT & SK

AT&TS

TS

AT & SK

START DATE

1/25/22
2/4/22
2/11/22
2/25/22
3/2/22

1/25/22
2/13/22

1/25/22
2/9/22

2/16/22
2/18/22

2/18/22

WEEK 2

WEEK 3 | WEEK 4 \ WEEK 5

M|(T(W(R|F|SSUIM|T|W|R|F|S|SU/M|T|W| R|F|S|SUM|T|W|R|F|S|SUIM|T|W|R|F|S|SUIM|T||W

DUE DATE DURATION WEEK 1
2/4/22 9
2/11/22
2/25/22 14
3/2/22
3/7/22 5
2/21/22 8

/8/22 13
2/16/22 7
3/7/22 21
3/7/22 19
3/7/22 19

https://docs.google.com/spreadsheets/d/1W_RimOb7iggFxVbxXvdJyEs-ZJ6X8mxSJoRQ8|liOiA/edit#gi

d=1115838130
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Team Responsibilities

Head of Hardware: Stephanie

Webmaster: Anjali

Signal Processing & Sensor Development: Sanjana
Team Coordinator: Thanathorn
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Thank you for your time!

Any questions?
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