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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 by each water outlet.
Users can view their monthly water consumption from an app to which the sensor

nodes are connected. The data will allow users to learn their water consumption
behaviour.
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System Specifications (FPR)

Functional Specification

Characteristic
Specification

Performance Requirement

Design Goal

Installation on the
outside of the pipe and
out of view of the user




Unresolved Issues from CDR

e Sensor Accuracy with derived Calibration Factors
e Finalizing PCB
e Packaging



Orientation and Calibration

Vertical up (water flowing vertically and upward)

Vertical down (water flowing vertically and downward)

Horizontal (water flowing horizontally)

A 4 bit DIP switch is placed on the PCB for users to determine which
orientation their sensor is in

pulse count 4 1
time (seconds) flow rate (L/min)

calibration factor =

https://docs.google.com/spreadsheets/d/1K6irMV7HSS
9KohmaTR-hn4GaswlI9F 7rlaph3x_uw2vk/edit#qid=0



https://docs.google.com/spreadsheets/d/1K6irMV7HSS9KohmgTR-hn4Gaswl9F7rIqph3x_uw2vk/edit#gid=0
https://docs.google.com/spreadsheets/d/1K6irMV7HSS9KohmgTR-hn4Gaswl9F7rIqph3x_uw2vk/edit#gid=0

Vertical down

Vertical up

Horizontal




Calibration Procedure

e Obtain the calibration for each sensor in each orientation using the equation
e \alidate that the accuracy of the sensor with the derived calibration factor is

within 95% accuracy
e This process would theoretically be done at the factor before the sensors are
sent out to the homeowner



Calibration Factor Derivation

1000 ulse count
Flow Rate = R Lo
msec calibration factor
1000 L second L
Flow Rate = * pulse * ——* = —
msec min pulse min
1000 1
Flow Rate = * pulse count * ————
msec calibration factor
g p . pulse count i 1
calibration f actor = time (seconds) flow rate (L/min)

The pulse count in the original
equation is # pulses/second.



Confidence Interval
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Confidence Interval
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Sensor

Vertical up

8.07
6.19
9.25
8.72
8.97
7.23

Vertical down

6.61
6.06
7.57
7.39
7.88
6.79

Horizontal

7.08

6.3
8.25
7.07
8.15
6.64

CONF CONF CONF
1.62 1.83 3.24
3.57 2.60 3.07
4.43 1.53 0.63
1.36 1.24 1.61
2.26 3.06 1.86
4.90 2.29 1.48




Calibration Factor

Calibration Factor
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How does the switch work

e Back end (i.e. Factory): determine the calibration factors for each hall effect

flow rate sensor and configure the PCB accordingly.
e User side: depending on what orientation the flow rate sensor is installed,

they flick one of three switches



User end

Back end
(i.e. Factory)

User selects one of the
switches to indicate the
orientation of installation

Calibrated in three orientations
(95% accuracy or higher)

Orientation Vertical Up Vertical Down Horizontal

Switch 1 2 3
Number



PCB Schematic and Board

‘ |

3

|

4

ESP32 WROOM Module

MDI
2 v 100 fadi—GRIO0

8
LYY

—3pd SENSOR VN 1012
5 SENSOR VP 1013 GRIOLY

§_GPIOIT

B e oY 1017

252828
CEYYY)
¥

GPIO21

n o GPIO2Y

GPI023

GPI02S

TTTFEFEF

RAAATD

¥

3
2IAAA L GRORZ, 8
10k 15719835

Programming and Sensor ..

%) CNI

o ; Yoo

w3 2 GPIOY?
pog nk\ SENSOR |-2-GRIO
Ry [—5—

GND GND

S00-0022284046-N} 500-0022284046-ND

R SW2A V3

7 swop 33
by 2 _cmoy
= s

GND

j.|||—

z
g

1050176601 Tite
*
S Number Revision
GND 2
Date; /102022 T Shest_of
File: "CUsers' Twith switch SchiDoc [ DrawnBy. +
! 2 I ) .




Packaging




Software Design

Flow
Sensing
Node

Web
Application




Web Application

FLEW

Accumulated Volume (in mL)

Sensor A: 63

Consumption Rankings
Sensor B: 22192 Highest to Lowest

Sensor C: 5229

Sensor F: 0 Liters Sensor E: 0 Liters Sensor D: 0 Liters.

Sensor C: 0 Liters. Sensor B: 0 Liters. Sensor A: 0 Liters

12.6%
Sensor E: 3768

Sensor F: 7463




Project Expenditures

Hardware $180.73
PCB $63.06
PCB components $116.14
Misc. $26.18
Total $386.11
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Thank you!
Any Questions?



Self Installation



https://docs.google.com/file/d/1AreumqEby2l8T0VzDDqP6d5MrRL3C7B8/preview

