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Water utilization monitoring system by using image processing
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Abstract

Water scarcity is a big problem in dry seasons around the world. Many countries are trying to manage and minimize
the use of water and Water management is essential to help reduce this problem ; For example, by regularly checking
the integrity of the plumbing system to prevent damage. the authors have an idea for applying image processing
technology to check the water meter page. Meter images were prepared and noise eliminateds by a Gaussian filter.
Then, the filtered images were binarized from color images by Otsu’s algorithm. Next, the morphological was applied
to extract the region on interest (ROIl). Finally, the Python-tesseract which is an optical character recognition (OCR)
tool was implemented to convert string to text(numbers). After that the results were be sent via WIFI to be stored and
displayed in graphs on a web page. If there is any abnormality in water consumption data from the meter reading,
the system will send notification emails to the relevant department. The experimental results showen that the average

percentage of recognition accuracy for each image types was 48%, 75.1%, and 91.64% respectively.
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Introduction

Water and minerals are essential for living. Without water
it is impossible for living organisms toesurvive. Water
is the basic component oo life. It is used for drinking,
cooking, cleaning our bodiey and many more purposes.
Our body requires water to cellular function and to
operate the organs inside our body. Therefore, we must
learn how to manage the usage of water and use this
resource efficiently. The basic principle of using water
efficiently is that the user should be using an approximate
amount of water for doing any kind of activity. For instance,
when the reader brushes teeth in the restroom, we
recommendethat water is not allowed to flow
whileeperforming this activity. By stopping the flow of
water, people can reduce thasvolume of excess water
going to wastd in a year. The objectives of this research
were to monitor and control the water usage of a
building by using image processing technology to extract
the number of the water meter that represents water
usage. If there are any unexpected changes, the system
will send a notification e-mail to the relevant department.
the model used in this study consistes of three parts.
The first part wis the image preparation. The water meter
images were taken and processed for noise reduction.
Then, color imagesewere converted and threshold to
binary images. Morphology technique wis applied to
get the preprocessed images. The Second part wis
the character recognition process. Optical Character
Recognition (OCR) by Pytesseract was implemented
to extract the water meter imageseas numbers. After
successfully extracting the numbers, the third part of
the system wis automatically sending the water meter
data to be displayed as a graph on a web page. If there
were any unexpected changes in the usage of water, the
system will send a notification e-mail to the water

resource department.

Literature Review

The most accurate Optical Character Recognition
(OCR) engine is Pytesseract (Lee, 2020e. many
languages and numbers can be recognized by this OCR
engine. the licence was released under the Apache
V2.0 open source. The development of the software is

sponsored by Google.

Water utilization monitoring system by using image processing

In the area of water monitoring systems, there
are a number of organizations that has operated the
application, particullarly in the field of surveillence
technologies. For instance, the approach for remote
capturing of a water meter involves a mechanical water
meter, camera, digital media processor, GSM modem
and TFT display (Kashie et al., 2015).dThe approach
works by requesting action from the central server. The
camera was activated to capture images and then they
were processed by DSP processor to extract a meter
reading. In addition, the extracted meter reading
was sent to the server by GSM network.sAlso, their
experiment used a DSP processor for implementation

which is expensive and diffcult to code and implement.

Gosavi et al. (2017) proposed a model that
consisted of Raspberry pi and Arduino Uno. They were
used with the Hall effect sensor to measure the flow
rate of water. The Raspberry pi uploaded data onto
cloud infrastructure where databases are set. The end
user is enabled to view the data via the web interface.
Nevertheless, the system is different from the one we
proposd since they measured the flow rate and collected
data. Futhermore, the flow rate is not always constant and

might cause some inaccuracies in reading.

Triantor et al. (2014) implemented with Matlab
R2011b software toolbox where the application run with
Windows 7 operating system an, Pentium Dual Core
3.00 Ghz processor. Capturing images with Lenovo
mobile Phone A800 taken from 10:00 Am to 15:00 Pm
in sunny weather conditions. Firstly, three-element of
colors Red Green Blue (RGB) images are processed by
converting them into gray scale images and then using a
median low-pass filter, contrast enhancement, histogramm
equalization and binarization to obtain a black and white
binary image. At a later time, a segmentation process
is performed to get the number as a region of interest
(ROI) from line segment and the background. However,
the system is manually operated and needs additional

software toolsdans more hardware equipmens.

Sisinn, et al. (2015) made a model using
smartglass (Vuzix M100) to automate the meter reading.
Particularly, it was divided into three parts. First, it

automatically recognised the universal barcode that
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is acquired by the smartglass camera. Secondly, the
Pytesserract application performed the recogition of
digits meter via SmartGlass. In The last step, an internet
connection was needed in order to download a read out
into a cloud-based respository. The drawback is that the
recognized text is mismatched with the actual text that

was on the meter.

Somyat & Nakariyakul (2018) proposed the
lottery number reader from Tesseract engine digit
recognition for blind people by mobile phone appliction
(LottoTU). They segmented, thresholded, and converted
the lottery number images into text by the Tesseract
engine (OCR). The recognised numbers are read by
Android text-to-speech (TTS) API. they achieved a
satisfying result by capturing images at six locations under
different lllumination conditions, orienation and distance.
59 out of 60 test images were correctly read out lound for
bliness seller. However, LottoTU failed to detect images

with dark or light conditions.

Another system (Fikejz & Rolecek, 2018)

used the Raspberry pi zero which is a single core mini
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computer expanded by a real-time unit (RTC) using the
standard Linux Raspbian environment. The equipment
provides information of flow rate from the water meter.
dAlternatively, a software system build in a Java plateform
by using MySQL database and Pi 4 were used to evaluate
the leakage detection. However, the system focuses on

the flow rate via the inner pipline not the meter reading.

Methodology

The proposed system diagram is shown in
Figure 1. The preparation of the image works by
requesting action from the central server (left hand side
of the Figur.1. The Raspberry Pi v2 camera module will
activate to capture images from water meter. Later those
images are processed by Raspberry Pi 4 to extract
the meter reading. The region of interest is converted
from string to text. Finally, the results are sent over the
internet to be stored in two databases and displayed in
the webpage. In case of a possible water leak situation, a

message will be sent via E-mail to the concerned authority.

ROI using OCR

WIFI Module

Firebase
Image§ - and »|Notification
preparation MySQL
v
ROI detection L J
with Raspberry Pi
Web
‘ Application
Text extraction from

Figure 1 System diagram.

Image Processing
Figure 2 explains about the image preparation
steps through the character recognition. The system

captures the images of the water meter using the

Raspberry-Pi camera module V2. Then, the captured
images are pre-processed. Firstly, the RGB image is
converted to a grayscale image. Secondly, the system

specifies the width and height of the kernel. This system
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works best with a (3,4) kernel. Third, Gaussian filtering is
applied since it is very effective in removing noise from
the image. Fourth, Otsu’s thresholding is used for image
binarization. The value of the threshold is determined
automatically. Next, morphological erosion is applied so

that the size of the foreground object increases. Morpho-

Water utilization monitoring system by using image processing

logical dilation is also used to discard the pixels near the
boundary to get a clearer binary image. Finally, the region
of interest (ROI) is extracted by using the Pytesseract
Optical Character Recognition (OCR). It works better with
black extracted text anda white background. It inverses

the process to get the desired text results.

pre-processing
and noise

Input Images reduction

\

Character
Segmentation

ROI Localization

Character
Recognition

Output meter's
characters as text

Figure 2 Image processing.

Data storage and display

Two back end programs MySQL and Firebase
database which are maintained by Google are used for
the data storage of the system. After the completion of
image processing, the system transfers the fetched output
to the above-mentioned programs as shown in Figure.3.
The program initializes the connection with two of these
databases. Then, it saves the text along with the date
and time. For web application, the Google chart is used to
plot result data into graphs. The reason for using google
charts is because of its simplicity in terms of coding,
and modifying, making it more attractive. The charts are
based on pure HTMLS technology. They are interactive
and zoomable. There are a few simple steps to add this

chart to web page.

Display as
graph

Google chart >
library

Firebase
and MySQL

Figure 3 Data storage and display.

User Authentication and Login
For client side, PHP is implemented for the

user authentication and login. Firstly, a new user has to

be registered to the system by the admin so that only
authorized people can accessmit. After that the system
verifies the username and password by comparing the
values stored in a database to the input value. After the
verification is complete, the user is redirected to the main

page of the system.

Notification

MySQL is used because it is easier to code and
implement. The system retrieves the last data along with
the 2" last data and calculates the difference to gain a
view of how much water has been consumed during the
time frame i.e. in one hour throughout the day. By the
end of the day there will be 24 records. The reason for
making it hourly is because we can quickly identify if there
is a problem because the data comes hourly, making it
daily or monthly will be too late if there is a problem in the
pipes or if there is over-usage. The consumption water
data at 10 cubic meters is used as the threshold because
it is the average amount of normal water usage of that
building. If there is a possible leakage somewhere in the
pipes, an alert e-mail is sent right away to the authorities

in that case to check for a possible leakage.
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Results and discussions
System breakdown

The system comprises a Raspberry Pi 4 with
3GB Ram and a Pi v2 Camera Module. Raspberry Pi
4 has an ARM Cortex-A72 processor. The Pi 4 is also
powered via a USB-C port, enabling additional power to
be provided to downstream peripherals, when used with
an appropriate PSU. The v2 Camera Module has a Sony
IMX219 8-megapixel sensor which is capable of taking
very high-resolution pictures which is exactly what is

required for the system.

Implementation of the system

The system is composes of a Raspberry Pi and
Raspberry Pi camera enclosed within a box with fixed
lighting conditions. Therefore, the variation of lighting
during the day will not alter the system and The brightness

inside the box remains constant. The system is placed

™\ Ve
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above the meter and the location depends on the user.
The outer box is made of PVC and it is covered with
a black cloth to prevent exterior light from outside the
box. The dimensions of the box are 15cm*11cm*10cm
which are the length, the width and the height of the box
respectively. Every component inside the box is tightly
sealed to make it to remain functional in harsh weather.
The system has to be placed perpendicular to the water
meter at an approximate height of 7 cm. The side view
and the top view of device installation are as shown in

Figure 4 (a) and (b) respectively.

Image processing
This section shows example images of the
experimental results on the real water meter. First, a raw

image of the water meter in Figure 5(a) is captured by

the Raspberry Pi camera.

Figure 4 Device installation. a) Side view and b) top view.

Next, the result of the conversion of raw input
image to gray scale image and tilt by 90 degrees to get
a perpendicular view is shown in Figure 5(b). Then, the
Gaussian filtering technique and the Otsu’s thresholding

are applied to remove excess noise (Figure 5(c)). After

that, the ROl is extracted by performing the morphological
operations as in Figure 5(d). Finally, the Pytesseract
OCR converts string to text and the result is presented

in console (see Figure 5(e)).
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Experimental results

This section shows the experimental results on
302 of water meter images. The region of interest (ROI)
in this system is only the first 6 digits of the water meter.
The seventh digit was ignored because it is the least
significant part. The segmentation results were evaluated

based on the recognition accuracy as

Recognizedlmages * 100
Tastinglmages

Recognitionaccuracy% =

Table 1 presents the accuracy of input images
in recognizing the digits. The experiment was divided into
three types depending on the noise level of the images.
Table 2 shows the categories of images of each type.
The number of testing images of each number varies from
0-9 and depends on the occurrence in the water meter.
The average percentage of the recognition accuracy for

each image type (major, minor, and no scratches on the

glass) are 48%,75.1%, 91.64% respectively. The results
are better when the level of noise in the image is low.

The lower the noise on the image, the better the result.

v 3
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Web Application

The main page of the web application is shown

in Figure 6. The example of recognition results will be
stored and retrieved from Firebase DB shown in Figure
s 7. These data are plotted as a graph in Figure 8 using
' the Google charts library. The username and password
¢) Binarized and threshold image for all users are assigned by admin. All the passwords
are securely stored in MySQL. Once a user logs in to

the system, the user can view the statistics for the water
0 2 consumption of each building. In the case of an unusual
situation, such as the water leak, a notification E-mail will

) ROI extracted image be sent to the responsible staff as show in Figure 9. For

more information, please access this link (https://youtu.
be/CYjQt993t0A).

e) Output in console

Figure 5 Experimental results. a) Input image,
b) gray scale image, c) binarized and threshold image,
d) ROI extracted image, and e) output in console.
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Table 1 An example of each category of images to be tested.

Region of interest Noise reduction on ROI Comments

wersewoe— UOIUOIIGG POIRKS, ...,

scratches on the front glass
between. Unable to read 0.

r - "‘
) . ] Major scratches and erosion 0
Water meter with major I E [ )
i | - Iy I I is non readable even after noise
scratches on the front glass LA B - - L

reduction

~— = -w o' |
Wat ter i ith ‘ 0' 8 0 0‘ 8 No noise. All the numbers are
ater meter images with no
g ‘ ' I l | f | distinctly recognizable. A new water
| - b

scratches on the front glass

meter
Table 2  Accuracy measurement for 302 water meter images.
Type of image Digits No. Testing Images No. of Recognized Images Recognition accuracy

Water meter with major 0 10 6 60%

scratches on the front glass 1 15 10 66%
2 12 6 50%
3 12 4 33%
4 7 3 42%
5 8 4 50%
6 10 3 33%
7 7 3 42.8%
8 6 5 83%
9 8 2 25%

Water meter with minor 0 85.7%

scratches on the front glass 1 100%
P 1 9 81.8%
3 14 11 78.5%
4 13 10 76.92%
5 12 8 66.67%
6 7 4 57.14%
7 9 6 66.67%
8 11 8 72.72%
9 12 8 66.67%

Water meter images with no 0 10 10 100%

scratches on the front glass 1 7 7 100%
2 9 9 100%
3 10 10 100%
4 11 12 91.6%
5 16 14 87.5%
6 10 9 90%
7 9 7 77%
8 13 11 84.6%
9 7 6 85.7%
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Water utilization monitoring project

Statistics for £3 building | Statistics for Lamduan building
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Contact us:
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Figure 6 Main page of web application.

water-94799
- water-94799
- Consumption +
L. -MJMEMcsYsPOobztKaQh
|- Date: "2020-18-11
[ Time: “12:00
Value: 1
& -MJMEYNc3o000Y3ERE2yO
|- Date: "2020-18-11
Time: "13:00
Value: 3
= -MJMEnJgxZzC2QV5NKPO
|- Date: "2020-18-11
Time: "14:00
Value: 6

Figure 7 Data store in Firebase.

Water consumpéion saés for Lamduan Dormitary

rsemationicm’s

Viater com

Serting rolrgh:

Figure 8 Water consumption graph of each building.

watermetermfu2019@gmail....

Possible leak at lamduan building

Figure 9 Email Notification.

Conclusion

This paper proposes a simple and efficient
concept to read a water meter and monitor its usage.
The framework first makes use of image preprocessing
techniques followed by Optical character recognition
(OCR). After the digits of a water meter have been
detected, the graph of water utilization is presented via a
web application. In the case of excess usage of water, the
system sends a notification E-mail to the staff responsible.
The experimental results demonstrated that the system

achieved good performance with a low noise water meter.

From the experimental results, it is safe to
conclude that the proposed system is capable of
detecting numbers on water meters and calculating usage
of water. It is suitable for those meters which have less
noise i.e., new meters yield better results. The pi camera
and raspberry pi 4 is capable of fast processing. Moreover,
the software the system uses are easy and great sources
to build webpages as well as sending notifications. They
are reliable tools that work well without technical error

and are free for everyone.

However, the condition of the water meter
plays an important role in the output of the meter. More
scratches minimize the accuracy of digit recognition.
Apart from that, the proposed system is integrated in a
robust way where it continuously captures images with
system code to work hourly. With great accuracy in good
condition meters, the system needs low maintenance with
the physical hardware equipment (raspberry pi board),
but the users should consider checking and maintaining
the raspberry camera and network connection in order
to make the system work properly. Lastly, it is budget
friendly for any people who is interested to invest with in
system. Also the system can be modified for other meters
such as gas and electricity meters. It is easy to implement

and build the system.
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