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ABSTRACT

The study aimed to develop a localized data logger system for water
related disaster. This study used applied development research design
because it is focused on the development of a device. Since this was a
developmental study, then there were details for the gathering of information
on the testing of the device. The following were the significant findings
derived from the study. Functionality test was conducted in Antiao River to
come up with an assessment on how reliable the data are. A three-day test for
the evaluation of the device that operated 24 hours. In addition, an
effectiveness test of the mobile application was also conducted. Cost analysis
was also presented to have a summary on the expenditure of the project. The
following conclusions were considered, The data revealed that the functions
of the product conform to the desired purposes of the study which are to log
water level variation and flow rate. The product was reliable because on the
consistency of its functions especially that it was operated in the Line-of-Sight
propagation. The mobile application was also reliable for giving the logged
data to the user. The product cost was very minimal on this type of project. he
following recommendations were considered significant to enhance the
capability of the developed product. To incorporate a sensor that could have a

reading on the velocity on the rising of water.
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CHAPTER 1
THE PROBLEM AND ITS SETTING

Introduction

Climate change is happening now, and it grows fast as the earth’s gases trap the
heat from the sun resulting on not releasing it to the outer space. According to NASA
(2017) most climate scientists agree with the main cause of the current global warming
trend is human expansion of the “greenhouse effect” — warming that results when the
atmosphere traps heat radiating from Earth toward space. Certain gases in the
atmosphere block heat from escaping. Long-lived gases that remain semi-permanently
in the atmosphere and do not respond physically or chemically to changes in
temperature are described as "forcing" climate change.

There are climate change impacts such as environmental, social and economic.
These impacts will be adverse and out of its severity, it can cause rise of earth’s average
temperature. Climate change brings extreme weather conditions and there will be a
worldwide experience on it. Most of the impacts are water-related, that is why this is
now the focus of this study. According to the study of Grayman (2011), the
categorization of water-related disasters are floods, storms, waves, slides, droughts,
epidemics, contamination and climate change.

Floods can happen to a place if the drainage system is not totally good or the
place is a flood prone area. Sometimes, even if there is no typhoon, there are flooding

on some areas because of rains. But, when it comes to river flooding, then there must be



a greater force or event that could lead to overflow the river. According to EPA (2016),
climate change may cause river floods to become larger or more frequent than they
used to be in some places, yet become smaller and less frequent in other places. As
warmer temperatures cause more water to evaporate from the land and oceans, changes
in the size and frequency of heavy precipitation events may in turn affect the size and
frequency of river flooding.

As experienced from the devastating typhoon Haiyan (local name is Yolanda),
most people died because of storm surge. This type of water disaster as stated by
National Hurricane Center (2017) is an abnormal rise of water level because of a storm
and above the predicted astronomical tide. Another disaster is tsunami, wherein it is a
giant or powerful waves that most often caused by earthquakes. Like a disaster
happened in Japan on March 11, 2011 where a savage tsunami was experienced in the
Northeastern Japan because of the magnitude-9 earthquake (“Japan Earthquake,” 2017).

There is a flood forecasting and warning system project of National Irrigation
Administration (NIA), National Power Corporation, and Philippine Atmospheric,
Geophysical and Astronomical Services Administration (JICA, 2017). This project is
Flood Forecasting and Warning System for Dam Operation (FFWSDO), wherein it
mitigates flood damages by giving warning to the nearby communities because of dam
operations. The said project was installed in five dam sites (Ambuklao and Binga dams
in Agno River Basin, Magat Dam in the Cagayan River Basin, Angat and Pantabangan
dams in the Pampanga River basin). Another project of DOST-PAGASA is Koica

Project, wherein it is installed on rivers to monitor flood and it has an operation center



as well as it has warning facilities (siren and voice) backed by Korean technology
(HMD-PAGASA, 2017). The main drawbacks of the said systems were some of the
equipment was not functioning, the system had misconfiguration, there was a slow
process of information distribution and a centralized system. Moreover, a problem can
occur if there is an upcoming flood then there is a failure to transmit the data going to
the equipment in giving warnings. Through this failure of transmitting the data, the
data will not be received to give warning. On the other hand, system misconfiguration
draws a lot of attention since it can result to miscommunication of the whole system.
Large power consumption loss is inevitable because the system transmits data but no
one receives it.

From the occurrence of the drawbacks of the equipment mentioned above, the
researcher developed a localized flood warning system and has features of smart
environmental network and wireless mesh topology with real-time monitoring for fast
data access. With this system, the transmission of data is consistent even if one node in
the network malfunctions. With the utilization of a smart environment, it offers a stand-
alone system for data acquisition and it scans the network first if there are nodes that
are not good then there will be no data going to those malfunctioned nodes. It results to
less power consumption. The said system can be accessed via mobile application of the
users to monitor flood even without Operation Center (Control Office). Therefore, the
system is decentralized meaning the user can directly access the network for fast data

information. This device can still operate even if there is no power from electric



companies and no internet connection. And, the water level was anchored to Project

NOAH (2018), as Low is <0.5m, Moderate is 0.5m to 1.4m & High is >=1.5m.

Statement of the Problem

The study aimed to develop a localized data logger system for water related
disaster. Specifically, this study was guided by the following questions:

1. What water related disaster parameters in terms:
1.1. Normal depth;
1.2. Critical depth; and
1.3. Greater than critical depth?

2. What data logger can be developed in terms of:
2.1. Warning system;
2.2. Datalog on water level variations; and
2.3. Flow rate?

3. What is the acceptability of the developed localized data logger in terms of:
3.1. Functionality; and
3.2. Cost?

Theoretical Framework

This study was anchored to Bernoulli Principle which is a Swiss Physicist and
Mathematician. His principle defines the relationships between density, pressure and

fluid velocity at every point (Serway, 1996).



The application of the said principle in the study was about the flow rate
reading. If the flow is smooth, then it is said to be in laminar flow which means that the
reading is normal. If the velocity hits above a certain limit, then it is called turbulent
flow. If that happens, then there will be an assumption that the water level will increase.

Conceptual Framework

As shown in Figure 1, it is illustrated the conceptual paradigm for the whole
system.

The input portion talks about the variables such as precipitation and run-off.
Those variables mentioned were the parameters that can cause flood and fast water
flow. Rivers are the primarily affected with these events that results to river overflow
and fast river current.

The said outcomes from the input variables were the variables to be measured in
this study. Water level and water flow monitoring systems were developed to measure
water variations, specifically on the water level detection and flow rate. Using a
localized type of sensor from an operational amplifier for the detection of water level.
And, a water flow sensor for the reading of flow rate.

The results from the reading of the variables were logged in the mobile
application installed in mobile phones. There were date, time and data coming from the
water level and flow rate readings that were reflected in the said mobile application.
The user can now read the data by just accessing the network.

If there are problems, then there would be feedback mechanism in order to

correct the said problems by re-designing of the system, and troubleshooting.
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Significance of the Study

The results of the study would be beneficial to the following:

Leaders in Communities/Barangay Officials. This would be very essential in

local communities that are always experiencing flood, especially floods because of
rivers. The head of the community can have an access to the system, and if it tells that
there is a water level variation or it indicates that it is dangerous then the leader must
disseminate the information immediately for evacuation.

Local Communities. With the developed system, the residents of a particular

community can be aware if there will be a flood that will happen to their community
especially if they are near to a body of water such as sea, rivers etc. They can access the
data to the network so that they can be cognizant on disasters that may come to their
community.

Fisher Folks. It could provide them information if there is an upcoming water

related disaster just like flooding or fast water flow. From that, they can now have an
idea that it can be dangerous in their fishing area.

Farmers. This could be beneficial also to them because there are cases that most
farms are affected by floods. The system can also detect floods when placed on flood
prone areas. There are cases that most farmers are unaware that their farms are prone to
floods, therefore this system can help them to harvest early to avoid the loss of crops by
way of accessing the data on the network. The system can give warning to them if a

particular farm will experience flood.



Disaster Risk Reduction Management Officials/Rescuers. This would be

helpful for them in the sense that they can be knowledgeable if there is water related
disaster (flood). They can respond immediately if there will be accidents in a particular
place.

Future Researchers. Future researchers can use this study as literature for

studies similar in nature. Such that, they can solve the problems that the present study
have. They can also innovate the study if such problems are addressed correctly in

order to give benefits to its users.

Scope and Delimitation

The developed project was tested in Antiao River in order to determine the
river’s water condition. This was tested for three (3) days for the reliability test and
functionality test. The scope of the testing of the system was in the said river since there
are communities located near to it. The study was all about river flooding and flow rate.
In addition, this system was capable to operate even if there is no power or internet
connection.

The power supply for this device can last for at least a month, however it can be
depleted, so this can be considered also as a limitation of this study. In addition, the
transmission of signal must be in Line-of-Sight propagation. Moreover, the system used
Bluetooth so it is limited only to one user at a time and the system requires android
mobile phones. The system does not have the velocity on the rise of water level. Lastly,

there are limitations on the range of the RF modules.



Definition of Terms

The following terms are given with its definitions to allow the readers to
understand the nature of this research.

Base Station. It is responsible for the data transmission of water level readings
and flow rate to the Nodes. This was configured as a Router.

Coordinator. It is a special router. In addition to all of the router capabilities, the
coordinator is responsible for forming the network (Silicon Labs, 2012). In this study, it
is the main component for the connections of the routers.

Data Logger. A compact, battery-powered device equipped with an internal
microprocessor, data storage, and one or more sensors, or sensor ports. Data loggers can
be deployed in a variety of environments to record measurements at set intervals for up
to years at a time, unattended (Onset, n.d.). In this study, it talks about the
characteristics of the system that are handy, has sensor on water level and flow rate,

operates at DC voltage and can be deployed on remote environments.

Flood. It is the rising of water in a place because of precipitation, run-off etc. It is
the main focus of the study.

Flow Rate. Flow is the total volume of a fluid that flows past a fixed point in a
river or stream over time. It is comparable to the speed at which a volume of fluid

travels (Appropedia, 2017). In this study, it one of the variables that needs to be

measured.
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Node. Any system or device connected to a network (Techterms, n.d.). In this
study, it pertains to the coordinator, routers and mobile phones that are connected to
the network.

Router. A hardware device designed to receive, analyze and move
incoming packets to another network. It may also be used to convert the packets to
another network interface, drop them, and perform other actions relating to a network
(Computer Hope, n.d.). In this study, it is where the mobile phones and sensors are
connected.

Water Flow Sensor. It is used to measure the flow rate in the river.

Water Flow. - is the amount of water that flows per unit time. It is similar with
flow rate. The unit for this is Liters/Hour.

Water Level Sensor. It is used to detect the level of substances that can flow.

Such substances include liquids, slurries, granular material and powders. Level
measurements can be done inside containers or it can be the level of a river or lake.
Such measurements can be used to determine the amount of materials within a closed
container or the flow of water in open channels (Rs Hydro, n.d.). In this study, this is

the detecting element that can give water level indicators.
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CHAPTER 2

RELATED LITERATURE AND STUDIES

Literature and studies cited that were related to the present study had
undergone a scrutinized review. The sources of these articles came from books,
journals, patent documents, published/unpublished master/s thesis, dissertations,

magazines, internet and other media related documents.

Related Literature

Extreme water-related disaster nowadays are all pointing out to climate change.
According to Sperling and Szekely (2005), climate change has implications for disaster
risk management as it impacts on the exposure to hydro-meteorological hazards (e.g.
storms, floods and droughts), and also modulates underlying risk factors, which
influence the vulnerability to environmental hazards and therefore the probability of a
disaster occurring. In general, the following changes should be recognized in their
implications for managing disasters. In addition, climate change is expected to lead to
more intense precipitation events for many areas causing a higher probability of floods,
landslides, avalanches and soil erosion with associated damages. Since 1975, El Nifio
events have become more frequent in comparison to La Nifia episodes. Climate change
is likely to intensify droughts and floods associated with El Nifio events (Prizzia, 2015).

Satterthwaite (2011) stated in his editorial article entitled “Why is community

action needed for disaster risk reduction and climate change adaptation?” that some
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organizations cannot design and build the citywide infrastructure that is so important
for resilience to storms and heavy rainfall - for instance, storm and surface drains and
road and bridge networks that can cope with sudden and much increased volumes of
water. On this aspect, the researcher developed a data logger monitoring system that
can handle sudden increase of water level.

A study of Porio (2011) entitled “Vulnerability, Adaptation, and Resilience to
Floods and Climate Change-Related Risks among Marginal, Riverine Communities in
Metro Manila” talked about the vulnerability, adaptation, and resilience of households
in the three riverine flood prone communities such as a) Pasig-Marikina River basin, b)
West Mangahan and c) KAMANAVA area (Kalookan, Malabon, Navotas, Valenzuela).
According to the study, about two-thirds suffered losses from typhoons, floods and
storm surge highlighting the effect of climate change.

Further, the study of Di Baldassarre, et al. (2014) entitled “Floods and societies:
the spatial distribution of water-related disaster risk and its dynamics” implied that the
traditional methods on flood protection structures cannot give assessment on reducing
the frequency or magnitude of floods or vulnerability to flooding. In this case, the study
discussed on giving assessment if there will be an upcoming disasters like flood, fast
water current etc. It can also help with the risk reduction related on reducing flood

hazard.
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Project NOAH (2018) has a website and a mobile application (ARKO) that are
accessible by the public for their weather forecasts, landslides, floods, storm surge and
many more hazards.

The said projects were all about hazard maps. These would inform the public on
what particular place that the hazard will occur. For example about floods, it shows to
the website and to the mobile app that these barangays of a certain municipality will be
flooded. Obviously, you can access it if there is an internet connection. On the present
study, it can still be accessible even if there is no internet connection. Moreover, the
device can give accurate reading of water level as well as water flow.

Another project of DOST-PAGASA was all about Flood Early Warning System
(HMD-PAGASA, 2017). KOICA Projects 1 and 2 were under this program. Gandara
River was one of the beneficiaries which had the installation of this technology to
monitor the river. The system has a warning system facilities (siren and voice) for the
community and since it is a centralized system, all the data must undergo first to the
operation center before distributing it to the public.

The present study differs from the said study mainly in the system itself. The
present study used decentralized system wherein it does not have an operation center.
The main advantages for this type of system are: a) fast access of data, since the data can
be accessed directly to the network instead of going it first to the operation center before
disseminating it; b) real-time monitoring, it is when there is an updated information in
the system unlike the centralized one, for example the flood is already happening and

yet the data is still on its way to the operation center and there would be a process again
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before distributing it to the public. The said project has a siren that potentially detects
high water level. However, it is only limited to the locality that is near to it. Nearby
communities will be unaware if there will be flood since they would not be able to hear
the siren from the system. Therefore, if one node of the present study will be installed
on those communities, the people on those communities would be aware and resilient
on the warning signals that there would be flood in their communities.

A study that pertains to the critical flow of river by Magirl, et al. (2009). The
study used instruments such as ADCP and an electronic pitot-static tube to measure
flow velocities. The tallied a maximum mean velocity of 3.7m/s with ADCP, and 5.2
m/s using the pitot tube with an instantaneous velocities up to 6.5 m/s.

This is helpful to the present study concerning the velocities of the water.
However, the present study used flow rate to measure the water flow of the river which
is in L/Hr. This is comparable to the velocity of water in which a volume of fluid travels
(Appropedia, 2017).

With these studies, it helped the researcher to identify problems related to the
area of the study. In addition, the data gathered was added in the formulation of the

solution to solve such problems with floods.
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Related Studies

A study entitled “Flood Modelling using Artificial Neural Network” by Ruslan
et al. (2013), talks about ANN modeling for flood water level for giving warning system
by using BPNN with NN Inverse Model. It has a Back Propagation algorithm and it

seeks to minimize the value of error function from Artificial Neural Network.

The system has similarity with the present study in the sense that both are
related to flood. However, the present study was not about modeling for giving flood
warning, instead it is an actual basis for giving flood warning. The use of a smart
environment made it different since the present study used it on sending the data to
node that if one node is not operational, then the system would decide on which node
the data would be transmitted. Then from that, there would be less power consumption
of the system. Power consumption is very essential because it gives life to the system
and the system must last for at least several months if there will be disasters that would
occur. Meanwhile, the previous system used neural network on analyzing the data for

flood modeling.

A patent by Azid et al. (2017) entitled “GSM Based Early Flood Warning and
Monitoring System”, wherein it is about measuring the water level and if it surpasses a
certain threshold set by the user, then the device will give alerting message to the

populace and authorities by means of SMS (short message system). The user can
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monitor also the level by calling the device and the device will reply with an SMS that

contains the relevant data.

Hence, this device is similar on giving warning if there will be flood. But, it
differs on the process of information dissemination. The said device sends the data via
SMS, and the present study gives the data via mobile phone. The said device does not
have a smart environment network that could give decision on sending data. In
addition, if there are disasters, most cases there are no cellphone signal. Therefore, if
that is the scenario, accessing the device is impossible. Nevertheless, the present study

developed a device that can be accessed even if there is no cellphone signal.

Another patent document by Jiansheng and Xiaoming (2015) with the title
“Dynamic Optimization based Neural Network Flood Warning Device and Method”
which discussed about a device that can give flood warning based on modeling. It has a
historical data that to establish a neural flood forecasting model. It assimilates the

normalized data with the information of the GPS satellite and GIS module.

This study was based on modeling from a historical data that is analyzed by a
neural network. It has GPS and GIS and it gives information by a short message.
Meanwhile, the present study used WSN (Wireless Sensor Network) as the backbone of
the system. It gives on-time monitoring of water level regardless of cellphone signal
and power from electric companies. Then it has a mobile application for the information

of the flood for the users.
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Another patent by Zhanhui et al. (2017) entitled “Intelligent Urban Flood Early
Warning Management System”, it talks about a smart city flood early warning
management system. The core sensing device comprises a magnetic field by the base

plate and magnet cover and it enhances the actual functions of the system.

The present study used a localized water level sensor made up of operational
amplifier. The present study had a smart environment network for the automatic data
gathering and sending of data to the nodes. It utilizes Bluetooth technology so that the

users can access the data.

A study entitled “Water Level Monitoring and Flood Alert System” by Shivaray,
et al. (2014) presented a system that is designed to provide alert using short message
system before flood will happen. It has also a database about the history of water level
in a certain place and it has a centralized server which can perform all the jobs from
data collection to sending message before flood.

The study is similar in the sense that both studies are for giving flood alert, but
they differ from the mode of communication. The said study had SMS feature to
provide alert messages, while the present study had its own network for giving
information to the user. It has a wireless mesh topology network, wherein it can send
the information to any nodes of the network. Even though that there is no power on one
of the nodes, the system can still send information because of this topology network.

In addition, a developed study “Flood Detector System Using Arduino” by De

Guzman, et al. (2016) wherein it states that a flood detection monitoring system that
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could detect water level rising. Utilizing an ultrasonic sensor for the input sensor, then
attached to the Arduino Yun to process the sensor’s analog signal into usable digital
value of distance. The user can get real-time information on monitoring of flooded
roads over the live stream plus SMS based service.

The difference of the said study with the present study is on the utilization of
ultrasonic sensor to detect flood or rising of water while the present study used an
operational amplifier for a localized water level sensor. In addition, the present study
highlights its potential to transmit data even if there is no cellphone signal. SMS based
service is relying on the signal provided by the network.

A study conducted by Kato et al. (2015) entitled “Design of an Automated River
Water Level Monitoring System by using Global System for Mobile Communications”
talks about a system that monitors water level of rivers. If there will be a minimum or
maximum values from the threshold value, then an SMS message will be sent to the
user. Also, there is a database about the monitoring purposes. After the gathering of
data, the Arduino microcontroller would send the data to the database of the head
office station via GSM Modem.

The study is similar to the present study when it comes to the process of
monitoring. Both studies have certain threshold value for the water level and it will
send signal to the concerned user or even to other user. However, the differences are:
a) the mode of communication of the present study was wireless mesh topology based
network, so it can communicate to any nodes and it does not rely on the signal by the

cellphone network provider unlike with the said study since they are using SMS; b) it
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can send the data to other nodes if the network detects that one of the nodes is
malfunctioning, while the said study used a GSM modem for transmitting the data to
the database, however if it malfunctions then the data will not be transmitted; c) the
present study was adaptive to a disaster setting setup since it can still operate even if
there is no power; d) the present study uses a localized water level from operational

amplifier unlike the said study that uses ultrasonic sensor.
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CHAPTER 3

METHODOLOGY

This chapter discusses the methods and materials in order to develop this study.

Research Design

This study used applied development research design because it is focused on
the development of a device. Since this was a developmental study, then there were
details for the gathering of information on the testing of the device.

Functionality test was conducted by observation on the performance of the
developed device. There was a record of the parameters from the observations made in
order that they can be subsequently analyzed. Parameters such as multi-level water

detection and water flow values were the data to be logged.

Instrumentation

The researcher used programming software, measuring equipment, modules
and electronic components for the development of the device.

A measuring equipment such as multi-tester was utilized in order to check the
output voltage of the sensors and the microcontrollers. Programming software on the
other hand was focused on the syntax for each microcontroller of the system.

Major components and modules were discussed in this chapter for further

understanding of the developed device.
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System Components
Water Level Sensor

Figure 2 shows a localized sensor that was made out of an operational amplifier
that served as the water level sensor. It was connected to a microcontroller for data
analysis. It has a digital output wherein the microcontroller of this study only accepts

digital signals as its input.

Figure 2. Localized Water Level Sensor
Control Unit
Figure 3 shows the microcontroller (Atmega328P-PU) used in the study. It served

as the head of the system, wherein all data must go first to this controller for data

processing.

Figure 3. Microcontroller
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Transmitting Module
This study used XBee modules (Fig. 4) that operates in Zigbee protocol (802.15.4).
This handled the long range communication between the Base Station and the nodes for

the transmission of data. It operates an Outdoor/RF Line-of-Sight range of 1200 meters.

Figure 4. XBee module

Communication Module

This study utilized Bluetooth technology (Fig. 5) to serve as the gateway of the
users to access the data. They can connect their mobile phones with the mobile
application installed that is exclusively dedicated to the device. Then, they can now
have the access to the device with the monitoring of water level. The range is

approximately 10 meters.

Figure 5. Bluetooth Module
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Water Flow Sensor
The study used water flow sensor as shown in figure 6 in order to have a reading
on the flow rate. It was connected to the microcontroller for data processing. The unit

for the water flow is in L/Hr.

Figure 6. Flow Sensor for Water

Validation of the Instrument

The researcher calibrated and validated the materials by conducting tests. For the
water level sensor, it was tested on a container that has water if it can detect water
variations. Water flow sensor was also tested by making the motor rotate and watch
over the readings. For the RF modules, they were first configured in order to
communicate with the same network by using a software (XCTU). Bluetooth module
was also configured together with the microcontroller if it can be detectable by mobile

phones and can be connected as well.
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Sampling Procedure

For the evaluation of the product, it was tested during the first week of March,
2018. The researcher tested the functionality and reliability of the device for three (3)
days. The product was placed at the side of the Antiao River to gather data without
human intervention for seventy-two (72) hours.

For the effectiveness test under the functionality test, the researcher distributed

the questionnaires for the assessment of the mobile application if it served its purpose.

Data Gathering Procedure

As for the data gathering, the researcher conducted the testing on the functions
of the device such as to detect water level and water flow reading. At first, the
researcher set the measurement for each level (Low, Medium and High) according to
the Project NOAH's website on the flood tab. The probes of the water level sensor were
placed on a blue pipe with designated level of measurement.

The flow sensor was positioned at the bottom of the river. The researcher made a
casing that was submersible since the said sensor was not designed for underwater
purposes. Flow rate was recorded to the device as well as the water level reading.

Moreover, the Effectiveness Test Questionnaires were distributed to ten (10)
respondents. The following respondents were five (5) persons consisting of technical

individuals and residents in the locality and five (5) students.
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Smart Environment and Wireless Mesh Topology

The researcher used smart environment and mesh topology for the system.
According to El-Bendary, et al. (2014), “a smart monitoring system when the
environment itself becomes a self-monitoring and self-protecting environment that is
aware of its current status with the possibility of an automatic alarm rising if some
event occurred.”

With the help of this environment, the analysis on transmitting data would be
more power efficient if there are nodes that are malfunctioning. If there is a non-
operative node, then the system will sense it and it will not transmit the data going to
that malfunctioned node. So from that, there would be less power consumption on
transmission of data. Therefore, it tells that the network is smart because of its self-
monitoring of network function that is aiso a built-in algorithm of the Zigbee modules.
In addition, the system was also automated on the data acquisition of water level and
flow rate as inputs.

The system used wireless mesh topology to determine if there are damaged
nodes, the transmission will not stop and the network could still transmit the data to
other nodes. The network can widen the area of transmission with this type of topology
that serves as the backbone by adding additional nodes.

Mesh topology and smart environment gave the system the features that made
the reason for deploying it for water level monitoring and water flow reading on

remote areas or in harsh environments.
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Project Setup

\ Base Station
/ (Router)

Node 1
(Coordinator)

Node 2
(Router)

Figure 7. Design Setup of the Whole System

Referring to Figure 7, it starts when the device gathered the data about the water
level and flow rate on the Base Station. After which, the device transmitted the data to
the nodes (Node 1 and Node 2) so that the mobile phones with the mobile application
can access the data. This platform was become public or an open access so that all users
can monitor the data about the events happening. Moreover, the normal users such as
citizens can access also the data. They could be prepared if there would be an upcoming
disaster since there would be a warning on the data stored in the network. There are
cases that there are no internet connection, no power, and no cellphone signal and from
that the system can cope with it, so the users can still access the data.

In a network there must be only one Coordinator and the rest can be Routers and
End-Devices. In this case, if there are children (nodes) that would be added to the

network then obviously the family will grow. Therefore, the more children the greater
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distance for the data transmission. Lastly, the Routers must connect first to the
Coordinator.

Statistical Treatment of Data

The statistical tool used in this study was all about the mean on the Effectiveness
Test of the Mobile Application. It has an equivalent interpretation for each range of the

mean.
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CHAPTER 4

PRESENTATION, ANALYSIS AND INTERPRETATION OF DATA

This chapter shows the in-depth discussion of the project in terms on its findings,

analyses and interpretation of results from the tests conducted to evaluate its

functionality.

Water Related Disaster Parameters

Normal Depth, Critical Depth and Greater than Critical Depth

The researcher developed a water level measurement prototype that made of a
plastic pipe. Figure 8 shows the level of measurement for Low, Medium and High
Level. The measurement for Low Level is less than 0.5 m, for Medium Level is 0.5 m to
1.4 m and for High Level is equal or greater than 1.5 m.

The sensors were placed for each level to detect the rising of water. As for the
reading of the product, it has three stages. The study adopted the Project NOAH’s
measurement as to the normal depth which is equal to the low level, critical depth
which is medium level and greater than critical depth which is the high level. There are
instances during low tide or high tide, the water level is obviously changing. Low tides
and high tides have its different measurements, so the water level detection will still

depends on the measurement of the said tides.
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Figure 8. Water Level Sensor Holder

A Data Logger

Warning System

The product has an equivalent message for each water level. In addition, an
equivalent color codes were integrated based on Project NOAH’s flood hazard warning
signs. If the water level is equal to 1.5 meter or exceeds predefined limit, then there will
be a warning for the user. Nodes 1 and 2 will light the red LED just to indicate that the
water level is above the critical depth.

On the mobile application, if there is a water level reading that indicates “HIGH”
then there is an equivalent message that denotes “WARNING”. If the reading changes

to medium and low, then the warning from the nodes will be removed.
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Hardware Design

Figure 9. Block Diagram of the System

Figure 9 shows the block diagram of the whole system. The researcher used
Zigbee transceiver modules, a localized water level sensor by the use of an operational
amplifier, water flow sensor, microcontroller, and Bluetooth module. After gathering
the data from the sensors, next is to transmit it to the Base Station to transmit it also to
the nodes. Then the nodes processed the data by utilizing microcontrollers and sends it
to the Bluetooth modules so that the users can access the data.

The mode of transmission is simplex or unidirectional between the device and

the user. It means that the device will just send the data and the user will just receive it.
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Software Design

StARE
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Figure 10. Flowchart of the System
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From Figure 10, it started with the reading of the sensor about the water level
and water flow or the flow rate since they are the inputs of the Base Station. Next
process is to send it to the nodes, however if the system detects that one of the nodes is
not functioning, then the base station will not send the data to that malfunctioned node.
Then, the microcontroller would now analyze the data if it is above or below the
minimum threshold value. If the value is below the threshold then it would just send
the logged data on the phone, but if it detects that the value is above the threshold then
the red LED on the nodes would light and there would be also a corresponding

indicator on the measurement in the mobile application when the water level is high.

Data Log on Water Level Variations and Flow Rate

The mobile application gives the reading of water variations and flow rate to the
user. The logging process is every second so that there will be a thorough analysis of the
data. There is a complete data on the data logger of the system since it has the actual
date and time, the water flow reading that is in L/Hr and water level reading.

By pressing a button (Retrieve) on the mobile application, the logged data will be
retrieved. It shows the information from the time it was operated up to the present time.
However, it depends also on the memory of the phone.

The data can be also deleted by pressing another button (Delete) on the mobile

application. With this, there can be a new room for new data. But, the deleted data

cannot be recovered anymore.
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Acceptability of the Developed Localized Data Logger

Functionality

The product was tested for three (3) consecutive days to test its functionality.
Table 1 shows the data for the testing of the product. The test was conducted last March
6-8, 2018 in Antiao River, Catbalogan City. The results revealed that the data is
consistent on giving information to the user via mobile application.

During the 24-hour period per day of testing, the researcher chose to limit the
time to the interval of six (6) hours. The data were recorded in the memory storage of

the mobile phone, by pressing a button on the mobile application the user can retrieve

the logged data.
Table 1. Summary of the 3-Day Functionality Test
First Day Second Day Third Day
FUNCTIONS
6:00 6:00 | 12:00 | 6:00 6:00 12:00 | 6:00 y 6:00 12:00
am | 2NN | oy N | oam | 20NN ey | v | oam | PN ey | m
WATER
LEVEL LOW MODERATE LOW LOW LOW MODERATE LOW LOW LOW MODERATE LOW LOW
VARIATIONS
FLOW RATE -
(L/H) 8 24 24 20 9 20 23 27 12 18 28 35

This graph in Figure 11 presents the water level reading on the 3-day testing of
the device. In this scenario, the water level variation depends on low tide and high tide.
During the evaluation, the weather was fine. The medium level were reached during
the 12 noon throughout the evaluation days. As referring to the calendar for the record

of low tide and high tide, it tells that during those time the water level in the river starts
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to rise until it reached its maximum level. Moreover, after the High tide, the water level

decreases and it started to Low tide.

LOW »EcM HIGH

mIWATER LEVEL
VARIATIONS

Figure 11. Logged Data for Water Level

Figure 12 shows that different readings of the flow rate since Day 1 to Day 3.

During the reading process, the value got zero in terms of its water flow because the

river became still.

e FLOW RATE {L/Hr)

Figure 12. Logged Data for Flow Rate
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In addition, the effectiveness test of the mobile application was conducted. The
tally of the results were recorded and interpreted.

A shown in Table 2, it shows the results of the evaluation which resulted to two
interpretation as “Strongly Agree” and “Agree”. It summarizes that the product was
acceptable and in-line with its desired objectives since the total interpretation was

“Strongly Agree”.

Table 2. Results from the Effectiveness Test of Mobile Application

EFFECTIVENESS SCALE
OF THE MOBILE
APPLICATION
I can easily use

the Mobile 8 2 0 0 O 4.8 Strongly Agree
Application
I can understand
the message 6 2 2 0 0 44 Agree
clearly
I found that this
Mobile
Application is
necessary
I think that some
people can learn
tousetheMobile 7 1 2 0 0 4.5 Agree
Application
quickly
TOTAL 4.65 Strongly Agree

WEIGHTED

slalsl2]1 mEan | INTERPRETATION

91 0 00 49 Strongly Agree

4.51 - 5.00 Strongly Agree
3.51 - 4.50 Agree

2,51 - 3.50 Undecided

1.51 - 2.50 Disagree

1.00 - 1.50 Strongly Disagree
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Test Installation of the Product

This figure shows the test setup of the whole system in Antiao River. The Base
Station was installed beside the riprap in order to compound its foundation. It was
limited to that part of the river.

The setup was conducted for three (3) days for the evaluation of the functions.
Moreover, the actual installation was conducted during the first day of the evaluation.

Preferably the installation of the Water Level Sensor Holder with the Water Flow
Sensor will be on the middle part of the river. It is because the variable of water flow is

much greater on that part of the river.

Base Station with
Holder of Sensors

ANTIAO RIVER

Figure 13. Test Setup in Antiao River
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This section presents the cost for each materials used in the development of the

product.

Table 3. Project Cost

COMPONENTS QUANTITY IE{{I\II(I; TOTAL PRICE
Gizduino 1 735.00 735.00
Arduino UNO 2 450.00 900.00
Bluetooth Shield 1 785.00 785.00
Bluetooth Module 1 485.00 485.00
Water Flow Sensor 1 345.00 345.00
Xbee Adapter ! 221.00 663.00
Xbee (52C) 3 1002.75 3008.25
Operational Amplifier 1 50.00 50.00
Sensor Connectors 4 35.00 140.00
Connecting Wires 30 (meters) 12.00 360.00
LED 5 5.00 25.00
PCB 1 45.00 45.00
Switch 1 35.00 35.00
Battery 3 25.00 75.00
Battery Cover 3 25.00 75.00
Male Input Plug (to Arduino) 3 15.00 45.00
Toggle Switch 3 35.00 105.00
Casing 4 45.00 180.00

TOTAL 8056.25
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CHAPTER 5

SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

This chapter presents the significant findings, conclusion and recommendations

of the study.

Summary of Findings

The following were the significant findings derived from the study.

1. The study identified the water related parameters in terms of its Normal
Depth which is Low Level that has a measurement of less than 0.5 meters; for
Critical Depth or Medium Level that ranges from 0.5 meters to 1.4 meters and
for the Greater than the Critical Depth or the High Level which is equal or
greater than 1.5 meters.

2. A data logger was developed for giving warning to the user if the water level
equals or exceeds the critical value. It can log data on water level variations
and flow rate. In addition, there were date and time for the real-time
monitoring.

3. Functionality test was conducted in Antiao River to come up with an
assessment on how reliable the data are. A three-day test for the evaluation of
the device that operated 24 hours. In addition, an effectiveness test of the
mobile application was also conducted. Cost analysis was also presented to

have a summary on the expenditure of the project.
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Conclusions

Based on the abovementioned findings, the following conclusions were

considered:

1. The identified water related parameters such as Normal Depth (Low Level),
Critical Depth (Medium Level) and Greater than Critical Depth (High Level)
helped the study on what water level indicates that it is still safe or
dangerous.

2. The product logged the data and gave warning every time it is equal or
greater than the predefined values in water level. It gave signal from the Base
Station to the Nodes by lighting the red LED to indicate a warning signal.
Moreover, the user could still access the information by just pressing a button
(Retrieve) on the mobile application to access the stored data. With these
features, it showed that the product could give warning and could log data
on water level and flow rate with actual date and time.

3. The data revealed that the functions of the product conform to the desired
purposes of the study which are to log water level variation and flow rate.
The product was reliable because on the consistency of its functions especially
that it was operated in the Line-of-Sight propagation. The mobile application
was also reliable for giving the logged data to the user. The product cost was

very minimal on this type of project.
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Recommendations

Based on the results of the study, the following recommendations were
considered significant to enhance the capability of the developed product.

1. To incorporate a sensor that could have a reading on the velocity on the rising
of water.

2. Install a solar panel or any renewable energy to enhance the power supply of
the system.

3. Provide another type of power supply like batteries that can last for months.

4. To integrate an external memory like SD card for additional data storage.

5. Change the mode of communication from Bluetooth to any other type of data
transmission since it is only limited to one user.

6. Develop a better stand support for the water level sensor holder and Base
Station.

7. Add more nodes for multiple data gathering.

8. Present the data gathered in tabular form.
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Node 1 in Figures 18 and 19 serve as the gateway of the information from the
Base Station going to the user. It is responsible for the readable data going to the mobile
application. This node was configured as Coordinator. The toggle switch for the power,

green LED for the power indicator and red LED for the detection of high water level.

o k3

Figure 18. Node 1

Figure 19. Components View of Node 1
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The other node, which is Node 2 in Figures 20 and 21 serve also as the gateway
for the data from Base Station. This node was configured as well, however it was not
the same as Node 1 since this is also a Router same as the Base Station. The toggle
switch for the power, green LED for the power indicator and red LED for high water

level.

Figure 20. Node 2

Figure 21. Components View of Node 2
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Mobile Application

3 8%

03/06/2018 05:54:13

pm

Select Format:
BT [Date&Time]-[Water Flow][Water Level]

R R SRR

Connected Legend:
Water Flow in L/Hr
Retrieve High - Water Level is >= 1.5 m
Delete

Developed by: Engr. Nikko Ardel P. Floretes
#uponthisrock
RETRIEVED DATA:

Figure 22 Mobile Application Appearance

This is the actual data logger appearance (Fig. 22) on the mobile phone. It has the
color-coding that represents for each water level. A warning indicator was placed in
order for the user to know that if the water level reading goes HIGH, then it is a

warning that there will be flood in the area.
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Example of Logged Data

Cl ek R G g

03/05/2018 06:33:45 pm

Select Format: ‘
BT [Date&Time]-{Water Flowl{Water Level]
Connected Legend:
Water Flow in L/Hr
Retrieve High - Water Level is >= 1.5 m
(WARNING)

Delete

Developed by: Engr. Nikko Ardel P. Floretes
#uponthisrock
RETRIEVED DATA:

037052018 10:13:56 am-1112
LOwW

| 03/05/2018 10:13:57 am-632
LOW

| 03/05/2018 10:13:58 am-256

- LOW

L D3/05/2018 10:13:59 am-16

- LOW

- 03/05/2018 10:14:00 am-0

L LOW

MAOCTIINTO I3 ANT s

Figure 23. Sample Data Logged

Figure 23 shows that the data can still be retrieved any time of the day as long as

it is not deleted. The time that the researcher retrieved the data was around 6:30 PM,

and the data from 10:00 AM in the morning were still retrieved.

data.

This figure was intended for demo purposes just to show that the system can log
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Actual Logged Data from the Functionality Test

03/06/2018 05:54:24 pm
24
Select Format:
BT [Date&Time)-{water Flow}{Water Level]

Connected Le9end:
Water Flow in L/Hr
Retrieve High - Water Levelis »= 1.5 m
‘ (WARNING)

Delete

Developed by: Engr. Nikko Ardel P. Floretes
#uponthisrock
RETRIEVED DATA:

i 03/06/2018 05:54:07 pm-8

. Low

| 03/06/2018 05.:54:08 pm-8

L LOwW

| 03/06/2018 05:54:.09 pm-24
| Low

. 03/06/2018 05:54:10 pm-24
| LowW

| 03/06/2018 05:54:11 pm-24
| LOW

- 03/06/2018 05:54:12pm-24
. Low

| 03/06/2018 05:54:13pm-24

Figure 24. Actual Logged Data

Figure 24 shows the actual reading of the water level and flow rate in Antiao
river. The readings were not totally consistent on the water flow since the water during

that time was varying.



Water Level Sensor Holder and Water Flow Casing

Figure 25. Water Level Sensor Holder and Water Flow Casing

Figure 25 shows where the sensors were placed together with the water flow

sensor. Connecting wires were connected to the Base Station.
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QUESTIONNAIRE



QUESTIONNAIRE FOR THE
EFFECTIVENESS TEST OF THE
MOBILE APPLICATION

NAME (optional): DATE:

DIRECTION: Please answer the following by checking each item that suits your
assessment.

SCALE
EFFECTIVENESS OF THE MOBILE APPLICATION 5lal3l2l1

I can easily use the Mobile Application

I can understand the message clearly

I found that this Mobile Application is necessary

I think that some people can learn to use the Mobile

Application quickly
5-  Strongly Agree
4- Agree

3-  Undecided

2-  Disagree

1-  Strongly Disagree

Figure 26. Sample Questionnaire for the Mobile Application Effectiveness Test
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Arduino IDE

Upload Sketch to Arduino Open Serial Monitor

@ sketrh_may03a | Arduino 1.6.8 Lm ‘ @f"

Warifys

Coding
Area

Debuaging
Console

Arduing/Genuing Ung on COM3

Figure 27. Arduino Programming Environment

This software IDE inputs the syntaxes to the microcontroller. It served as the

gateway to the board.
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MIT App Inventor 2

i

Figure 28. Android IDE

The researcher used this environment to develop the android application for the

product. It has an emulator if ever there is no android phone available.
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XCTU
(44 xetu =21 & o
LA ir“—j ="
@ Radio Modules {5} Radio Configuration
/rf\":‘ ,A"i"‘ix ,"‘r\v Ilf\. ’ﬁ‘a \"'
s . /A 7\ "\

. Click on [%] Add devices or
[&] Discover devices to add
radio modules to the list.

|
|

to display

Change between {3} Configuration,
Bl Consoles, &® Network and
&> Device Cloud working modes

the working area.

their functionality in

s

Figure 29. XCTU Configuration Software

This software was responsible for the configuration of XBee transceivers. Here,

the parameters were set so that the modules can communicate with each other.
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XBee®/XBee-PRO S2C Zighee®

User Guide
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Fochnvel soecrfcodons Pacfermance specdoatons

Performance specifications
the foliawing tabie dezcribes the performance specfcations for the devizes.

ingooriurban Upts 5O m {200 ) Upto®dm  Uplo el miiio &

range {300 i)

DuGor K+ oo Upts 1200 m {4000 ) CUPTOZIDE | Upto 1idU mienanf)
of sightrange m {2 md

TrancmT puser €.2 miW [+3 dBmi, poost mode 83 mW 1% 5.3 e (=8 dBm] channol
Coutput imaamumi | 2.1 MW (<5 4B, acrmal mode aumi 25 oy power 12«1 dEm

channel 26 max oower 12 «2 2Bm

RF dota ra%e 255,000 'z

- Hecewer 102 d8m, beost mode 1ol 4B 103 dBm. boost made
sersRaty 136 d8m, nermal made 1 dBEm, nermal mode

Power requirements
The foibowing tabie describes the power requirements for the X2ao/Xéiee PRO figboe R Modue.

Adjustable power Yos

Supply wotage 21 26922 36V programmoable 123.T-348Y 231-38Y
WErSICn

Dperating carrent 45 ma (+3 dbm, boas? Mol 33 miA e IZ0mADS23Y, AL mA

(trarsm S, NormX Meded ~18 cdim

Operating current 31 MA (boast mede! 31 mA 31

‘raceival 28 mA ipormal mode)

Fomer Gown <1 pAGR 28 <3 uA B It

current 3

General specifications
The foliowing tabie desaribes the genemi specifications for the devees.

Uperating frequency ISM 2.4 25 GHr
dand

#orm factar through nole, sudace mount surface mount
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Tozhns! spocifizotons Sensicommunicepen mpanfrstons

Serial communication specifications
the XZeoe/XHee PRO Zighee R Modue supoccts poth Unnersal Asyncnronces Recenwr / Tranameser
{UART] and Serial Peripheral interface 1577 senal connections.

UART pin assignments

Cisjuoy i i
. RIS/ 2806 3 16
Foe more information o UART cperation, 266 ( onratic

SPI pin assignments
The 302 (SeralCommunication Port 21 of the Ember 357 12 cormected to the 581 pact,

SPI_MOE 18 "
5FI_MIS0 % 4

Foe meore information oo 591 operstion, S8 L1 ano s

- 4
GPIO specifications
XBee e PRO Zgdee BF Modules nzve 15 General Purpase inout ¢ ODutput [GPICH peets avalsbie.
1he exact it depends on the device corfiguraton as some GRi0 pads are used for purposes such as
zerizl communication.
See -rane ol 1 ard ! inthe for more informaton on configuning and using GR1O ports.

woltage suooly



Hargware Mechanios! Jrowmgs

Mechanical drawings

The folbbwing mecharscal drawings of the XBee Moo PRO pbee BF Modules show 2l dmersicrs in
mches. Tac first drawing shows the XBeo/XBee PRO surface mount mede! [artenna options nes

IhaWn.
o Rk - N5 §— iR o

+ (PRSP B

g3

etk 1F3°

ol

“Elgvisenar (440

(T A e O

nea
LRSS

Dad By

Toage s smn Sode waw Hedigen vy

The drawings below shaw the K8ce through nole model

RPSMA

Y
¥

Fes iy - A
! L e
o %
3 %
. b Y .
= r % ? #ns L
5 3 1 g i 1 1
. ; :ﬁ 1 & ¥ 3
= S e »
root > oy :
i 1 bt
LR — . i S
U.FL Wire whip PCB antenna
b 1] b @ »
3 L | # i w
. x c * 4 ¥*
3 : 3 o »
i & ! & 2 k-
| 7 T o
[ wi  AEHE i L ¢k -

The drawings delow show the XEee #RO through hoie model
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the feliowing crawng shows 1 surface mourt (3M1] pin lecations.

Pin signals for the surface-mount module
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Sigdee netacvAs Zigdoe stock ;'x'.':fcfi

.
Zigbee stack layers

Mozt netwers protocols wee the concept of layers to separate different components and functicns
At independent modules that can ke assembledin different ways.
Zigbee 3 budt on the Phgnical (94Y) layer and Medium Azcess Contral [MACT sub lsver defineg nthe
IEEE B02.12.4 standard. These iayers hangle low ievel netwark operations such as addressing and
MEISALE TrAINGMRS O TRCORSICN

P

The 2igbee spocification Gefines the Netwack (W] layer ard the frameaork for the appication (AP
fayer. The Metwork layer takes care of the nevwork structare, routing. and secunty. The apaloatico

ayer framewors conzists of the Apdhcaron Suppart sud layer (NF 51, the Zigbee detnce objects (ZDU)
and uzercefined aooleations that gree the device 25 spacfc functonalty.

ZigBee Danice
Chect (ZDHO)

Appication Framenork

Applcation Suppont Sublayer {AFS)

A

Newwork (NWK) Cayer ] P

. Pkl (PHY)lager

Thez table descrines the Jighne layers.

BHY Defres the physical operaton of the Zighee device incluging resewe senzavity,
caarpal rejection, output power, number of channes, chp modulztdn, and
trarsmussion rate speafrationz. Mozt Zipbee anphaatons coerate on the 2.4 Ghe
130 band at 5 250 kbiz data rate, See the (EE 30210 .4 speaifeation for detaiz,

MAL Manages 8% data sranzactices betaeen nagnterng devces (pomt 1o peirnl. The
MAC inciodes senices zuch as tranzmason fetry 20d acknowndgment
managemant, and calizion awoadance technigues (LEMA CAL

NeTwery Adds rowting capabditios that aflows HF data packets to traverse multiple dewszes
" {multiple bopsi to rowte data from source to Gstinaticn [poor to peer.



Dgdee networas Jighoe netwariong roncopd

Appication layer that defines varicus addressing odjects incloding prodiles, clusters,
and endpoints.

Io0 Agpucatice lawer that prowdes devce and sernce discovery features and adwanzed
netaork managenment cxdabdiios.

Zighee networking concepts

Device types
Jighes defines three different dovice Types: coardinater, router, 3nd end devise.

Coordinm

Zighee networss may only hane 2 singe cocrdinaler drace. This devee:
= 3tarts the netwerk, selecting the chamael and PA 1D (beth &4 ot and 1€ bRl
s Buffers wireless 2ata dackes foe shrepng ond deace chodren.
= Manages the caner functions that define the networs, secure 1%, and soep it hoattry.

s Cammot slecn; the coordinatar must be powered on all the time.

: Router

Arcuter z o ful-deatured 2igoee node. Thiz devee:
e Canjoin custing networss and teng, recernse, 3nd route infarmation ROUting rroves sctng 22
3 messenger for commuricaticrs betweoen sther deveces that are too far apart to convey
infarmatnn on ther oan.
» Canbuffer wreless dats pacsets for sleeping end denice chidren. Can sliow other routers and
erd devines to join the motwaork.
s Canmot sleep; routen si must be powered on all the time.

s May have muitiple router dovices 0 3 netwees,

g’ End device

An eed devize 15 essentialy a reduced wersion of 3 router. T devicer
= Canjoin custng netweorss and zend and receree informatian, but canmot 2ot 3z meossenger

betaTen 37y CAN0T SoVies.

= Carnot albow other dovees 0 0l the network.

w Usesiess expenaie hardasre and 2an sower ttzelf down mtormatently, sovng onecgy by
TEMpOTIfy eNtETNg a noO respans e sleep mods.

s Nways needs a router or the coordnator to be 125 parent device. The parent helps eng cevices
join the netwerk, and stores meszages for them whon they are azieep.

Zighet networz May hawe any numtber of end draces. In fact, 3 network can de comdasen of ane
co0rdinator, muitiple end dewsces, and Tero routers.
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Arduino Uno

i A
. ¥ R *
v g W e
y ) o Vi femiiem g # y
FABGB LG

- s T
e v VemaIA (-~ WABE T

b W s ek s M e e e o 0

LEEda i 1a
Ardulino Uno R2 Froot Ar duing Uno SMD Arduing Uno Fromnt Arduine Uno Back
Overview

The Arduino Uno is 2 microcontredler bosrd based on the ATmega328 (gdalgaheets. TI has 14 digital
inputfoutput ping (Of which & can be used &8 PWHM outputs), 6 analog inpuls, & 16 MH: ceramic
resonalor, 3 USS connection, a power jack, &n ICSP header, and 4 reset button. It containg everything
seeded to support the migocoatsoller; simply connedt it to 2 computer with & USB cable or power
with & AC-2¢e-DC adapter or battery to get started,

Trhe Uno differs from all praceding boards in that it doss not use the FTDI USB-lo-serial driver chip.
Instead, it features the Almegel8U2 (AlmegeBU2 up to version R2) programmed as a USB-to-serial
converter,

Pewivior o oof the Uno board has 3 resistor pulling the 8U2 HWB line to ground, making it easler to put
nto DFU mwode.

| Bl 2 of the board has the following new features:

1.0 pinout: added SDA and SCL pins that are nesr to the AREF pin and two other new ping
placed near to the RESET pin, the IORZF that alivw the shivlds to adapt to the veltage provided
from the board. In fulure, shiedds will be compatible both with the board that use the AVR,
wiiith operate with 5V and with the Arduino Due that operate with 3.3V, The second ane i< a
not connected pin, that is reserved for future purposes.

o Strofger RESET circuil.

o Almegs 16U2 replace the 8U2.

"Uno™ means cne in alisn and is namegt o mark the upcoming reiease of Arduine 1.0, The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno s the latest in & series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the ndes o uing Lsoardy.

Summary
Microcontroller ATimega3zs
Operating Voltage 5v

Input Voitage {recommended) 7-12V



69

input Voitage {Jimits) &-20V

Digital I/O Ping 14 [of which 6 provide PWM cutput)

Analog Iapuet Pins 6

DC Current per /O Pin 40 mA

DC Current for 3.3V Fin S0 mA

Flash Memory 32 KB {ATmega328) of which 0.5 KB used by bootivader
SRAM 2 KB {ATmega328)

EEPRCM 1 KB {ATmega328)

Clock Spead 16 MHz

Schematic & Reference Design
EAGLE files: ‘ d ; Laaite (HOTE: works with Zagie 6.0 and newer)
Schematic: ardying-yi-Revi-<o ha:v‘*‘ﬁ' i pedf

Note: The A.rduina reference design can use an AtmegaB, 168, or 328, Current models use an
ATmeqgs328, but an Abmegal is shown in the schematic for teference. The pin configuration i identical
on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an extercal power supply. The poweés
source is seleded automatically.

External (non-USB) power can come eithar from an AC-to-OC adapier (wall-wart) or baltery. The
adapter can be connected by plugging & 2.1mm center-positive plug into the beards power jack. Leeds
from a batlery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can ogerate on an external supply 6f 5 1o 20 volla. If supplied with jess than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. IF using moce then 12V, the
veltage regulator may overheat and damage the board. The recommendead range is 7 to 12 volts.

The power ping are as foliows:

e VIN. The input voltage to the Arduing Doard when it's using an external power source (as
opposed to 5 volts from the USB manection or z)ther regulated power source). You Can supply
voltage through this pin, or, If supgtying voltage via the power jeck, acceds it through this pin.

o SV.This pin outputs a regulated SV freen the reguiator on the board. The board can be supplied
with power either from the DC power jack {7 - 12V), the USB connedtor {3V, or the VIN pin of
the board {7-12V). Suppiying vollage via the 3V or 3.3V pins bypasses the regulstor, and can
damage your board. We don't advise it.

o 3V3. A 3.3 volt supply genersted by the on-board regulator. Maximum current draw is 50 mA,

¢ GND. Ground gins.

Memory

The ATmegal32B has 32 KB (with 0.5 KB used for the bootioader). It atso has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the LEPROM Lhracy).

Input and Qutput

Ed»~ h of the 14 digital pins on the Uno can be wied as an n‘puk or output, using pinMa
digitalWritel ), and digitalRead!  funclions. They ogerate at 5 volts, £ach pin can prov n:!a or receive &
maximum of 40 mA and has an intermal pull-up resistor (disoonnected by default) of 20-30 xChms. In

addition, some ping have specislized functions:

s Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serizl data. These ping
are conneded to the corresponding pins of the ATmegadl2 USB-1o-TTL Serial chip.
»  External Interrupts: 2 and 3. Thess pins can be configured to Lrigger an inlerrupt on a low
value, a rising o feliing edge, or a change in velue. See the & iloderruptly function oo
details.
+ PWM: 3,5, 6,9, 10, and 11. Provide 8-bit PWM output with the anslogWrite! | function.




o SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI comimunication
using the SPL ji ey,

s LED: 13. There is & built-in LED connected to digital pin 13, When the pin is HIGH value, the
LED & on, when the pin s LOW, it's off.

The Uno has 6 analog inputs, labeled AD through AS, each of which provide 10 bits of resolution (i.e.
1024 different velues). By default they measure from ground 1o S volts, though is it sossible to diange
the upper end of their range using the AREF pin and the analogReference!) fundlion. Additionally, some
pins have spedizlized functionglity:

+ TWI: Ad or SDA pin and AS or SCL pin. Suggort TWI communication using the Wire library,
There are a2 couple of other ping on the board:
e AREF. Reference voltage for the analog inputs. Used with gualegReferanie )

Reset. Bring this line LOW to reset the mitracontrotier, Typically used to aidd a reset bulton to
shields which block the one on the board.

See also the .. The mapping for the Almegad,

168, and 328 is identical,
Communication

The Arduing Uno has & number of fadlities for communicating with a computer, another Arduino, or
cther microconitollers. The ATmiega328 provides UART TTU {5V) serial communication, which is
available on digital pins © (RX} and 1 (TX). An ATmegalSUZ on the Doard channels this serial
communication over USB and appears as a virtual com port o software on the computer, The "16U2
firrmware uses the standard USB COM drivers, and no externa! driver is nesded, Hoaever, oo Windows
A el fils g rpncieadg, The Arduind solweare indudes a secizl monitor which allows simple textual data
be sent to and frem the Arduine board. The RX and TX LEDS an the board will fash when data is being
transmitled via the USB-to-serial chip and USB connedtion to the compuler (bul nol for serial
communication on pins 0 and 1},

A SoftwareSerial Bheary allows for serial communication oo any of the Uno's digital pins.,

The ATmega3 28 alwo sugports I2C (TWI) and SPI comununication. The Ardulne seftware incudes a
Wire litrary to simplify use of the I2C bus; see the documentation tor details. For SPT communicalion,

use the ST Ulvary.

Programming

Tire Arduing Uno can be programimed with the Arduing software (downicad), Sefect "Arduing Uno from
the Tools > Board menu {awording to the miaotontradler on your board). For delails, See the
reference and jutorials,

The ATiegal2s on the Arduing Uno comes grebumed with a that alicas you o upload tew
code 1o it without the vse of an external hardware proegrammer. It communicates using the origmat
STH500 protoeco! {eferpncs, O beader Bleg).

You can also bypass the booticader and program the migocentroller through the ITSP (In-Clecult
Serial Programuming) header; see thess netnplices for details,

The ATmegalSU2 (or BU2 in the revl and rev2 boards) firmware seurce code is available . The
ATmiega16U2/8U2 is loaded with 3 DFU bootlosder, which can be aclivated by:

peE Lot s

s On Revi boards: wenneding the solder jumper on the beck of the board (near the map of Italy)
and then resetting the 8U2.

e On Rev2 or later boards: thers is a resistor that pulling the BU2/16U2 HWS iine to ground,
making it easier to put into OFU mode.

You can then use Almel's FLIP coflware (Windows) or the REU eparanuner (Mac 05 X and Linux ) 1o
ivad a new firmware, Or you can use the ISP hesder with an external programmer {overwriting the
DFU bootloader ). See Lhic yeer-contribytad tgfocial for more infarmation.

Automatic (Software) Reset
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Rather than requiring a physical press of the reset button befere an upload, the Arduino Uno is
cesigned In & way that allows it te be reset by software running on a connected computer, One of the
hardware fow Control lines {DTR) of the ATmega8U2/160U2 is connected 10 the reset line of the
ATMege328 via a 100 nanolarad capacitor. When this line Is asserted (taken low), the reset line drops
fong enough to recet the chip, The Arduine software uses this capability to allow you Lo upload code by
simply pressing the upload bulten in the Arduico environment. This seans thal the bootioader can
have & shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno IS cennected to either & computer running Mac 05 X
or Lnux, it resets each time 2 connection is made o il from software {via USB). For the following half-
second or $0, the bostloader is running on the Uno. While it is programuned 1o ignore matformed data
e anything besides an upload of new code), it will intercept the first few Dytes of deta senl to the
board after 2 connedion is openad. I a skebch running on the board recelves one-tine coafiguration or
otlver data when & firel starts, make sure that the software with which # communicates wails 2 second
after opening the connedion and before sending this data.

The Uno ontains & trace that can be cul to disable the suto-reset. The pads on either side of the ace
can be sciderad together 1o re-enable it. U's labsled "RESET-EN". You may also be able to disable the
auto-reset by coanedting a 110 ohm registor from SY to the reset Bne; see 1nig forum thrsad for
Getalls,

USBE Overcurrent Protection

The Arduing Uno has a resetiable polyfuse that protects your computer’s USS ports from shorts and
overcurrent. Although most computers provide thelr own intemal protedtion, e fuse provides an extra
layer of protection. If more than 500 mA s applied to the USE poet, the fuse will automatically break
the connection until the short oc overioad s reimoved.

Physical Characteristics

The maximum lensgth and width of the Uno PCB are 2.7 and 2.1 inches respedively, with the USB
connector and power fack extending beyond the fermer dimension. Four Screw holes allow the board to
De attachad to a surface or case. Note thal the distance betwean digital pins 7 and 8 is 160 sl
(0.167), not an even multiple of the 100 mil spacing of the other pins.



g |ZDU InO Swith ATmega328P

Tacn~ el Marual Rev 110

gizDuino 5 is the latest Breration of our contizually
evobrrg  Arduino compaticle senas ot
programmable covirolless. It provices  added
features sugnestad by users addudicg (Ree pege 3)

= szmo

PARN v i rat e L0 09 KBimy

FEATURES:

wmmmm Arono Compatibic (Ardaing UNG)
s A ecdiring (DF softwsrs
20 K0s
Praiific Onver (L Z23503)
USE Bower sourse indiestnr
s SUTTred UART TXRX inowale
v UWART swich
Buffered YO 13 indicetor
s (20 port connechons
. Aooitional *&V power povt
JC8E hoesder connocty
e Resef Buton

GENERAL SPECIFICATIONS:

= Input Supply:
External Supplly: 7V to 12VDC
USB power: +5V0C
mmm Cureent Limié: 24
Current per pin: 40mA
Digital VOs: 20 (00-019)
Analog Enput: 6 /A0-AS5)
mmmn PWM pins: 011,010,09,06,05.03
. Driver IC: PL2303 Prolific
USB connector: miniType8
USE cablo: miniTypeB to TypeA
e POWeE? source ons=board:
+5V, +3.3V0C, GND
+VIN = External Supply
' PCB Dimensions: 7immxSdmm
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Figure 1. Major patts presentaton of gzDuino Version 5,0 with
ATmegalesk

Emportant:
Install tne latest PL2303 driver in your Windows PC zafore conrectng
and using yaour grBune with your 1L,

Components Specifications:

IC1 =« ATMECA 3289 M.croprocessor Cog
Ut = OreBoard #3v3 Voltagalkegulator
U2 « Supply Dud Operstionsd Amplifer

U3 = PL=7302 USE o RS232 Bridge Controffor
Ud = OreBonre +5V Yollage Repudator
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Parts and Pin Deseriptions ]

Table 1. Digitsl /O Pin assignments Table 2. Analog/Digital I/O Pin assignments

Ko L0 Descrigtion
1 ARFE fanbog Redes naves oo .D. Description

2 L Gkt i Al Aodoq 100 ce D2l 10

3 33 Degea LD J ) a1 Seabidy 10 ce Deggted 10
g 52 FCFE RS SRR 3 i & : tosdog W9 ce esgied B0

4 it Swplad LA IPRTNIRR - »
El AT Beadtdy 100 ce Qegad 100
i 4151 Tiogted 10D £ AR M - :
: E Cesitsd 1A (PN e s Agrates) D (W0A) e Qayld 14D
@ & Tt WS 1 ay Arg 07 [0 1L o Daghs LD
@ H Drapted L%
0 & Crgpiad DO S
b3 | 3 Chiatsd D i)
= 3 Dipted LT Tips and Reminders:
2 5 Crgrtad PO CPM)
b . et S For [2C mntersce A4 (SDA) and A% (SCL)
can be used,
i Trig e 1N (TN

e Dot 113 (R In 328P, A& 3~d A7 has no corractions from
the microccnircls.

Tips and Reminders:

Pirn 13 i alse e pin owsod oy the aini
transfer LED Indicaton

Table 3. Power pin assignments

No. LD, Description
2 +35.3V 3VDU Qesddze Boanar supely

3 5 NI Dvsre Prosaey supply

% GMD Grounad
5 GMD Greeand

6 Yir +54{USB)  vinlExt)



Added Features Note
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SES Poeser Bowry
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Figure 2. Additioral
fegiuras v GrRUN0 Y3

NOTE §

Robus: resel cicuitry that does g jots more
refiscly, Eardy varacis of glzDuino usea s niflar
fenel ¢ ccuil 2s empdoyed in the Ardure
Diccon@e ara narites the protferns tat want
with, The reset circuit can be sasly ovanvrelmed
by the addition of shields. causing frequant
comeciions pronlam with the 2C during the
downfosding protess, The new regel orce?t s
expoctod t rm imiza thal,

NOTE 2
USB lower Source indicaior - lells you when
power s drawe from tre USH sert,

NOTE 3

Protoboard Ready abernate pin layout = At your
option, you <an solder acctionsd header on this
pins. This w il ellow you to rrount and

connect yoir gizduirsd boara lo & standerd
petorated prolotyping PCH=R

eshyr e Kaaty
Kiarrale P el Nade

e Ty St BRTHK pytzstint Wi% 41

hee” B0
T e
:-
¥

TH TS Rty WA R ER TR R

AT Satom Thota B

NOTE 4

Buffored UART TX/RX indicator = Now a vsudl
raans to menitor 12 activity of ane of the most
used pon of your gi20u no. LEDs Jashes

when data (¢! sufficien? curation flows thiough
1rase ping,

NOTE 5

UART Switch - A shiedd or exzension dersce that
ceamnecss through your gizDuino UART pori can
flerfers with tha progaan dowsbading

prosess, msuling in hose "STLE0Q" failures,
The usual workaround is 2o remove the shicdds ar
exgansoas during program cowrfoas ng,

and reseat them later after program trans’er is
comglsied, With the UART swilch, you ¢on't have
1 go trreugh this inconverience, Just switch

o <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>