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Abstract—Flooding hinders the ability of residents to move
through-out urban areas. Current weather information systems
provide weather forecasts with a granularity too coarse to inform
city residents of floods at a street level. Reliable real-time data is
also limited in some cities and only a few systems enable users to
report flooding events. This research project aims to inform res-
idents about flooding events through the Flooding Alert System
(FAS), which seamlessly integrates real-time data, crowdsourced
data, historical data and provides timely and precise information
to users so that they can make informed decisions during these
events. The proposed Smart Cities solution, uses Internet of
Things sensors equipped with an image processing algorithm
for approximating the water level at at-risk areas. In adittion,
a mobile application allows users to report and receive alerts
of nearby flooding events as they occur. The expected products
will be piloted in Guadalajara, JAL, MX. Transferability of our
solution is planned to be evaluated through the application of
these products in El Paso, TX, USA.

Index Terms—Smart City, Crowdsourcing, Transportation &
Mobility, Internet of Things, Safety, Smart Infrastructure, Flood-
ing Algorithms

I. INTRODUCTION

Flooding is a natural disaster that affects millions of people
every year. A report by United Nations reveals that flooding
alone accounted for approximately 47 percent of all weather
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disasters worldwide from 1995 to 2015 [1]. Flooded streets
affect the mobility and safety of resident in urban areas. Res-
idents must change their daily routine and failing to evacuate
flooded areas can result in their injury or death. Flooding
also has major impacts in mobility of cities causing stranded
vehicles in traffic for several hours and making complete
neighborhoods areas inaccessible. Furthermore, flooding can
damage a city’s infrastructure and the financial implications
could be significantly negative for the communities involved
by decreasing business sales and interrupting private and
government services.

As part of the NSF-funded IRES: US-Mexico Interdisci-
plinary Research Collaboration for Smart Cities, The Uni-
versity of Texas at El Paso (UTEP) and The University of
Guadalajara (UdeG) are working towards creating relevant
Smart Cities solutions. This work aligns to the following
Smart Cities definition: “A smart city is characterized by its
ability to integrate people, technology, and information to
create a sustainable and resilient infrastructure that provides
high-quality services for residents” [2]. This paper describes
the development of a Flood Alert System (FAS) that aims
to improve mobility and safety of residents in urban areas
affected by flooding, thus improving resident’s quality of life.

We postulate that by providing timely and adequate infor-
mation to residents before flooding events, residents can take
preventative measures when traveling during heavy rainfall.
The objective for this work is to develop an user-friendly
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technology to inform of nearby flooding events as soon as
reliable information is available. The FAS technical infrastruc-
ture is compose by Internet of Things (IoT) sensors that will
be strategically placed across urban areas to collect real-time
data about water levels. FAS also enables the crowdsourcing
of data including pictures and individual perceptions of the
severity of the flooding event. FAS mobile application alerts
users when flooding events occurs in their nearby area. The
proposed Smart City solutions integrates a human and techno-
logical infrastructure to facilitates mobility and foster safety
of residents during flooding events.

The remaining of the paper will focus on urban flooding
and the development of FAS. Section II reviews related work
on flood information systems that have been implemented and
their purpose. Section III explains the methodology up to the
development of the first prototype for this work. Section IV
describes the algorithm used to approximate the water level
from an image entry. Section V discusses the results obtained
from the current work and future tasks and objectives. Section
VI describes the conclusions obtained from this research.

II. RELATED WORK

Current flooding information systems provide information
with specific purposes. WaterWatch, developed by U.S. Ge-
ological Survey (USGS), is a website that displays real-time
streamflow conditions using maps based on over 3,000 long-
term USGS stream gauges [3]. FloodWatch, developed by
D5G Technology, LLC, is a mobile application that mon-
itors rivers and streams, leveraging real-time stream gauge
data from USGS and National Weather Service [4]. Flood,
developed by American Red Cross, is a mobile application
that offers an alert feed and push notifications on flood events
and a map with weather-related layers [5]. These maps are
static and do not allow navigation.

Flooding information systems have traditionally used water
gauges to determine the water level in an area. Water gauges
work well when placed in a river or stream, however they can
be easily damaged or stolen when placed in a populated city.
More recent solutions aim to provide timely floods detection
systems for Smart Cities. A research team from University
of Franca in Brazil has built a flood warning system that
uses ultrasonic sensors placed above a body of water to
calculate water level by measuring the distance from the waters
surface to the sensor [6]. The system would alert authorities
and residents through telephone calls and SMS messages
about risky events during the rainy season. Another research
team from the University of Tenaga Nasional (UNITEN) in
Malaysia has built Flood Management Emer-gency Response
(FMER) system, an application for simulating the occurrence
of floods [7]. The proposed FAS framework, is an early flood
detection system to alert communities during flood events.

FAS will approximate the water level in an area and measure
with a granularity that is fine enough for residents to use when
considering traveling in their city. FAS uses crowdsourced data
via user reports to increase the accuracy and reliability of
historical data, useful for both residents and authorities.

III. METHODOLOGY

The following subsections describe the work towards the
creation of the FAS system which is currently in the prototyp-
ing phase.

A. Testbed Location

Historically, the cities of El Paso and Guadalajara have
been prone to flooding. The main cause for flooding in these
cities are storm-water systems incapable of handling large
amounts of water due to heavy rains. Solid waste carried by
the water prevents the immediate flow of water. Both cities
have experienced damages and losses due to heavy rains. El
Paso experienced torrential rains during the summer of 2006
causing an overflow of the Rio Grande [8] with approximate
damages of $450 million in damages. In Guadalajara, one of
most flood affected zones is the Arcos del Milenio underpass,
where water level reached a height of 1.5 meters and left 83
vehicles stranded in 2015 and multiple injuries. This situation
repeats every year [9].

Current experimental tesbed for verification and validation
of the Smart City solution proposed is located at UdeG
CUCEA campus in Guadalajara, MX. Firsts testing prototypes
for data collection have been placed in prone to flood zones
within the campus.

B. Flood Alert System

Components of the proposed system architecture are shown
in Fig. 1. Cameras will be installed in strategic locations to
create an IoT sensor network throughout the city. Locations
will be selected by analyzing historical data to find the areas
that are most prone to flooding. As part of our IoT design,
a Raspberry Pi was equipped with a No InfraRed (NoIR)
camera and a Wi-Fi module. Raspberry Pi was chosen because
it is a small, readily available computer capable of running
a Linux operative system, suitable for carrying out software
development tasks such executing computer vision algorithms.
It is important to highlight that the current prototype runs the
image processing algorithm locally on the Raspberry Pi. In the
future, it is planned to run it in a remote server as a back-end
service. The Raspbian operating system was installed as it has
been optimized to run on the Raspberry Pi hardware and comes
with precompiled software version for easy configuration and
use.
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Fig. 1. Components of the FAS prototype.




As shown in Fig. 2, a series of reflective tapes were placed
on a nearby surface visible by the camera. It is intended that
these reflective tapes cover a height from O to up to 1.5 meters
since floods in the testbed location have been reported to reach
this height as stated in section III-A. Spaced out distance
between each tape mark may help increase the FAS water
level detection and consequently, obtain a better approximation
for the water level severity. FAS selected a reflective material
as water level marker since is designed to be highly visible
in both day and night and facilitate object detection from
the background. FAS captures a constant video stream input
and applies image processing algorithm techniques to obtain
flooding severity results in real time.

Fig. 2. Reflective tape used for the water level markers.

C. Data Model

Each sensor in the network will periodically process image
captures on-site, approximate the water level in the area, and
upload the water level to a database. A mobile application
will read the data from the database. Fig. 3 shows the specific
data fields that are stored in the database: the location of the
sensor, the severity of the flooding event, and a timestamp
of the report. This data will be used to inform users of
current flooding events through maps on the FAS mobile
application, including the exact location and severity of the
flooding depending on the water level.
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Fig. 3. A sample of a document stored in our database

D. Use Case Diagram

A use case diagram is a high level abstraction used to
document the functionality provided by a system and to

indicate which external entities are permitted to use which
functionality [10]. Fig. 4 shows FAS’s services (known as use
cases) and the actors that interact with each service.
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Fig. 4. Flood Alert System’s use case diagram
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FAS currently has two actors: residents and sensors. An
actor is an external entity that represents a role played by
the individuals or devices interacting with the system. Each
actor has a relation with one or more use cases, which are the
services the systems provides (displayed as ovals). The relation
represents interactions between an actor and the system. The
first actor represents residents from Guadalajara JAL, and El
Paso, TX, and the second actor represents a device that will
contain an image processing algorithm in order to analyze
flooding behavior.

The sensors in FAS constantly collect data, analyze it and
upload it to the database in real-time. Residents will act
like ’sensors’ by providing flooding data as described in the
following subsection.

The current functional FAS prototype allows users to view
floods events though a website that displays an interactive map
with markers placed in the location of such events (Fig. 5).
Depending of the severity, the color of the circle within the
marker changes: green for low severity, orange for medium
severity and red for a high severity. Users need a device with
Internet access to display the map. If a marker is clicked by
the user, a window appears on top of the map showing the
report information as address, severity, date, description and
the report image.
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Fig. 5. Map displaying a report for a flooding event.



E. FAS Mobile Application

FAS includes a mobile application to provide residents with
the ability of accessing or contributing with flooding data. The
FAS App mobile application displays a feed of recent flooding
events that includes an image, location, date-time, and the
severity of the flooding (Fig. 6). FAS will send notifications
to users who are located nearby flooding events or have a
route that covers a flooded area. Users will be provided with
information about past incidents in nearby flooded areas to
foster their responsive actions to ensure their safety.

Address: Calle Henry Dunant
~==fl 5155, Cd Juarez, Chih., Mexico

Severity: Medium
Date: 2019-08-28 16:31:59

M

Create a Report

Address: 2201 Sun Bowl Dr, El
Paso, TX 79922, USA

Severity: High
Date: 2019-08-28 16:31:26

" Address: 210 Gateway N Bivd, El
- Paso, TX 79905, USA
Severity: High
Date: 2019-08-28 16:31:04
.

[AcAMERA [ BROWSE

Address: Unnamed Road, Severity:
Chamizal, Cd Juérez, Chih.,
Mexico

Severity: Medium

Date: 2019-08-28 16:3(

Water in the University

Description: M
bt parking lot

SUBMIT

.,,,,I,:,I, o ; paeE

Map Weather

Fig. 6. FAS app showing last reported flooding events (left) and user created
reports (right).

FAS App is currently under development using the Flutter
framework. Flutter is a Ul toolkit developed by Google for
creating native applications for the Android and iOS operating
systems using a single code base [11]. This work is part of a bi-
national research collaboration between UTEP and UdeG, thus
multilingual support have been added for including translations
in both English and Spanish languages depending on user
mobile device default language.

F. Smart Cities Features

FAS development strategy adheres to the five principles of
Smart cities solutions: scalability, interoperability, modularity,
resiliency, and security [12].

Scalability refers to the performance of the system when
the number of users and data being collected and transferred
grows. As more people find value in the system’s services,
more people will want to use it. A city has thousands of
potential users, creating the need for a robust back-end services
that can handle many requests to resources. The entire back-
end of the system is based on Googles Firebase, which can
handle thousands of concurrent users and is thus used by large
applications like Shazam and Todoist [13].

Interoperability refers to how well the system can work with
other systems. Our system uses a variety of technologies, so
it is important that information can be exchanged within our
system and among other systems if needed. For example, a
navigation application may want to display flooding events

as part of their cautions and reroute drivers. To do this, they
would only need to communicate with the database, as the
sensors and application are not required to access the data. FAS
has been designed using best practices and current technology
for IoT which increases the ability of the system to interoperate
with similar systems and/or exchange data.

Modularity refers to how the system is broken down into
specialize components and how these components are inter-
related. A good system modularity enable the replacement
of one of the components without affecting the functionality
of the whole system. FAS contains a single database, which
the sensors write to, and an application that writes to the
database when creating reports and reads from the database
when displaying events. The sensors software and the FAS
mobile application can be modified independently, without
affecting each other. Using the Flutter toolkit, only one change
has to be done to a single source code that address Android
and IOS operative systems.

Resiliency refers to how well the system can recover from
failure. Data fed into the system comes from two sources:
sensors and users of the mobile application. Both type of data
collection means are independent and large in size. Our design
supports the failure of sensors and the remote management of
sensors (sensors can be controlled via remote connection to
update code). Similarly, FAS will check whether there is or
not WiFi connection in order to decide between local data
storage or sending data for external database storage through
the back-end services. Finally, the application is intended to
be distributed through the app stores of their respective OS,
so updates can be pushed there.

Security refers to the measure of the system to prevent
unauthorized access. To address the security aspect in FAS,
a procedure to authenticate users will be put in place so that
only legitimate users are allowed to read and write into the
database. This will prevent hackers to access the information
that they are not allowed to see or set false alarms that could
cause panic.

IV. FLOODING WATER LEVEL DETECTION ALGORITHM

A flooding water level detection algorithm consisting of
image processing stages was developed as shown in Fig. 7.
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Fig. 7. Water level detection algorithm diagram.

FAS has an advantage over other systems that uses ultra-
sonic sensors as the current system is not affected by factors



as the temperature and humidity of the air, as well as objects
that can absorb wave sounds and therefore affect the accuracy
of the results obtained. Additionally, visual feedback provided
by cameras allow improvement of the current solution by
implementing new data extraction algorithms. A raw input
image collected using FAS is shown in Fig. 8, although it
is important to remark that FAS works as a real time system
which senses and processes a constant video stream.

Fig. 8. Raw input image sample.

FAS algorithm’s first stage is a color segmentation in which
an input image is transformed from the RGB (red, green,
blue) color model to the HSV (hue, saturation, and value)
color model. The color transformation is done since the
RGB color model mixes color (chrominance) and intensity
(luminance) information and has non uniform characteristics
[14] which complicates the color segmentation process. Color
segmentation using the HSV color model is simple since
color information is contained within a single dimension (hue
dimension). After the color transformation, a threshold mask
is applied to determine the minimum and maximum threshold
value for hue, saturation, and value. Any pixel value that
lays within this minimum and maximum threshold acquires
a value equal to 1, otherwise a value equal to 0. Fig. 9 shows
the results obtained after the first image processing algorithm
stage.

Fig. 9. Color segmentation processing algorithm stage.

The second stage in the algorithm performs morphological

operations based on the binary image obtained from the first
stage to smooth the contours of the image and reduce the noise
in the image. In particular, the algorithm uses opening which
is erosion followed by dilation [15]. Fig. 10 shows the results
obtained after the algorithms second stage.

Morphological operations

Fig. 10. Morphological operations processing algorithm stage.

The algorithm’s third stage uses shape detection to detect
the water level markers, which have a rectangular shape. At
this point, some of the objects masked could be erroneously
identified as water level markers. To help avoid this problem,
we use another contour property called aspect ratio, which
is the ratio between the width and the height of a bounding
rectangle of the object [16]. The aspect ratio for each detected
object within the masked image is calculated and is used to
more accurately identify the water level markers. Since aspect
ratios are prone to vary depending on external factors, such as
illumination or motion, a +/- 10% tolerance is applied to the
aspect ratio constant value. Fig. 11 shows the results obtained
after the algorithm’s third stage. In order to reduce the number
of false positives during shape detection, *x’ center position of
each rectangle is used as a parameter for distinguish between
water level marks and possible rectangle shape objects that
might appear on the image background. This design decision
is based on the fact that water level marks are placed in stack
position and that these marks should be placed within a similar
interval around an 'x’ center value position.

Fig. 11. Water Level marks detection processing algorithm stage.



V. DISCUSSIONS AND FUTURE WORK

Developing inclusive Smart Cities solutions should take
into account the digital divide, which whether economical,
geographical or generational is a challenge that needs to
be addressed for improving services accessibility for users.
The current version of the FAS system collects data from
two different sources, crowdsourcing and IoT devices. Input
data collected from crowdsourcing will be limited to users
with mobile devices that have the capability to install the
mobile app and make use of WiFi/mobile data for downloading
flooding reports. Part of the future work evaluates the inclusion
of SMS messaging services for receiving and sending flooding
events info to users that do not have access to data usage. In
the other hand, to improve IoT devices resilience, a wireless
connectivity card can be included in the IoT device to send
low frequency messages in case internet service falls during
a flooding incident. Additionally, it is also contemplated to
include a portable battery by using a power board for uninter-
ruptible continuous power supply in power-shortage events.

At the time of submitting this paper, the image processing
algorithm is being evaluated, both in a controlled environment
and outdoors where noise is introduced to images. It is aimed
to validate the algorithm by analyzing the flooding water
level on streets by using marks as references for flooding
level/severity. Once the algorithm is validated, a further step
to scale will be to use the surveillance cameras already
mounted in the tesbed city (Guadalajara is approx. 8000 at
the moment) by collaborating with city authorities. One of
the main challenges when applying crowdsourcing is related
to the veracity of the information collected. One approach
proposed for future work is to use data collected from the
image processing algorithm to verify the veracity of the
information collected from users through crowdsourcing. The
mobile application will be evaluated by presenting a single
question to users when displaying flooding reports made by
other users. By asking users if they find reports helpful, we
can identify how well the user reports are performing.

Other tasks will include data analysis. By storing the times-
tamp, flood location of the events along with flood severity
levels, it is proposed to develop a predictive model to warn
users before flooding occurs. The model would be trained by
using image captures from historical data, including the change
in flooding water level over time in a single event.

VI. CONCLUSION

Current relevant initiatives have focused on either crowd-
sourcing or image processing to develop flooding alert sys-
tems. The proposed FAS combines these two approaches to
collect flooding data that is both accurate and reliable, with the
overarching goal of improving the quality of life for residents
of El Paso and Guadalajara. Informing residents about current
flooding risks may assist them in mobility through at-risk
areas, increasing safety and reducing damage to the city
infrastructure. FAS makes possible to estimate the water level
in an at-risk area with the usage of images and data captured by
a user through a mobile application and an image processing

algorithm. Crowdsourcing via user reports assists our cause in
notifying users about the flooded zones and how severe the
case is. The presented work contributes to providing insights
in the use of IoT devices along with crowdsourcing models
for users in urban areas at risk of natural disasters.
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