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Abstract: Flooding is an issue that affects many cities during periods of heavy rain, especially in
developing countries. This issue often happens due to the lack of timely maintenance and cleaning of
rainwater drains. This work presents a proposal to detect blockages in rainwater drains to determine
where maintenance and cleaning need to be performed promptly. An architecture that includes sensor
nodes, a Gateway, and a cloud application was defined. The sensor nodes, which detect potential
blockages in the drains, send data and status signals to the Gateway using LoRaWAN. The Gateway
then passes the data to a cloud platform that records the data and issues an alert when a blockage
is detected in a drain. The sensor node prototype is based on a Heltec LoRa WiFi board and has
two sensors: an HC-SR04 ultrasonic sensor to measure distance and a DHT22 sensor to measure
humidity and temperature. The cloud application was developed on the Arduino Cloud platform. A
decision tree is proposed to detect blockages based on the readings from these sensors, particularly
the distance sensor, considering four main possible states: clear, possibly blocked, potentially blocked,
and blocked. The decision tree is implemented in each node. Periodically, the node collects data
from the sensors and transmits them to the cloud, and if a potential blockage is detected, it sends a
message that triggers an alert on the platform. Preliminary tests of the prototype show accurate and
timely results in detecting potential blockages, allowing for a better use of resources allocated for
maintaining drainage systems.

Keywords: flood prevention; sensor networks; rainwater drainage; clogging detection

1. Introduction

Efficient stormwater management in urban areas is essential to prevent flooding
and minimize damage to city infrastructures. One of the main challenges in this context
is detecting and mitigating blocked storm drains, which can lead to significant water
accumulation during intense rain events. The Internet of Things (IoT) technology offers an
innovative solution to this problem by enabling real-time monitoring and early detection
of obstructions.

The implementation of IoT sensors in storm drains allows for the continuous collection
of data on water flow and the presence of blockages. Recent studies have demonstrated
the effectiveness of these systems in urban water management. For example, integrating
water level and pressure sensors with IoT networks has enabled the detection of block-
ages with high precision, significantly reducing the need for manual intervention for
maintenance [1,2]. Another study highlighted that combining IoT technology with geo-
graphic information systems (GISs) can significantly improve flood emergency planning
and response [3]. On the other hand, IoT can be used for storm drain blockage detection, as
well as monitoring clogging swage systems [4].

Furthermore, loT-based systems have proven to be not only effective in detecting
blockages but also cost-efficient and straightforward to implement [5]. This underscores
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the practicality and feasibility of adopting IoT technologies to detect blockages in storm
drains, representing a significant advancement in urban water management.

This paper introduces a proposal for an IoT system that allows for the timely detection
of blockages in storm drains. This system aims to optimize the resources invested in their
maintenance and cleaning. It will help to prevent flooding in urban centers caused by
storm drain blockages and overflows, warning when a drain blockage is detected. The
rest of the article is structured as follows: Section 2 presents a brief description of the
methodology of this work, Section 3 describes the proposed system, followed by the results
of the preliminary tests in Section 4, and lastly, the conclusions are presented.

2. Methodology

First, a literature review was conducted to understand what previous proposals existed
for detecting blockages in storm drains. With this in mind, the general system scheme was
first developed, followed by the sensor node design, which would detect the blockages.

After the design, a prototype of the sensor node, which will be placed in the drain,
was built. Then, the cloud application that would receive and record the obtained data
from the drains was programmed. The method by which the sensor node determines if a
blockage exists and sends the respective alert to the cloud platform was established. The
decision tree was implemented through a decision tree based on the sensor readings of
the node.

Once the prototypes were created, their functionality was tested in a controlled envi-
ronment and then in a stormwater drain.

3. Proposal
3.1. System Design

The proposed system has three main components, as shown in Figure 1. These
components are the following:

e Sensor node;
e  Gateway;
e JoT platform.
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Figure 1. Diagram and components of the Blockage Detection System.

In Figure 1, the first component, the sensor node, is shown. This node will collect data
from the integrated sensors and periodically send it to the IoT platform through a Gateway.
This Gateway will receive the data from the sensor nodes using wireless communication
(LoRaWAN, SigFox, NB-IoT, or another) and pass the data to the IoT platform on the
Internet. This cloud-based platform receives all this information and notifies when a node
detects a possible blockage. Additionally, the platform allows the system user to visualize
the information using a PC or mobile device and to make decisions based on these data.

For the proposal, the sensor node has two sensors: a distance sensor and a temperature
and humidity sensor. These sensors are connected to a microcontroller board, as shown
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in Figure 2. In addition to the sensors, the microcontroller board incorporates a wireless
transceiver to transmit data and alerts.

Figure 2. Diagram of sensor node components.

A decision tree was designed for blockage detection based on three measurements
taken from the sensors: distance, humidity, and temperature. The decision tree, shown
in Figure 3, considers first the distance, then the humidity, and lastly the temperature to
obtain an estimated state. The distance parameter was taken as if the distance from the
node to the bottom of the drain was 90 to 100 cm. This parameter must be adapted to the
dimensions of each drain, proportionally calculating the values in Figure 3. It should be
noted that the humidity and temperature values considered in Figure 3 are focused on
a city near the coast near latitude 0. These values should change for other places (with
different altitudes and/or geographical latitudes).
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Figure 3. Decision tree for blockage detection.

In the decision tree in Figure 3, nine possible results can be obtained. In order to
simplify its implementation in the sensor node, the possible results have been reduced
to four main states, which will be notified to pertinent personal: clear, possibly partial
blockage, potentially blocked, and blocked. A “Clear” state is equivalent to a non-blockage,
only this state does not have notifications. A “Possibly partial blockage” means that a
partial or temporal blockage is detected, or maybe it is raining. “Potentially blocked”
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implies that there is a considerable obstruction or there is intense rain. “Blocked” means
the drain is obstructed, i.e., a drain blockage is detected. Table 1 shows the equivalence
between these primary states and decision tree results.

Table 1. Equivalence of the decision tree results in a drain state.

Drain state Tree State Result

Clear Clear—No blockage.

Possibly partial blockaged;
Possibly partial blockage Possibility of blockage /light rain;
Low possibility of blockage/regular rain.

High possibility of blockage;
High possibility of blockage/regular rain;
Potentially blocked Possibility of blockage/strong rain;
High possibility of blockage/strong rain;
Very high possibility of blockage/very strong rain.

Blocked Fully blockaged.

3.2. Prototype Implementation

For the prototype implementation, we consider the system requirements accomplished,
costs, and availability of components in the local market. LoRaWAN technology was
considered for communication between sensor nodes and the Gateway.

Figure 4 shows both the sensor node and Gateway prototypes. Both devices were
deployed in a protective case, to protect them against damage or external threats.

(a) (b)

Figure 4. (a) Sensor node prototype, with both distance and temperature /humidity sensors, in its
protective case; (b) LoORaWAN Gateway used in prototype.

The main components selected for sensor node were the following:

DHT?22 sensor: an air humidity and temperature sensor [6].

HC-SR04 ultrasonic sensor: a distance sensor based on ultrasonic measurements [7].
Heltec WiFi Lora 32 board: an ESP32 microcontroller development board with a
LoRaWAN transceiver chip [8].

The sensor node was programmed to take measurements every determined time (a
few minutes in preliminary tests, 8-24 h in a deployment) and go to a low-power mode to
save energy because it is powered with batteries.

In addition, a Dragino LG01-N LoRa device [9] was used as the Gateway between
sensor nodes and the cloud IoT Platform.
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The IoT platform was developed using the Arduino Cloud service. Device (sensor
node) connections, data storage, information dashboards, and event triggers were config-
ured here. The dashboards show historical and current sensor measurement data taken by
the nodes. The triggers send email notifications about events related to drain blockage to
the people who must take action regarding this issue.

4. Results and Discussion
4.1. Preliminary Results

Once the prototype was developed, some tests were performed to verify the function
of all components. The initial tests were focused on the proper operation of sensors,
communication, and the IoT platform. For this, several measurements were conducted,
changing the distance and verifying the data in the cloud and the notification triggers.
Figure 5 shows information from a sensor node on the platform. In this figure, we can see
both historical and current information.
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Figure 5. Dashboard with sensor node information in the IoT cloud platform.

After the operation verification, a sensor node prototype was located in a stormwater
drain to test it in an actual environment (Figure 6). The test ran for four days, and the node
was configured to take one daily measurement. Table 2 shows the data obtained from this
test. Only on the first day did the node report a “possibly partial blockage”. Indeed, a
light rain occurred that day. The rest of the days, the weather was sunny with no rain. The
difference in distance measurements over the rest of the days can be a consequence of the
level of accuracy of the ultrasonic sensor.

Table 2. Obtained data from the test in a real stormwater drain.

Day Distance Humidity Temperature Event Notification
1 89 80 24 Possibly blocked
2 98 73 24.8 None (clear)

3 96 76 243 None (clear)
4 95 70 25 None (clear)
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Figure 6. A sensor node located in a stormwater drain for tests.

4.2. Discussion

Instead of monitoring sewage pipes to detect blockages, as proposed in works such
as [3], [10], or [11], our proposal is focused on detecting blockages in drains, taking advan-
tage of their trap bottoms to catch soil and garbage before they go to pipes.

Previous works have applied techniques like artificial intelligence (Al) for detecting
blockages using several operations, such as in [12]. Using a decision tree is a novel and
light option because it can be easily implemented in the node. Nevertheless, to reduce
the operation load in the node, the decision tree could be implemented in the IoT cloud
platform instead of the sensor node.

LoRaWAN communication demonstrates to be an adequate option to communicate
the nodes with the rest of the system because of its range and low power capacities.
As the node is close to the surface, the transmission is not mainly affected by ground
dielectric properties [13]. However, other communication options, such as GSM [10], can
also be considered.

5. Conclusions

This work presents a proposal for monitoring stormwater drains to detect blockages
promptly. The proposal includes a sensor node (located in drains) and a cloud platform that
stores and presents information about drain states and notifies when a possible blockage
is detected.

The preliminary test demonstrated the proposed system’s functionality and suitability,
both in terms of accuracy and applicability. The platform notified when the sensor node
detected that one of the decision tree conditions had been accomplished.

Future work could try other Al techniques to detect blockages, either alone or com-
bined. In addition, the detection operation could be moved to another part of the system,
such as the Gateway or the IoT platform.

Moreover, additional experiments must be conducted to determine the most conve-
nient combination of hardware and communication technology in order to optimize battery
use. Other more precise sensors can also be tested to obtain more accurate data.
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