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Abstract. The measurement of flow in a hydraulic weir with a limnime-
ter is very important to adequately distribute the vital liquid for uses
such as irrigation and human consumption. These measurements by in-
trusive methods are usually costly, time consuming and even with that
investment it is sometimes not enough to ensure reliable results. Wa-
ter level changes are difficult to measure manually because they are not
repetitive due to the climatic variability generated in the places where
these weirs are located. This work presents a non-invasive image pro-
cessing and segmentation system, based on artificial vision and IoT, that
ensures the detection and measurement of flow in a hydraulic weir over
space and time. Tests developed in different environmental conditions
during the course of the day, show a more efficient measurement with an
error of less than + 2% and a rate of 6 samples/hour.
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1 Introduction

Humanity’s sustainable development has essentially depended on water resources
and related ecosystems, but at the same time their excessive use has led to their
inevitable deterioration [1]. Without proper management of these resources, it
is estimated that by 2025, two thirds of the world’s population will experience
problems of severe or moderate water scarcity [2]. To protect, conserve and prop-
erly manage this important part of the biosphere, it is necessary to use new and
more efficient irrigation technologies that mean less waste and optimization of
the resource [3-9]. In this context, the flow measurement in a hydraulic weir with
a limnimeter, is very important to make an adequate distribution of the vital
liquid in common uses such as irrigation, human consumption, industrial uses,
fish farming, thermal and watering places [1], so a large amount of data and
variables related to obtaining flow are needed so that it is not wasted inappro-
priately [10], but the irregularity of the variations of the water surface level, do
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not allow to determine an exact value of measurement and presiding over this
information is very difficult because of the difficulty to obtain it in very remote
areas, by the limited staff, which performs the measurement manually in random
periods of time, so there is a great loss of data. In addition, if expensive flotation
systems and sophisticated flow measurement and transmission instruments are
used, there is a risk that they may be stolen from the data acquisition site, due
to the low level of security in the areas where the hydraulic weirs are located.

In Ecuador there are several investigations and projects related to flow mea-
surement in hydrographic basins. For example, in the research “Metodologia
para la estimacion de caudales minimos de una cuenca hidrografica con escasa
informacién hidrometeorolégica”, the water balance method and the General
Duration Curve (CDG) method are used for the estimation of minimum flows
in a basin with scarce hydrological information, whose limitation is the few hy-
drological stations that are in operation and that keep representative records of
flows [11]. In the project “Implementacién del Modelo Hidrdulico HEC GeoRAS
en la Modelacién Hidrdulica del Sistema para el Control de Inundaciones de los
rios Canar y Bulubulu”, the GEO module is incorporated into the HEC RAS
accompanied by liquid gauging sampling campaigns for the use of georeferenced
information from the existing cartography of the area, where one limitation is
the unfavorable geographical situation due to the adverse effects of the climate
in the area [12]. In the project “Disefio de curvas de gasto en puntos de interés
a través de un modelo hidraulico en el rio Casacay”, several research method-
ologies are projected for the recording of limnimetric readings, calculation of
hydraulic parameters and the hydraulic mathematical model, limited by the
lack of a continuous gauging campaign record [13]. In other regions, water level
measurements are supported by different techniques depending on flow specifica-
tions, conditions and purposes [14]. For example, authors Loizou and Koutroulis
presented a capacitive water level measurement system equivalent to an ultra-
sonic water level detection device, but which is not suitable for transportation,
installation, and long-term maintenance in multiple large-scale water storage
tanks [15]. There are also other non-contact methods, such as the measurement
of water surface topography by laser scanning, which allows capturing data with
high spatial and temporal resolution, but the water specularly reflects the laser
beams and this limits the applicability of the method [16]. Finally, there is level
measurement using high frequency electromagnetic sensing techniques for lig-
uid level measurement with a small surface area, but there are more complex
characteristics compared to an experiment with an infinite surface area, so it is
necessary to use shielded sensors with a limited aperture to focus the field to
the liquid [17].

In this work, an electronic continuous monitoring system based on artificial
vision and IoT is presented. A camera with night vision connected through a com-
munication protocol to a microcomputer, performs a continuous video recording
of a limnimeter inside a hydraulic weir to perform the processing of the linear
scale that measures the variations of the water surface level, and according to
this value ensures the detection and measurement of the flow at that instant.
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For the treatment of the video images, different filters are used that allow the
processing and segmentation of the captured images and the processed data are
sent through a connectivity module by a wireless network in which the informa-
tion coming from the transmitter is stored and downloaded by means of a server
application that allows the user to verify the amount of flow of the weir and its
status with respect to the characteristics obtained from the processed data. The
designed instrument has a measurement error of less than + 2% and a rate of 6
samples/hour.

2 Methodology

Within Latin America, water represents 28% of the planet’s water resources,
which are not distributed homogeneously. In Ecuador there are 31 hydrographic
systems, which are made up of 79 basins. Of these systems, 48.07%, i.e. 24 hydro-
graphic systems, correspond to two watersheds that originate in the Andes and
drain into the Pacific Ocean, 51.41%, corresponding to 7 hydrographic systems,
in the Eastern region, and 0.52% corresponds to a hydrographic system in the
Insular region [18].

The gauging stations are responsible for obtaining the flow of the river at any
given moment and use the limnimetric method that allows measuring a height
of water and then converting it into an estimate of flow. The technical data
recording personnel must place the limnimeter at a sensitive point, submerging
the lower end of the instrument in the water and recording the height on a
document. Generally, this process should be performed about three times a day,
at 6 a.m., 12 (noon), and 6 p.m. in order to obtain a daily record [19]. This
method is used in 80% of the measurements at present [20], as they do not
require an engineering study, their installation is easy, they have low maintenance
costs, and they do not require filtering systems and sludge or sediment traps
to ensure their reliable operation. Their main drawback is that they do not
allow automated recording of the river water level [18]. In addition, in order
to carry out these daily flow gauges, it is necessary for personnel to work in
places of difficult access and sometimes with stormy weather, so that for years
the possibility of having electronic systems for measuring water level and flow,
with high accuracy and reliability, has been limited by the high cost involved. In
Ecuador there are still limitations in the availability of hydrometric data, despite
the efforts of the National Institute of Meteorology and Hydrology (INAMHI).
For example, there is an absence of flow data in the Portoviejo basin, at the Chico
AJ Portoviejo station and in the Babahoyo sub-basin belonging to the Guayas
basin, at the Embarcadero EN H.CLEM (Pot-Sta. Rosa) station, which in their
25 and 26 year periods, respectively, show 32% and 46.12% of data absence [18].

Since most watersheds are not instrumented, indirect methods are often used
to estimate flow for some projects. For example, the cities of La Troncal, El Tri-
unfo and Naranjal, which are located on the lower basins of the Bulubulu and
Canar rivers, suffer from flooding due to their unfavorable geographic location
and the adverse effects of the area’s climate, which constantly threatens them.
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For this reason, a HEC-GeoRAS hydraulic model was implemented accompa-
nied by liquid gauging sampling campaigns that allow us to know the hydraulic
behavior of the rivers and not only predict expected levels in the riverbeds, but
also to identify possible risk areas in order to take preventive measures [12]. In
the province of El Oro, in the canton of Portovelo, the sub-basin of the Luis
river is located, which is part of the Puyango river basin. The minimum flows
are supplied by groundwater, so it is important to have a fluviometric station
that keeps periodic flow records to determine them. However, in Ecuador, few
hydrological stations are in operation and keep representative flow records, so
a methodology for the estimation of minimum flows is developed, based on two
methods: the water balance method and the General Duration Curve method
[11]. Canton Pasaje, Canton Chilla and Casacay Parish, which are located on
the Casacay river sub-basin, do not have a record of gauging campaign to know
in the future how much quantity and use of water can be given to the riverbed.
For this purpose, several research methodologies were projected, such as: gaug-
ing methods, registration of control points in each gauging station, registration
of limnimetric readings, calculation of hydraulic parameters and the hydraulic
mathematical model [13].

All these projects have in common the manual measurement of a limnimetric
scale inside a hydraulic weir, either natural or artificial, where the water level
is recorded in centimeters. This level value must be transformed into flow rate,
by means of a specific equation depending on the selected weir. Table 1 presents
some weir and orifice methods, column 1 specifies the type of weir, column 2 the
equations for each weir to obtain its flow rate and column 3 the design of the
weir.

The objective of this work is to use a camera with night vision connected
through a communication protocol to a microcomputer to continuously record
the water level measured by the limnimeter of one of the weirs in Table 1, to
internally process and segment the level values and transform them to flow rate.
A 20-second recording is made every 10 minutes, the information is processed
after 1 minute and a rate of 6 samples/hour is obtained as a result. Then the flow
rate data is sent through a connectivity module based on the LoRaWAN network
protocol to the IoT server, which records the information and downloads it to a
server application for the user to verify the amount of flow rate of the weir.

3 Solution Architecture

This section describes the system design, presents the devices and technolo-
gies used to design the electronic system for data acquisition, image processing,
transmission and storage of flow information of a hydraulic weir, as well as the
communication, [oT platform and the power generation system with solar pan-
els. Also, each of the subsystems implemented and fully operational is described.
The system for the automation of remote reading of limnimeters in hydraulic
weirs is integrated by the following subsystems: power supply and energy storage
system, microcomputer, devices with LoRa communication and IoT platform.
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The system design was implemented according to the flow diagram in Fig.
1. Once the array is powered by the photovoltaic system, the camera starts
recording the water level variations over the limnimeter inside the hydraulic
weir, the recording is transmitted to the microcomputer that processes the video
images, obtaining as a result the flow rate of the weir in 1/s to then send this
information through the devices with LoRa communication to the IoT platform
and download the data to a server application that allows the user to check the
flow rate value of the weir every 10 minutes. Fig. 2 shows the schematic design
including the elements used in the system for automation of remote reading
for limnimeters in hydraulic weirs: solar panel, solar charge controller, battery,
DC/AC inverter, microcomputer, camera, LoRa communication devices, IoT
server. Fig. 3 shows a rectangular weir without contractions used as a reference
for remote reading automation of its embedded limnimeter.

3.1 Video Image Digitization

Once the camera starts recording the limnimeter, the microcomputer performs
video image processing based on thresholding in Hue, Saturation, Value (HSV)
color space, set intersection and based on Otsu’s algorithm [21], to obtain an
optimal threshold value based on the input images. Fig. 4 shows the implemen-
tation of a digital ruler to measure the limnimeter water level, based on the
understanding of horizontal segments, vertical segments, diagonals and an end-
point positioning. Each contour is stored as a vector of points and you obtain an
output vector that has information of the topology of the image. Finally, a spe-
cific contour area is calculated and the detected water level is transformed into
flow rate by means of the equation of the rectangular weir without contractions.

3.2 Radio Link Study

The previous study of the radio link source signal from point A to point B
using the Radio Mobile simulator is presented in Fig. 5. The distance traveled is
3,141 km, using a LoRa 32 WiF1i transmitting antenna based on ESP32 and LoRa
SX127x which is placed at a height of 2 m and a receiving antenna with the same
characteristics placed at 1.7 m, transmitting at a frequency of 830 MHz adapted
to the specific limits for international transmitters and Industrial, Scientific and
Medical (ISM) equipment applications [22]. As can be seen in Fig. 5a, between
points A and B there is a green line that identifies a correct signal reception,
without considerable losses. Fig. 5b shows the communication parameters, with a
relative reception of 40.3 dB above the upper limit required for communication
and with total signal losses of 123.1 dB, composed by 101.3 dB of free space
losses, 15.2 dB of losses due to obstructions and 6.6 dB of static losses. Three
caution points are identified, indicating the number of locations with alerts where
considerable signal attenuation may occur, such as at coordinate 01°21°26.6 ”S
078°35’29.7 "W, where the signal value reaches its highest point of attenuation,
but is within the lower signal limit required for reception.
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Fig. 1. System flow diagram for automation of remote reading of limnimeters on hy-
draulic weirs
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3.3 IoT Platform

The coding of the Node-RED program to connect the devices with LoRa com-
munication as part of IoT in addition to recording and storing the flow data
obtained from the hydraulic weir is presented in Fig. 6. For the transmission of
this data, Mosquitto is used to create the Message Queue Telemetry Transport
(MQTT) Broker and send the messages through the concept of subscription and
publication, so that the information can be shared and exchanged between smart
home devices. The Node-RED information recognition service is used to store
the flow data and to obtain the identification result through the emulator. The
flow data is sent to the Telegram application that uses a bot, to respond to the
instructions provided by the user.

4 Experimentation

This section shows the infrastructure of the system in operation, where the
entire assembly described in Fig. 2 is covered by a metal structure from which
only the camera lens protrudes for continuous recording of the limnimeter. The
solar panel, which is responsible for transforming the sun’s energy into electrical
energy [23], is placed on a tube 2.5 m above the ground in a northerly direction
with an optimum inclination of 15°. The structure presents a great robustness to
the climatic changes corresponding to the area as shown in Fig. 7. On the other
hand, Fig. 8a and 8b show the continuous recordings of the camera with night
vision over the limnimeter and the processing that allows measuring the water
level with high precision both during the day and at night.
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5 Results

The results were obtained by making a comparison between the manual mea-
surement of the water level of the limnimeter by several people in contrast to
the measurement using the electronic system. The manual measurement was
performed by 300 people who from their visual perspective recorded a specific
level value measured at the time instants described in Table 2, the mode of each
of the measurements was obtained and by means of the box and whiskers dia-
gram in Fig. 9, the relationship between the approximation of the manual and
automatic data measured at those time instants was obtained. It can be observed
that in the samples obtained during the night there is a greater dispersion of
data, therefore the error is greater, unlike the data obtained with the designed
instrument which, thanks to the incorporation of the camera with night vision,
allowed to obtain with greater precision the real value of the water level of the
limnimeter and based on this a cumulative error for the electronic system of
+ 1.1080% was obtained, which indicates a more efficient measurement and an
error of less than + 2%. In addition, the measurements with the designed instru-
ment present a standard deviation of 0.6497 cm, which indicates that most of
the measured data are clustered very close to their expected value and therefore
the instrument is more accurate and precise with respect to a manual measure-
ment. The sensitivity of the instrument associated with the water level being
measured is + 0.1 cm, this being the minimum variation that can be detected
by the measuring instrument.

Table 2. Water level measurements on the limnimeter

Schedule 07:30 {13:30|18:30| 21:30 | 01:30 | 05:30

Manual Measurement (cm) | 108 | 92 | 94 | 112 | 114 | 112
Automatic Measurement (cm)|108.21| 94.7 [95.07|110.54|113.87|112.11
Error (%) 0.19 | 2.93 [1.13| 1.3 | 0.11 |0.098

The flow curves for the evaluation of the automated limnimeter remote read-
ing system in the rectangular weir without contractions shown in Fig. 10 present
the data taken during a typical day manually and automatically. The blue colored
curve represents the measurements taken with the automated flow monitoring
system every 10 minutes, the orange colored curve represents the manual mea-
surements taken by 300 people at random times, the red colored chopped curve
represents the measurements taken according to the protocol of the limnimetric
method and the black colored curves indicate the error range of + 2% within
which the designed instrument is located. The manual measurements were ob-
tained at 10 different times of the day, it can be clearly observed how in the
period from 7:30-13:30 in contrast with the real data obtained in the automatic
measurement, there is an inadequate appreciation of water flow, that if the real
data were not available, it would seem as if the water level decreased slowly
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during that period when in fact the water accumulated constantly until it was
used for its various purposes and in the period from 12:00-13:30 was when it re-
ally decreased considerably. On the other hand, if we observe the measurement
curve made according to the protocol of the limnimetric method, we have even
more considerable appreciations, especially during the night, where the water
accumulated faster than normal, due to external factors such as rain, a manual
blockage of the gates of the hydraulic weir or any other factor, but it did not
accumulate slowly as its curve indicates.
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Fig. 10. Nominal flow rate obtained after transmission
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From the results obtained it can be concluded that the system meets the
LoRaWAN specifications. The Node-RED emulator, shown in Fig. 11, allows
observation and analysis of the received packets. Thus, debugging in the Tele-
gram application can be performed seamlessly. The packets sent by the LoRa 32
WiFi development board are correctly received by the server, the information
present at the platform level includes the Date/Time and the Flow rate.
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Fig. 11. Flow rate control interface

6 Conclusions

The accumulated error of the measurement with the designed instrument is £
1.1080% which indicates that the efficiency of the automatic measurement is
higher than the manual measurement and the error is less than + 2%, also,
its standard deviation of 0.6497 cm, indicates that most of the measured data
are clustered very close to its expected value and therefore the instrument is
more accurate and precise. The sensitivity of the instrument in relation to the
measured water level is & 0.1 cm, which is the smallest change the measuring
instrument can detect.

The automation of remote reading of limnimeters in hydraulic weirs through
artificial vision and IoT, allows the user to verify the amount of flow of the weir
with a measurement error of less than + 2% with respect to a visual measure-
ment, in this way a constant monitoring of the water resource is achieved and
there is no loss of data at any time. The option of having a complete continuous
monitoring system available to all users represents a very significant advance
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associated with a wider range of communications and greater data fidelity. In
addition, with medium-high devices, technologies and resources, it is possible to
obtain an interactive, safe, easy to use and, above all, low cost system compared
to other flow measurement systems.

The electronic system implemented allows to obtain as a result the effective
flow rate of the hydraulic weir in 1/s without the need to directly visualize the
linear scale of the limnimeter, consequently, there is less waste and optimization
of water, since the necessary data for an adequate distribution of the resource
are available.

Based on the results obtained, it can be concluded that LoRaWAN technology
represents a practical alternative for applying the IoT concept, as it is a very wide
area network with low power consumption. Even though its data rate requires
further analysis, its range and energy efficiency satisfactorily compensate for the
limitations of this technology.

7 Future Work

It is important to mention that in the present project the information processing
is performed inside the remote unit, in order to improve the characteristics of
the designed instrument, communication protocols should be analyzed in which
video transmission is allowed considering a low transmission rate, long range and
low power consumption.
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