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overflows, and leaks can lead to the contamination of the 
environment, including water sources and soil, posing a risk 
to human and animal health. Sewage overflows can also 
cause property damage and unpleasant odors and can attract 
insects and rodents. A healthy city’s ecosystem also depends 
on the waste management system [2, 3]. Due to a lack of un-
derstanding, people frequently throw trash onto highways, 
allowing soluble trash like polythene and plastic bottles 

1. Introduction

The sewer system is an essential component of modern 
urban infrastructure that handles wastewater and other 
forms of liquid waste [1]. However, sewer systems are prone 
to various problems such as blockages, overflows, leaks, and 
the presence of open manhole covers. The consequences of 
such problems can be severe and wide-ranging. Blockages, 
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Improper monitoring of sewage 
networks may raise various issues such 
as overflows, pipe blockages, theft of 
manhole covers, leading to flooding 
and pollution, infrastructure damage, 
vehicles accidents, injury, and even 
death from falling into open manholes. 
The key objective of this research was 
to examine different elements and 
create a prototype architecture for a 
real-time sewer monitoring system. 
Implementation of the architecture 
involved constructing a data gathering 
station and experimenting with various 
wireless sensing devices to assess the 
precision of the sensors. In addition, 
the study sought to design a geographic 
information system that integrates 
algorithms capable of identifying 
sewer overflow, blocked pipes, and 
the presence of manhole covers. The 
performance of Sharp GP2Y0A41SK0F 
infrared, TF-Luna Benewake LiDar, 
TOF400 VL53L1X laser, JSN-SR04T 
ultrasonic distance sensors was tested 
in terms of their ability to monitor 
water level and manhole cover. Tests 
revealed the most favorable results in 
TOF400 VL53L1X at distances between 
0.2 and 1.0 m (presumed distance to 
the manhole cover) with a standard 
deviation of 0.13–0.24, and in TF-Luna 
Benewake at distances between 1.0 and 
5.0 m (presumed distance to the chamber 
bottom) with a standard deviation 
of 0.44–1.15. The deviation analysis has 
yielded equations that can be utilized to 
provide rough estimates of the accuracy 
levels of the aforementioned sensors, 
based on the measured distance. 
Additionally, the FC-28 analog and 
YL-63 infrared sensors were evaluated 
for detecting pipe blockages, with the 
YL-63 being more suitable. The outcomes 
of this study furnish valuable insights 
that can aid in achieving sustainable 
resolutions for issues related to sewer 
monitoring
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bility problems and are inflexible. In addition, the limited 
capabilities of ThinkSpeak may be inadequate to handle the 
enormous flow of data from an entire city sewer system. The 
authors of the study [24] argues that a ZigBee technology can 
solve interoperability issues between products from various 
manufacturers. The study incorporates the ZigBee module op-
erating on IEEE 802.15.4 standard to remotely control sensors. 
However, ZigBee has a short range of 10–100 m and a low rate 
of data transfer of up to 250 kbit/s, which is rather weak for the 
purpose of monitoring sewer systems. Moreover, it is not free 
and costs considerably. Unlike previous studies, [25] presented 
a review of IoT solutions to control various parameters of water 
storage tanks. The review provides insights into the wide range 
of microelectronic components used for water tanks but not 
limited to be used for other purposes. Some of the components 
that are of interest for current research include electronic de-
velopment kits (Arduino, Raspberry Pi, NodeMCU) and sen-
sors (ultrasonic, LiDAR, laser, analog). A review by [26] exam-
ines acoustic and ultrasonic technologies for inspecting water 
and sewerage pipes. It discusses accelerometers, hydrophones, 
fiber-optic sensors, bulk wave, and guided wave sensors, which 
have gained interest due to their sensitivity, flexibility, speed, 
and adaptability to complex situations. The above reviews 
consider a fairly large variety of sensors solutions and their 
applications. However, they miss an important solution to the 
issue of monitoring manhole cover presence. The study by [27] 
proposes a sewage blockage detection system based on IoT. 
The system is capable of sending and visualizing alerts when 
the threshold values are crossed. Its primary components are: 
multiple sensing devices, centralized gateway and web-based 
dashboard with an interactive map. The prototype of the sens-
ing device was built using HC-SR04 ultrasonic sensor, MQ4 
methane gas sensor, MPU6050 inertial measurement unit, 
and GSM SIM800A run by Raspberry Pi. A personal comput-
er (PC) is arranged as a gateway between the Raspberry Pi 
and the dashboard. With appropriate development, this system 
has the potential to succeed. However, it is worth noting that 
using GSM as a communication standard makes the solution 
expensive and dependent on network providers. Moreover, 
the usage of a PC as a gateway limits transportability. With a 
similar approach earlier [28] proposed a web GIS solution for 
monitoring urban sewage pipelines that plots sensory data on 
an interactive map by means of various web map services. The 
approach is noteworthy, but insufficiently elaborated, and only 
pipeline monitoring is considered using ultrasonic sensors. In 
addition, the solution proposed does not provide any details 
about interfaces connecting sensors and GIS, i.e. there is no 
clarification on how the data is transferred from sensors to GIS. 
The author only mentions some middleware, but gives no infor-
mation on which type of middleware. 

Literature review [21–28] showed that the existing solu-
tions for sewer monitoring are way far from being applied in 
actual practice. Thus, the following problems can be stated:

– the solutions considered have poor system architec-
ture, which may result in material and labor costs;

– the majority of solutions are at the conceptual stage, 
with no specially designed PCB and case, as well as their 
performance is not tested and evaluated;

– the considered solutions have neither complete GIS for 
real-time monitoring of sewer overflow, blocked pipes, and 
manhole covers presence, nor their algorithms.

All of this suggests the necessity to conduct research 
on the prototype development of an integrated IoT-based 
real-time sewer monitoring system using low-power sensors. 

to enter sewer lines and clog drainage systems. Manually 
locating the congested spot is really challenging. Mainte-
nance entails a significant time commitment, financial loss, 
and severe human suffering. Open manhole covers pose a 
significant risk to public safety as they can cause accidents 
and injuries to pedestrians, cyclists, and motorists. They can 
also act as an entry point for pollutants, debris, and hazard-
ous materials into the sewer system, exacerbating existing 
problems [4, 5]. To prevent these problems, it is essential to 
monitor the sewer system’s condition and take preventive 
measures before a catastrophic event occurs [6].

Traditionally, sewer systems are monitored through phys-
ical inspections of sewer pipes, manholes, and their covers [7]. 
This involves sending workers down into the sewer system to 
inspect the pipes manually by performing a range of activities, 
such as visual inspection [8], smoke testing [9], dye testing [10], 
acoustic monitoring [11], Closed-circuit television (CCTV) 
inspection [12], Ground-penetrating radar (GPR) [13], flow 
measuring [14], etc. However, these methods are hazardous and 
time-consuming and have several limitations, such as safety 
risks, inaccuracies, limited coverage, reactive maintenance, 
limited data, weather dependency, and limited access [15]. In 
this context, the development of sewer monitoring systems us-
ing modern technologies has become increasingly important, as 
they provide real-time data on the sewer system’s performance 
even without human intervention [16]. For example, Internet 
of Things (IoT) technology has emerged as a very practical 
strategy in the modern world, which is more data-driven and 
automated. The IoT system is made up of internet-connected 
devices that can wirelessly exchange data without human in-
tervention. Currently, the IoT connects vehicles, refrigerators, 
lighting, and all other kinds of gadgets. In a nutshell, the IoT 
gives a chance to construct and manage a system effectively and 
affordably [17]. The monitoring of sewer systems heavily relies 
on sensors. The selection of an appropriate sensor is a critical 
aspect of the sewer monitoring system’s design, as it affects the 
accuracy and reliability of the data collected. The use of sensors 
that are not suitable for the monitoring task can lead to inaccu-
rate data, which can result in ineffective decision-making and 
costly remediation efforts [18–20].

Therefore, research devoted to the prototyping of an in-
tegrated IoT-based real-time sewer monitoring system using 
low-power sensors is relevant.

2. Literature review and problem statement

A review of recent studies in the field of sewer sys-
tem monitoring revealed the presence of diverse solutions 
to monitor sewer systems incorporating sensors and IoT 
concept. Thus, [21, 22] proposed an IoT-based sewer mon-
itoring system capable of tracking the dynamic change in 
humidity, temperature and gas concentration. The study 
incorporated methane (MQ-4), carbon dioxide (MQ-7), 
humidity and temperature (DHT11) sensors along with 
Raspberry Pi 3 (Model B) single-board computers, GSM 
module and ThingSpeak IoT communication software. The 
integration of a camera is also considered. The system sends 
alerts in case of exceeding the threshold of the aforemen-
tioned factors. Similarly, [23] offered a working model for 
a smart manhole monitoring system using the same compo-
nents. Despite the simplicity of these solutions, they have 
unresolved issues in system architecture related to the use 
of disparate components, which often cause interopera-
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3. The aim and objectives of the study

The study aims to develop a prototype of an inte-
grated IoT-based real-time sewer monitoring system using 
low-power sensors. This will make it possible to achieve 
long-lasting, affordable and reliable sewer monitoring by 
utilizing low-power microelectronic components and wire-
less technologies, ensuring continuous operation even in 
challenging environmental conditions. Furthermore, the 
integration of web-based GIS technology will allow an inter-
active and user-friendly representation of monitoring data, 
enabling efficient analysis and informed decision-making, as 
well as allowing for a comprehensive assessment of an entire 
city’s sewer system. 

To achieve the aim, the following objectives are accom-
plished:

– to design a prototype architecture for a real-time 
sewer monitoring system (RTSMS) by exploring different 
elements; 

– to build a data gathering station (DGS) and wireless 
sensing devices (WSD), and estimate the cost of materials; 

– to test and evaluate the accuracy of various integrated 
sensors;

– to design algorithms capable of detecting sewer over-
flow, blocked pipes, and presence of manhole covers using 
integrated sensors;

– to develop a web-based Geographic Information Sys-
tem (GIS).

4. Materials and methods

The object of current research is a prototype of an inte-
grated IoT-based real-time sewer monitoring system using 
low-power sensors. The main hypothesis of the study is that 
by utilizing low-power microelectronic components, IoT 
and GIS technologies, it is possible to achieve low-cost and 
long-lasting sewer monitoring, which enables interactive 
and real-time assessment of an entire city’s sewer system. 
The research assumes that the LiDAR, laser and infrared 
sensors along with wireless communication technologies 
are suitable for sewer monitoring purposes. It assumes that 

the sensors’ performance and accuracy can be evaluated 
based on their ability to monitor water levels, manhole 
covers, and sewer pipes. Furthermore, it assumes that the 
integration of algorithms and GIS technology will provide 
effective means of detecting sewer overflow, blocked pipes, 
and manhole cover presence or absence. The research 
simplifies the sewer monitoring system by focusing on a 
prototype architecture and using low-power sensors. It 
also simplifies the analysis by employing distance measure-
ments and Boolean outputs from the sensors to determine 
the status of various parameters such as wastewater levels, 
manhole cover presence, and pipe blockages. The cost 
estimation is based on the prototype implementation and 
may not account for all possible variables in a real-world 
scenario.

The RTSMS prototype was developed using the sequen-
tial and linear approach known as the “waterfall model”, 
which involves gathering requirements, designing the sys-
tem architecture, implementing it, and verifying its func-
tionality, as proposed by [29].

The prototype was given the following primary re-
quirements: 

– wireless sensing: the system should comprise a wire-
less multisensory device that can detect various parameters 
such as sewer overflow, pipe blockages, and manhole cover 
opening/closing;

– data gathering: the system should comprise a data 
gathering station to collect data from wireless sensing 
devices;

– GIS integration: the system should integrate with GIS 
technology to display collected data on an interactive map;

– real-time monitoring: the system should be capable of 
early warning and predicting sewer problems;

– user-friendly interface: the system should have a us-
er-friendly interface that is easy to understand and use for 
various user roles;

– cost-effectiveness: therefore, the system must be 
cost-effective in the long run.

To design the system architecture, the study considered a 
variety of electronic components, from which different combi-
nations of the system were assembled and tested. Their specifi-
cations are presented in Tables 1–5 below.

Table	1

Specification	of	sensors

Characteristics
Sharp  

GP2Y0A41SK0F [30]
TOF400 

VL53L1X [31]
JSN-SR04T [32]

TF-Luna  
Benewake [33]

FC-28 [34]
YL-63 with LM393 

comparator [35]

Sensor type Infrared Laser Ultrasonic LiDAR Analog Infrared

Voltage, V 4.5–5 3–5 5 5 3.3–5 3.3–5

Amperage, mA 30 40 30 70 15 120

Interface type analog digital digital digital
analog, 
digital

analog, digital

Connection pins V0, GND, VCC
VIN, GND, SCL, 

SDA, XSHUT, 
GPIO1

VCC, GND, 
TRIG, ECHO

VCC, GND, 
RX, TX

VCC, GND, 
D0, A0

VCC, GND, OUT

Measurement range, m Up to 0.3 Up to 4 Up to 5 Up to 8 – Up to 0.3

Operating  
temperature, °C

–10 to 60 –20 to 70 –10 to 70 –20 to 75 –40 to 60 –20 to 80

Dimensions, mm 29.5×13.0×13.5 17×18×7 41×28.5 30×21.25×13.5 20×60 43×16×7

Price*, USD 9.68 18.15 14.04 24.90 1.23 0.65
Note: * – since the components were purchased locally, the prices were converted according to the exchange rate for the date 31.03.2023 [36], 
which was 448.05 KZT for 1 USD
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When choosing sensors, several parameters were taken 
into account. The availability on the market, cost, power con-
sumption level, operating principle, debugging complexity, and 
the availability and type of data interfaces were considered for 
comparison. All sensors have different power consumption lev-
els and technical parameters, including the measurement prin-
ciple. It is not possible to immediately determine the suitability 
of a specific sensor based on its technical characteristics. It was 
important for us to conduct experimental research and deter-
mine the possibility of using each of the sensors in combination 
with others. The plan was to evaluate several distance measure-
ment sensors, including the Sharp GP2Y0A41SK0F, TOF400 
VL53L1X, JSN-SR04T, and TF-Luna Benewake, to detect 
the presence of a manhole cover and potential overflow. It was 
assumed that sensors would measure the distance between the 
manhole cover and the liquid surface at specific intervals. If 
there was a sharp deviation from the previous values, either one 
or both cases would arise. 

For identifying pipe blockages, two sensors, the FC-28 
and YL-63, were chosen as they may offer the necessary 
functionality. The idea for the pipe blockage sensor was to 
identify the critical level of silt or debris based on electrical 
conductivity (in the case of FC-28) or optical (for YL-63) 
observation. However, while investigating the FC-28, we 
identified its unsuitability. This sensor correlates the electric 
conductivity with the moisture content in the silt and in case 
of debris, it may produce biased records. Besides, it is likely 
that both in the absence and presence of pipe blockages, the 
moisture would be almost constant, except for those rare 
instances when the liquid is not flowing in pipes. In addition, 
the brittle parts of FC-28 are not protected against external 
loads (e. g., liquid flow), and may be broken immediately.

Table	2

Specification	of	microcontrollers

Characteristics ATmega328P [37] ESP8266MOD [38]

Manufacturer
Microchip  

Technology/Atmel
Espressif Systems

Processor core type AVR Tensilica L106

Program memory 
size, kB

32 50

Maximum clock 
frequency, MHz

20 160

Data bus width, bit 8 32

Operating voltage, V 2.7 to 5.5 2.5 to 3.6

Amperage, mA 0.01 to 0.8 80

Interface type I2C, SPI, USART
I2C, SPI, USART, 

SDIO, I2S, IR

ADC 8×10b 1 channel

IEEE 802.11 support – b/g/n/d/e/i/k/r

Operating tempera-
ture, °C

–40 to 125 –40 to 125

Dimensions, mm 7×7×1 24×16×4

Printed circuit  
board (PCB)

Custom printed NodeMCU [39]

Price*, USD 6.2 6.74**
Note: * – since the components were purchased locally, the pric-
es were converted according to the exchange rate for the date 
31.03.2023 [36], which was 448.05 KZT for 1 USD; ** – total price 
for NodeMCU firmware including ESP8266MOD microcontroller

The ATmega328P microcontroller was used to assemble 
a WSD. It has the necessary technical characteristics that 

allowed the required functions to be performed: collecting data 
from sensors, processing them, and transmitting them using 
the Serial Peripheral Interface (SPI). The main advantage is its 
low power consumption, which is important for autonomy. The 
presence of additional interfaces allowed for the use of wire-
less modules for data transmission. This also allowed for the 
necessary level of autonomy. The clock frequency and memory 
capacity are sufficient to implement the functionality.

The ESP8266MOD microcontroller was used to assemble 
a DGS. It is commonly incorporated into the NodeMCU firm-
ware [39]. The feature of choosing it is the ability to connect 
wirelessly via Wi-Fi. The SPI interface also allows for the 
connection of other wireless or other modules simultaneously. 
Hence, we connected a RobotDyn SD card module [40] and 
utilized a microSD card (together cost 4.5 USD) to tempo-
rarily store the sensing data in case of Wi-Fi failure. Since 
autonomy was not a concern for the DGS, an important 
criterion was the ability to connect multiple types of wireless 
communication, sufficient memory capacity for the program 
and storing collected data from the moment of reception until 
successfully transmitted to the server.

The microcontrollers used have open-source code, which 
allows for easy configuration to suit specific needs, maximiz-
ing adaptability and optimization.

Table	3

Specification	of	communication	modules

Characteristics
Lora Ra-02 on 

the SX1278 
chip [41]

Wi-Fi within 
ESP8266  

ESP-12F [38]

SIM800L 
GSM/GPRS 

[42]

Manufacturer Ai-Thinker
Espressif  
Systems

SIMCom

Communication 
protocol

LoRaWAN Wi-Fi GPRS

Operating  
voltage, V

2.5 to 3.7 2.5 to 3.6 3.4 to 4.4

Amperage, mA 12.15 80 2,000

Frequency 
range, MHz

433 2,400 to 2483.5 850 to 1,900

Communication 
distance, m

Up to 10,000 Up to 50
Within the 

coverage area

Transmitting 
power, Mbps

Up to 0.027 Up to 54 Up to 0.856

Operating  
temperature, °C

–30 to 85 40 to 125 –40 to 85

Dimensions, mm 17×16×3.2 24×16×4 15.8×17.8×2.4

Price*, USD 7.63
Counted in 
NodeMCU

8.88

Note: * – since the components were purchased locally, the pric-
es were converted according to the exchange rate for the date 
31.03.2023 [36], which was 448.05 KZT for 1 USD

The proposed system involves the use of IoT, which is why 
various data transmission interfaces were used. When build-
ing the system and selecting the types of communication, 
the volume of traffic, power consumption, and the ability to 
use the system without obtaining permission from network 
providers and government agencies were taken into account.

Low power consumption and long-distance communication 
are important criteria for transmitting data from WSD due to 
the extensive area coverage. Therefore, the choice was made to 
use LoRaWAN. This type of communication allows data to be 
transmitted up to 100 m, with an operating current of only 
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12.15 mA and an even lower current in standby mode. Power 
consumption during operation is very low, which significantly 
increases the battery life. The bandwidth for the planned data 
is more than sufficient.

For receiving data at DGS, LoRaWAN was also used, 
and for further transmission to the server, Wi-Fi was used. 
This is because DGS will have a constant external power 
source and there are no restrictions on power consumption, 
and it will be installed within the coverage range. The use 
of GPRS was also considered, but the SIM800L module re-
quires a power source with an output voltage of 3.4 to 4.4 V 
and a maximum operating current of 2 A, which would com-
plicate the design and reduce reliability. Therefore, it was 
decided to transmit data to the server using Wi-Fi.

Table	4

Specification	of	cases

Characteristics RYD-F3-2 [43] Custom, as in [44]
Manufacturer Digital Zakka Handmade

Material
Acrylonitrile butadiene 

styrene (ABS)
Two-component 

polyurethane 

Waterproof IP67 IP67

Dimensions, mm 115×90×55 200×85×65

Price*, USD 10 1.2

Note: * – since the components were purchased locally, the pric-
es were converted according to the exchange rate for the date 
31.03.2023 [36], which was 448.05 KZT for 1 USD

Table	5

Specification	of	power	suppliers

Characteristics LS 14500 [45] RS-15-5 [46]
Manufacturer SAFT Mean Well

Type of power supply Battery Transformer 
Type of current DC AC/DC

Output power, W – 15
Output voltage, V 3.6 5
Output current, A – 3

Nominal capacity, Ah 2.6 –
Nominal energy, Wh 9.36 –

Input voltage range, V – 85 to 264
Operating temperature, °C –60 to 85 –20 to 70

Battery holder Included –
Dimensions, mm Ø14.62×50.28 (AA) 62.5×51×28

Price*, USD 6 9.67
Note: * – since the components were purchased locally, the pric-
es were converted according to the exchange rate for the date 
31.03.2023 [36], which was 448.05 KZT for 1 USD

The plastic case RYD-F3-2 made of ABS was chosen for 
the WSD. This case is waterproof to IP67 standard and can 
suit in size and shape electronic components, as well as reliably 
protect them from liquid and dust particles. It also has four 
holes on the edges that are optimal for fastening to an anchor. 
The DGS case was handmade using a two-component liquid 
polyurethane molding and casting method. It took no more 
than one minute from casting to achieve sufficient strength. 
Both cases consisted of two plastic parts – a container and a 
lid. The lids were fastened to the containers with four screws. 
Rubber gaskets were provided in both cases to seal the lid’s 
perimeter groove. To prevent fogging and condensation, silica 
gel packets were intended to be placed inside the cases togeth-
er with electronic components.

The LS 14500 batteries were chosen to power the WSD. 
These batteries are distinguished by their high frost re-
sistance and long service life. For powering the DGS, the  
RS-15-5 switching power supply transformer was selected 
to convert high voltage current to a level acceptable for the  
ESP8266MOD microcontroller. The selected power sources 
have compact dimensions, making them easy to fit inside 
the cases.

Along with electronic components, various IT solutions 
were utilized during the development of RTSMS. Thus, Ea-
gle [47] (56 USD per month) software was used to design 
the PCBs for WSD and DGS in Gerber format. An Arduino 
IDE [48] open-source cross-platform software was used to 
program the PCBs. A MariaDB [49] open-source relational da-
tabase was used to store the data received from DGS. A Spring 
Boot [50] open-source framework was used to run the back 
end. An open-source React JS [51] and OpenLayers APIs [52] 
were used to develop a front end (i. e., an interface of a GIS).

The manufacturing of PCBs was carried out at Asta-
na IT University (Astana, Kazakhstan). The NodeMCU 
based on ESP8266MOD was soldered to the DGS PCB 
along with SX1278, SD card module, and DS3231 real-time 
clock (RTC) [53] (4 USD). The RS-15-5 was connected to 
DGS PCB using copper wires. A line cable with Schuko plug 
230 V (2 USD) was attached to RS-15-5 using its screws. 
All the electronic components were placed inside the hand-
made DGS case.

The ATmega328P, SX1278, and AA battery holder were 
soldered to the WSD PCB along with other necessary mi-
crocomponents and were placed into the RYD-F3-2 case. 
The sensors were connected using copper wires. A total of 
three WSD combinations were initially assembled and pro-
grammed with Arduino IDE, differing only in the sensors for 
monitoring the wastewater level and manhole cover:

1) Sharp GP2Y0A41SK0F for measuring the wastewa-
ter level, and JSN-SR04T for detecting the manhole cover 
presence.

2) TF-Luna Benewake for both measuring the wastewa-
ter level and detecting the manhole cover presence.

3) TOF400 VL53L1X for both measuring the wastewa-
ter level and detecting the manhole cover presence.

A test setup was prepared to evaluate the suitability of 
each sensor for its intended functionality (Fig. 1) that hori-
zontally imitates a sewage well.

As shown in Fig. 1, WSD was installed on the floor divid-
ing it into two parts. The obstacles placed on the left and right 
parts of the floor were used to imitate the wastewater level 
and the manhole cover cap bottom. It was assumed that the 
WSD would be installed inside a standard manhole at a depth 
not exceeding 1 m. Therefore, we marked test distances on the 
right part of the floor at intervals of 20 cm up to 1 m. For the 
left part, test distances were marked on the floor at intervals 
of 1 meter up to 5 meters. For each marked distance, each 
sensor (right and left) had to make 100 measurements with an 
interval of 5 seconds. The same procedure is repeated for each 
WSD combination. For this stage, the DGS prototype was 
connected to a laptop directly through USB and collected 
measurement data from WSD via LoRaWAN. The gathered 
data was visualized on charts to assess the performance of 
the sensors and streamline the selection process. Additionally, 
to evaluate the accuracy of the sensors, we calculated the av-
erage deviations from the intended distances and illustrated 
them on a graph. This helped to make the final choice of sen-
sors for monitoring the manhole cover and wastewater level.
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To monitor pipe blockages, an infrared sensor YL-63 
was incorporated into the WSD as an externally assem-
bled module. The module consists of two parts, where an 
infrared emitter and a photoreceiver of the YL-63 sen-
sor are positioned against each other. The cases of both 
module parts are made of transparent plastic to allow 
the thermal radiation to pass through freely. Unlike the 
aforementioned sensors, the YL-63 did not require infor-
mation about the distance to the presumed object, only 
its presence or absence. Thus, the operating principle of 
the external module was as follows. Radiation is reflected 
from the obstructing object (wastewater or silt) and is de-
tected by the photoreceiver, which then sends a signal to 
the LM393 comparator, which is set to trigger at a certain 
level of photoreceiver illumination. The LM393 compara-
tor generates a low or high-logic-level signal at the sensor 
output. The module operates by detecting the level of il-
lumination of the photoreceptor. Since the sensor detects 
reflected radiation, there may be an error in measuring 
the distance due to the varying reflective properties of 
obstructing surfaces made of various materials. Therefore, 
the pipe blockage module was calibrated to detect mate-
rials such as wastewater and silt based on their reflective  
properties.

5. Results of the prototype development of an integrated 
IoT-based real-time sewer monitoring system using low-

power sensors

5. 1. Prototype architecture for a real-time sewer 
monitoring system

After considering various electronic components and 
software solutions, the most suitable IoT architecture for the 
RTSMS was formed and is presented in Fig. 2 below.

As shown in the system architecture above, the RTSMS 
is composed of WSDs installed in sewer wells that send 
measurement data through LoraWAN to the DGS located 
nearby. The DGS collects the data and sends it through  
Wi-Fi and an Internet modem to the server side. The server 
side is built with a MariaDB open-source relational database 
and is powered by a Spring Boot open-source framework 
with REST API business logic on the back end. Currently, 
it is hosted in the Astana IT University. The front end of the 
system is developed using React JS and OpenLayers APIs, 
along with HTML, JavaScript, and CSS codes, to provide a 
user-friendly and interactive interface to visualize the data 
through a web browser on the client side. It makes HTTP 
requests to the back end to retrieve the collected data in a 
JSON format.

 
  

Fig.	1.	Test	setup
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5. 2. Data gathering station and wireless sensing devices
Fig. 3 below shows a circuit diagram and a PCB design 

of the DGS.
As shown in the circuit diagram above, the DGS was 

assembled by connecting the LoRa Ra-02, DS3231 RTC, 
and RobotDyn SD card modules to the NodeMCU firm-
ware by means of a 77×87 mm PCB that was designed 
using Eagle and manufactured at Astana IT University. 
Before assembling, it was important to identify the pins 
on each module and determine the appropriate connection 
interfaces. We used 11 input-output pins of NodeMCU to 
connect the modules. Thus, the D0, D3, D4, D5, D6, D7, 
3V3, and GND pins of NodeMCU were connected to the 
RESET, NSS, DIO0, SCK, MISO, MOSI, 3.3V, and GND 
pins of the LoRa Ra-02 module, respectively. The D1, 
D2, 3V3, and GND pins of NodeMCU were connected to 
the SCL, SDA, VCC, and GND pins of the DS3231 RTC 
module, respectively. While the D5, D6, D7, D8, 3V3, 
and GND pins of NodeMCU were connected to the D5, 
D6, D7, D8, 3V3, and G pins of the RobotDyn SD card 
module, respectively.

Fig. 4 below shows a circuit diagram and a PCB design 
of the WSD.

As shown in Fig. 4 above, the circuit diagram was pre-
sented for the WSD combination No. 1, where the Sharp 
GP2Y0A41SK0F and JSN-SR04T sensors were utilized 
for measuring the wastewater level and detecting the man-
hole cover presence, respectively. The electrical circuits 
of the other combinations are analogous. The WSD was 
built using an ATmega328P chip that contains firmware 
for processing sensor data and transmitting it using the 
433 MHz LoRa Ra-02 communication module. Power is 
provided by three AA batteries of the LS 14500 brand. The 
LoRa module is connected using pins D7, D9, D10, MISO, 
MOSI, and SCK. The PCB has three interfaces for sensor 
connection, two of which are I2C, and one for connecting 
a discrete sensor. The third connector allows for the con-
nection of a sensor via a serial interface. The JSN-SR04T 
sensor is connected via the serial interface. The Sharp 
GP2Y0A41SK0F sensor is connected using pin A2 for the 
analog sensor connection. The YL-63 sensor is connected 
to pin D3. The PCB has a power switch.

Fig. 5 shows the assembled view of the WSD proto-
type in various combinations of sensors for monitoring 
overflows and manhole cover, along with the pipe blockage 
monitoring module, as well as the typical schema to install 
the WSD.

As shown in Fig. 5 above, all the inner electronic compo-
nents of WSD fit into the RYD-F3-2 case. The walls of the 
case were drilled depending on the type of sensor used, and 
the YL-63 module was assembled externally. The latter was 
made of two identical transparent plastic capsules connected 
on a single metal plate, one storing the YL-63 LM393 com-
parator and photoreceiver, and another storing the emitter. 
The bottles have been tightly sealed to ensure a hermetic 
closure, while also being secured in place to keep the pho-
toreceiver and emitter in close proximity to each other, with 
a distance of only 3–5 mm between them. According to the 
provided schema, the WSD should be fixed on the sewer well 
at a recommended depth of under 1 m. The YL-63 module 
should be connected to WSD using sealed wires. It should 
be mounted on the wall of the discharge pipe at a midpoint 
height so that it can detect a critical instance of blockage 
when the silt level reaches the halfway point of the discharge 
pipe’s radius.

Table 6 below presents the material costs spent to assem-
ble the DGS and WSD prototypes, excluding the labor costs.

 

WSD

WSD

WSD

WSD

DGS

Wi-Fi 802.11 b/g/n

Internet

Modem

Back-end

Business logic

REST API

Spring Boot
Код

Front-end

HTML, CSS, JS

     React JS

Client side

Browser

Server side

MariaDB

Database

HTTP Request

JSON

HTTP Request

 
 

  
Fig.	2.	RTSMS	system	architecture

Table	6

Material	cost	estimation

Units Components Price*, USD
Unit 

cost, USD

DGS

NodeMCU firmware (ESP-
8266MOD and Wi-Fi)

6.74

90.54

Lora Ra-02 on the SX1278 chip 7.63

RS-15-5 power supply 9.67

DS3231 RTC module 4

Schuko plug 230V 2

RobotDyn SD card module  
with microSD

4.5

Eagle software (monthly payment) 56

WSD

ATmega328P microcontroller 6.2

79.53

Lora Ra-02 on the SX1278 chip 7.63

RYD-F3-2 case 10

Two LS 14500 batteries 12

TOF400 VL53L1X sensor 18.15

TF-Luna Benewake sensor 24.9

YL-63 sensor 0.65

Overall cost, USD 170.07

Note: * – since the components were purchased locally, the prices were 
converted according to the exchange rate for the date 31.03.2023 [36], 
which was 448.05 KZT for 1 USD
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a

  
b                                                                                                с	

Fig.	3.	Electronic	scheme	of	DGS:		
a	–	circuit	diagram;	b	–	front	side	of	77×87	mm	PCB;	c	–	back	side	of	77×87	mm	PCB
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Table 6 shows that the total material cost for single 
units of DGS and WSD was approximately 170 USD, 
including around 90.54 USD for DGS and 79.53 USD 
for WSD. It is worth noting that the use of free software 
for PCB design instead of Eagle could save us 56 USD, and 
make the overall expenditure even less (around 114 USD). 

The cost can be reduced even more through mass produc-
tion. The equipment will need to be serviced. Therefore, it 
is possible to consider a service business model based on 
monthly equipment rental, which will allow obtaining the 
hardware and software complex without the need for large 
capital investments.

 

 
a

  
b                                                                                               с

Fig.	4.	Electronic	scheme	of	WSD:	a	–	circuit	diagram;		
b	–	front	side	of	84×90	mm	PCB;	c –	back	side	of	84×90	mm	PCB
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5. 3. Testing and evaluating the accuracy of various 
integrated sensors

Fig. 6 shows the results of sensor tests imitating a mea-
surement of the distance to the manhole cover, ranging from 
0.2 to 1.0 m.

The above graphs depict that the TOF400 VL53L1X 
laser sensor provides measurements closest to the intended 
distances (between 0.2 and 1.0 m) with a relatively small 
standard deviation within the range of 0.13 and 0.24. How-
ever, it should be noted that at short distances up to 0.4 m, 
the TF-Luna Benewake LiDAR sensor offered more stable 
measurements with the lowest frequency of oscillations. On 
the other hand, the Sharp GP2Y0A41SK0F infrared sensor 
provided the worst results. Its measurements at distances 

between 0.4 and 1.0 m remained within 
the range of 0.13–0.23 m, indicating its 
unsuitability for monitoring manhole 
covers. 

Fig. 7 displays the results of the sen-
sor tests simulating a measurement of 
the wastewater level in a sewage well, 
ranging from 1.0 to 5.0 m.

From the graphs above, it is evident 
that the TF-Luna Benewake LiDar 
sensor displayed the most favorable 
outcomes at distances ranging from 1.0 
to 5.0 meters. The standard deviation 
for this sensor was within the range of 
0.44 to 1.15. The TOF400 VL53L1X 
laser sensor ranked second in per-
formance, but its standard deviation 
exhibited significant variation (up to 
125.57). Additionally, its inaccuracy 
and oscillation frequency increased as 
the distance of the obstacle increased. 
The JSN-SR04T ultrasonic sensor de-
livered the poorest results within this 
distance range. Although the standard 
deviation (ranging from 0.0 to 26.05) 
was lower than that of the other sen-
sors, the readings from this sensor re-
mained fixed at 0.22–0.23 m when 
tested at distances between 2.0–5.0 m.

Fig. 8 shows the analysis of mea-
surement deviations of the TF-Luna 
Benewake Li-DAR sensor and the  
TOF400 VL53L1X laser sensor.

The analysis of deviations in Fig. 8 
showed that as the distance increased, 
the measurement accuracy of both 
sensors decreased. At distances up to 
2.0 meters, the accuracy rates lie with-
in ±5 cm. At longer distances, there 
was a sharp decrease in the accuracy 
of the TOF400 VL53L1X laser sensor, 
while the accuracy of the TF-Luna 
Benewake LiDAR sensor remained no 
worse than ±8 cm up to 5.0 m. There-
fore, the TOF400 VL53L1X turned 
out to be more suitable for monitoring 
the manhole cover, while the TF-Luna 
Benewake appeared to be better for 
wastewater level monitoring. Fig. 8 

also shows the equations that can be used to roughly 
estimate the accuracy level of the aforementioned sensors 
depending on the measured distance. For TF-Luna Be-
newake, the equation is expressed as a logarithmic func-
tion with a reliability level of ≈84.5 %, while for TOF400 
VL53L1X, it is expressed as an exponential function with 
a reliability level of ≈89.6 %. Thus, for a measurement dis-
tance of 8–10 m, the accuracy of the TF-Luna Benewake 
sensor would not exceed an acceptable range of ±10 cm. 
Based on the results of the sensor tests, it became nec-
essary to replace the sensors in the initially assembled 
WSD combinations as follows: TF-Luna Benewake – for 
measuring wastewater level; TOF400 VL53L1X – for 
detecting the presence of manhole cover.

 

       
a b c

d

Fig.	5.	Prototype	of	WSD	and	its	installation	schema:		
a	–	main	unit;	b	–	external	unit;		

с	–	sensor	options;	d	–	operating	diagram
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Fig.	6.	Testing	of	sensors	at	intended	distances	from	0.2	to	1.0	m:		
a	–	0.2	m;	b	–	0.4	m;	c	–	0.6	m;		

d	–	0.8	m;	e	–	1.0	m;	f	–	standard	deviation
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Fig.	7.	Testing	of	sensors	at	intended	distances	from	1.0	to	5.0	m:	a	–	1.0	m;	b	–	2.0	m;		
c	–	3.0	m;	d	–	4.0	m;	e	–	5.0	m;	f	–	standard	deviation
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Fig.	9.	Sewage	monitoring	algorithms	integrated	to	GIS:	a	–	sewage	well	section;	b	–	wastewater	overflow	algorithm;		
c	–	manhole	cover	presence	algorithm;	d	–	pipe	blockage	algorithm

5. 4. Algorithms to detect sewage 
system problems using integrated sen-
sors

Fig. 9 below shows the proposed layout 
of the WSD installation and algorithms 
integrated to GIS.

According to the figure above, the 
WSD is anchored to the shaft section of 
the sewage well at a certain distance from 
the bottom of the manhole cover, while 
the external unit is fixed on the middle 
diameter of the outlet pipe on its inner 
wall (Fig. 9, a). 
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  Fig.	10.	Interface	of	RTSMS	GIS

As mentioned above, the ATmega328P microcontroller 
used for WSD allows utilizing additional sensors. So, in cas-
es of several outlet pipes in the sewage well, several external 
units can be connected to WSD. Additionally, the figure 
highlights the key parameters of the system, including A, a, 
B, b, d, and e, which represent the distance from the WSD 
upward-facing sensor (i.e. TOF400 VL53L1X) to the man-
hole cover bottom, the actual distance to any obstacle mea-
sured by the TOF400 VL53L1X, the constant distance from 
the WSD downward-facing sensor (TF-Luna Benewake) 
to the bottom of the sewage well, the actual distance to 
the wastewater level measured by the TF-Luna Benewake, 
the diameter of the outlet pipe, and the error tolerance that 
can be assigned by the end user of RTSMS. The figure also 
includes three algorithms for detecting sewer overflows, 
the presence/absence of manhole cover, and detecting pipe 
blockage. The overflow algorithm in Fig. 9, b utilizes pa-
rameters B and b to test four sequential conditions that are 
continuously executed in a loop, generating “Red”, “Yellow”, 
and “Green” alerts for different wastewater levels, and a 
“No signal” message if Null data retrieved. The algorithm in 
Fig. 9, c uses parameters A, a, and e to determine whether 
the manhole is open, closed, or “No signal” message if Null 
data retrieved. The last algorithm in Fig. 9, d tests for the 
presence of any barrier (silt or sludge) in the outlet pipe and 
alerts “Blockage” if true, and “No blockage” if false or “No 
signal” message if Null data retrieved. Overall, Fig. 8 pro-
vides a comprehensive illustration of the sewage well system 
and associated algorithms, allowing for effective monitoring 
and management of wastewater systems using GIS.

5. 5. Web-based Geographic Information System
Fig. 10 below illustrates the user interface of the devel-

oped GIS.
As illustrated in the above figure, the GIS interface en-

ables real-time tracking of the condition of sewer manholes 
and pipes on an interactive map. The base map is generated 
using the OpenLayers library and includes three types: 
Open Street Map (OSM), satellite, and hybrid. At the soft-
ware level, the direction of wastewater flow between man-
holes through pipes is determined, and algorithms presented 
in Fig. 9, b–d are implemented. 

The symbols used to represent manholes come in six 
variations. For example, a circle with a cross or a checkmark 
indicates an open or closed manhole, respectively, and colors 
such as red, yellow, or green indicate the wastewater level in 
the manholes. Pipes between manholes are colored green or 
red depending on whether they are blocked or not. Clicking 
on a manhole or pipe displays a message about its status. In 
the current version of the interface, there are no tools for 
drawing the manhole and pipe system. The location data 
and constant and variable parameters are manually assigned 
and linked to the WSD on the server side. In the future, it 
is planned to implement this missing feature, as well as add 
a tool for uploading external files in GeoJson and Shapefile 
formats containing spatial information about manholes and 
pipes. All the components for the GIS development are open-
source and freely available.

6. Discussion of the results of the prototype development 
of an integrated IoT-based real-time sewer monitoring 

system using low-power sensors

The results obtained can be attributed to the thorough 
investigation and selection of suitable microelectronic com-
ponents, software, and firmware development platforms for 
the real-time sewer monitoring system. The chosen system 
architecture (Fig. 2), based on the Internet of Things con-
cept, enables wireless communication between the data 
gathering station (Fig. 3) and the sensing devices (Fig. 4, 5), 
facilitating continuous monitoring of sewer chambers, pipes, 
and manhole covers. The sensor testing results (Fig. 6–8) 
provide valuable insights into the performance of different 
sensors in measuring distance, allowing for informed de-
cision-making in selecting appropriate sensors for specific 
monitoring tasks. The designed algorithms (Fig. 9) that 
utilize various fixed parameters and dynamic sensory data 
provide alert statuses for wastewater level, manhole cover 
presence, and outlet pipe blockage. The developed web-based 
GIS (Fig. 10) enables real-time visualization of the current 
status the algorithms (Fig. 9) provide in an interactive man-
ner. The material costs (Table 6) spent for the prototyping 
amounted to roughly 170 USD.
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The obtained results offer several notable features com-
pared to existing approaches. Firstly, the use of low-power mi-
croelectronic components and wireless technologies ensures 
the durability and continuous operation of the monitoring 
devices. This is particularly important for sewer monitoring, 
where the devices need to withstand challenging environmen-
tal conditions. Secondly, the system architecture allows for 
real-time monitoring of an entire city’s sewer system, provid-
ing a comprehensive view of the system’s status, rather than 
only during inspections, as suggested in [7, 12]. Thirdly, the 
integration of GIS technology and web-based visualization 
enables the interactive and user-friendly representation of the 
monitoring data, facilitating efficient data analysis and deci-
sion-making. The solutions discussed in [7, 12] do not seem 
to offer a viable feature. Additionally, the overall cost of the 
solution is relatively low (around 170 USD) when compared 
to existing solutions proposed by [12, 54–59].

Despite the promising results, this study has certain lim-
itations. Firstly, the evaluation of sensor performance is based 
on specific imitative conditions and may not fully capture all 
possible scenarios encountered in real-world sewer systems. 
The study primarily focuses on the performance of sensors 
in measuring distance, while other parameters, such as water 
flow rate or pressure, are not considered. Additionally, the 
study assumes a fixed set of parameters common to most sew-
er chambers, which may not accurately represent the diverse 
range of sewer systems found in different locations.

There are a few notable limitations in this study that 
could be addressed in future research. Firstly, expanding 
the range of sensor testing to include a wider variety of 
sensor types and models could provide more comprehensive 
insights into their performance characteristics. Addition-
ally, conducting field trials in different sewer systems with 
varying conditions would help validate the effectiveness and 
reliability of the proposed monitoring system. Furthermore, 
incorporating additional parameters such as water flow 
rate and pressure into the algorithm design could enhance 
the system’s capability to detect and predict sewer system 
anomalies. Lastly, conducting a cost-benefit analysis to eval-
uate the long-term economic viability of implementing the 
monitoring system on a larger scale would provide valuable 
information for decision-makers.

The future development of this research could involve 
further refinement and optimization of the algorithms used 
for detecting sewage overflow, manhole cover presence, and 
pipe blockage. Fine-tuning these algorithms based on more 
extensive data collection and analysis could enhance their 
accuracy and reliability. Additionally, the integration of ad-
vanced data analytics techniques, such as machine learning 
algorithms, could enable predictive maintenance and early 
warning systems for sewer infrastructure. However, the 
development of such predictive models may encounter chal-
lenges related to data availability, model complexity, and the 
need for robust mathematical models to handle the inherent 
uncertainties in sewer system dynamics. Further interdis-
ciplinary collaboration between engineering, data science, 
and mathematics could help overcome these difficulties and 
advance the field of real-time sewer monitoring.

7. Conclusions 

1. Investigation of various microelectronic components, 
software and firmware development platforms, databases 

and APIs identified a suitable system architecture for the 
real-time sewer monitoring system based on the Internet of 
Things concept. According to the architecture, the wireless 
sensing devices are mounted inside the sewer chamber at a 
maximum depth of 1 m. The two integrated sensors of the 
device are pointed upwards on the manhole cover and down-
wards on the bottom of the chamber, and the external units 
are mounted in the outlet pipes. The data gathering station 
can simultaneously communicate with an unlimited number 
of sensing devices in the radius of up to 10 km via LoRaWAN 
protocol, and send the monitoring data to the server using 
Wi-Fi internet. The server side receives the data by HTTP 
requests and stores it in the database. The client side dynam-
ically visualizes the data in JSON format on a browser using 
web-map API. Such an architecture can serve an entire 
city’s sewer system, hence be adapted for other monitoring 
purposes as well.

2. The use of low-power microelectronic components 
and wireless technologies helps to build durable and afford-
able devices that enable continuous condition monitoring 
of sewer chambers, pipes and manhole covers. Thus, the 
results demonstrate the circuit design and assembly of the 
data gathering station (based on NodeMCU firmware) and 
wireless sensing device (based on ATmega328P chip). The 
data gathering station utilizes modules such as LoRa Ra-02,  
DS3231 RTC, and RobotDyn SD card, connected via 
a 77×87 mm PCB. The wireless sensing device, on the 
other hand, incorporates various sensor combinations, in-
cluding the Sharp GP2Y0A41SK0F, TOF400 VL53L1X,  
JSN-SR04T, TF-Luna Benewake, and communicates with 
the data gathering station through the 433 MHz LoRa 
Ra-02 module. Its 84×90 mm PCB with connected micro 
components fit into an RYD-F3-2 case, with the YL-63 
module externally assembled. The recommended installa-
tion involves fixing the device inside the sewer chamber and 
mounting the YL-63 module on the outlet pipe at a midpoint 
height. The research demonstrates that the real-time sewer 
monitoring system can be built with affordable expenditure. 
Thus, it costs around 170 USD for the necessary materi-
als, including 79.53 USD for wireless sensing devices and 
90.54 USD for the data gathering station. It is expected that 
the costs can be reduced by mass production.

3. The sensor testing results indicate that the TOF400 
VL53L1X laser sensor is best suited for measuring the dis-
tance to the manhole cover, providing measurements closest 
to the intended distances with a relatively small standard 
deviation of 0.13–0.24 cm. However, the TF-Luna Be-
newake LiDAR sensor provides more stable measurements 
at shorter distances of up to 0.4 m with a standard deviation 
of 0.0–0.63 cm. The Sharp GP2Y0A41SK0F infrared sensor 
performed the worst in monitoring manhole covers, giving 
inappropriate measurements at distances greater than 0.2 m 
with a standard deviation of 0.35–0.97 cm. For wastewater 
level measurement, the TF-Luna Benewake LiDAR sensor 
demonstrated the best performance within the range of 1.0 
to 5.0 m with a standard deviation of 0.44–1.15 cm. The 
TOF400 VL53L1X laser sensor ranked second, but its stan-
dard deviation showed significant variation as the distance 
increased (0.17–125.57 cm) due to frequent oscillation of 
measurements. In contrast, the JSN-SR04T ultrasonic sen-
sor delivered the least satisfactory results due to the inability 
to measure beyond 2.0 m. Although its standard deviation 
within the distance range of 1.0 to 5.0 m was 0.0–26.05 cm 
(better than TOF400 VL53L1X). The analysis of deviations 
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revealed that both sensors experienced a decrease in mea-
surement accuracy as the distance increased. The TOF400 
VL53L1X sensor showed an accuracy of ±1 cm up to 3 m 
distance being more suitable for monitoring manhole covers, 
while TF-Luna Benewake showed a more stable trend in 
greater distances being more suitable for wastewater level 
monitoring. The exponential and logarithmic functions 
expressing the accuracy trends of TOF400 VL53L1X and 
TF-Luna Benewake can be recommended for rough pro-
jection of their accuracy levels in various distances (even 
more than 5.0 m) with 89.6 % and 84.5 % confidence levels, 
respectively.

4. The system of parameters most common to the ma-
jority of sewer chambers in combination with sensory data 
may help in designing proper algorithms to detect sewage 
overflow, manhole cover presence and pipe blockage. Such 
parameters include fixed distances from sensors to the 
manhole cover (a) and the bottom of a sewer chamber (b), 
diameter of outlet pipe (d), user defined error tolerance (e), 
as well as dynamic distance measurements of sensors (a, b), 
as indicated in Fig. 9. Thus, the study demonstrates three 
algorithms that manipulate the digital (distance measure-
ments from TOF400 VL53L1X and TF-Luna Benewake) 
and Boolean (barrier or barrier free outputs from YL-63) 
parameters along with chamber-specific fixed parameters 
and alert status information, which can be further used for 
visualization purposes. The first algorithm alerts red, yel-
low and green status depending on the wastewater level in 
a chamber. The second algorithm alerts the open or closed 
status of the manhole cover. The third algorithm alerts the 
blockage or no blockage status of outlet pipes.

5. The web-based GIS based on OpenLayers API turned 
out to be a suitable instrument to visually represent the 
real-time status of sewer manholes and pipes interactively. 
The GIS implemented in this research has three base lay-
ers (OSM, satellite and hybrid). Six types of point features 
were used to demonstrate the overflow and presence status 

of manholes that are distinguished by color and symbol. The 
line features with changing color (green or red) and arrows 
were used to demonstrate pipe blockage status and the direc-
tion of wastewater flow. Any visual change in features stems 
from the current status that the integrated algorithms alert 
continuously. The software solutions for the implementation 
of GIS were free of charge. Further work on the GIS will 
focus on increasing the functionality. 
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