TEXHIYHI HAYKU TA TEXHOJIOTII Ne 3(25), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

DOI: 10.25140/2411-5363-2021-3(25)-193-201
UDC 004.5

Robert Rakay

Assistent Professor, PhD in Technical Sciences
Technical University of Kosice (Kosice, Slovak)
E-mail: robert.rakay@tuke.sk. ORCID: https://orcid.org/0000-0002-7151-3749

MONITORING OF ENVIRONMENT PARAMETERS BASED
ON WIRELESS SENSOR NETWORK

The main goal of the article is to design an automated wireless sensor system to monitor environment parameters from
different locations. If we want to control our environment, we have to know the measurable parameters of it. These parameters
are temperature, humidity, light intensity, etc. All of these measurements can help us to improve the efficiency of home auto-
mation systems or to save money. The theoretical part contains an overview of the technologies used for the design of a system.
The next part contains an explanation of the software part of the work and the electrical interconnection of the equipment used.
The last part is devoted to the cloud environment where the data was collected and visualized.

The article presents the results of scientific-methodological research (description of the problem, task).
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Urgency of the research. Automated data collection and its accessing is a must in modern
sensor networks. For the purpose of a solution explanation an example system is proposed. This
kind of automated systems are not limited by location only by the power and network connectivity.

Target setting. The main goal of this work is to design and test a wireless data collection
system for measurement of light intensity, temperature and humidity from different locations.

The proposed system should document the necessary steps to create such monitoring sys-
tem, which consists of microcontrollers with wireless communication interface, sensors and the
cloud infrastructure to collect and process data.

Actual scientific research and issues analysis. Currently, wireless solutions are becoming
the standard for their easy implementation and expansion. In the field of wearable, home and
industrial automation we find different communication and data collection solutions. Home
automation systems integrates devices from various vendors. All these devices are networked
to monitor and control the environment around us in everyday life. By application of sensors to
our surroundings we can collect and use the available data. These data allow us to get top of
our energy use, optimize our systems and save money [1-3].

There are available cloud infrastructures and services to help us with data visualization and
analysis. In our case the Ubidots cloud system was used [2-5]. The cloud support devices as
microcontrollers and smart sensors enable to collect, save and process data. The data is not
passively collected but also there are functions to interact with the real world [7-8]. Technical
progress in this area brings constant innovations. The dominant feature of today automated
system is to work autonomously without human control [6-11].

Uninvestigated parts of general matters defining. As wireless communication can be
based on different protocols and it is not possible to test them in one study. The following article
will focus on Wi-Fi based network devices and their interconnection via cloud system.

The research objective. The objective of the article is to propose an automated system
that collects data from different locations and that data can be accessed from any location on
the globe with internet connection. This type of technical solution is suitable as a template so-
lution for different parameter measurement in various locations e.g. vibrations, noise, fire,
movement, etc. For the technical parameters of used devices, the application shouldn’t be
placed in harsh industrial environments.

The statement of basic materials. For this task we used the following components:

As we are creating a low-cost wireless monitoring system the ESP32 microcontroller was one
of the most suitable for the application. It integrates a low-power system on a chip and also dual-
mode Bluetooth and Wi-Fi interfaces. With its Tensilica Xtensa LX6 microprocessor, variations of

© Rékay R., 2021
193



Ne 3(25), 2021 TEXHIYHI HAYKU TA TEXHOJIOT I
TECHNICAL SCIENCES AND TECHNOLOGIES

ESP32 with dual-core and single-core options, internal or external antenna switches, RF balun,
power amplifier, low-noise receive amplifier and other modules are available. In our particular so-
lutions the ESP-WROOM-32 boards were used. These boards have the following specifications:
e dual core processors
Wi-Fi and Bluetooth interface
The clock frequency of processor: 240MHz
Processing memory: 512 kB RAM
30 pins, 15 on each side with different programmable functionalities.
Integrated peripherals: capacitive touch, ADCs, DACs, UART, SPI, 12C
built-in hall effect sensor and built-in temperature sensor [2-3].

Fig. 1. ESP-WROOM-32

For the purpose of testing and datapoint generation, a combined temperature and humidity
sensor, the DHT11 was used. The sensor is based on negative temperature coefficient principle
(NTC) to measure temperature. After that an 8-bit microcontroller outputs the values as serial
data. Because of the factory calibration it’s easy to interface with any microcontrollers, and
there are a lot of available example solution for implementation of this sensor.

The measuring range for the temperature is from 0°C to 50°C and humidity from 20 % to
90 %. The accuracy is £1°C and =1 %. The resolution for measurements is 16-bit.

Table 1
DHTI1 pin-out
1 | Vee power supply 3.5V to 5.5V
2 | Data Outputs both Temperature and Humidity through serial Data
3 | Ground Connected to the ground of the circuit

Fig. 2. DHT 11

As we are monitoring household environment we wanted to measure the light intensity.
For that purpose, a photoresistor or the Light Dependent Resistor (LDR) was used. These are
non-oriented bipolar devices, meaning they can be connected in any direction in the dc circuit.
LDRs are used to sense Light. The can be soldered or used on prototyping breadboards. Because
of the resistor-like characteristics it’s easy to connect them to microcontrollers.
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Fig. 3. Photoresistor

A light dependent resistor will change its resistance based on the light intensity around it.
Without light source around it, or in a totally dark room it will have high resistance. On the
other hand with rising light intensity the resistance will decrease to a few Ohms.

In our system the LDR was connected in a voltage divider to the analog input of the ESP.
This means that there was constant current flow trough the photoresistor and a classic resistor,
where based on the light intensity the resistance varied. The ESP measured and processed the
voltage with its ADC and the processed values were uploaded to the cloud.

The following wiring diagram was created in Fritzing and represents the real electrical
connection of the control unit and the sensors. As the power supply and USB cable or power
bank was not shown in the diagram below.

"o Thaitll

Fig. 4. Wiring diagram

Used method and measured data.

The Ubidots cloud environment offers multiple subscription program, with restriction on
number of devices, variables and datapoint uploaded during 24-hour cycle. In our system we
used the stem subscription, which is free, but limited to 3 devices, with total of 20 variables.
On the cloud platform, it’s possible to create multiple dashboards with user like limitations.
These dashboards are used to visualize widgets based on the uploaded data, or variable. There
are available multiple types of indicators, and calculated numerical tools, e.g. graphs, bar chart,
tables, histogram, gauges, pie chart, scatter and others.

Each user has their API key, token to be identified, while the devices use ID numbers.
Within a device, there are the variables with API label and ID. These raw values can be pro-
cessed or downloaded from the backend of the cloud.
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All the measurement stations had the same principle of program. The identificators and the var-
iables were defined at the setup part. The loop of data collection and sending was repeated after that.
A 10-minute cycle was chosen for measurements and upload because of the datapoint limitations.

A simple flowchart of used code is shown in figure below. Main code is executed in a loop
and runs while the ESP is powered on.

The DHT 11 works at 16 Bit resolution and maximal sampling rate 1 second.

The temperature and humidity sensor uses a predefined library which controls if the meas-
urement is successful or not, and in that case we can also create an action to check our device,
or to light up a control indicator on the cloud interface.

The measured values are not corrected by any coefficient and not compared to any refer-
ence values. This system was a proof of concept and not laboratory accurate measurement sys-
tem. For home environment monitoring and testing the accuracy is acceptable. The calibration
of the sensor should be carried out at laboratory environment with comparison to a professional
measuring device. After that the values should be corrected and a separate library for new val-
ues would be created. However, the sensor has +- 2°C and 5% accuracies which is more suitable
for hobby applications.

The communication is based on Wi-Fi data transfer — 802.11 b/g/n while the newer versions
of this microcontroller are updated with IEEE 802.15.4 connectivity as well. The reliability of
the connection is based on the Wi-Fi standard. The malfunction of the measuring stations can
be monitored and used as a signal on the cloud interface and can be also integrated to the control
program of the microcontroller.

Start program

Include
libraries

Define
variables.
and values
for Ubidots

Connected?

Measure data

(light intensity,
temperature,
humidity)

Publish data

|

Wait for 10
minutes

Fig. 5. Flowchart
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Cloud platforms and solutions enable the use of remote data centers before building your
own IT structure. Thanks to the cloud, the company's employees are not tied to specific work-
places or workstations. The following section compares multiple cloud platform that are avail-
able for developers.

Microsoft Azure is an advanced, secure platform from Microsoft that accesses the company's
data centers. It integrates tools, pre-built templates, and managed services that accelerate the crea-
tion and management of enterprise, mobile, and web applications. It has been designed to handle
variable workloads, from small development test projects to global product launches. [29]

Azure provides more than 600 different services that focus on: computing services, mobile
services, storage services, database services, messaging, content delivery services, development
services, machine learning and more.

Amazon Web Services — AWS is a platform that provides cloud services to individuals,
companies and governments on a subscription basis. The technology allows customers to have
a set of virtual computers available via the Internet. AWS virtual machines have the same at-
tributes as real computers, they are hardware (CPU, GPU, RAM, storage), optional operating
system, networking and various applications. Every single virtual device is also equipped with
virtual input / output elements that allow access through a browser from anywhere in the world.
The browser works like a window into a virtual device, just as if it were a real computer.

AWS has implemented server "farms" around the world that make services available to cus-
tomers. The price of individual services is formed by a combination of the use of hardware /
software / OS / connection and the required availability, security and use. Like all other cloud
platforms, AWS provides services for computing, storage, device connectivity, database systems,
analytics, application services, management, development tools and the Internet of Things. The
most popular tools are Amazon Elastic Compute Cloud (EC2) and Amazon Simple Storage Ser-
vice (S3). Most features are not available to end users but are part of developer applications.

Google Cloud Platform is a set of cloud services. It offers the same or very similar services
as other suppliers. The most frequently used services include:

» App Engine - PaaS for accessing applications;

* BigQuery - IaaS designed for large database analyzes;

* Cloud AutoML - a set of tools for machine learning;

» Compute Engine - [aaS providing virtual machines;

» Storage- [aaS storage for online files and objects.

In addition to the intermediaries mentioned above, others are also available, such as: IBM
Bluemix, Ubidots Cloud, Thingworx, Pivotal Big Data Suite, 0l0One, CloudMe, Baidu Cloud,
Dropbox, Predix.

In the following table 2 is a comparison of some cloud service providers.

Table 2
Comparison of cloud platforms
Ubidots Cloud Thingworx Pivotal Big Data C3 Energy
Suite Managment
Operation | Mac, Linux, Windows Web browser Windows
system
Types Online SaaS Installed Installed
Op. Field Healthcare, Healthcare, Automotive Industry, | Electronics, embedded
Oil industry, IT, Machines,Devices, | Telecommunication, systems,Machines,
device developement IT, device IT, device Devices, IT,
developement developement Diagnostics, Logistics
Price/ Average/ Amount lim- | Average/ Time lim- Priemerna Lower price/ No test
Availability ited test version ited test version version
Preview 8 —~ o = i =
[ : Il
I"u'r,‘r-‘ —_
B oo <
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Out of the available cloud platform the Ubidots was chosen for testing.

Each of the measuring station has loaded code into the ESP32 and performed measure-
ments for 48hrs. Some of the stations were using powerbanks as a power supply, but it’s not
compulsory. Electric consumption of ESP32 is low, so it could easily power up the components
for the entire time of measurement. Data was sent to UBIDOTS in 10-minute intervals. An
example of the measurement station setup is shown on the following figure.

Fig. 6. Measurement station

The data was sent to one UBIDOTS account, with two created devices, and each device
was collecting 6 variables — intensity of light, temperature and humidity from two people. This
was performed because of the restrictions of the free version of the cloud, it’s not possible to
create more than 3 devices separately. In the figure below a dashboard from UBIDOTS is cre-
ated, where graphs are representing the measured data. Each line represents different ESP unit.

£33 Ubidots | Dashboards. x  + o - X
€ > C @ max »TQ@:
o 3 3
tes ubidots
oe

= Demo Dashboard

Fig. 7. Dashboard in Ubidots
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Figures below represent the collected data. This data can exported from Ubidots to .xIsx
document, but they are suitable for further evaluating or processing also. There are available
tools to indicate limit values, to turn on alarms, or send a report of collected data.
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Fig. 8. Light intensity

The highest recorded value was 4095, which is also the limit value, was recorded by several
photoresistors in sunny afternoons of monitored days.

Temperature
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Fig. 9. Temperature

The highest and also the lowest temperature was recorded by the same DHT11. The warmest
value was due to direct sunlight onto the measurement unit. The coldest was due to placement of
the whole unit, as it was placed on the windowsill and was caused by opened window.
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Fig. 10. Humidity

Humidity was usually kept between 40 to 60%. Lowest recorded value was caused by ex-
posing the DHT11 to direct sunlight.

The acquired values are so-called raw values and every measurement is uploaded instantly
to the cloud database. The microcontroller process the measured values in every program cycle
and there is no local post processing. As a part of further data processing there are various tools
as a part of the cloud environment such as avarage value for given time interval and also
personal post processing is available with the developer tools.

The next table shows the maximal and the minimal recorded values.

Table 3
Lowest and highest values
Photoresistor Temperature [°C] Humidity [%]
Maximal 4095 39,9 60
Minimal 0 13,2 18

Conclusions. The testing and measurement was performed for 48 hours and collected data
was sent via the Wi-Fi module to cloud. There were some problems with connection, which we
were continuously fixing when they have been detected. Sometimes ESP get stuck and stopped
sending data. Desired behavior of the unit was then restored by pushing the EN button. Data
was evaluated in Dashboard by creating graphs.

The article described the proposal and testing of an automated wireless monitoring system
for measuring light intensity, humidity and temperature. All the data was sent to a cloud system,
Ubidots, which is suitable for data monitoring, processing and logging. The sensor stations were
based on ESP microcontroller, dhtl1 sensor and LDRs. The designed monitoring system offers
the possibility of expanding it with other functionalities. The system can be supplemented with
other sensors, and the cloud interface with new functions and rules to analyze the collected data.

The next step should include the possibility to interact with the environment by controlling
the heating, ventilation and the light source in the monitored environment.
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MOHITOPUHI' MTAPAMETPIB HABKOJIMITHBOT' O CEPEJOBHILA
HA OCHOBI BE3/IPOTOBOI CEHCOPHOI MEPEXI

Aemomamu3zoeanutl 30ip OaHux ma 00CmMyn 00 HUX € HeOOXIOHUM Y CYHACHUX MePeNCcax OamuuKis. 3 Memoio nosCHeHHs.
PiulenHs 3anponoHo8ano NPUKIAO CUCTEMU.

Ocnogroto memoto yici pobomu € po3pobnenns ma unpodyeanis 6€30pomogoi cucmemu 300py OaHUX 0151 BUMIDIOBAHHS
iHmeHCUeHOCMI OC8IMIeHHA, MeMNepamypu ma 601020CMi 3 PI3HUX Micyb. 3anpononosana cucmema nogUHHA 3a00KYMeHNy-
eamu HeoOXiOHi KpoKu OJis CIBOPENHs MaKoi cucmemy MOHIMOPUNZY, KA CKAA0AEMbCA 3 MIKPOKOHmMpOTepis 3 inmepgheticom
0e30pomoeo2o 36's13Ky, damuukie ma XmapHoi ingppacmpyxkmypu 0ns 360py ma oopoOKu OaHUX.

Huni 6e30pomosi piutennss cmaioms cmanoapmom 07s ix aeekoi peanizayii ma pozwupenns. Cucmemu 0oMauiHboi as-
momamu3zayii 06 ' €OHYIOMb NPUCMpPOi Pi3HUX NOCMAYATLHUKIG. 3ACMOCO8YI04U 0amyUuK 00 HABKOIUUHBO20 CePe00sUa, MU
MO2iceMOo 30upamu ma 6UKOPUCIOBYBAMU HAABHT OAHI.

Ockinoku 6e30pomosuil 36’130k Modice 6a3y8amMucs Ha PI3HUX NPOMOKONAX, | HEMOJICIUBO Nepesipumu ix 6 00HOMY 00-
CIOXHCEHHI.

Memoto cmammi € 3anpononysamu asmoMamu308any cucmemy, Axa 36upac 0aui 3 pisHux Micys i 00 AKUX MONCHA OM-
pumamu 0ocmyn 3 6y0b -5K020 MICYsi HA 3eMHIll KYJIL.

Tecmysanns ma umipro8anHsa nPoBOOUNUCA NPOMA2OM 2 OHi8, a 3ibpani 0aHi Hadcunanucs yepes mooynv WiFi y xmapy.
ani 6ynu oyineni na ingpopmayitiniti naneni wiaxom cmeopenHs epagikis. Y cmammi onucano npono3uyiro ma eunpooy8aHHs
asmomamu308anoi 6e30pomoeoi cucmemu MOHIMOPUHZY OJisL BUMIDIOBAHHSL IHMEHCUBHOCHT CEIMAA, BON020CE MA MmemMnepa-
mypu. Yci oani 6ynu nadicnani 0o xmapnoi cucmemu Ubidots, sixa nioxooums 013 MOHImoOpuney, 0opooku ma peecmpayii
Oanux. Cmanyii 0amyukie 6azysanucs na mikpokoumponepi ESP, oamuuky dhtll ma LDR. Po3pobiena cucmema MoHimo-
PUHY NPONOHYE MOANCTUBICIY iT po3UIUPEeHHs IHUUMU QYHKYIOHANbHUMU Modcnugocmamu. Cucmema modice Oymu 0onosHena
IHWUMU OaMYUKAMU, 4 XMapHUli inmepgeiic - HOgUMU DYHKYIAMU MAa NPAGUAAMU OJIsL AHAIZY 3I6PAHUX OAHUX.

Knruoei cnosa: mepesca damuuxis; xmapa, 6e30pomosutl 36'a30K.
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