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Tpera merynapoana kondepenuuja ETUMA
Third International Conference ETIMA

PREFACE

The Third International Conference “Electrical Engineering, Technology, Informatics, Mechanical
Engineering and Automation — Technical Sciences in the Service of the Economy, Education and
Industry” (ETIMA’25), organized by the Faculty of Electrical Engineering at the “Goce Delchev”
University — Shtip, represents a significant scientific event that enables interdisciplinary exchange of
knowledge and experience among researchers, professors, and experts in the field of technical sciences.
The conference was held in an online format and brought together 78 authors from five different
countries.

The ETIMA conference aims to establish a forum for scientific communication, encouraging
multidisciplinary collaboration and promoting technological innovations with direct impact on modern
life. Through the presentation of scientific papers, participants shared the results of their research and
development activities, contributing to the advancement of knowledge and practice in relevant fields.
The first ETIMA conference was organized four years ago, featuring 40 scientific papers. The second
conference took place in 2023 and included over 30 papers. ETIMA’25 continued this scientific
tradition, presenting more than 40 papers that reflect the latest achievements in electrical engineering,
technology, informatics, mechanical engineering, and automation.

At ETIMA’25, papers were presented that addressed current topics in technical sciences, with particular
emphasis on their application in industry, education, and the economy. The conference facilitated
fruitful discussions among participants, encouraging new ideas and initiatives for future research and
projects.

ETIMA’25 reaffirmed its role as an important platform for scientific exchange and international
cooperation. The organizing committee extends sincere gratitude to all participants for their
contribution to the successful realization of the conference and its scientific value.

We extend our sincerest gratitude to all colleagues who, through the presentation of their papers, ideas,
and active engagement in discussions, contributed to the success and scientific significance of
ETIMA’25.

The Organizing Committee of the Conference



IIPE/II'OBOP

Tperarta merynapoana koudepennuja ,,Enexkrporexuuka, Texnonoruja, Madpopmarnka, MammHcTBO 1
ABTOMaTHKa — TEXHMYKA HAyKHW BO CiIy’)k0a Ha eKOHOMHjaTa, OOpa30BaHUETO W WHAyCTpujaTa‘
(ETUMA’25), opraausupana off EneKTpoTeXHUIKHOT (akynTeT mpu Y HUBEp3UTeToT ,,I onre Jlemaes*
— ITum, npeTcTaByBa 3Ha4YacH HaydeH HACTaH KOj OBO3MOXKYBa WHTEPIUCIMIUIMHApHA pa3MeHa Ha
3HaCHka M MCKYCTBA Mery HCTpaxKyBaud, NPOPECOPH M CKCIEPTH OJ TEXHUYKHTE HAyKH.
Kondepennujara ce onprxa Bo oHIAjH popMaT U 00earHU 78 aBTOPH OJ IET Pa3IAIHH 3EMjH.

Kondepenunjara ETUMA uma 3a nen aa co3aane GopyMm 3a HaydHa KOMYHHKAlHja, MOTTHKHYBajKH
MYJATHIUCLIUILUTMHAPHA COpaOOTKa M IPOMOBHPAjKH TEXHOJIOIIKY HHOBAIMH CO AUPEKTHO BIIWjaHHUE BP3
COBPEMEHOTO JKHBeeme. [IpeKy mpe3eHTanmdja Ha HAyYHH TPYJOBH, YYECHHIIUTE T'M CIIOJETyBaaT
pe3yNTaTUTE O/l CBOMTE MUCTPaXKyBara M Pa3BOJHU aKTHBHOCTH, IIPUIOHECYBAjKH KOH yHAIPEIyBambe
Ha 3HACHETO U NMPAKTUKATa BO PEJIEBAHTHUTE 00JIACTH.

[IpBata xoHdepenmmja ETMMA Oeme opranm3mpaHa TMpel YeTHPW TOIWHHU, TpH INTO Oea
npesentrpann 40 HaydHu TpynoBH. Bropara koHdepenuuja ce oapxka Bo 2023 roanHa U BKIyYd HaJ
30 tpynoBu. ETUMA’25 mnpomoyku co McTaTa Hay4Ha Tpajauiidja, Npe3eHTHpajku moBeke ox 40
TPYZOBH KOWU THM OTCIMKYBaaT HAjHOBUTE [OCTUTHYBama BO o0jacTa Ha €JIEKTPOTEXHHUKATa,
TEXHOJIOTHjaTa, MHPOPMATHKATa, MAIIMHCTBOTO U aBTOMATHKATA.

Ha ETUMA’25 6ea npe3eHTUpaHU TPYI0BH KOM 00pab0OTyBaaT aKTYEIHA TEMH O] TEXHHYKHUTE HAYKH,
Cco ToceOeH akIeHT Ha HHUBHATa NpUMEHa BO HWHAYCTpHjaTa, OOpa30BaHHMETO W EKOHOMHjaTa.
Kondepenuunjara 0Bo3MOXH TUIOIHA JUCKYCHja Mely y4YECHHUIIWTE, MOTTUKHYBAjKHM HOBU HIEH W
WHHULYjaTUBH 32 UIHU UCTPAKYBamba U MIPOEKTH.

ETHUMA’25 ja moTBpau cBojaTa yJiora Kako 3HavajHa IulaTopMa 3a HaydyHa pa3MeHa W
MHTEpHAIMOHAIHA copaboTka. OpraHM3alMOHUOT OI00p yIaTyBa MCKpeHa OJIaroJapHOCT IO CUTE
YUYECHUIIM 32 HUBHUOT MPHIOHEC KOH YCIIEITHATA Peali3allija Ha KOH(EepEeHIMjaTa i Hej3HHATa HaydHa
BpeaHocT. Kondepenijara ce o/ip>xka OHIAjH U 00SAMHU CEIyMICCET U OCYM aBTOPH OJ1 €T Pa3IUIHU
3eMjH.

I/I3pa3yBaMe rojcmMma 6JIal"O,Z[apHOCT A0 CUTC KOJICTU KOU CO NPE3CHTUPAKLC HA CBOUTE TPYAOBU, HJICH U

aKTHBHA BKJIIYUYEHOCT BO JUCKYCHUTE MpHIoHecoa 3a ycnexoT Ha ETMMA’25 u Hej3uHaTa HaydHa
BPEJIHOCT.

Opeanuzayuonen 0060p Ha KoOHepeHyujama
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Abstract

With 3D printing becoming a widespread manufacturing process, maintaining optimal environmental conditions
is crucial for achieving high-quality 3D prints. This paper explores an loT-based environmental control system
for 3D printer enclosures, designed to regulate temperature and humidity in real time. This system incorporates
sensors, microcontrollers, cloud-based databases and mobile applications in order to maintain the desired 3D
printing environment.

The automation of the control of the 3D printing conditions ensures higher-quality prints, improved material
consistency and durability, and reduced print failures. Additionally, remote monitoring and mobile alerts provide
users with up-to-date knowledge about the current and past environmental parameters, control of settings and
additional control and command features.

Experimental results will demonstrate the effectiveness of the climate control system, which in turn highlights the
potential for both professional and hobbyist 3D printing applications.

Key words
10T, ESP32, 3D Printing

Introduction

Over the last decades, additive manufacturing, such as 3D printing, has become a mainstream
technology. Its ease of use and relatively low entry prices make it affordable for businesses, as
well as technology enthusiasts and hobbyists [1]. Unlike the traditional subtractive
manufacturing methods, 3D printing works by building different layers of the digital model,
one layer at a time [2]. This provides flexibility and speed in the design and manufacturing
process, as well as rapid prototyping and quick revisions. This technology is being widely
adopted across various sectors, including aerospace, automotive, robotics, medicine,
architecture and consumer goods [3].

3D printing is also a very economical and ecological method of manufacturing, because of its
almost waste-free processes. The use of different types of materials like plastics, metals,
ceramics, and biomaterials provides a wide range of possibilities. Furthermore, the use of
recycled materials, for example, materials derived from recycled plastic bottles provides a
secondary use for this polluting material [4]. Despite the many advantages, there are certain
challenges when it comes to the use of the 3D printing processes. For 3D printing plastic
materials, the quality of the printed parts depends on environmental conditions, machine
tolerances, and material quality [5].

Globally, the use of 3D printing is becoming mainstream. 3D printing has revolutionized
prototyping and low-volume production across industries [6]. Governments and educational

=)


UGD
Typewritten text
UDC: 004.771:[681.6:004.9-023.5]
https://www.doi.org/10.46763/ETIMA2531112j



institutions are promoting 3D printing for STEM education [7]. Military and defense use
quickly produced 3D parts for rapid manufacturing and service [8]. With the use of 3D printing
continuing to evolve, so does the demand for improved quality and speed [9].

1. Role of the environment parameters in the process of 3D printing

Environmental conditions are crucial in determining the quality, consistency, and success rate
of 3D prints [10]. In the FDM (Fused Deposition Modeling) 3D printing process, different
layers of extruded plastic are stacked to manufacture a desired model. This type of 3D printing
is cheaper and more widespread, because of its simplicity and effectiveness [11]. In comparison
to the enclosed and precisely controlled industrial 3D printing machines, many affordable
consumer desktop 3D printers are exposed to ambient conditions, which can fluctuate
significantly throughout the 3D printing process. These variations in the environmental
parameters can affect the material and the process itself [12]. Key environmental parameters
that play a crucial role in the 3D printing process are:

e Temperature
e Humidity
e Draft

Temperature is the most important environmental factor that influences the 3D printing process.
The relationship between the temperature of the extruded material, and printing platform and
ambient temperature needs to be carefully and continuously controlled to have high-quality 3D
prints and high success rates [13] [14]. Improper temperature control can cause poor layer
adhesion, warping, and cracks. Some 3D printing materials are more prone to warping due to
temperature differences, such as ABS, ASA, and Nylon [15]. Humidity also plays a significant
role in 3D printing, especially with the use of hygroscopic materials like PLA, PETG, and TPU.
These types of 3D printing filaments absorb moisture from the air, which can lead to bubbling,
oozing, and overall weak prints [16]. Drafts, convection, and uncontrolled airflow within the
3D printing area directly influence the 3D printing process by providing differential cooling of
the 3D printed part [17]. This in turn can cause layer warping and delamination, especially with
more temperature-sensitive materials like ABS, ASA, etc.

By carefully and actively controlling these environmental parameters, the quality of the 3D
prints can be improved. This can be achieved by enclosing the 3D printer in an enclosure, within
which these parameters can be measured and regulated [18] [19] [20] [21]. Combined with the
loT capabilities, such an enclosure can provide greater efficiency and ease of access [22]. By
controlling the environmental parameters over an loT network, faster workflow can be
achieved, and groundwork is put in place for further automation, for example 3D printing farm
comprised of many 3D printers working simultaneously, thus going a step further towards
Industry 4.0 [23].

2. Design of the loT-based 3D printing enclosure controller

To provide an enclosed environment within which the parameters will be monitored and
regulated, an insulated housing is built for the 3D printer. The 3D printer that will be used in
this study is the A1l model manufactured by the company Bambu Lab, whose technical
characteristics are shown in Table 1. The Bambu Lab A1 with its built-in 10T capabilities, such
as device login, device information synchronization, firmware/software updates, user device
binding, remote printing, slicing parameter management, cloud slicing, failure detection, and
other functions [24], should integrate seamlessly with an loT-controlled enclosure for
synchronized environmental management and remote monitoring.
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Table 1 Bambu Lab Al 3D printer technical characteristics

Build VVolume:

256 X 256 X 256 mm3

Toolhead:

Chassis: Steel + Extruded Aluminum
Hot End: All-Metal
Nozzle: Stainless Steel
Max Hot End Temperature: 300 °C
Nozzle Diameter (Optional): 0.2 mm, 0.4mm, 0.6 mm, 0.8 mm
Filament Diameter: 1.75 mm
Max Build Plate 100 °C
Temperature:
Max Speed of Toolhead: 500 mm/s
Max Acceleration of 10000 mm/s?

Max Hot End Flow:

28 mm?3/s @ABS

Part Cooling Fan:

Closed Loop Control

Hot End Fan:

Closed Loop Control

Recommended Filaments

PLA, PETG, TPU, PVA

Not Recommended Filaments

ABS, ASA, PC, PA, PET, Carbon/Glass Fiber
Reinforced Polymer

Monitoring Camera:

Low-Rate Camera (up to1080P) Timelapse Supported

Dimensions: 465 x 410 x 430 mm3
Net Weight: 8.3 kg
Input Voltage: 100-240 VAC, 50/60 Hz
Max Power: 1300W@220V, 350W@110V
Display: 3.5 inches 320*240 IPS Touch Screen
Connectivity: Wi-Fi, Bambu-Bus
Storage: Micro SD Card

Control Interface:

Touch Screen, APP, PC Application

Motion Controller:

Dual-Core Cortex M4

Source: Bambu Lab

The 3D printer enclosure, shown in Figure 2, is constructed from 16mm MDF (Medium Density
Fiberboard) sheets, which provide good structural strength and thermal insulation [25]. The
access door is made from 8mm PMMA (Poly (methyl methacrylate)) sheet. The enclosure’s
520x640x600 mm inside dimensions provide a suitable clearance around the moving parts of
the 3D printer.

The microcontroller chosen for the control of environmental parameters is the ESP32. With its
240 MHz processor speed, 34 GPIO pins, as well as built-in Wi-Fi and Bluetooth capabilities,
it’s a good choice for the IoT-based 3D printing enclosure controller [26].
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Fig. 1 The Bambu Lab Al 3D printer Fig. 2 Enclosure for the 3D printer
Source: Bambu Lab Source: Author

For the measurement of the environmental parameters, the DHT22 temperature and humidity
sensor is chosen. The DHT22 sensor module has a measurable temperature range of -40 to
+80°C with £0.5 °C accuracy and a humidity range of 0 to 100%RH, with an accuracy of
2%RH, which provides a reasonably accurate representation of the desired parameters [27]. For
displaying the real-time data measured by the sensor, the IPS 240x240 TFT LCD display
module is used. With its 240 by 240-pixel size, it allows the measured data to be displayed, as
well as other status and debugging information. The picture shown on the screen of the IPS
240x240 TFT LCD display module is shown in Figure 5. For the heating of the environment, a
360W 220V AC resistive plate heater with a 10A relay module is used. For cooling and
ventilation, a 120x120x25mm 12V/0.28A DC fan is used. Separately, for the cooling and
ventilation of the 3D printer’s processor and control boards, a pair of 40x40x10mm 12V/0.11A
DC fans are used. The power for the electronic components is provided by a 12VV/5A DC SMPS
power supply, as well as a 12V to 5V DC to DC Buck converter. For better visibility inside the
enclosure, a string of 12V LED lights is also used. The electronic components are connected as
per the circuit diagram shown in Figure 3.

To heater

To fan

To LED

Fig. 3 Circuit diagram of the loT-based 3D printing enclosure controller
Source: Author
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As we can see from the circuit diagram, the DHT22 sensors are connected to the ESP32
microcontroller to pins 14 and 15. The LCD display is connected to pins 18, 23, 4, and 16,
which provide SPI (Serial Peripheral Interface) communication, as well as reset signal and
backlight power. Pin 16 is used for controlling the heating relay, and pin 17 is used for
controlling the cooling and ventilation fan. Pin 2 controls the LED lighting in the enclosure.

Initialize LCD screen

v

Read values from the
databasze

Measure temperature and
humidity with DHT22

Connect to Wi-Fi

el
1o

b4

=Curr. Temp.-
Set Temp.

%=-1_| Tum heating

Turn cooling -

ON

Is the Wi-Fi

connected

Check Wi-Fi and
database connection

Update database
Update LCD screen

Fig. 4 Control algorithm for the loT-based 3D printing enclosure controller
Source: Author

Is the database
connected

The algorithm that controls the ESP32 is shown in Figure 4. It consists of the initialization of
global variables and functions, after which the LCD screen with its corresponding function
library is initialized. The LCD screen is used going forward to ease the process of connecting
to the Wi-Fi and Firebase real-time database system. If proper connections are established, then
the main function of the controller is initiated. The controller reads the temperature and
humidity from the DHT22 sensors and compares them to the pre-set value for the enclosure’s
ambient temperature. If the enclosure temperature is lower than the set value by more than 2°C,
then the heater is turned on until the set temperature is met. For safety reasons, if the control of
the heater overshoots the set temperature by 2°C, then the cooling and ventilation fan is
activated in order to lower the temperature to the set point. After the proper control of the
heater/fan is completed, the connection to the Wi-Fi network and database is checked, and if it
passes the check, then the database is updated with the current temperature and humidity of the
enclosure. After the database update, the LCD screen is updated to show the current values.
The screen update period is 1s, whereas the database update period is 5s, so as for not to
overload the database with unnecessary minute changes in the values.

The key aspect of the 1oT-based 3D printing enclosure controller is the ability to monitor and
control the environmental parameters remotely, by using a mobile application. This application
is able to show the current temperature and humidity inside the enclosure, the minimum and
maximum temperature and humidity values for a selected period and the temperature of the 3D
printer’s CPU. Furthermore, this application provides an indication of whether the heating or
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cooling is on, and the user can input the set temperature of the enclosure. These values are
updated from and to the database, which allows remote control of the temperature in the
enclosure. Remote control of the LED lighting is also possible. The GUI (Graphical User
Interface) for the 3D printing enclosure controller mobile application is shown in Figure 6.

MNC 3D Enclosure Control
Set Temp. Curr. Temp.: Humidity:
MNC Enclosure Control
Set Temp.: Curr. Temp.: 500 44'3 433
Enter Set Tamg. Max Terny Max Humiday
I_' I l 443 481
L' . l | LR Tamp. M, Temp i Humicity
AT 39.2
Humidity:
Hasting On Cooling On= Min/Max Reaet:
- €&
CPU Temp.: 26.3 py— L . :
Heating On: WI_FI' g e s ﬁ
Cooling On: DB: ‘ / =
LED On: DHTEnc: s
DHTCPU: =N / <
N s =
- //
PR /
r_/,/; SN
b >— S
Fig. 5 Data shown on the IPS 240x240 TFT LCD
display module Fig. 6 GUI of the mobile application
Source: Author Source: Author

3. Results and discussion

Once everything is assembled, the loT-based 3D printing enclosure controller can be tested in
operation, to verify that it can effectively monitor and regulate the environmental parameters
of the enclosure. The test consists of three separate testing phases:

1. Baseline test
2. Temperature regulation test
3. Full operation test

- =
Fig. 7 Testing setup for the loT-based 3D print
Source: Author

ing enclosure controller
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The first test is a baseline test, conducted to ensure proper operation of the sensors and the
microcontroller. This test is conducted with a relatively stable room temperature, and all the
measured values are monitored and compared to a control thermometer and hygrometer. The
collected results of the baseline test are given in Table 2.

Table 2 Baseline test results

Time Measurements with DHT22 Control measurements
Sensors

HH:M | Temp. | Hum. | Temp. | Hum. | Temp. | Hum. | Temp. | Hum. | Room
M Enc. | Enc. | CPU | CPU | Enc. | Enc. | CPU | CPU | Temp.
1 00:00 27.1 | 408 | 272 | 413 | 274 | 411 | 274 | 411 | 271
2 00:10 27.1 | 409 | 270 | 410 | 273 | 412 | 273 | 411 | 271
3 00:20 272 | 409 | 271 | 412 | 273 | 411 | 273 | 412 | 271
4 00:30 271 | 408 | 271 | 411 | 273 | 411 | 273 | 412 | 271
5 00:40 27.2 | 40.7 | 272 | 412 | 273 | 411 | 273 | 412 | 271
6 00:50 27.0 | 406 | 271 | 412 | 273 | 411 | 273 | 412 | 271
7 01:00 271 | 408 | 270 | 411 | 273 | 411 | 273 | 412 | 271
8 01:10 272 | 409 | 271 | 410 | 273 | 411 | 273 | 412 | 271
9 01:20 271 | 409 | 271 | 411 | 273 | 411 | 273 | 412 | 27.2
10 | 01:30 27.0 | 408 | 272 | 412 | 273 | 412 | 273 | 412 | 27.2

Source: Author

The second test is the temperature regulation test, where a desired temperature of 40°C is set
using the mobile application, and the work of the controller is monitored. During this test, the
3D printer was not in operation, but the CPU cooling fans were turned on. The results of the
temperature regulation test are given in Appendix A. The graphical representation of the results
from the second test is shown in Figure 8. As can be observed, the enclosure temperature is
regulated by the controller, and it follows the set temperature of 40°C, within the predefined
regulation range of 2°C.

Temperature regulation test results
42.0

40.0 I \f\/
38.0

36.0

34.0

320

30.0

280 = -

26.0
24.0

2, 9,9, 9,09, 0, 0,0,0,0, 0,0, 0,0, 0,0, 0, 0,9, 0 0, 0 0 0
G Q> "Gy Gy lp iy o g Ty Tl Ny <o Ny i p Vp D Vg U Y %y p D Uy G

—— Temp. Enc. Temp. CPU Room Temp. —— Set Temp. Hum. Enc. —— Hum. CPU

Fig. 8 Graphical representation of temperature regulation test results
Source: Author
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The last test is the full operation test. In this test, the 3D printer is turned on and a control test
piece is being printed, whilst the enclosure controller regulates the temperature set from the
mobile application. The results of the full operation test are given in Appendix B. The graphical
representation of the results from the last test is shown in Figure 9. As can be observed, the
enclosure temperature is regulated by the controller, and it follows the set temperature of 40°C,
within the predefined regulation range of 2°C.

Full operation test results
42.0

40.0 -
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36.0

34.0
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Fig. 9 Graphical representation of the full operation test results
Source: Author

4. Conclusion and Future Work

As we can see from the results of the first test, the loT-based 3D printing enclosure controller
does measure temperature and humidity with relatively good accuracy and differentiates from
the control thermometer and hygrometer measurements within the accuracy range of the
sensor itself.

In the temperature regulation test, we can observe that the loT-based 3D printing enclosure
controller manages to increase the ambient temperature and provide further regulation of the
temperature. However, oscillations in the temperature can be observed. This could be the result
of the use of natural convection and the bang-bang type of regulation of the temperature. As the
results show, a drop in humidity is indicated as the temperature rises, which is helpful in the 3D
printing process, especially in printing hygroscopic materials. The results show stability of the
CPU’s temperature and humidity, which is also a positive result, because these open types of
3D printers are not designed to handle higher ambient temperatures.

The third test, i.e. the full operation test confirms the results of the second test. The loT-based
3D printing enclosure controller can regulate the ambient temperature with the added heating
of the 3D printer in the enclosure.

In the future, a PID temperature regulation is recommended, which will help lower the
oscillations of the ambient temperature, as well as a PTC heater with forced convection heating.
A more powerful heater could be helpful in achieving the set temperature faster, and allow
higher thermal capacity in the whole system. Furthermore, the implementation of a touch screen
is necessary to provide the ability to change the set temperature locally without using the mobile
application, as well as changing the Wi-Fi network credentials, which for this research were
written in the source code. In addition, better insulation of the enclosure is also recommended,
which will help mitigate thermal loss due to the thermal conductivity of the build materials and
will provide additional sound and vibration insulation. In the human interaction with the 10T
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system aspect, push notifications from the mobile application would be practical, as it would
allow the user to be notified of wanted and unwanted behavior of the system, such as an
overheating event, or a malfunction of a component.
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Appendix A
Table 3 Temperature regulation test results
. Measurements with DHT22 . Measurements with DHT22
Time Time
sensors sensors
) Temp. Hum. Temp. Hum. Room ) Temp. Hum. Temp. Hum. Room
Ne HHMM e Ene. cpu  cpu Temp.|™® HHMM Ene™ “Enc. cPU cPU Temp.
1 00:.00 289 392 282 320 285 |26 00:25 39.1 259 283 319 282
2 00:01 282 391 282 319 286 |27 00:26 388 260 284 323 282
3 00:02 282 39.0 282 321 286 |28 00:27 385 261 284 325 282
4 00:03 281 39.0 282 321 286 |29 00:28 38.2 264 283 325 282
5 0004 281 390 282 322 286 |30 00:29 379 267 283 329 282
6 00:05 285 387 282 322 285 |31 00:30 383 266 283 329 282
7 00:06 299 372 282 321 28532 00:31 39.0 263 283 330 282
8 00:07 321 345 282 320 285 |33 00:32 395 260 284 331 282

9 00:08 337 321 282 319 284 |34 00:33 39.7 257 284 330 282
10 00:09 350 301 282 320 284 |35 00:34 399 255 283 331 282
11 00:10 358 29.2 282 317 283 |36 00:35 400 254 283 334 282
12 00:11 364 286 283 317 283 |37 00:36 39.7 255 283 333 281
13 00:12 36.7 281 282 316 283 |38 00:38 39.2 257 283 333 281
14 00:13 369 278 282 321 283 |39 00:40 38.7 261 283 336 282
15 00:14 370 278 282 325 283 |40 00:42 381 265 283 329 282
16 00:15 371 276 282 327 282 |41 00:44 384 265 284 330 282
17 00:16 379 274 282 327 282 |42 00:46 398 257 284 331 282
18 00:17 387 268 282 329 282 |43 00:48 400 253 284 329 282
19 00:18 39.2 264 282 329 282 |44 00:50 39.7 252 284 329 282
20 00:19 396 259 282 328 282 |45 00:52 394 254 283 331 282
21 00:20 398 257 282 329 282 |46 00:54 389 257 284 332 282
22 00:21 398 256 282 33.0 282 |47 00:56 383 26.2 284 330 282
23 00:22 39.7 256 282 331 282 |48 00:58 379 26.6 284 332 282
24 00:23 39.7 256 282 332 282 |49 O01:00 395 258 284 330 282
25 00:24 390 258 283 329 282 |50 01:02 403 251 284 33.0 282

Source: Author
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Appendix B

Table 4 Full operation test results
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w
S

Time

00:00
00:01
00:02
00:03
00:04
00:05
00:06
00:07
00:08
00:09
00:10
00:11
00:12
00:13
00:14
00:15
00:16
00:17
00:18
00:19
00:20
00:21
00:22
00:23
00:24
00:25
00:26
00:27
00:28
00:29
00:30
00:31
00:32
00:33

Measurements with DHT22

Ne HH:MM Temp.

Enc.
26,6
26,7
26,7
26,7
26,8
26,7
26,7
26,8
27,6
28,1
28,8
30,0
31,3
32,5
33,6
34,3
34,8
35,1
35,4
35,6
36,1
36,6
37,0
37,2
37,8
38,5
39,5
39,6
39,7
39,9
39,8
39,5
39,3
39,0

sensors
Hum. Temp.
Enc. CPU
38,6 26,8
386 271
38,7 27,2
389 273
39,3 273
393 274
414 275
40,5 27,5
40,1 27,6
39,2 277
381 27,7
36,8 27,8
351 279
33,2 28,0
315 281
30,6 282
30,0 275
294 26,7
289 26,1
284 258
27,8 25,6
27,0 255
264 253
258 252
253 251
249 249
246 248
244 248
241 250
240 25,6
240 26,1
241 26,5
240 26,8
241 27,0

Hum.

CPU
32,7
32,5
32,4
32,4
32,7
32,7
32,7
32,6
32,1
32,5
32,2
32,5
33,1
33,3
33,2
33,2
31,9
32,3
32,6
32,6
32,4
32,5
32,1
32,2
32,3
32,2
32,4
32,2
32,6
32,4
32,0
31,4
31,0
30,8

z

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

Time  Measurements with DHT22
sensors

HH:MM Temp. Hum. Temp. Hum.
Enc. Enc. CPU CPU

00:34 38,7 242 272 310
00:35 386 243 274 30,8
00:36 384 244 275 30,8
00:37 38,1 245 276 312
00:38 379 245 27,7 31,0
00:39 385 246 27,8 30,8
00:40 389 247 278 30,8
00:41 39,7 247 280 30,8
00:42 398 248 28,1 30,8
00:43 40,1 248 28,1 31,0
00:44 398 248 28,1 30,7
00:45 393 249 28,1 316
00:46 388 250 282 314
00:47 385 251 282 314
00:48 38,3 252 283 314
00:49 380 253 283 316
0050 388 254 284 315
0051 39,7 254 283 319
0052 396 255 284 320
0053 392 256 284 320
00:54 390 257 284 321
00:55 38,7 257 285 320
0056 382 258 285 323
0057 379 259 285 322
00:58 38,7 259 285 32,6
0059 393 260 286 325
01:00 398 26,1 286 328
01:01 398 261 286 329
01:02 395 261 286 328
01:03 390 26,2 28,7 328
01:04 38,7 26,2 28,7 32,7
01:05 384 262 288 328
01:06 380 263 289 32,7
01:07 388 262 289 328

Source: Author
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