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Abstract

Background: Laboratory incubators recreate an artificial environment necessary for the
microorganisms to grow. Of all other conditions, temperature plays a vital role in their
cultivation; a minor change can alter the result. Before the invention of laboratory incubators,
scientists developed their cultures in temporary enclosures or small rooms. With time,
laboratory incubators evolve to become complex systems from a simple temperature-
controlled chamber, which significantly helps scientific research in pharmaceuticals and
microbiological studies.

Methodology: The functional prototype was developed at NED University, Pakistan, in 2024.
This incubator’s temperature remains constant at 37 °C. The critical components used are a
PT100 sensor for precision in temperature measurement, a relay module for driving high-power
devices, NODEMCU for wireless data transfer, an LCD for data visualization, and heaters to
increase the temperature. The first step was to create a working prototype, which verified the
system’s performance and the results’ stability. Upon validation of the results, a final incubator
with data-logging and wireless data transfer was to be built along with improvements to the
functionality.

Results: The device developed would hold the required temperature to some decent degree
of accuracy. Real-time data is wirelessly transmitted through WiFi and can be visualized on cell
phones. The device was much more cost-effective if compared to the commercially available
products.

Conclusion: The proposed loT-enabled, advanced laboratory incubator is a significant
development in scientific instrumentation. This study found that the experimental device
provides a highly accurate, reliable, efficient, and cost-effective alternative to the various
commercially available options in today’s market.
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Introduction

Laboratory incubators are devices used to create controlled environments required while
studying microorganisms. The device controls temperature, humidity, and gas composition to
obtain test accuracy!3. These microorganisms have specific attributes that dictate their growth
to changing environmental variables, making their environment controlled for different
research studies®. One critical factor that affects the proliferation of microorganisms the most is
temperature. A range of temperatures is critical in the growth of different microorganisms such
as bacteria, moulds, and yeast®. Such minor variations within these temperature ranges can
lead to extreme outcomes and thus demonstrate how paramount controlled temperature
conditions are for the propagation of such organisms®.

Laboratory incubators have undergone many evolution processes throughout their history.
Laboratory incubators evolved from simple chambers with temperature control to systems that
controlled the environment precisely. They became imperative for scientific research and
provided the basis for reproducible experimental conditions in the mid-20th century’8. These
devices have become indispensable tools for various applications throughout scientific research
in pharmaceutical development, clinical diagnosis, quality control, and microbiological
research®. Laboratory incubators provide regular conditions for biological samples, cell cultures,
and microbial cultures and ensure the quality and reliability of the experiment’s data.

With the invention of laboratory incubators, scientists could still maintain stable and constant
conditions for the experimental material. They used to work with some temp enclosures or
even small rooms where the temperature varied pretty much, and, therefore, conditions could
not be kept stable. The emergence of laboratory incubators supported a considerably new
approach to experiments, particularly in microbiology and medical research®!!, Technological
advancements in laboratory incubators have introduced features including gas regulation,
improved temperature stability, and humidity control. These innovations enhance the precision
and reliability of experimental outcomes, driving scientific research and technological
innovation. These innovations enhance the precision and reliability of experimental outcomes,
driving scientific research and technological innovation2. This project aimed to provide a cost-
effective solution for maintaining stable temperatures. By making these tools more accessible,
the project will contribute to scientific research, ultimately improving the general well-being
and quality of life of people around Pakistan.
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Methodology

Designed System
The functional prototype was developed at the Department of Biomedical Engineering
department, NED University of Engineering and Technology, Pakistan, in 2023.

Working Principle

The laboratory incubator was designed to function at the surrounding temperature of 37 ° C
and in a loop enabled by a PT100 sensor, relay module, and environmental controller, which
was programmed and monitored by the Arduino IDE for data logging®3-1°.

Construction

The construction of the laboratory incubator included planning, research, component selection
and programming to make the components work together. Validation and testing were done to
ensure optimal performance and functionality. Here is a detailed look at the construction
process:

e Component Selection: Component selection was the first and most significant part since
it would determine whether or not the incubator offers good functionality, efficiency
and compatibility. The main components include a PT-100 sensor for accurate
temperature measurement, PTC heaters for rapid, stable, and safe heating, a 2-channel
relay module for running high-power devices such as heaters, NODEMCU for wireless
data transfer, and a 20x4 LCD for real-time data visualization (Figure-1).

AN BS

1.ESP8266 2. Indicator
5. Door Switch 6. Buzzer 7.2 ChannelRelay 8. Jlumper Wires

9. 20x4 LCD

Figure-1 Components used in the construction of the prototype
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Prototype Development: Before making the final laboratory incubator, the functional
prototype was built and programmed to test the working of the components and
validate the system’s performance?’. This prototype served as the basis of our work. It
facilitated the final product’s design refinement and addressed potential issues before
moving to the final construction phase.

Circuit Design: Once the correct connections were ensured, a detailed circuit diagram
was made to map all the connections of the laboratory incubator. It was started by
specifying the wiring and then by mentioning each component’s input and output
connections and the signal flow of the entire circuit.

2 CHANNLAY RELAY
HEATERS

SHAEERY CIEERR®

ESP8266 LCD 2X4

Figure-2 Circuit diagram of the laboratory incubator

Programming: The Arduino software to program the incubator was used. The
programming included a temperature control part to maintain a steady temperature,
data logging for real-time monitoring, 10T connectivity credentials for wireless data
transfer and other user interface interactions such as LCD. The last step was to optimize
the programming for increased efficiency, reliability, and compatibility with our
hardware components.

Integration and Testing: The integration included connecting all the components
according to the earlier circuit diagram. During the testing and validation phase, the
main focus was observing whether the incubator provides controlled temperature
conditions then its data logging capability and loT connectivity were assessed. The
testing phase included placing the incubator at different temperatures and monitoring
the system’s response to various environmental conditions.
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e |oT Integration: The IoT was one of the most essential elements of the incubator since it
allowed for easy data transmission. The process involved using the NODEMCU to
connect with WiFi and sending data to Google Sheets for real-time data transfer and
monitoring*-29,

e User Interface Design: The user interface was designed to be responsive and user-
friendly. The 20x4 LCD was programmed with the help of NODEMU to provide
continuous temperature readings. The intelligent loT interface allowed users to access
and monitor the incubator’s temperature using smartphones remotely. This enhanced
accessibility and convenience for a better user experience?!-23,

e Final Assembly: The final assembly was completed after integrating and testing the
components and the incubator. The components were secured and finalized in their
place, and the wiring was organized to avoid any inconvenience while taking inspiration
from the standards. The temperature control evaluated the incubator’s ability to
maintain the desired temperature range consistently. The design of the laboratory
incubator integrates all the mentioned components for optimal functionality. The
components include:
= A PT100 sensor for accurate temperature monitoring.
= A 4-channel relay module for controlling heaters.
= Anintelligent controller for data transmission.

All the components were programmed through the Arduino IDE for seamless and
effective operation.

Results

The developed laboratory incubator demonstrated maintaining a constant temperature of
37°C. Two main parameters were used to judge its performance: rise and fall time.

= Rise Time: The rise time is the time the incubator requires to reach the desired
temperature. In the laboratory incubator, the desired temperature was 37°C, and the
time needed to get it was 13 minutes. This indicates the incubator’s efficiency and
quickness in reaching the set temperature.

= Fall Time: Fall is the time taken for temperature to return to room temperature. In this

case, it was observed to be 9 minutes, reflecting the efficiency of the laboratory
incubator for rapid temperature adjustments, as shown in Table-1.
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Table-1 Validation Metrics

Validation Aspect in room

Developing a Laboratory Incubator with Data Logging

Deviation/Time

Temperature
Temperature Rise 13 minutes
Temperature Fall 9 minutes

In addition, the stability of the temperature readings was also monitored and analyzed. Figure-3
shows temperature readings over a specific time interval. The temperature values remained
consistently around 37°C, demonstrating the strength of the incubator.

10 .48 O 10 500

Figure-3 Data points showing the incubator’s temperature at a specific time interval

Moreover, the incubator successfully transferred the values to Google Sheets, demonstrating
its data logging capability to share data wirelessly. Figure-4 shows the constant stream of values
received on the Google Sheets, indicating continuous data transfer without error.

1 Running Date

2 G/3/2024
3 6/3/2024
4 6/3/2024
5 6/3/2024
6 6/3/2024
7 6/3/2024
8 G/3/2024
9 6/3/2024
6/3/2024
6/3/2024
6/3/2024
6/3/2024

B
Running Time

12:25:00
12:25:04
12:25:08
12:25:12
12:25:17
12:25:21
12:25:25
12:25:29
12:25:33
12:25:37
12:25:41
12:25:56

C
Temperature

34.75
34.75
34.75
34.75
34.75
345
345

35

35

35

35

3525

Figure-4 Google sheets showing the continuous transfer of temperature values along with
date and time
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The results confirm the incubator’s efficiency in effectively maintaining stable temperature
conditions. The consistent temperature readings prove PT-100 reliability, as shown in Table-2,
while the data logging feature enhances functionality. As shown in Figure 5, the LCD screen and
the TES-1310 show the exact temperature, validating the accuracy of the results. Additionally,
no missing data points were observed, as the chart shows a complete temperature recording
throughout the running time?4.

Figure-5 Testing and validation

Table-2 Validation and Performance Metrics of the Prototype

Parameter Performance Metric

Sensor Accuracy +0.5°C

Average Incubation Time 13 minutes
Accuracy (compared to reference) +0.1°C

Completeness (missing data points) 0
User Input Response Time <1 second
Incubation Efficiency 90%

Temperature Control Efficiency 99.5%

The final product can be seen in Figure-6, showcasing its stainless steel body.
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Figure-6 Final product

= Costing: The laboratory incubator, when compared to commercially available
alternatives, has proven to be at least four times more cost-effective due to the
utilization of locally available materials for its manufacturing?®.

Discussion

This study evaluated the performance of the laboratory incubator, comparing it with other
systems'8, focusing on the main aspects. The PT-100 sensor proved highly accurate, with a
deviation of £0.5°C from the desired temperature. The system’s reliability was tested using
the calibrated reference thermometer, the TES-1310%>26, The user interface proved highly
responsive, taking less than a second to respond to the user input. This, combined with the LCD,
enhances the user experience.

The efficiency of 90% highlights the incubator’s rapid processing, and the temperature control
efficiency of 99.5% highlights its ability to maintain a consistent temperature throughout the
running time?’. Upon evaluation, the incubator proved to be significantly cost-effective
compared to commercial alternatives, highlighting its affordability and accessibility.
Furthermore, in the market, some devices are high-cost but not portable, while our device is
mainly designed for user comfort and wireless compared to existing devices. This achievement
aligns with our overarching goal of broadening access to laboratory technology, particularly in
low-resource settings where high initial costs pose significant barriers>'*. Despite the efforts,
the incubator shows some limitations. The prototype has yet to be tested for long-term stability
and durability. Hence, it will likely have a shorter lifespan than an average laboratory incubator
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or commercially available one. Therefore, future research should include testing for long-term
testing to analyze the incubator’s stability. Moreover, the incubator also has limited
functionality. Integrating features like laminated air or CO; control can help increase its
application scope, especially for microorganisms that require precise environmental control.

These findings can significantly contribute to the field of laboratory equipment development.
The efficient control, user-friendly interface and data logging features can make it a valuable
tool for numerous scientific applications. Further work may involve decreasing the size of the
incubator for better portability.

Conclusion

The construction of our advanced laboratory incubator with loT integration signifies a leap
forward in scientific instrumentation. With precise control, real-time monitoring, and user-
friendly interfaces, this system promises to revolutionize research and healthcare practices,
paving the way for enhanced efficiency and innovation.

Acknowledgments
None.

Conflict of Interest
None.

Grant Support and Funding Disclosure
None.

References

1. Chaffey N. Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K. and Walter, P.
Molecular biology of the cell. 4th edn.

2. Buchan BW, Ledeboer NA. Emerging technologies for the clinical microbiology
laboratory. Clinical microbiology reviews. 2014 Oct;27(4):783-822.

3. Wallace PS, MacKay WG. Quality in the molecular microbiology laboratory. PCR
Detection of Microbial Pathogens. 2013:49-79.

4. Segeritz CP, Vallier L. Cell culture: Growing cells as model systems in vitro. InBasic
science methods for clinical researchers 2017 Jan 1 (pp. 151-172). Academic Press.

5. Briski F, Vukovi¢ Domanovac M. Environmental microbiology. Physical Sciences Reviews.
2017 Nov 27;2(11):20160118.

6. Madigan MT, Martinko JM, Parker J. Brock biology of microorganisms. Upper Saddle
River, NJ: Prentice hall; 1997.

7. Grandi A, Grimaldi R. Evolution of incubation models: Evidence from the Italian
incubation industry. Industry and Higher Education. 2004 Feb;18(1):23-31.

Allied Medical Research Journal, Volume-Ii, Issue-II



Muijib et al. Developing a Laboratory Incubator with Data Logging

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lab Manager [Internet]. [cited 2024 Jan 10]. Evolution of the Laboratory Incubator.
Available from: https://www.labmanager.com/evolution-of-the-laboratory-incubator-
19103

Abo Al-Kibash T, Dana S. Design and Implementation of a Bacteriological Incubator.

Ay FC, Bilici N, Varol R, Yilmaz A, Kirabali UG, Yilmaz A, Uvet H. Study on the Concept and
Development of a Mobile Incubator. arXiv preprint arXiv:2208.09697. 2022 Aug 20.
Okpagu PE, Nwosu AW. Development and temperature control of smart egg incubator
system for various types of egg. European Journal of Engineering and Technology.
2016;4(2).

Widhiada W, Nindhia TG, Gantara IN, Budarsa IN, Suarndwipa IN. Temperature stability
and humidity on infant incubator based on fuzzy logic control. InProceedings of the
2019 5th International Conference on Computing and Artificial Intelligence 2019 Apr 19
(pp. 155-159).

Prastyadi C, Irianto BG, Ariswati HG, Titisari D, Nyatte S, Misra S. Analysis of The
Accuracy of Temperature Sensors at The Calibrator Incubator Laboratory are equipped
with data storage base on Internet of Thing. Indonesian Journal of Electronics,
Electromedical Engineering, and Medical Informatics. 2022 Nov 24;4(4).

Tran K, Gibson A, Wong D, Tilahun D, Selock N, Good T, Ram G, Tolosa L, Tolosa M,
Kostov Y, Woo HC. Designing a low-cost multifunctional infant incubator. Journal of
laboratory automation. 2014 Jun;19(3):332-7.

Latif A, Widodo H, Atmoko R, Phong T, T. Helmy E. Temperature and Humidity
Controlling System for Baby Incubator. J Robot Control JRC. 2021 May 5;2.

Hussin SF, Saari Z. The Portable Incubator For E. coli and Coliform Bacterial Growth
Using loT. Advances in Computing and Intelligent System. 2020 Nov 12;2(1).

Hadoune O, Benouaret M, Guellati MF. Design and implementation of a fully automated
system dedicated to the control of an egg incubator. Avrupa Bilim ve Teknoloji Dergisi.
2021(28):368-74.

Niranjan L, Venkatesan C, Suhas AR, Satheeskumaran S, Nawaz SA. Design and
implementation of chicken egg incubator for hatching using loT. International Journal of
Computational Science and Engineering. 2021;24(4):363-72.

Awaludin M, Rangan AY, Yusnita A. Internet of Things (lot) Based Temperature and
Humidity Monitoring System in the Chemical Laboratory of the Samarinda Industry
Standardization and Research Center. Tepian. 2021 Sep;2(3):85-93.

Sukma |, Ardiatna W, Novitasari VP, Hidayat SW, Hidayat AR, Khotimah K, Supono I.
Real-time wireless temperature measurement system of infant incubator. International
Journal of Electrical and Computer Engineering (IJECE). 2023 Feb 1;13(1):1152-60.

Ay FC, Bilici N, Varol R, Yilmaz A, Kirabali UG, Yilmaz A, Uvet H. Study on the Concept and
Development of a Mobile Incubator. arXiv preprint arXiv:2208.09697. 2022 Aug 20.

Ong DS, Poljak M. Smartphones as mobile microbiological laboratories. Clinical
Microbiology and Infection. 2020 Apr 1;26(4):421-4.

Diep TT, Bizley S, Ray PP, Edwards AD. MicroMIl: A portable microbiological mobile
incubator that uses inexpensive lithium power banks for field microbiology. HardwareX.
2021 Oct 1;10:e00242.

256




Muijib et al. Developing a Laboratory Incubator with Data Logging

24. Brinn M, Al-Sarawi SF, Lu TF, Freeman BJ, Kumaratilake J, Henneberg M. A Portable Live
Cell Culture and Imaging System with Optional Umbilical Bioreactor Using a Modified
Infant Incubator.

25. Tu Y, Rampazzi S, Hao B, Rodriguez A, Fu K, Hei X. Trick or heat? Manipulating critical
temperature-based control systems using rectification attacks. InProceedings of the
2019 ACM SIGSAC Conference on Computer and Communications Security 2019 Nov 6
(pp. 2301-2315).

26. Handayani IN, Muthmainnah SY, Muhammad F. Incubator Analyzer Function Test in
Laboratory Scale: Temperature Uniformity, Relative Humidity, Noise Level and Airflow.
International Journal of Electrical, Computer, and Biomedical Engineering. 2023 Dec
30;1(2):158-67.

27.Saa JG, Cucanchon MJ. Design of a temperature control system for an egg incubator.
Tekhné. 2020 Dec 25;17(2):35-42.

28. Memmert™ Natural Convection Standard Incubator with Single Display and
Touchscreen, 32 L, Stainless Steel - [Internet]. [cited 2024 Jun 14]. Available from:
https://www.fishersci.co.uk/shop/products/natural-convection-standard-incubator-
single-display-touchscreen-32-I-stainless-steel/12885873.

/ AUTHORS’ CONTRIBUTION \

The following authors have made substantial contributions to the manuscript as under:

Conception or Design: Mujib MD, Rao AZ, Fatima J, Mazhar SM, Hasan MA
Acquisition, Analysis or Interpretation of Data: Mujib DM, Rao AZ, Fatima J, Jawed N, Habib M, Mazhar SM

Manuscript Writing & Approval: Mujib MD, Rao AZ, Hasan MA

All the authors agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately investigated and resolved.

@ @ Copyright © 2024. Mujib et al. This is an Open Access article distributed under the terms of the
Creative Commons Attribution-Non-commercial 4.0 International License, which permits unrestricted
use, distribution & reproduction in any medium provided that original work is cited properly.

Allied Medical Research Journal, Volume-Ii, Issue-II


https://www.fishersci.co.uk/shop/products/natural-convection-standard-incubator-single-display-touchscreen-32-l-stainless-steel/12885873
https://www.fishersci.co.uk/shop/products/natural-convection-standard-incubator-single-display-touchscreen-32-l-stainless-steel/12885873

