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Abstract: Industrial dehumidification plays a pivotal role in spice processing industries, where precise mois-
ture control directly influences product quality, shelf life, and processing efficiency. However, in many in-
dustrial facilities, these systems are operated manually or using basic on-off control methods. Such practices 
often result in unstable operating conditions, frequent compressor switching, increased energy consump-
tion, and reduced equipment lifespan. This study addresses the lack of affordable, hardware-level automa-
tion for multi-evaporator systems by presenting the design and implementation of a dedicated embedded 
control architecture. The proposed objective was to develop a dual-microcontroller system where a primary 
controller manages real-time decision-making based on temperature and relative humidity, while a second-
ary controller is strictly dedicated to safety and time-delay protection. The system was implemented and 
tested in an industrial spice processing facility. Key findings demonstrate that the autonomous mode re-
duced outlet air temperature variation to ±1 – 2 oC and relative humidity fluctuation to ±4 – 5%, compared 
to significantly higher variations in manual operation. Furthermore, the system reduced operator interven-
tions from 1-2 per shift to 0-1 and minimized compressor cycling frequency. Beyond operational efficiency, 
the stabilization of the drying environment directly contributes to the preservation of critical quality param-
eters, such as volatile oil retention and color uniformity, which are frequently compromised under manual 
control regimes. These results imply that low-cost embedded automation can significantly enhance opera-
tional stability and safety in agro-industrial processing without requiring expensive infrastructure up-
grades. 

Keywords: Embedded control; Industrial dehumidification; Multi-evaporator systems; Automation; Micro-
controller. 
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1. Introduction 
Industrial dehumidification is a fundamental unit op-

eration in the agro-food processing sector, particularly for 
hygroscopic commodities such as spices, where precise 
moisture control is essential for preventing microbial 
growth and preserving volatile oil content [1]. These sys-
tems, often characterized by multi-evaporator vapor com-
pression cycles, exhibit complex thermodynamic behav-
iors involving coupled heat and mass transfer processes 
[2]. Unlike simple residential air conditioning, industrial 
drying requires the maintenance of specific psychrometric 
conditions—defined by temperature and relative humid-
ity (RH)—regardless of external ambient fluctuations [3]. 

The stability of these parameters is directly linked to prod-
uct quality, energy efficiency, and equipment longevity 
[4]. Historically, drying technology has evolved from 
open-sun drying to advanced heat pump-assisted sys-
tems, with foundational work establishing the energy ben-
efits of closed-loop dehumidification. Comprehensive 
treatments of these thermal systems can be found in recent 
literature, where the non-linear dynamics of condenser 
and evaporator loads are examined [5], [6]. However, en-
suring stable and predictable operation in these systems 
remains challenging due to significant thermal inertia, 
dead-time effects, and load variations inherent in large-
scale drying chambers [7]. Consequently, the control strat-
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egy employed plays a decisive role in the operational suc-
cess and reliability of industrial dehumidification facili-
ties. 

Despite theoretical advancements in process control, 
the practical management of dehumidification systems in 
Small and Medium-sized Enterprises (SMEs) presents sig-
nificant techno-economic challenges. Feedback regulation 
in these facilities is frequently handled through manual 
operator intervention or rudimentary mechanical thermo-
stats [8]-[10], which fail to account for the dynamic cou-
pling between temperature and relative humidity [11]. 
Although advanced control strategies such as Model Pre-
dictive Control (MPC), fuzzy logic, and optimized PID 
schemes have been extensively investigated in academic 
studies [12], their industrial deployment often requires ex-
pensive Programmable Logic Controllers (PLCs) or com-
plex computational infrastructure that is cost-prohibitive 
for many agro-industrial applications [13]. In response, re-
cent research has increasingly explored Internet of Things 
(IoT) and microcontroller-based control solutions as 
lower-cost alternatives [14]. However, many of these ap-
proaches remain limited to simulation environments or 
lack robust hardware-level safety mechanisms suitable for 
continuous industrial operation [15]. 

A particularly critical limitation in existing low-cost 
embedded control implementations is the inadequate han-
dling of compressor protection. Rapid switching of com-
pressors, commonly referred to as short-cycling, can occur 
due to sensor noise, tight control thresholds, or improper 
hysteresis design [16], leading to increased mechanical 
wear, electrical stress, and premature equipment failure 
[17]. Recent advances in embedded computing have im-
proved the potential for low-cost automation; however, 
their application to multi-evaporator industrial dehumid-
ification systems remains fragmented, with limited em-
phasis on coordinated control and hardware-level safety. 
Applications in spice processing further highlight the need 
for a unified control framework that simultaneously satis-
fies stringent drying requirements while protecting high-
power components such as induction motors and com-
pressors [18]. Therefore, the objective of this study is to de-
sign, implement, and validate a low-cost embedded con-
trol architecture that ensures stable environmental regula-
tion and compressor-safe operation in multi-evaporator 
industrial dehumidification systems used in spice pro-
cessing facilities [19]. 

The main contribution of this paper lies in bridging 
the gap between theoretical control logic and robust indus-
trial implementation using a cost-effective embedded ar-
chitecture. Specifically, we propose: 

• A novel dual-microcontroller architecture that de-
couples the primary environmental control logic 
from the critical safety protection mechanisms, 
overcoming the reliability limitations of single-
processor systems. 

• A specialized time-delay safety algorithm de-
signed to eliminate compressor short-cycling, 
thereby extending equipment lifespan. 

• A systematic field implementation that transforms 
a manual multi-evaporator system into an auton-
omous unit, validated through real-world testing 
in a spice processing facility. 

This paper is organized as follows. Section 2 details 
the methodology, including the system overview, embed-
ded hardware architecture, and control logic design. Sec-
tion 3 presents the results and discussion, focusing on op-
erational performance, stability, and energy efficiency un-
der industrial conditions. Finally, Section 4 concludes the 
paper with a summary of key findings and directions for 
future research. 

 
2. Methodology 

This study adopts an applied engineering research 
methodology to develop, implement, and validate a low-
cost embedded control architecture for a multi-evaporator 
industrial dehumidification system [20]. The research was 
conducted as a single-case industrial study in a spice pro-
cessing facility under normal operating conditions, em-
phasizing practical implementation and operational relia-
bility [21]. The research followed a structured workflow, 
as shown in Figure 1, involving problem identification, 
system and control architecture development, hardware 
integration, and industrial testing. System performance 
was evaluated by comparing operational stability, com-
pressor switching behavior, and operator intervention un-
der manual and automatic operating modes. 
 
2.1. System Overview 

The physical configuration of the industrial dehu-
midification chamber and the spatial arrangement of its 
main components are illustrated in Figure 2. The figure 
shows the cascade placement of multiple evaporators, con-
densers, airflow direction, centrifugal blower, and the lo-
cations of temperature and relative humidity sensors 
within the chamber. This configuration highlights the in-
teraction between heat rejection, moisture removal, and 
air circulation, which directly influences the stability of 
outlet air conditions. Understanding this layout is essen-
tial for designing an effective control strategy, as improper 
coordination of evaporators and airflow can lead to une-
ven dehumidification and inefficient energy usage [22], 
[23]. 

The mechanical structure and airflow layout of the 
system were already established before this study. There-
fore, the primary objective of this work was to design and 
implement an improved control and automation layer 
without modifying the existing mechanical components. 
This approach ensures that the proposed solution can be 
applied to similar industrial systems without major me-
chanical redesign. 
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Figure 1. Research workflow of the proposed embedded control 
architecture. 

 

 
 
Figure 2. Schematic layout of the industrial dehumidification 
chamber showing the arrangement of evaporators, condensers, 
airflow direction, blower, and sensor placement. 
 
2.2. Embedded Hardware Architecture 

The embedded control system developed in this 
study is based on a dual-microcontroller architecture de-
signed to separate real-time environmental control from 

critical equipment protection tasks. The overall hardware 
configuration and interconnections among microcontrol-
lers, sensors, user input interfaces, display units, and re-
lay-based actuators are illustrated in Figure 3. This archi-
tecture was selected to enhance operational reliability and 
ensure safe control of high-power industrial components 
in a multi-evaporator dehumidification system. 

An Arduino Mega microcontroller is employed as the 
primary controller due to its high number of inputs–out-
put pins and sufficient processing capability to handle 
multiple sensors and actuators simultaneously. The pri-
mary controller is responsible for acquiring temperature 
and relative humidity data, comparing measured values 
against user-defined threshold settings, and generating 
control signals for evaporators, condensers, and the 
blower. This centralized decision-making approach ena-
bles coordinated operation of system components under 
varying operating conditions. 

A secondary microcontroller, Arduino Nano, is dedi-
cated exclusively to implementing time-delay protection 
for compressors and condensers. The secondary controller 
monitors the control signals issued by the primary control-
ler and enforces predefined delay intervals before allow-
ing compressor restart after shutdown. By isolating pro-
tection functions from the main control logic, this design 
prevents rapid compressor cycling caused by sensor noise, 
or frequent operator adjustments. 

Temperature measurements are obtained using 
DS18B20 digital temperature sensors installed at multiple 
locations within the dehumidification chamber to capture 
spatial temperature variations. Relative humidity meas-
urements are provided by DHT11 sensors positioned near 
the outlet air stream, enabling continuous monitoring of 
dehumidification performance. These sensor inputs pro-
vide the feedback required for stable regulation of envi-
ronmental conditions inside the chamber [24]-[26]. 

To interface the low-voltage microcontroller outputs 
with high-voltage industrial equipment, solid-state relays 
are used in combination with electromechanical contac-
tors. This configuration ensures electrical isolation be-
tween control and power circuits while providing reliable 
switching of compressors, evaporators, and the blower. 
The use of relay-based isolation improves operational 
safety and supports continuous industrial operation [27]. 

Overall, the proposed embedded hardware architec-
ture provides a modular and scalable platform for indus-
trial dehumidification control. By decoupling environ-
mental regulation and safety protection at the hardware 
level, the system improves stability, equipment protection, 
and maintainability while remaining cost-effective for 
agro-industrial applications. 

 
2.3. Control Logic Design 

The control logic is designed to maintain stable outlet 
air temperature  and  relative  humidity  conditions  within  
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Figure 3. Embedded control system schematic showing microcontroller connections, temperature and humidity sensors, user input 
interfaces, display units, and inter-controller communication.
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Figure 4. Control logic truth heatmap showing system responses 
for different outlet temperature and relative humidity condi-
tions. 

 

 
 

Figure 5. Implemented embedded control panel showing man-
ual/automatic switches, safety controls, display units, and relay-
based actuation modules for the industrial dehumidification sys-
tem. 
 
predefined limits as showed in Figure 4. The primary con-
troller continuously monitors outlet air temperature and 
relative humidity using sensor inputs. User-defined 
threshold values for maximum allowable temperature and 
maximum allowable relative humidity are set using man-
ual input controls. 

When the measured outlet temperature exceeds the 
temperature threshold, a dedicated heat-rejection evapo-
rator is activated to remove excess heat from the system 
(Evaporator 7). When the measured RH exceeds the hu-
midity threshold, multiple evaporators are activated to in-
crease moisture removal. During high-humidity condi-
tions, blower operation is adjusted to prevent the move-
ment of excessively humid air toward the raw material. 

This rule-based control logic is simple, transparent, 
and easy to modify according to industrial requirements. 
It allows operators to adjust control parameters without 
complex programming and ensures predictable system be-
havior under different operating conditions. 
 
2.4. Time-Delay Protection Mechanism 

Frequent on–off switching of compressors can cause 
mechanical wear, overheating, and reduced equipment 
lifespan [28], [29]. To address this issue, a time-delay pro-
tection mechanism is implemented using the secondary 
microcontroller. When a compressor is turned off, the sec-
ondary controller enforces a predefined delay period be-
fore allowing the compressor to restart. 

This protection mechanism ensures that compressors 
are given sufficient time to stabilize before reactivation. 
The use of a dedicated microcontroller for this function im-
proves system reliability and prevents unintended com-
pressor cycling due to sensor signals. 

 
2.5. Manual and Automatic Operating Modes 

The control system supports both manual and auto-
matic operating modes. In automatic mode, all operations 
are governed by the embedded control logic based on real-
time sensor data. In manual mode, operators can directly 
control individual system components for maintenance, 
testing, or emergency situations. 

The inclusion of both operating modes enhances sys-
tem flexibility and makes the proposed architecture suita-
ble for industrial environments where operator interven-
tion may occasionally be required. 
 
2.6. System Implementation and Testing 

The embedded control system was implemented us-
ing industrial-grade wiring practices and installed inside 
a protective control panel. Liquid crystal displays are used 
to present real-time temperature and humidity readings, 
as well as system status information as shown in Figure 5. 
The system was tested under normal industrial operating 
conditions to verify functionality, stability, and safety. 
 
3. Results and Discussion 

This section presents and discusses the results ob-
tained from the implementation of the proposed embed-
ded control architecture in an industrial dehumidification 
environment. The evaluation focuses on system behavior 
under real industrial operating conditions rather than con-
trolled laboratory experiments. Both manual and auto-
matic operating modes were analyzed to understand the 
practical benefits of the embedded control system during 
routine spice processing. 

The performance of the system was evaluated using 
qualitative and operational criteria commonly used in in-
dustrial practice. These criteria include overall system sta-
bility, frequency of compressor switching, consistency of 
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outlet air temperature and relative humidity, and the level 
of operator involvement required during operation. Ob-
servations were recorded over multiple normal processing 
cycles to reflect actual industrial usage conditions. 

The results presented in the following subsections 
highlight the effectiveness of the embedded control archi-
tecture in improving operational reliability and reducing 
dependency on manual intervention. Where appropriate, 
comparisons between manual and automatic operation 
are discussed to demonstrate the advantages of the pro-
posed approach. 
 
3.1. System Operational Performance 

The embedded control architecture was evaluated 
under normal industrial operating conditions in the spice 
dehumidification facility. The system was operated con-
tinuously during routine processing cycles, and its behav-
ior was observed under both manual and autonomous op-
erating modes. The evaluation focused on system stability, 
compressor switching behavior, energy usage patterns, 
and operator dependency. 

During manual operation, workers typically allowed 
the dehumidification system to run continuously for long 
periods without precise control. In many cases, evapora-
tors, condensers, and blowers were left operating even 
when the required temperature and relative humidity con-
ditions had already been achieved. This practice resulted 
in unnecessary power consumption, as the system contin-
ued to operate beyond actual process requirements. 

Under manual operation, compressors were ob-
served to switch on and off approximately 1–2 times per 
hour, particularly during fluctuating ambient conditions. 
Extended continuous operation of components led to sig-
nificant energy wastage and increased thermal stress on 
the system. This uncontrolled operation did not improve 
dehumidification efficiency and, in some cases, negatively 
affected raw material quality. In contrast, when the system 
operated in autonomous mode, component operation 
strictly followed the predefined embedded control logic. 
Evaporators and blowers were powered on only when re-
quired and switched off immediately once target temper-
ature and relative humidity conditions were reached. Un-
der autonomous operation, compressor switching fre-
quency was approximately 3–4 cycles per hour, indicating 
more stable and energy-efficient operation. 

The precise power-on and power-off behavior of the 
autonomous system significantly reduced unnecessary en-
ergy consumption. More importantly, controlled opera-
tion prevented over-drying and excessive heat exposure of 
spice materials [30]. As a result, moisture removal oc-
curred more uniformly, helping to preserve product qual-
ity, aroma, and physical characteristics of the spices. 
 
3.2. Impact on Energy Efficiency and Product Quality  

The difference between manual and autonomous op- 

eration had a direct impact on energy efficiency and raw 
material quality. In manual operation, continuous running 
of the system often caused over-processing of spices, lead-
ing to excessive moisture removal and prolonged expo-
sure to conditioned air. This not only increased energy 
consumption but also risked deterioration of spice quality. 

In autonomous mode, the embedded control system 
continuously monitored environmental conditions and 
adjusted system operation accordingly. By preventing un-
necessary operation of evaporators and blowers, the sys-
tem minimized power consumption while maintaining re-
quired dehumidification performance. This controlled ap-
proach ensured that spices were exposed to optimal con-
ditions for the required duration only. 

Improved control of operating time and environmen-
tal conditions resulted in better consistency of raw mate-
rial quality. Uniform dehumidification reduced the risk of 
uneven moisture distribution, clumping, or loss of aroma 
in spice products. Therefore, the autonomous embedded 
control architecture contributed not only to energy savings 
but also to improved processing quality and industrial ef-
ficiency. 
 
3.3. Effectiveness of Time-Delay Protection 

One of the most important features of the proposed 
control architecture is the time-delay protection mecha-
nism implemented using the secondary microcontroller. 
During testing, this mechanism successfully prevented 
rapid on–off switching of compressors. In manual opera-
tion, compressors were sometimes restarted immediately 
after shutdown, especially when operators attempted to 
quickly correct temperature or humidity deviations. 

With the time-delay protection active, the system en-
forced a minimum compressor off-time of approximately 
3 minutes before allowing restart. This delay significantly 
reduced mechanical stress on compressors and minimized 
electrical surges associated with frequent starting. The 
separation of protection logic from the main control logic 
ensured that safety functions remained active even when 
control parameters were modified by the operator. 

The observed reduction in compressor switching fre-
quency is a key indicator of improved system reliability. 
Fewer switching events directly contribute to longer 
equipment lifespan, reduced maintenance requirements, 
and improved operational safety, which are critical factors 
in industrial dehumidification environments. 

 
3.4. Temperature and Humidity  

Stability of outlet air temperature and relative humid-
ity is essential for uniform dehumidification of spice ma-
terials. Under manual operation, outlet air temperature ex-
hibited noticeable fluctuations due to delayed operator re-
sponse and inconsistent decision-making. Temperature 
variations of approximately ±3–4 °C around the desired 
operating range were commonly observed. Similarly, out- 
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Table 1. Performance comparison between manual and automatic operation. 

Parameter Manual Operation Automatic Operation 

Compressor switching frequency (cycles/hour) 1–2 3–4 
Minimum compressor off-time Not enforced ~3 minutes 
Outlet air temperature variation (°C) ±3–4 ±1–2 
Outlet relative humidity variation (%) ±8 ±4–5 
Operator interventions per shift 1–2 0–1 
 
let relative humidity showed fluctuations of up to ±8%, 
leading to uneven moisture removal. 

In automatic mode, the embedded control system re-
sponded immediately to sensor measurements and ad-
justed evaporator and blower operation accordingly. As a 
result, outlet air temperature variation was reduced to ap-
proximately ±1–2 °C, while relative humidity fluctuations 
were reduced to approximately ±4–5% around the target 
value. Although minor fluctuations were still present due 
to external environmental changes, their magnitude and 
frequency were significantly reduced. 

The improved stability can be attributed to continu-
ous monitoring and rule-based control logic, which elimi-
nates delays associated with human intervention. These 
results demonstrate the advantage of embedded automa-
tion in maintaining consistent operating conditions in in-
dustrial dehumidification systems. 

 
3.5. Comparison of Manual and Automatic Operation 

A qualitative comparison between manual and auto-
matic operation modes reveals several practical benefits of 
the proposed embedded control system. In manual mode, 
system performance was highly dependent on operator 
skill and attentiveness. Operators were required to inter-
vene approximately 3–4 times per shift to adjust evapora-
tor or blower operation, resulting in variability in system 
performance across different shifts. 

In contrast, automatic operation provided consistent 
and repeatable system behavior. Once control parameters 
were set, the system followed the same decision rules re-
gardless of time or operator. In most cases, automatic op-
eration required zero or one operator intervention per 
shift, primarily for routine inspection. This significantly 
reduced operator workload and improved overall process 
reliability. 

 
3.6. Summary of Performance Comparison 

Table 1 summarizes the key performance differences 
between manual and automatic operating modes ob-
served during industrial operation. 

The results summarized in Table 1 clearly indicate 
that the proposed embedded control architecture im-
proves operational stability, reduces mechanical stress on 
equipment, and minimizes dependency on manual inter-
vention. 
 

3.7. Reliability and Safety Considerations 
Safety is a critical requirement in industrial dehumid-

ification systems due to the presence of high-voltage elec-
trical equipment and rotating machinery. The use of solid-
state relays in combination with contactors provided reli-
able electrical isolation between low-voltage control cir-
cuits and high-voltage industrial loads. This significantly 
reduced the risk of electrical hazards and improved over-
all system safety. The dual-microcontroller architecture 
further enhanced reliability by separating control and pro-
tection functions. Even if the primary controller experi-
enced abnormal behavior or software modification, the 
secondary controller continued to enforce time-delay pro-
tection. This layered safety approach is particularly suita-
ble for industrial environments where system faults can 
have serious operational and economic consequences. 

 
3.8. Industrial Applicability and Scalability 

The proposed embedded control architecture is de-
signed to be modular and scalable. Additional evapora-
tors, sensors, or control outputs can be integrated with 
minimal changes to the existing system. This makes the ar-
chitecture suitable for different sizes of dehumidification 
chambers and a wide range of agro-industrial applications 
beyond spice processing. 

The use of widely available microcontrollers and sen-
sors keeps system cost relatively low, making it accessible 
for small- and medium-scale industries. Furthermore, the 
architecture provides a strong foundation for future up-
grades, such as integration with supervisory control sys-
tems or data-driven optimization techniques. 
 
4. Conclusion 

This study successfully demonstrated the effective-
ness of a dual-microcontroller embedded architecture for 
automating multi-evaporator industrial dehumidification 
systems. By separating the primary control logic from the 
safety protection mechanism, the system achieved robust 
operation, reducing compressor switching frequency from 
intermittent rapid cycling to a stable 3-4 cycles per hour. 
The implementation of the specific time-delay protection 
significantly mitigated mechanical stress on the equip-
ment, addressing a critical failure point in manual opera-
tions. 
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Field testing in a spice processing facility confirmed 
that the autonomous system outperformed manual con-
trol in stability and efficiency. Outlet air temperature fluc-
tuations were reduced to ±1–2 °C and relative humidity 
variations to ±4–5%. These improvements not only mini-

mized energy wastage caused by over-processing but also 
ensured a higher consistency in the final spice product 
quality. The system proved that low-cost, modular embed-
ded solutions are a viable alternative to expensive indus-
trial PLCs for agro-industrial SMEs.

 

  
5. Declarations 
5.1. Author Contributions 

Pamodha Chathumal: Conceptualization, system design, methodology develop-
ment, embedded software development, validation, formal analysis, investigation, data 
collection, and writing – original draft preparation. Sanath Amaratunga: Supervision, 
methodology review, formal analysis, technical guidance, validation, review and editing 
of the manuscript. 

 
5.2. Institutional Review Board Statement 

Not applicable. 
 
5.3. Informed Consent Statement 

Not applicable.  
 
5.4. Data Availability Statement 

The data presented in this study are available from the corresponding author upon 
reasonable request.  

 
5.5. Acknowledgment 

The authors would like to express their sincere gratitude to the industrial facility for 
providing access to the dehumidification system and operational support. The authors 
also thank the Department of Agricultural Engineering, University of Peradeniya, Sri 
Lanka, for providing technical guidance and laboratory facilities during this re-search. 
 
5.6. Conflicts of Interest 

The authors declare that there are no conflicts of interest regarding the publication 
of this paper. 
 
6. References 
[1] G. Thamkaew, I. Sjöholm, and F. G. Galindo, “A review of drying methods for improving the 

quality of dried herbs,” Crit. Rev. Food Sci. Nutr., vol. 61, no. 11, pp. 1763–1786, Jun. 2021, 
https://doi.org/10.1080/10408398.2020.1765309. 

[2] M. Zhang, H. Chen, Arun. S. Mujumdar, J. Tang, S. Miao, and Y. Wang, “Recent developments 
in high-quality drying of vegetables, fruits, and aquatic products,” Crit. Rev. Food Sci. Nutr., 
vol. 57, no. 6, pp. 1239–1255, Apr. 2017, https://doi.org/10.1080/10408398.2014.979280. 

[3] T. Kalamees, M. Korpi, J. Vinha, and J. Kurnitski, “The effects of ventilation systems and 
building fabric on the stability of indoor temperature and humidity in Finnish detached 
houses,” Build. Environ., vol. 44, no. 8, pp. 1643–1650, Aug. 2009, 
https://doi.org/10.1016/j.buildenv.2008.10.010. 

[4] I. N. Ardita, I. G. A. B. Wirajati, I. D. M. Susila, and I. K. Suherman, “Drying Spices by Utilizing 
the Dehumidification Process and the Heat Condensor in the Refrigeration System,” 2024, pp. 
49–56. https://doi.org/10.2991/978-94-6463-364-1_6. 

[5] M. Hamza, O. Bafail, and H. Alidrisi, “HVAC Systems Evaluation and Selection for 
Sustainable Office Buildings: An Integrated MCDM Approach,” Buildings, vol. 13, no. 7, p. 
1847, Jul. 2023, https://doi.org/10.3390/buildings13071847. 

[6] C. Acar, I. Dincer, and A. Mujumdar, “A comprehensive review of recent advances in 
renewable-based drying technologies for a sustainable future,” Drying Technology, vol. 40, no. 
6, pp. 1029–1050, May 2022, https://doi.org/10.1080/07373937.2020.1848858. 

https://doi.org/10.1080/10408398.2020.1765309
https://doi.org/10.1080/10408398.2014.979280
https://doi.org/10.1016/j.buildenv.2008.10.010
https://doi.org/10.2991/978-94-6463-364-1_6
https://doi.org/10.3390/buildings13071847
https://doi.org/10.1080/07373937.2020.1848858


Chathumal and Amaratunga, Embedded Control Architecture for Multi-Evaporator Industrial Dehumidification Systems 
 

 

 

 

 
Scientific Journal of Engineering Research 2026, 2, 1 https://journal.futuristech.co.id/index.php/sjer 

139 

[7] T. Hong, D. Yan, S. D’Oca, and C. Chen, “Ten questions concerning occupant behavior in 
buildings: The big picture,” Build. Environ., vol. 114, pp. 518–530, Mar. 2017, 
https://doi.org/10.1016/j.buildenv.2016.12.006. 

[8] J.-S. Ko, J.-H. Huh, and J.-C. Kim, “Improvement of Temperature Control Performance of 
Thermoelectric Dehumidifier Used Industry 4.0 by the SF-PI Controller,” Processes, vol. 7, no. 
2, p. 98, Feb. 2019, https://doi.org/10.3390/pr7020098. 

[9] K. Almutairi, K. Irshad, S. Algarni, A. Ali, and S. Islam, “Experimental investigation of 
dehumidification process regulated by the photothermoelectric system,” Water Science and 
Technology, vol. 84, no. 10–11, pp. 3211–3226, Nov. 2021, https://doi.org/10.2166/wst.2021.368. 

[10] Z. Ma, P. Cooper, D. Daly, and L. Ledo, “Existing building retrofits: Methodology and state-
of-the-art,” Energy Build., vol. 55, pp. 889–902, Dec. 2012, 
https://doi.org/10.1016/j.enbuild.2012.08.018. 

[11] J.-M. Clairand, M. Briceno-Leon, G. Escriva-Escriva, and A. M. Pantaleo, “Review of Energy 
Efficiency Technologies in the Food Industry: Trends, Barriers, and Opportunities,” IEEE 
Access, vol. 8, pp. 48015–48029, 2020, https://doi.org/10.1109/ACCESS.2020.2979077. 

[12] Dong-Seong Kim, “Reliability Evaluation Model Of Industrial Internet Of Things Systems,” 
Proceeding International Conference on Engineering, vol. 1, no. 1, pp. 22–24, Nov. 2020, 
https://doi.org/10.36728/icone.v1i1.1266. 

[13] A. P. Rogers, F. Guo, and B. P. Rasmussen, “A review of fault detection and diagnosis methods 
for residential air conditioning systems,” Build. Environ., vol. 161, p. 106236, Aug. 2019, 
https://doi.org/10.1016/j.buildenv.2019.106236. 

[14] M. Poyyamozhi, B. Murugesan, N. Rajamanickam, M. Shorfuzzaman, and Y. Aboelmagd, 
“IoT—A Promising Solution to Energy Management in Smart Buildings: A Systematic 
Review, Applications, Barriers, and Future Scope,” Buildings, vol. 14, no. 11, p. 3446, Oct. 2024, 
https://doi.org/10.3390/buildings14113446. 

[15] I. Belovski, T. Mihalev, E. Koleva, and A. Mandadzhiev, “Arduino-Based Sensor System 
Prototype for Microclimate Monitoring of an Experimental Greenhouse,” Engineering 
Proceedings, vol. 104, no. 1, 2025, https://doi.org/10.3390/engproc2025104054. 

[16] Ö. Deniz, “Control of a Heat Pump Compressor with Variable Frequency Device Driven by 
PID,” International Journal of Engineering and Innovative Research, vol. 6, no. 1, pp. 1–14, Feb. 
2024, https://doi.org/10.47933/ijeir.1380664. 

[17] A. Zaim, “Industrial Compressed Air System Optimization: Experimental Evaluation of 
Energy Efficiency and Sustainability Gains,” Processes, vol. 13, no. 11, p. 3590, Nov. 2025, 
https://doi.org/10.3390/pr13113590. 

[18] L. I. Minchala, J. Peralta, P. Mata-Quevedo, and J. Rojas, “An Approach to Industrial 
Automation Based on Low-Cost Embedded Platforms and Open Software,” Applied Sciences, 
vol. 10, no. 14, p. 4696, Jul. 2020, https://doi.org/10.3390/app10144696. 

[19] L. Xia et al., “Research Progress and Application Status of Evaporative Cooling Technology,” 
Energies (Basel)., vol. 19, no. 2, p. 570, Jan. 2026, https://doi.org/10.3390/en19020570. 

[20] Q. Qi and S. Deng, “Multivariable control of indoor air temperature and humidity in a direct 
expansion (DX) air conditioning (A/C) system,” Build. Environ., vol. 44, no. 8, pp. 1659–1667, 
Aug. 2009, https://doi.org/10.1016/j.buildenv.2008.11.001. 

[21] P. P. Aradwad, A. K. T V, P. K. Sahoo, and I. Mani, “Key issues and challenges in spice 
grinding,” Clean. Eng. Technol., vol. 5, p. 100347, Dec. 2021, 
https://doi.org/10.1016/j.clet.2021.100347. 

[22] S. Ishaque, N. Ullah, Q. S. Ali, N. Ullah, S. Choi, and M.-H. Kim, “Non-Uniformities in Heat 
Exchangers: A Two-Decade Review of Causes, Effects, and Mitigation Strategies,” Energies 
(Basel)., vol. 18, no. 11, p. 2751, May 2025, https://doi.org/10.3390/en18112751. 

[23] M. Kremer, K. Rewitz, and D. Müller, “Development of a control strategy for air handling 
units equipped with membrane-based enthalpy exchangers,” E3S Web of Conferences, vol. 672, 
p. 03029, Dec. 2025, https://doi.org/10.1051/e3sconf/202567203029. 

[24] L. Spinelle, M. Gerboles, G. Kok, S. Persijn, and T. Sauerwald, “Review of Portable and Low-
Cost Sensors for the Ambient Air Monitoring of Benzene and Other Volatile Organic 
Compounds,” Sensors, vol. 17, no. 7, p. 1520, Jun. 2017, https://doi.org/10.3390/s17071520. 

[25] Z. J. Liu, “Multi Point Temperature Measurement System Based on DS18B20,” Adv. Mat. Res., 
vol. 756–759, pp. 556–559, 2013, https://doi.org/10.4028/www.scientific.net/AMR.756-759.556. 

https://doi.org/10.1016/j.buildenv.2016.12.006
https://doi.org/10.3390/pr7020098
https://doi.org/10.2166/wst.2021.368
https://doi.org/10.1016/j.enbuild.2012.08.018
https://doi.org/10.1109/ACCESS.2020.2979077
https://doi.org/10.36728/icone.v1i1.1266
https://doi.org/10.1016/j.buildenv.2019.106236
https://doi.org/10.3390/buildings14113446
https://doi.org/10.3390/engproc2025104054
https://doi.org/10.47933/ijeir.1380664
https://doi.org/10.3390/pr13113590
https://doi.org/10.3390/app10144696
https://doi.org/10.3390/en19020570
https://doi.org/10.1016/j.buildenv.2008.11.001
https://doi.org/10.1016/j.clet.2021.100347
https://doi.org/10.3390/en18112751
https://doi.org/10.1051/e3sconf/202567203029
https://doi.org/10.3390/s17071520
https://doi.org/10.4028/www.scientific.net/AMR.756-759.556


Chathumal and Amaratunga, Embedded Control Architecture for Multi-Evaporator Industrial Dehumidification Systems 
 

 

 

 

 
Scientific Journal of Engineering Research 2026, 2, 1 https://journal.futuristech.co.id/index.php/sjer 

140 

[26] A. Elyounsi and A. N. Kalashnikov, “Evaluating Suitability of a DS18B20 Temperature Sensor 
for Use in an Accurate Air Temperature Distribution Measurement Network,” in The 8th 
International Electronic Conference on Sensors and Applications, Basel Switzerland: MDPI, Nov. 
2021, p. 56. https://doi.org/10.3390/ecsa-8-11277. 

[27] Smitha T.K, Ravikiran B.A., Karthik P., and Mondal T.K., “Design and implementation of 
control of solid state relay switches using MSP 430 for instantaneous high current supply,” in 
2015 International Conference on Green Computing and Internet of Things (ICGCIoT), IEEE, Oct. 
2015, pp. 474–479. https://doi.org/10.1109/ICGCIoT.2015.7380511. 

[28] Z. M. Ali, M. Ćalasan, F. Jurado, and S. H. E. Abdel Aleem, “Complexities of Power Quality 
and Harmonic-Induced Overheating in Modern Power Grids Studies: Challenges and 
Solutions,” IEEE Access, vol. 12, pp. 151554–151597, 2024, 
https://doi.org/10.1109/ACCESS.2024.3477729. 

[29] A. Dianov, “Optimization of Compressor Preheating to Increase Efficiency, Comfort, and 
Lifespan,” Technologies (Basel)., vol. 13, no. 12, p. 590, Dec. 2025, 
https://doi.org/10.3390/technologies13120590. 

[30] A. Estrada, L. Córdova-Castillo, and S. Piedra, “Enhancing Vapor Compression Refrigeration 
Systems Efficiency via Two-Phase Length and Superheat Evaporator MIMO Control,” 
Processes, vol. 12, no. 8, p. 1600, Jul. 2024, https://doi.org/10.3390/pr12081600. 

  

https://doi.org/10.3390/ecsa-8-11277
https://doi.org/10.1109/ICGCIoT.2015.7380511
https://doi.org/10.1109/ACCESS.2024.3477729
https://doi.org/10.3390/technologies13120590
https://doi.org/10.3390/pr12081600

