Published:
May 04,2026

This work is licensed
under a Creative
Commons Attribution-
NonCommercial 4.0
International License

Selection and Peer-
review under the
responsibility of the 7
BIS-STE 2025 Committee

Volume 4 2026 | DOI: 10.31603/biseeng.553 UNIMMA

h . .
7" Borobudur International Symposium on W
Science and Technology (BIS-STE) 2025 RIS PRESS

Integrating RTC based scheduling and loT override
for organic fertilizer mixing: design, validation, and
improvement roadmap

Rido Putra”, Aisyah Fadhilah Arif', Zulwisli’, Muslim? Iffarial
Nanda?®, Nuzul Hidayat?, and Zummi Tridinanti Azry?

' Department of Electronics Engineering, Universitas Negeri Padang, Padang, Indonesia
* Department of Automotive Engineering, Universitas Negeri Padang, Padang, Indonesia
> Department of Tourism, Universitas Negeri Padang, Padang, Indonesia

* Corresponding author’s email: rido_putera@unp.ac.id

Abstract

This study proposes and validates a hybrid control architecture based on the integration
of Real Time Clock and Internet of Things for a laboratory scale automatic compost
mixing system using an ESP8266 microcontroller with deterministic scheduling based
on absolute time and remote monitoring and override functions. The prototype with
integrated wiring that separates the low and high voltage domains demonstrates
consistent schedule execution, override response within seconds, and average power
consumption of approximately 135 watts or less than 1/10-kilowatt hour per 45-minute
cycle. This two-layer architecture improves consistency compared to manual operator-
based methods, although long term durability testing and field validation are still
required, and contributes to the development of low-cost modular automation systems
that are adaptive to connectivity disruptions.
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Introduction

Organic waste is the dominant fraction in municipal solid waste, and its management
poses a challenge in sustainable environmental systems [1],[2],[3]. Converting organic
waste into compost through controlled biodegradation is an effective process
engineering approach to support the circular economy and reduce the burden on
landfills [4],[5],[6]. From a technical perspective, composting is viewed as a dynamic
bioreaction system that requires control of temperature, humidity, aeration, and the
frequency and duration of mixing to maintain microbial stability. Irregular mixing can
create anaerobic zones, reduce degradation efficiency, and produce inconsistent
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compost [7],[8]. However, in many laboratory scale systems, mixing is still done
manually or using simple timers without absolute time references. Manual methods in
this context refer to operation based on operator estimates without deterministic
scheduling and without structured time documentation [9],[10],[11].

This approach leads to variability in mixing frequency and duration, is prone to schedule
shifts due to power disruptions, and lacks synchronisation and control redundancy
mechanisms [12],[13],[14]. Although the development of microcontrollers and Internet
of Things technology has driven automation in the agricultural and waste processing
sectors, most systems still use a single layer architecture, either based on internal timers
or relying entirely on cloud connectivity, making them vulnerable to power outages and
network instability. To overcome these limitations, this study proposes a hybrid control
architecture based on the integration of Real Time Clock and loT for automatic compost
mixing systems [15],[16],[17]. The RTC module is used as an absolute time based
schedule controller, while the 10T platform functions as a secondary control layer for
remote monitoring and override, allowing the system to continue operating
autonomously when the network connection is lost. The contribution of this research
lies in the development of a low cost two Ayer architecture with fail safe mechanisms
and time shift mitigation strategies, which are evaluated through testing of schedule
consistency, override response, operational failure rates, and energy consumption. This
approach offers a more robust and applicable control framework for small to medium
scale composting systems [18],[19].

Method

The system is designed (System Design and Architecture) as a hybrid control
architecture that integrates Real Time Clock and Internet of Things modules into a single
integrated framework with Wemos D1 R2 based on ESP8266 as the main controller for
logic processing, network communication, and actuation. The DS3231 RTC module
provides an absolute time reference for scheduling precision, while the Blynk platform
enables remote monitoring and override via smartphone. Time and status information
is displayed on a 16x2 [2C LCD, while actuation is performed via a single channel relay
that controls a 2 HP (horsepower) single phase AC motor as the mixer drive. All
subsystems (Wiring Integration) are integrated in a unified wiring configuration that
separates the 5 volt DC low voltage domain and the 220 volt AC voltage domain to
maintain operational safety. 12C communication between the RTC module and the LCD
is carried out via the microcontroller's SDA and SCL pins, while the relay is controlled by
digital pins as outputs. The AC phase line is disconnected via a normally open relay
terminal and the neutral line is connected directly to the motor, creating isolation
between the control system and the high power load.

The firmware (Control Logic and Operating Modes) was developed using Arduino IDE
with two operating modes, namely RTC based automatic scheduling and remote
override via the Blynk application. The system automatically reads the time from the RTC
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to activate and deactivate the relay according to the stored schedule, while override
commands are sent via the WiFi network and processed through a virtual pin to update
the relay status. The control logic gives priority to overrides during interventions, but
the system returns to its normal schedule and continues to operate based on the RTC
when network connectivity is lost. Testing (Test Procedure) was conducted on a
laboratory scale by simulating daily mixing cycles. The parameters observed included
schedule execution consistency, override response latency, relay activation failure rate,
and energy consumption during operation. System execution was monitored via an LCD
display and direct verification of motor status.

Energy consumption (Motor Energy Consumption Measurement) was measured using
a plug in digital power meter placed between the AC power source and the mixing
motor. Active power parameters were recorded periodically during a full 45 minute
operating cycle. The average power value is calculated from the repeated
measurements and used to determine the electrical energy per cycle based on the
multiplication of the average power and the duration of operation in hours.
Measurements are taken several times to reduce experimental variation and increase
data reliability. The total energy per cycle is calculated using the equation:

P = Py4 xt
Where, E = energy (kWh), P avg = average power (kW), t = duration of operation (hours)

Measurements were taken three times to reduce experimental error, and the reported
values are the average of the three experiments.

Result and discussion

[2C communication between the microcontroller, RTC, and LCD runs stably without
address conflicts, while relay control shows a logical response in accordance with the
digital output signal. This can be seenin Figure 1.
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Figure 1. System architecture

The prototype was successfully implemented (System realization) in accordance with
the planned architecture. The integrated block diagram and wiring diagram show
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consistent integration between the control, communication, and actuation subsystems
[20],[21].

The separation of low and high voltage domains provides an adequate level of
operational safety in laboratory testing [22],[23]. No electrical interference affecting the
stability of the microcontroller was found during motor activation. This can be seen in
Figure 2. The wiring design takes into account electrical safety principles by separating
low voltage (<5V DC) and high voltage (220V AC) domains. The relay module functions
as an electromechanical isolator that prevents reverse current or high voltage surges
from reaching the microcontroller[24],[25]. This is illustrated in Figure 3.

Figure 2. Integrated wiring diagram of the RTC-loT system showing the 12C (SDA/SCL) connection, relay
control line, and isolation between the 5V DC and 220V AC domains
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Figure 3. Wiring circuit

This configuration is in line with standard practices for controlling AC motors using
relays or magnetic contactors as described in electrical engineering literature [26],[27].
The performance description of the prototype can be seenin Table 1.
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Table 1. Prototype performance descriptive table

No Label Component Function Type
1 A WEMOS D1 R2 Main microcontroller, WiFi/loT connection Control
(ESP8266)
2 B Power Supply (5V DC) Power source for microcontroller & module Power
3 C LCD 16x2 + 12C Module  Displays time, status, and system information =~ Output
(LCM1602)
4 D RTC DS3231/ 25042 Real Time Clock, stores time accurately Sensor
5 E Relay Module (1 Electronic switch to turn AC motor on/off Actuator
channel)
6 F Power Supply (220V Power source for AC motor Power
AC to DQ)
7 G AC Motor /[ Dynamo Drives spiral shaped agitator Actuator
8 H Breadboard Prototyping board for component Support

connections

The system (scheduled operation) is capable of executing the mixing cycle consistently
based on the RTC time reference without experiencing schedule shifts due to restarts
or power fluctuations, demonstrating that the use of absolute time effectively

overcomes the weaknesses of internal timers. This approach provides better

operational stability compared to manual methods based on operator intervention,
which rely on time estimates and lack precision synchronisation [28][29]. This can be

seenin Figure 5.
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Figure 5. Control flow diagram

The LCD displays the current time and schedule status, enabling local verification of the
schedule execution cycle, which supports operator situational awareness during the
mixing process. This mode addresses the common problem of irregular manual
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scheduling by enforcing repeated mixing without constant human supervision, in line
with the goal of reducing labour while promoting compost mixture uniformity [30].
Override testing (Remote Override Evaluation) via the Blynk application shows system
response within one to several seconds depending on network conditions, with latency
still acceptable for compost mixing applications. The hybrid architecture ensures that
core functions continue to operate when connectivity is lost, limiting network
dependency to supervisory and intervention functions [31]. This can be seen in Figure 6.

New Project

Community

Figure 6. Blynk control interface

This capability enables flexible intervention to accommodate process observations or
operational constraints, complementing the automatic scheduler and improving overall
control [32]. The prototype (Prototype Performance Description) successfully
performed scheduled mixing operations consistently according to RTC settings and
responded to application override commands within 1-3 seconds. Experimental
measurements show that the average active power during one mixing cycle is 130 + 5 W
based on 3 measurement repetitions, while the execution failure rate, mainly due to
network interference, is recorded at less than 5%. The mixing consistency achieved
exceeded 90% compliance with the predetermined schedule sequence, indicating higher
schedule stability compared to manual operator based mixing methods, which tend to
experience variations in execution time and duration due to subjective factors and
limitations of continuous supervision. This is shown in Table 2.

Table 2. Comparison of manual and automated systems

No Aspect Manual Method RTC-loT System

1 Time Reference Not absolute RTC based (absolute time reference)
2 Schedule Consistency Depends on operator Deterministic

3 Documentation Not available Can be developed

4 Operator Dependency High Low

5 Control Redundancy None Dual layer control
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The cycle execution time value indicates the operational duration of a single automatic
mixing process adjusted according to user settings. The electrical energy consumed per
mixing cycle (45 minutes) is approximately 0.098 kWh. The consistency of the mixing
reflects the reliability of the scheduling, which reduces errors and irregularities in the
mixture compared to manual methods [34],[35]. This is shown in Figure 7.

Energy Cons. (W)

Cycle Duration (min)
Failure Rate (%)

Override Latency (s)

0 20 40 60 80 100 120 130

Nilai Terukur (Measured Value)
Figure 7. performance measurement results diagram (bar chart)

The execution failure rate indicates the limits of system control stability, especially in
fluctuating WiFi network conditions. Energy consumption provides a rough estimate of
the system's power requirements for resource planning. Shown in Figure 8.
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Figure 8. Performance indicator diagram (line chart)

The prototype demonstrated good performance in laboratory scenarios in terms of
mixing consistency, override latency, and energy consumption, although durability and
load testing under real field conditions has not yet been conducted. Execution failures
were mainly caused by network disruptions and could potentially be minimised through
fail safe strategies, while further development is recommended to include local data
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logging, NTP based time synchronisation, and real time energy monitoring. Overall, the
main contribution of this research is a flexible and adaptive RTC-loT hybrid model for
agricultural community applications. Measurements (Energy Consumption Analysis)
show that the average active power during operation is in the range of one hundred and
thirty watts. With an operating duration of forty five minutes, the electrical energy per
cycle is in the range of less than 1/10 kilowatt/hour. This value indicates that the system
is relatively efficient for laboratory scale, although long term evaluation is still needed
for a more comprehensive energy optimisation analysis [36],[37].

Although the system (Limitations and Development Implications) demonstrated stable
performance in laboratory testing, long term durability testing and evaluation in real
world environmental conditions have not yet been conducted. Additionally, the system
is not yet equipped with an automatic data logging module or real time energy
monitoring based on integrated sensors. Further development could include the
integration of local storage, network based time synchronisation, and multi scenario
performance analysis to improve readiness for implementation on a community or small
industrial scale.

Conclusion

This research designs and implements an automatic compost mixing system based on a
hybrid control architecture that integrates Real Time Clock and Internet of Things into a
single integrated control framework, enabling deterministic scheduling based on
absolute time while providing flexibility for remote intervention with minimal network
dependency. Laboratory testing shows that the system is capable of consistently
executing mixing cycles, responding to override commands within an acceptable time
frame, and maintaining operational stability through the separation of low and high
voltage domains, with relatively low energy requirements for the prototype scale. The
main contribution lies in the application of a two layer architecture that combines
deterministic control and adaptive supervision with fail safe mechanisms to maintain
operational continuity in the event of connectivity disruptions. Although still limited to
laboratory testing and not yet including long term durability evaluation or automatic
data logging, this approach shows potential for implementation on a community and
small industrial scale and can be extended to other bioreactor applications that require
time precision and operational redundancy.
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