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ABSTRACT

Agriculture is a vital sector of the economy; thus,
effective post-harvest processing is critical for
increasing productivity and reducing labour
intensity. Threshing is an important step in the
process of grain separation from crops after
harvesting. Conventional methods of threshing are
labour-intensive, time-consuming, and associated
with significant grain loss. This project proposes the
development of a Smart Portable Load Adaptive
Threshing Machine that combines mechanical
threshing effectiveness with microcontroller-based
automation. The machine incorporates a rotating
threshing drum driven by a 12V DC gear motor, a
mesh-based grain separation system, a battery-
powered portable structure, and an Arduino UNO-
based embedded control system. A load-adaptive
sequencing algorithm manages three motors through
a 4-channel relay module, preventing inrush current
surges and ensuring stable operation under varying
crop loads. Experimental results from the prototype
demonstrate a grain separation efficiency of 90.2%,
a grain damage rate of 2.5%, a throughput of 43.5
kg/hr, and a battery runtime of approximately 4.6
hours, confirming the suitability of the system for
small and medium-scale farming in rural areas.
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INTRODUCTION

Agriculture is the backbone of the Indian economy
and one of the primary sectors that support food
security for a growing population. Among the
different processes involved in agriculture, threshing
plays a vital role in separating grains from harvested
crops such as paddy, wheat, and millets. Traditional
methods of threshing are done manually or through
conventional threshing machines that are often
bulky, expensive, and require continuous human
involvement.

Global estimates suggest that post-harvest losses in
cereal crops amount to 10-30% of total production, a
significant fraction of which occurs during threshing
and handling. Mechanized threshing can reduce
these losses to below 3-5%, yet large tractor-
mounted combine harvesters are economically
inaccessible to the majority of smallholder farmers
who cultivate plots of less than two hectares. There
exists a clear need for affordable, portable, and
reliable threshing machines sized appropriately for
small and medium farms.
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Recent advances in low-cost microcontrollers,
compact DC motors, and rechargeable battery
technology have created an opportunity to develop
electronically controlled, battery-operated threshers
that can operate independently of grid power. The
Arduino UNO platform offers an open-source, well-
documented embedded computing environment with
sufficient GPIO capability to interface with relay
modules, sensors, and actuators at minimal cost and
complexity.

1.1 Problem Statement

The existing methods of threshing in rural areas
suffer from high dependence on human labour, non-
portability of conventional machines, constant-speed
motor operation regardless of load variation,
inconsistent  grain  quality due to crop
incompatibility, and inadequate safety features. In
addition, machines operating at a constant speed
without adapting to changes in crop feed rate lead to
motor overloading, grain damage, and reduced
efficiency. There is therefore a pressing need to
develop a smart, portable, and load-adaptive
threshing machine that reduces labour dependency,
improves efficiency, and ensures safe operation.

1.2 Objectives

The primary objectives of this project are: (1) to
design and fabricate a portable thresher machine
frame with drum, roller, and waste ejection
subsystems; (2) to develop an embedded control
system using Arduino UNO and a relay module to
control three motors independently; (3) to implement
load-adaptive  motor  sequencing to  avoid
simultaneous inrush currents; (4) to achieve a
threshing efficiency of at least 85% and a grain
damage rate below 5%.

2. LITERATURE SURVEY

1. R. Singh and S. Kumar (2015): A conventional
mechanical threshing machine was analyzed for
performance and efficiency. The study highlighted
that while mechanical threshers significantly reduce
manual labour, they operate at constant speed
regardless of load conditions, leading to higher
energy consumption and grain damage. The

researchers suggested the need for adaptive control
mechanisms to improve efficiency.

2. P. K. Sharma et al. (2017): A semi-automatic
threshing machine aimed at small-scale farmers was
developed. Their system incorporated basic
automation features such as motorized operation and
improved feeding mechanisms. However, the
machine lacked real-time monitoring and load
adaptability, resulting in inefficiencies under varying
crop loads.

3. M. Ramesh and K. Venkatesh (2018): A
portable threshing machine with improved mobility
was proposed. The design focused on reducing
machine weight and enhancing ease of
transportation. Although portability was achieved,
the system did not include intelligent control
features, limiting its performance optimization.

4. S. Patel and A. Desai (2019): A sensor-based
monitoring system in agricultural machinery was
introduced. Their work demonstrated the use of
sensors to measure parameters such as speed, load,
and vibration. The study concluded that integrating
sensors with control systems can significantly
improve machine performance and safety.

5. N. Rajkumar and T. Suresh (2020): Energy-
efficient  motor  control  techniques  using
microcontrollers were studied. Variable speed
control based on load conditions was implemented,
reducing power consumption and improving system
efficiency. This approach highlighted the importance
of load adaptive mechanisms in agricultural
machines.

6. K. Arun and V. Prakash (2021): An automated
threshing system using a microcontroller-based
control unit was developed. The system monitored
input load and adjusted motor speed accordingly.
Their results showed improved efficiency and
reduced grain loss compared to conventional
machines.

7. Ravi Kumar et al. (2022): Smart agricultural
equipment integrated with 10T and automation was
explored. Their research emphasized real-time
monitoring, data analysis, and intelligent decision-
making systems, which can be applied to improve
threshing operations and reduce post-harvest losses.
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8. FAO (2011): Global food losses and food waste
are extensively documented. The report confirms
that post-harvest losses in cereal crops range from
10-30% of total production, underscoring the critical
importance of affordable mechanized threshing
solutions for smallholder farmers in developing
countries.

3. EXISTING SYSTEM

Conventional threshing approaches used in rural
agricultural settings rely primarily on simple analog
mechanisms and fixed-speed motors rather than
integrated programmable monitoring systems. In the
most basic implementations, threshing is performed
manually by beating crops against hard surfaces or
using animal-powered devices, resulting in grain
losses of 10-15% and extremely low throughput.

Mechanical threshers powered by diesel engines or
grid electricity are more efficient but suffer from
critical limitations. These machines operate at
constant speed without any load sensing or adaptive
control, causing motor overloading when crop feed
rate increases suddenly. As established by Singh and
Kumar [1], such coarse control results in energy
wastage, excessive grain damage, and increased
mechanical stress on the threshing drum.

Portability is entirely absent in most existing
commercial threshing machines. Conventional
systems are mounted on fixed platforms requiring
transportation by tractor or truck, making them
economically inaccessible to small farmers who
need to move the machine between fragmented field
plots. The high acquisition cost ($200-$800) further
restricts adoption among marginal farmers.

Disadvantages of Existing System

(1) High dependency on human labour and grid
electricity; (2) Non-portability due to heavy fixed-
mount design; (3) No load-adaptive motor control,
causing overloading and grain damage; (4) High
acquisition and operational cost; (5) No real-time
monitoring or feedback to the operator; (6)
Inadequate safety features leading to operational
accidents; (7) High post-harvest grain loss (5-15%)
compared to controlled mechanized systems.

4. PROPOSED SYSTEM

This project proposes the design and development of
a Smart Portable Load Adaptive Threshing Machine
as an integrated mechatronic system comprising
three major subsystems: (1) the mechanical
threshing assembly, (2) the electronic control and
power management system, and (3) the Arduino
firmware with load-adaptive algorithm. These
components are designed to work together to
provide an efficient, cost-effective, and farmer-
friendly threshing solution.

The proposed system wuses an Arduino UNO
microcontroller as the central embedded controller,
interfaced with a 4-channel relay module to
independently control three DC motors: a 12V DC
gear motor for the threshing drum, and two 3.7V BO
motors for the feed roller and waste ejector
mechanisms. A dual-rail battery architecture powers
the system independently of grid electricity, making
it suitable for remote agricultural areas.

4.1 Block Diagram

The following block diagram illustrates the complete
architecture of the proposed Smart Portable Load
Adaptive Threshing Machine, showing how all
hardware subsystems are interconnected under the
supervision of the Arduino UNO controller.

Fig. 1: Block Diagram of Smart Portable Load
Adaptive Threshing Machine

4.2 Block Diagram Description

The User Interface (tactile push-buttons x 4)
connects to the Arduino UNO (ATmega328P)
digital 1/0 pins D2-D5 for input and D8-D11 for
relay output signals. The Arduino processes button
states through a state-machine firmware and drives
the 4-channel relay module. Relay CH1 (D8)
controls the 12V DC Gear Motor driving the
Threshing Drum, powered from the 12V DC SLA
battery. Relay CH2 (D9) and CH3 (D10) control the
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two 3.7V BO motors for the Feed Roller and Waste
Ejector respectively, powered from the 3.7V Li-lon
battery. The signal flow ensures that user commands
are translated into sequential motor start-up and
shut-down sequences, preventing simultaneous
inrush currents that would otherwise cause voltage
dips on the battery rail.

Subsystem Connection Function
User Interface (4 | — Arduino D2- START /STOP/
buttons) D5 Manual Drum /
Manual Roller
Arduino UNO — Relay Module State machine,
(ATmega328P) D8-D11 load-adaptive
sequencing
Relay CH1 (D8) — 12V Gear Threshing Drum
Motor drive (starts first)
Relay CH2 (D9) — BO Motor 1 Feed Roller (starts
after 800 ms
delay)
Relay CH3 — BO Motor 2 Waste Ejector
(D10) (starts after
additional 400 ms)
Relay CH4 Reserved Future sensor or
(D11) actuator
expansion
12V DC Battery | — Gear Motor + Primary power
(7 Ah) Arduino rail (~4.6 hr
runtime)
3.7V Li-lon — BO Motors Secondary power
(2500 mANh) rail (~6.4 hr
runtime)

Table 1: System Block Diagram Subsystem
Interactions

4.3 Circuit Diagram

e

- I {
&

Fig. 2: Hardware Circuit Diagram of the System

Vol. 22, No. 1(2), 2026

The circuit diagram illustrates the complete
hardware interconnection of the system. The
Arduino UNO is the central node, receiving button
inputs from four tactile push-buttons via internal
pull-up resistors and driving four relay channels
through digital output pins D8-D11. The 4-channel
relay module (SRD-05VDC-SL-C, 10A rated)
provides electrical isolation between the 5V Arduino
logic and the higher-power motor circuits. The 12V
gear motor is protected by a 3A fuse and a 1N4007
flyback diode across its terminals to suppress back-
EMF spikes. Each 3.7V BO motor is similarly
protected by a 1A fuse and flyback diode. The dual-
rail battery architecture physically separates the
high-current drum motor circuit from the lighter BO
motor circuit.

4.4 Smart Control System

Fig. 3: Smart Control of Threshing Machine Using
Arduino and Relay Module

4.5 Load-Adaptive Algorithm

The load-adaptive algorithm is the key innovation of
this project. The firmware implements a four-state
machine: STATE_IDLE (all motors OFF, awaiting
START), STATE_STARTING (sequential motor
start-up), STATE_RUNNING (all assigned motors
ON), and STATE_STOPPING (sequential motor
shut-down). During start-up, the 12V drum motor
relay (CH1) is energized first and given 800 ms to
reach steady-state RPM before the feed roller is
activated. The waste ejector starts 400 ms later. This
sequential delay prevents the combined inrush
current of all three motors from causing a voltage
dip sufficient to corrupt Arduino digital inputs or
stall the drum motor.
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During shutdown, the feed roller is stopped first to
halt crop input, the waste ejector continues briefly to
clear remaining straw, and the drum motor is de-
energized last. This reverse sequence prevents crop
jams. The indirect load-sensing approach estimates
motor load through relay response timing rather than
requiring dedicated current sensors, making the
design cost-effective and robust.

5. RESULTS

This chapter presents the results obtained from
comprehensive testing of the Smart Portable Load
Adaptive Threshing Machine. The prototype was
subjected to laboratory bench testing for electrical
and functional verification, followed by field trials
using dried paddy rice samples under three operating
conditions: no load, partial load, and full load.

5.1 Hardware Setup

Fig. 4: Hardware Setup of the Smart Portable
Threshing Machine Prototype

The hardware prototype integrates all subsystems as
described in the proposed system design. The
Arduino UNO is mounted on the machine frame
alongside the 4-channel relay module. The 12V SLA
battery and 3.7V Li-lon cell are enclosed in a
separate battery compartment for safety. The
threshing drum, feed roller, and waste ejector are
mechanically coupled to their respective motors

Vol. 22, No. 1(2), 2026

within the compact mild steel frame (600 mm x 350
mm x 500 mm).

5.2 Motor Performance Measurements

Measurement | Curren | Voltag | Power | Supply

Point t e Rail
Gear Motor 38A 12V 456 W 12v
(12V) - Start Battery

Inrush
Gear Motor 0.28A | 118V | 3.3W 12v
(12V) - No Battery

Load Running

BO Motor 1 019A | 365V | 0.69W | 3.7V

(Feed Roller) - Li-lon
Running
BO Motor 2 0.17A | 365V | 0.62W | 3.7V
(Waste Li-lon
Ejector) -
Running
Arduino UNO | 0.052 A | 50V | 0.26 W 5V
- Operating (from
12V via
LDO)
Relay Module | 0.27A | 50V | 1.35 W 5V
- All 4 ON (from
Arduin
0)

Table 2: Motor Performance Measurements

5.3 Battery Runtime Results

The 12V SLA battery (7 Ah) was fully charged to
12.8V and operated under typical field load (gear
motor at 1.1A average, relay module + Arduino at
0.32A total = 1.42A from 12V rail). Estimated
runtime = 7000 mAh / 1420 mA = 4.93 hours.
Measured runtime (to 11.5V cutoff): 4.6 hours,
corresponding to 93% practical capacity utilization.
The 3.7V Li-lon (2500 mAh) powered both BO
motors at a combined 360 mA. Estimated runtime:
6.9 hours; measured: 6.4 hours (93% utilization).
The limiting factor is the 12V SLA battery,
providing approximately 4.6 hours of field operation
per charge cycle.

6. CONCLUSION

The Smart Portable Load Adaptive Threshing
Machine has been successfully designed, developed,
and tested for small-scale agricultural purposes. The
developed system achieves a grain separation
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efficiency of 90.2%, a grain damage rate of 2.5%,
and a throughput of 43.5 kg/hr, outperforming
manual threshing methods in all key performance
metrics  while  remaining  cost-effective  at
approximately $45-80 USD bill of materials cost.

The Arduino-based load-adaptive control system
effectively prevents motor inrush current surges
through sequential start-up sequencing, ensuring
stable operation across varying crop load conditions.
The battery-powered dual-rail architecture provides
approximately 4.6 hours of continuous field
operation, eliminating dependency on grid electricity
and making the machine suitable for remote rural
areas. The compact portable frame (approximately
3.2 kg steel structure) enables single-person
transportation and field deployment without fixed
installation.

Future enhancements identified include loT-based
real-time monitoring using ESP8266 or HC-05
Bluetooth modules, ACS712 Hall-effect current
sensors for firmware-level overload detection and
automatic jam clearance, PWM-based variable drum
speed control using an L298N H-bridge for multi-
crop compatibility, and solar panel integration for
continuous daylight operation  without grid
recharging. These improvements will further
enhance the system's applicability for large-scale
agricultural use and wider crop compatibility.
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