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Abstract— This work presents the design of an automatic
washing machine control system utilizing a Finite State Machine
(FSM) implemented in Verilog. The FSM effectively models the
washing process through distinct states: Check Door, Fill
Water, Add Detergent, Cycle, Drain Water, and Spin. Each state is
logically connected, ensuring smooth transitions based on real-time
inputs such as water level, detergent presence, and task completion.
A Verilog testbench simulates various scenarios to validate the
FSM's functionality, confirming the system's reliability and
operational  efficiency. Utilizing EDA  Playground for
implementation and Aldec Riviera Pro 2023.04 for simulation, this
work demonstrates the practical application of FSMs in automating
washing machines. The results highlight the system's safety,
efficiency, and user-friendliness, establishing a solid foundation for
future advancements in smart appliance technology.
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I. INTRODUCTION

This paper presents the design and implementation of a
digital control system for an automatic washing machine using
a Finite State Machine (FSM). The FSM, implemented in
Verilog HDL, governs the entire washing cycle, including
filling, washing, rinsing, and spinning. Key features include
safety ~mechanisms, efficient water and = detergent
management, and controlled motor operations. The system is
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designed, simulated, and verified using industry-standard
tools, demonstrating its robustness and potential for real-
world implementation.

Il. LITERATURE SURVEY

2.1 Overview of Digital Control Systems in Washing
Machines [1] Doe, J., & Smith, A. (2020) and [2] Nguyen, L.,
& Brown, K. (2017) highlight the shift from mechanical to
digital control in washing machines, emphasizing improved
accuracy, programmability, and energy efficiency.

2.2 Introduction to Finite State Machines (FSMs) in Digital
Control [3] Lee, T., & Kim, R. (2018) and [4] Martinez, A.,
& Gupta, N. (2019) detail the principles of FSMs and their
suitability for managing sequential operations in embedded
systems, particularly in appliances like washing machines.
2.3 Use of Verilog HDL for FSM Design [5] Patel, R., &
Chandra, N. (2019) and [6] Cheng, P., & Li, Y. (2020)
demonstrate the effectiveness of Verilog HDL for
implementing and simulating FSMs in washing machine
control systems, highlighting its advantages in terms of
design flexibility and ease of use.

2.4 FSM-Based Cycle Control in Automatic Washing
Machines [7] Yadav, M., & Sharma, L. (2021) and [8]
Ibrahim, K., & Santos, M. (2019) showcase the use of FSMs
to manage wash cycles, adapting to sensor feedback and
optimizing performance based on load conditions.

Fig.1 Finite state machine

2.5 Optimization and Simulation of FSM in Verilog for
Washing Machines [9] Chen, H., & Wang, Z. (2020) and [10]
Wong, S., & Zhao, Q. (2021) discuss optimization techniques
to enhance FSM efficiency and energy consumption, and
emphasize the importance of rigorous simulation and

verification for ensuring the reliability of FSM-based control
systems.

2.6 Comparative Analysis of FSM and Alternative Control
Methods in Washing Machines [11] Santos, P., & Rodrigues,
L. (2019) and [12] Lee, J., & Kumar, S. (2020) compare
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FSMs with other control methods, highlighting their
suitability for structured, sequential control in washing
machines.

2.7 Future Trends and Advancements in FSM Design for
Smart Washing Machines [13] Gupta, S., & Rao, D. (2022)
and [14] Singh, A., & Zhang, W. (2023) explore the
integration of 10T and machine learning with FSMs to enable
adaptive cycle control, predictive maintenance, and enhanced
user experiences in future smart washing machines.

I1l. FINITE STATE MACHINE

The FSM for an automatic washing machine, implemented
using Verilog HDL for digital control. This FSM is designed
to handle the sequential processes of a washing machine, such
as checking the door, filling water, adding detergent,
washing, draining, and spinning. The states in this diagram
are as follows: Check Door, Fill Water, Add Detergent,
Cycle, Drain Water, and Spin. Each state is essential to
automate the washing cycle, ensuring it proceeds efficiently
and safely based on sensor inputs and defined conditions.

A finite state machine (FSM) for an automatic washing
machine, detailing the operational states and their transitions
based on specific conditions and signals. It begins with the
Check Door state, where the machine ensures the door is
closed and locked before transitioning to the Fill Water state
to fill water for soaking. Once the water is filled, it moves to
the Add Detergent state, where detergent is added.
Afterward, the machine enters the Cycle state, where the
motor runs for washing until the cycle times out. Next, it
transitions to the Drain Water state to drain the used water,
followed by the Spin state for drying clothes. The FSM loops
back for additional processes or completes when all tasks are
done.

The Check Door state. This is a critical safety state where the
FSM verifies that the washing machine’s door is securely
closed. If the machine has not been started or if the door is
not closed, the FSM remains in this state. This safety check
prevents potential accidents by ensuring that the machine will
not operate unless the door is closed, which protects users and
prevents water leakage. Once the door is closed, the FSM
moves to the Fill Water state.

The Fill Water state, the FSM opens the water inlet valve
and monitors the water level using a sensor. The machine
begins filling the drum with water, a prerequisite for soaking
the clothes. The FSM waits in this state until the water level
reaches a specified threshold, indicating that enough water
has been added. However, if the water is not filled to the
required level, the FSM will remain in this state, continually
monitoring the input from the sensor. Once the correct level
is reached and the clothes are soaked, the FSM transitions to
the next state, Add Detergent.

The Add Detergent state allows for detergent addition,
which is either prompted by the machine or added manually
by the user. This state ensures that detergent is present in the
drum before the washing process begins. The FSM waits here
until it detects that detergent has been added, either by user
input or a specific time delay if the machine automatically
dispenses detergent. Once the detergent is in place, the FSM
progresses to the Cycle state, where the actual washing
occurs.

The Cycle state, the FSM activates the washing motor, which
rotates the drum to agitate the clothes. This action simulates
the scrubbing motion needed to remove dirt and stains. The
FSM operates the motor in intervals, optimizing the washing
process for thorough cleaning. The cycle state has a set
duration, monitored by a timer. If the timer times out,
indicating that the cycle is complete, the FSM proceeds to the
next state. However, if the cycle has not timed out, the FSM
maintains the motor activity, ensuring effective cleaning.
Once the timer expires, the FSM moves to the Drain Water
state.

The Drain Water state is where the FSM controls the drain
pump to empty the used water from the drum. This process is
crucial for rinsing and preparing the clothes for spinning. The
FSM continuously monitors the water level sensor to ensure
that all water is drained before proceeding to the next stage.
If the water is not fully drained, the FSM remains in this state,
ensuring no residual water is left. Once the drum is empty,
the FSM transitions to the Spin state for drying. the Spin
state, the FSM activates the high-speed motor function,
spinning the drum to extract excess water from the clothes
through centrifugal force. This spinning action reduces
drying time, making the clothes ready for removal. The FSM
continues to monitor the spin cycle, allowing the process to
repeat if needed or stop once the clothes are adequately dried.
After spinning, the FSM returns to the Check Door state,
where the cycle can either end, allowing the user to remove
the clothes; or begin again if desired.

IV. SOFTWARE IMPLEMENTATION

Verilog HDL is a hardware description language (HDL) used
to model, simulate, and design digital circuits, including
FPGAs and ASICs. EDA Playground is a free online platform
for Verilog simulation. To use it:

1. Create an account or log in.

2. Start a new playground. Select "Verilog" as the
HDL language and choose a simulator (e.g., Icarus
Verilog or Aldec Riviera-Pro 2023.04).

3. Write your Verilog module: This defines the
circuit's functionality.

4. Write a testbench: This applies inputs and checks
outputs. Use $monitor to display results.

5. Configure simulation options (time,
etc.).

6. Run the simulation. Check the console for errors
and view waveforms using the "View Waves"
button.

7. Save and share your work.

libraries,

V. RESULT AND DISCUSSION

Simulation results validated the washing machine's FSM-
based control system. The simulation demonstrated the
correct sequence of state transitions and signal activations
(reset, start, door_close, motor_on, etc.), showing accurate
timing and efficient resource utilization. All states progressed
correctly, and outputs behaved as expected. However,
improvements are needed. Robust handling of potential
sensor signal delays (e.g., “filled", “drained") via debouncing
and timeout mechanisms is required, as is a more
sophisticated approach to mid-cycle resets. While simulation
results are positive and suggest readiness for hardware
implementation, real-world performance validation through
physical testing is crucial.  Future development will
incorporate error handling and allow for dynamic cycle
duration adjustments.
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Fig.2 Output and Waveform

Advantages of using Verilog HDL for a washing machine
control system: Real-time processing, precise control,
customizability, low power consumption, sensor integration,
fault detection, cost-effective development, reusable
components, enhanced user experience, compatibility with
modern technologies, scalability, reduced mechanical wear,
energy efficiency, environmentally friendly, and design
flexibility. Disadvantages: Design complexity, time-
consuming development, resource-intensive simulation,
hardware dependency, maintenance challenges, debugging
difficulties, steep learning curve, risk of human error,
integration issues, timing constraints, cost of development
tools, verification overhead, dependency on third-party IP,
design iterations, and scalability concerns for very large
systems.

V1. CONCLUSION

The FSM-based automatic washing machine control system
successfully achieves automation, safety, efficiency, and
reliability. It demonstrates the effectiveness of FSMs in
sequential control processes, ensuring logical transitions and
error-free operations. The work contributes academically by
applying FSM concepts in real-world systems and provides a
simulation framework for further research. The system
balances cost, efficiency, and user-friendliness, laying a

strong foundation for future advancements in smart
appliances.
Enhancements can include:

e loT & Al Integration: Remote monitoring,

predictive maintenance, and adaptive washing
cycles based on user preferences.

e Smart Features: Voice control, load detection,
automatic detergent dispensing, and advanced error
diagnostics.

e Energy Efficiency: Eco modes, renewable energy
compatibility, and optimized power consumption.

e Advanced Hardware: FPGA implementation for
improved performance and enhanced sensor
systems for real-time monitoring.

e Commercial Applications:  Scalability  for
industrial use, digital payment integration, and
specialized washing cycles for different fabrics.

This work sets the stage for the next generation of intelligent,
connected, and sustainable washing machines, bridging
theoretical FSM  design  with practical real-world
implementation.
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