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Abstract - Digital chess applications commonly depend on a mouse, keyboard, or touchscreen to select pieces and squares. These
interaction methods can create barriers for people with limited hand mobility, reduced fine-motor control, or other physical
conditions that make repeated pointer actions difficult. This paper describes a voice-controlled chess application intended to
provide an alternative, hands-free method of entering moves. The system combines speech-to-text conversion, chess-command
interpretation, rule-based move validation, game-state manage ment, an optional computer opponent, and spoken feedback. A
voice command is treated as a request rather than an instruction that immediately changes the board: the recognized text is
parsed into a candidate move, checked against the current position, and executed only when it is legal. Ambiguous, unrecognized,
or illegal commands leave the board unchanged and prompt the user to try again. The application retains a visual chessboard and
optional conventional input so that users can choose an interac tion method that suits their needs. The design also supports play
against a chess engine, identified in the project documentation as Stockfish, with the response move announced through audio
feedback. The manuscript describes the architecture, processing workflow, implementation responsibilities, evaluation measures,
and current limitations. Quantitative accuracy and response-time results are not reported because completed test measurements
were not supplied. The paper therefore presents a prototype de sign and a transparent evaluation plan rather than unsupported
performance claims.
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1. INTRODUCTION

Chess is a strategy game in which players repeatedly select pieces, identify destination squares, and execute moves while
following a defined set of rules. In a physical game, these actions are performed by moving pieces on a board. In a digital game,
the same interaction is commonly carried out with a mouse, keyboard, or touchscreen. Although these controls are familiar and
efficient for many players, they can be difficult to use for people who have limited hand mobility, involuntary movement,
reduced dexterity, or difficulty sustaining repeated fine-motor actions. An interface that offers only pointer-based movement
can therefore become a barrier to participation, even when the strategic part of the game is accessible.

Speech provides a possible alternative input channel. Instead of selecting a piece and then selecting a square, a player can
describe the intended move aloud. However, adding a microphone to a chess application is not sufficient on its own. Spoken
language is variable: a command may be misheard, may omit important information, or may describe a move thatis illegal in
the current position. The application must distinguish between recognizing words and deciding whether those words describe
an executable chess move.

This work presents a voice-controlled chess prototype designed around that distinction. The user provides a spoken move, the
speech-recognition component produces a transcript, and the command parser converts the transcript into a structured
request. The chess logic then checks the request against the current game state. Only a legal and sufficiently unambiguous move
is applied. When the command cannot be understood or is not legal, the application keeps the current position and gives the
player audio feedback. This conservative approach is important because a mistaken move can affect every later decision in a
chess game.

The application also supports a computer-opponent mode. After a player’s move is accepted, the current position is supplied to
the chess engine, which chooses a reply according to the configured playing level. The interface then updates the board and
announces relevant game events. A conventional visual board and mouse input are retained as optional interaction paths
rather than being removed entirely. This makes the application adaptable to users who prefer a mixture of voice and visual
controls.
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The principal contribution is the integration of voice input, command interpretation, chess-rule validation, game-state tracking,
computer-opponent play, and spoken feedback in one application workflow. The paper focuses on the system design and the
responsibilities of its components. It does not claim that the prototype has been validated through a large-scale accessibility
study, and it does not report performance values for which test data are unavailable.

The rest of the paper is organized as follows. Section Il discusses related work represented in the original project references.
Section III defines the problem and objectives. Section IV describes the proposed architecture and workflow. Section V explains
the implementation stages and move-processing logic. Section VI outlines an evaluation methodology and discusses the
prototype’s observable behavior and limitations. Section VII considers accessibility, security, and practical deployment
concerns. Section VIII identifies future work, and Section IX concludes the paper.

1.1 RELATED WORK

Speech-based interaction has been explored as an alternative to conventional controls in games and interactive applications.
The work cited in the project manuscript covers voice-controlled gaming, speech recognition, and voice-based chess. These
areas are relevant because a speech-controlled chess interface must combine general speech processing with the specific state
and rules of a chess game.

Kolipaka’s work on voice-based chess discusses the use of voice recognition as a way to issue chess commands and identifies
practical concerns such as command recognition, differences in accents and speech patterns, and responsiveness [1]. These
concerns apply directly to a system in which the destination square and piece type must be interpreted accurately. The present
design addresses the distinction between a recognized phrase and a legal chess action by placing a validation stage between
command interpretation and board updates.

Strzatko examines approaches and challenges associated with speech recognition and voice control in digital games [2]. The
paper is relevant to the broader interaction design because a game must coordinate speech-to-text conversion with the logic
that determines what an input means. A general recognizer may produce a plausible transcript without knowing whether that
transcriptis a valid command in a particular game. Consequently, speech recognition and game logic should remain separate
modules with a clear interface between them.

Varma et al. discuss voice-controlled gaming tools in the context of learning and inclusive interaction [3]. Their topic supports
the motivation for considering speech as an additional way to interact with software. A separate reference in the original
manuscript also describes voice-controlled gaming tools [4]. The bibliographic details of that entry are retained from the
supplied paper; the overlap in its title with [3] should be checked against the original publications before submission to ensure
that the citation is accurate and not a duplicate or incorrectly attributed source.

Taken together, the cited studies motivate voice input as a useful interaction option but also indicate that recognition errors
and command ambiguity must be addressed. The current application builds on that general direction by organizing voice
control as a multi-stage process: transcription, command parsing, legality checking, state update, and feedback. Its intended
contribution is this integrated workflow in the context of chess, rather than a claim that speech recognition or voice-controlled
gaming is itself new.

1.2 PROBLEM DEFINATION AND OBJECTIVE

A. Problem Statement

The problem addressed by this project is the dependence of common digital chess interfaces on physical pointing or touch
actions. Users with restricted hand movement may find it difficult to select a piece and its destination square repeatedly
throughout a game. The system should provide a voice-based alternative without compromising the integrity of the chess
position when a command is misrecognized or cannot be interpreted.

B. Design Objectives

The prototype is organized around the following objectives:

1. Accept spoken chess-move requests as an alternative to pointer-based input.
2. Convert speech into text and interpret the transcript as a structured move request.
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3. Validate candidate moves against the current board position before execution.
4. Preserve the game state when a command is unclear or illegal.
5. Support a computer opponent through a chess engine when that mode is selected.
6. Communicate accepted moves, errors, and important game events through audio feedback.
7. Retain the visual board and optional conventional input to support different interaction preferences.

C. Scope and Contribution

The paper describes a prototype and its software workflow. The available project manuscript identifies Stockfish as the chess
engine and describes speech-to-text processing and text-to-speech feedback, but it leaves the exact speech-recognition library
or API unspecified. The implementation details that depend on that missing information are therefore described at the
component level. The contribution is the system design and integration strategy; comparative usability results, measured
recognition accuracy, and clinical accessibility claims are outside the evidence currently available.

2. PROPOSED SYSTEM AND METHODOLOGY
2.1 System Overview

The proposed system accepts input through voice or an optional mouse-based interface. Voice input is converted into a
transcript, which is processed into a candidate move. The chess logic checks the move against the current position and updates
the board only when the move is legal. In Al mode, the chess engine generates a response after the user’s move is accepted. The
interface presents the updated position and provides audio feedback about the action or any problem encountered.

This design separates four concerns that should not be conflated: capturing speech, interpreting a chess command, enforcing
chess rules, and presenting the result. The separation allows an error at one stage to be handled without automatically
corrupting later stages. For example, a transcript may contain a destination square but omit the piece type. The parser can
identify the request as incomplete and ask for clarification instead of attempting to move a piece based on a guess.

2.2 System Architecture
The system architecture consists of the following logical layers:

1. Presentation Layer: Contains the chessboard, game settings, and voice or mouse input.

2. Processing Layer: Receives input and coordinates speech recognition, command interpretation, and the game
controller.

3. Chess-Logic Layer: Maintains the current position, validates moves, and manages turn order.

4. Al Engine: When Al mode is enabled, the engine produces a response move based on the current position and
configured difficulty.

5. Output Layer: Refreshes the board and communicates the result through audio.

6. Game Data: Maintains move history and game results.

The layers are logical responsibilities rather than a claim that each one runs as a separate process. Their separation is useful for
maintenance and testing: the command parser can be tested with text transcripts, the chess logic can be tested with legal and
illegal positions, and the feedback component can be checked independently for clarity. The architecture also allows the
speech-recognition provider to be changed without requiring the chess rules to be rewritten, provided the recognizer
continues to return a transcript in the expected form.
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Fig. 1. System Architecture of the Proposed Voice-Based Chess System

2.3 Overall Workflow

The workflow begins when the user selects game settings and chooses voice or mouse input. A spoken command passes
through speech recognition and command interpretation before it reaches chess-move validation. If the move is invalid or the
command cannotbe resolved, the system gives feedback and requests another command. If the move is valid, the game state is
updated. When an Al opponent is enabled, the engine generates a reply and the state is updated again. The system then
provides feedback and checks whether the game has ended.

The rejection path is as important as the successful path. A speech recognizer may return a transcript even when it has
interpreted the utterance incorrectly. For this reason, the system should not modify the board at the point where text is
produced. Instead, a candidate move must pass both interpretation and legality checks. This principle reduces the chance that
recognition errors will directly alter the game

2.4 Data Flow

The data flow diagram presents the movement of information through the application. A voice command travels from the user
to the speech-recognition component, which produces recognized text. The command-processing component converts that text
into a move request, and the chess logic evaluates it against the current position. Game-state data and move history are
updated after accepted actions. In Al mode, the engine receives the current position and returns a response move. Voice
feedback communicates the result to the player.

The data flow highlights that the transcript is not the final representation of a move. The parser must produce a structured
request, and the chess logic must determine whether that request can be applied to the current state. The state is the shared
reference for the human player, the Al opponent, and the move-history component. Keeping one authoritative state avoids
inconsistent board representations between the interface and the engine.
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Fig. 3. Level-1 Data Flow Diagram of the Proposed Voice-Based Chess System
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3. EVALUATION METHODOLOGY AND DISCUSSION
3.1 Evaluation Status

The proposed system is intended to support chess gameplay through voice commands. Its evaluation should examine speech
recognition, command interpretation, move validation, response time, and audio feedback. However, the available manuscript
does not provide measured accuracy, response-time values, or detailed experimental results. Therefore, numerical
performance claims cannot be reported.

The system is designed to prevent invalid moves from being applied to the chessboard and to provide feedback when a
command cannot be executed. These behaviours should be verified through systematic testing.

3.2 Evaluation Measures

The following measures can be used to evaluate the system:

1) Command Recognition Accuracy: Recognition accuracy measures the percentage of tested commands that are
correctly recognized and interpreted.

Accuracy (%) = (Number of Correctly Processed Commands / Total Number of Tested Commands) x 100

2) Response Time: Response time measures the interval between the user's spoken command and the system's
corresponding response. The measurement boundaries should be defined consistently during testing.

3) Invalid Command Handling: This measure checks whether illegal, unclear, or unsupported commands are rejected
without changing the current chessboard state.

4) Audio Feedback: This measure evaluates whether the system provides understandable feedback when a move is
accepted, rejected, or requires clarification.

Testing should include different command phrasings, speakers, microphone distances, and background-noise conditions.

3.3 Discussion of System Behaviour
The proposed workflow combines speech recognition, command interpretation, chess-rule validation, game-state management,
and audio feedback. Separating these functions helps ensure that a recognized speech command is not executed automatically

without checking its meaning and legality.

When a command is invalid or ambiguous, the system should retain the existing board state and provide appropriate feedback.
This approach helps reduce unintended moves during gameplay.

However, the available information does not establish measured recognition accuracy, response time, or usability outcomes.
These aspects require experimental validation before the system's overall performance can be quantified.

3.4 Limitations and Threats to Validity

The performance of a voice-controlled chess system may depend on microphone quality, background noise, speech clarity, and
the speech-recognition configuration. Ambiguous chess notation may also lead to incorrect command interpretation.

The available manuscript does not provide a complete test dataset or quantitative evaluation results. Furthermore, the extent

of testing for special chess rules, including castling, pawn promotion, and en passant, is not documented. These limitations
should be considered when interpreting the system's capabilities.

4. ACCESSIBILITY AND PRACTICAL CONSIDERATIONS
4.1 Accessibility Benefits
The voice-controlled chess system aims to make digital chess more accessible to people with physical disabilities who may find

repeated mouse or touchscreen interactions difficult. By allowing users to issue chess moves through spoken commands, the
system can reduce dependence on conventional input methods.
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4.2 User Interaction and Feedback

The system should provide clear feedback to indicate whether a spoken command has been recognized, interpreted, and
accepted. Short audio confirmations can help users understand the current status of their moves. When a command is unclear
or invalid, the system should communicate the issue and allow the user to try again.

Visual feedback may also be retained as a supplementary feature for users who can use a screen. Providing more than one
feedback method can improve clarity during gameplay.

4.2 Practical Limitations

Voice interaction may not be suitable for every user or environment. Background noise, unclear pronunciation, microphone
quality, and speech-recognition errors can affect command processing. Therefore, conventional input methods may be retained
as an alternative where appropriate.

4.3 Privacy Considerations

If speech recognition uses an external service, audio recordings or recognized text may be processed outside the user's device.
The implementation should clearly document how voice data is handled and obtain appropriate user consent. The available
manuscript does not specify whether speech processing is performed locally or through a cloud service; therefore, the actual
data-handling method requires clarification.

5. FUTURE WORK

The proposed voice-controlled chess system can be improved in several ways to enhance its accessibility, reliability, and
overall user experience.

Future work can focus on improving speech recognition under different background-noise conditions and supporting different
speaking styles. The command interpretation module can also be enhanced to handle ambiguous commands and provide
clearer feedback when additional information is required.

Further testing can be conducted to evaluate command recognition accuracy, response time, invalid-move handling, and the
overall usability of the system. The testing environment, software versions, and evaluation procedure should be documented to
make the results reproducible.

Additional improvements may include testing special chess moves, such as castling, pawn promotion, and en passant, along
with game-ending conditions such as checkmate and stalemate. These features should be verified through systematic testing.

Finally, usability studies involving people with different physical abilities can help identify practical challenges and improve the
accessibility of the application. Support for additional languages and improved voice interaction may also be explored in future
versions.

6. CONCLUSION

The proposed voice-controlled chess system aims to make digital chess more accessible to people with physical disabilities by
enabling them to play using spoken commands instead of relying entirely on conventional input devices. The system combines
speech recognition, command interpretation, chess-rule validation, game-state management, and audio feedback to support the
gameplay process.

A key aspect of the proposed approach is that spoken commands must be interpreted and validated before a move is executed.
Invalid or unclear commands should not change the current chessboard state, and appropriate feedback should be provided to
the user.

The system offers a potential approach to improving accessibility in digital chess. However, further experimental evaluation is
required to measure recognition accuracy, response time, reliability, and usability. Future improvements and user testing can
help establish the system's effectiveness and make it more suitable for people with different accessibility needs.
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