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Abstract 

HUMPLAY introduces an interactive game designed for deaf and mute individuals, utilizing visuals and 

vibrations to convey musical elements and interactive play features. This system incorporates non-verbal 

controls, specifically using humming and sound frequencies, where the pitch controls character action . This 

approach breaks traditional communication methods to establish a platform that is inclusive, creative, and 

supports emotional connection. The research details the design, implementation, and evaluation⁠ of⁠ HUMPLAY, 

emphasizing its innovative features, technical architecture, and potential impact⁠ on accessible gaming. The 

project is a substantial effort to bring inclusive gaming and technology ⁠ to the deaf and mute communities. 
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I. INTRODUCTION 

Digital entertainment, including gaming and music platforms, offers creative spaces, emotional support, and 

social connection for millions. However, these same experiences ⁠ present significant barriers for deaf and mute 

individuals, limiting their full participation. A great majority of popular games are sound-heavy in design, 

relying on audio cues, dialogue, and music for immersion and to pass along key in ⁠formation. Music-based 

platforms are also predominantly centered around audio feedback. For non-speaking users, issues arise in 

multiplayer games and musical projects requiring audio communication.These challenges cause a sense of 

isolation, widening the gap between inclusive design principles and actual practice. 

Deaf and mute individuals face barriers when interacting with tools that are mostly auditory, which blocks 

complete participation in platforms like ⁠ music and games and hinders creative expression and emotional 

engagement. The absence of auditory feedback limits their ability to fully engage with sound-oriented digital 

spaces. 
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HUMPLAY addresses this problem by offering a multisensory system that translates music and sound into 

visual and tactile forms, allowing users to fully participate in sound-oriented digital spaces. It is one of the first 

accessible games where non-verbal control is possible, using humming and pitch frequencies incorporated as 

game mechanics. A key milestone was introducing a system using visual feedback that completely substitutes 

old sound-based instructions. This increases engagement and facilitates active learning for all players. 

The core objectives of the HUMPLAY project are: 

✓ To design and create an accessible gaming platform that allows deaf and mute players to interact via 

humming and sound frequency detection, mapping vocal vibrations to game actions. 

✓ To stimulate user's creativity and self-expression in a game environment utilizing visual and tactile 

feedback. 

✓ To promote the development of rhythm and timing through visual. 

✓ To enhance emotional player engagement by translating sound expression into tension and rhythm, 

reinforcing the ⁠ game's mood and intensity in alternative forms.  

✓ To offer an exciting game that improves focus, hand-eye coordination, and sensory perception. 
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III.  METHODOLOGY 

To ensure that the HUMPLAY system was not just a clever idea but a genuinely reliable and helpful tool, we 

developed a thorough, four-step evaluation process. We started with Unit Testing, which was like putting the 

pieces under a microscope, we isolated the core technology specifically the audio filtering and the pitch 

detection algorithms to confirm they could flawlessly recognize a user's hum and translate it into the right 

command, even with background noise present.  

Next, Integration Testing verified that all the pieces worked together seamlessly, ensuring that the detected 

pitch instantly flowed through the Game Logic and triggered the corresponding visual or haptic cues with 
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minimal latency. Our goal here was a quick, natural response time, like hitting a drum and hearing the beat 

right away. 

The third phase, Performance Testing, put hard numbers to our success, aiming for a Pitch Recognition Rate 

above 90 percent and a response time of less than 100 milliseconds, a measure crucial for keeping the game 

feeling fluid and responsive.  

Finally, the most important step was User Acceptance Testing (UAT), where we invited the very people the 

game was designed for deaf and mute participants to play and tell us honestly about their experience. Through 

detailed observations and surveys, we assessed the game's intuitive nature, overall comfort, and genuine 

usefulness, ensuring the technology felt less like a machine and more like a supportive partner in play. 

 

IV. ACCESSIBLE AUDIO TOOLKIT 

The Accessible Audio Toolkit represents the core technological innovation of HUMPLAY, consisting of highly 

integrated modules for real-time sound-to-control translation and sensory output. 

4.1 System Architecture and Design 

The overall system is designed as a low-latency, synchronized pipeline connecting input to immediate sensory 

output. 

Module Functionality Key Technology/Process Output 

Input & Audio 

Processing  

Captures, filters, and analyzes 

user humming. 

 Fast  Fourier Transform (FFT)  Real-time Frequency 

(Hz) 

Game Logic  Translates pitch frequency into 

in-game commands. 

Game Engine (e.g., Unity/U

nreal), Logic Scripting 

 

Gameplay Events 

(e.g., Jump, Move, 

Attack) 

 

Visual Feedback  Renders pitch, timing, and game 

state visually.  

 High-contrast UI, Color change, 

Dynamic motion  

On-screen Visual 

Cues 

Haptic Feedback  Converts game events and 

sound rhythm into vibration.  

Haptic Engine API, 

Predetermined vibration 

patterns Tactile Sensations 

Tactile Sensations 

  

4.2 Implementa tion Details of Core Modules  

A. Input and Audio Processing Module  

The Audio Capture component utilizes Pixi libraries, for robust real-time signal recording. The raw sound 
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waveform is passed to a preprocessing stage, which involves digital filtering to reduce ambient noise and 

normalization to stabilize amplitude, ensuring reliable input quality.  

The central mechanism is Pitch Detection, implemented using the Fast Fourier Transform (FFT) algorithm 

over small, overlapping audio windows. FFT efficiently decomposes the sound into its constituent frequencies. 

The system then identifies the dominant frequency (pitch) of the user's hum. This frequency is continuously 

compared against predefined frequency bands, where each band is explicitly mapped to a specific in-game 

action (e.g., a low pitch triggers "low jump," a high pitch triggers " high jump").  

B. Visual and Haptic Feedback Modules ⁠ 

The Visual Feedback Module provides complete sensory redundancy for all auditory information. Game elem

ents are high-contrast and dynamically responsive. For instance, the pitch level is instantly shown by the color 

and height of an on-screen visualizer. Timing cues and rhythm are conveyed through pulse effects and 

synchronized motion guides, which direct the player without using any sound.  

The Haptic Feedback Module translates core game events (like impacts, power-ups, and game rhythm) into 

specific vibration patterns. This is achieved by linking the game logic output to a haptic engine API. The 

vibration patterns are carefully designed to be distinct and easily recognizable, allowing users to "feel" com

plex musical or combat sequences.  

C. Materials and Requirements  

The system requires specific software resources for optimal performance:   

Software:  Game Engine (e.g., Unity, Unreal), ⁠  

Programming Languages: JavaScript, HTML,CSS, pixi libraries. 

 

Fig. Core Modules of HUMPLAY 

IV. RESULT 

The HUMPLAY prototype successfully demonstrated its primary functionality by converting humming and 

sound frequencies into interactive game actions 
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• Pitch Detection Accuracy: Performance testing showed a high degree of accuracy in pitch detection, 

maintaining an average recognition rate above 90 percent under controlled conditions.  

• System Responsiveness: The haptic and visual feedback systems responded smoothly, ensuring 

minimal latency and consistent user engagement.. 

• User Experience (UAT): User testing with deaf and mute participants indicated positive experiences 

in rhythm recognition, focus, and enjoyment. Feedback highlighted the systems in tuitive interface 

and accessbility benefits. 

 Overall, the outcomes strongly align with the project objectives, validating HUMPLAY as a promising tool for 

inclusive and creative digital interaction. 

+  

VI. CONCLUSION AND FUTURE WORK 

6.1 Summary of Key Achievements  

The HUMPLAY project successfully demonstrated how auditory elements can be transformed into visual and 

tactile experiences, allowing deaf and mute individuals to interpret sound through alternate sensory channels. 

By integrating real-time pitch detection, responsive vibration feedback, and color-based visual cues, the pro

ject achieved its objectives of enabling creative expression, improving coordination, and fostering emotional 

engagement in a non-verbal environment.  

6.2 Contribution to Accessible Gaming  

HUMPLAY’s core contribution is in redefining the boundaries of digital accessibility by introducing a 

multisensory framework that bridges visual, auditory, and tactile domains. It focuses on in clusivity from the 

design level, giving equal importance to perception and interaction. For deaf and mute players, HUMPLAY 

transforms sound into experience, transcending traditional communication limits and promoting empathy 

among all users.  

6.3 Future Work Future developments will focus on enhancing the system108108108108:  

• Incorporating adaptive AI for difficulty adjustment.  

• Expanding haptic ranges for deeper sensory experiences.  

• Integrating multi-user interaction feature s and additional game modes.  

• Integrating machine learning for adaptive feedback and broader platform integration for multiplayer 
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accessibility. The long-term vision is to integrate inclusive designs like HUMPLAY into main stream. 
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