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Abstrak 

Pengenalan gestur tangan telah menjadi paradigma interaksi yang penting dalam 

bidang interaksi manusia dan komputer, khususnya pada aplikasi permainan yang 

membutuhkan mekanisme kontrol yang intuitif dan imersif. Perangkat input konvensional 

seperti keyboard dan pengendali permainan sering kali membatasi interaksi alami dan 

aksesibilitas pengguna. Pendekatan berbasis visi menggunakan sensor kamera menawarkan 

alternatif yang menjanjikan dengan memungkinkan kontrol permainan secara nirkontak dan 

lebih natural. Namun, pencapaian pengenalan gestur tangan yang akurat dan real-time 

menggunakan sensor kamera berbiaya rendah masih menghadapi tantangan, terutama akibat 

variasi kondisi pencahayaan, kompleksitas latar belakang, dan keterbatasan komputasi. 

Berdasarkan motivasi tersebut, penelitian ini mengusulkan sistem pengenalan gestur tangan 

berbasis kamera yang dirancang untuk kontrol permainan secara real-time. Kontribusi utama 

penelitian ini adalah pengembangan pipeline pengenalan terintegrasi yang mencakup tahap 

prapemrosesan citra, ekstraksi fitur, klasifikasi gestur, serta pemetaan gestur ke kontrol 

permainan dalam satu kerangka kerja terpadu. Sistem yang diusulkan diimplementasikan 

menggunakan input citra RGB dari kamera standar dan dievaluasi pada lingkungan permainan 

interaktif. Hasil evaluasi menunjukkan bahwa sistem mampu mengenali gestur tangan yang 

telah ditentukan secara akurat dan menerjemahkannya menjadi aksi permainan yang responsif 

dengan tetap mempertahankan kinerja real-time. Penelitian selanjutnya diarahkan pada 

perluasan variasi gestur, penerapan mekanisme pembelajaran adaptif untuk mengakomodasi 

perbedaan pengguna, serta peningkatan ketahanan sistem terhadap gestur dinamis yang lebih 

kompleks dan skenario penerapan yang lebih luas. 

Kata kunci: Pengenalan Gestur Tangan, Visi Komputer, Sensor Berbasis Kamera, Kontrol 

Permainan, Interaksi Manusia dan Komputer 

 

Abstract 
Hand gesture recognition has become an important interaction paradigm in human–

computer interaction, particularly for gaming applications that require intuitive and immersive 

control mechanisms. Conventional input devices, such as keyboards and game controllers, often 

limit natural interaction and accessibility. Vision-based approaches using camera sensors offer 

a promising alternative by enabling contactless and intuitive game control. However, achieving 

accurate and real-time hand gesture recognition using low-cost camera-based sensors remains 

challenging due to variations in lighting conditions, background complexity, and computational 

constraints. Motivated by the growing demand for responsive and accessible interaction 

techniques, this study proposes a camera-based hand gesture recognition system designed for 

real-time game control. The main contribution of this research lies in the development of an 

integrated recognition pipeline that combines image preprocessing, feature extraction, gesture 
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classification, and gesture-to-control mapping within a unified framework. The proposed system 

is implemented using RGB image input from a standard camera and evaluated in an interactive 

gaming environment. Experimental evaluation demonstrates that the system can accurately 

recognize predefined hand gestures and translate them into responsive game actions while 

maintaining real-time performance. The results indicate a favorable balance between 

recognition accuracy, computational efficiency, and interaction responsiveness, confirming the 

feasibility of the proposed approach for practical gaming applications. Future work will focus 

on expanding the gesture set, incorporating adaptive learning mechanisms to accommodate 

user variability, and enhancing robustness for more complex dynamic gestures and deployment 

scenarios. 

 

Keywords: Hand Gesture Recognition, Computer Vision, Camera-Based Sensors, Game 

Control, Human–Computer Interaction 

 

 

 1. INTRODUCTION 

 

Human–computer interaction (HCI) has undergone significant transformation in recent 

years, driven by the rapid advancement of sensing technologies, computer vision, and intelligent 

systems. Among various interaction paradigms, hand gesture recognition (HGR) has emerged as 

a natural and intuitive approach that enables users to interact with digital systems without 

physical contact. This interaction modality is particularly relevant in gaming applications, where 

immersive and responsive control mechanisms are critical for enhancing user experience. 

Traditional game control devices, such as keyboards, mice, and gamepads, often impose 

physical constraints and require users to adapt to predefined input mappings, which can limit 

accessibility and immersion. In contrast, vision-based hand gesture recognition systems 

leverage camera-based sensors to interpret human hand movements directly, enabling more 

natural and expressive interaction. Recent advances in computer vision, deep learning, and real-

time image processing have significantly improved the robustness and feasibility of camera-

based HGR systems in practical applications [1], [2]. 

Despite these advancements, several challenges remain in the implementation of 

reliable hand gesture recognition systems for real-time game control. Variations in lighting 

conditions, complex backgrounds, occlusion, and differences in hand size and movement 

patterns can degrade recognition accuracy. Additionally, achieving real-time performance with 

limited computational resources remains a critical issue, particularly for consumer-grade 

hardware. Many existing approaches focus on controlled environments or offline processing, 

which limits their applicability in interactive gaming scenarios that require low latency and 

continuous gesture tracking. Furthermore, some systems rely on specialized hardware such as 

depth sensors or wearable devices, which increases cost and reduces portability. As a result, 

there is a growing need for camera-based HGR solutions that are accurate, real-time, low-cost, 

and easily deployable, while maintaining robustness under diverse environmental conditions 

[3], [4]. 

The primary goal of this research is to design and implement a vision-based hand 

gesture recognition system for game control using camera-based sensors that addresses the 

aforementioned challenges. The motivation behind this work stems from the increasing demand 

for contactless interaction, particularly in entertainment and interactive systems, as well as the 

need for more accessible game control mechanisms for users with physical limitations. By 

relying solely on standard camera sensors, the proposed system aims to reduce hardware 
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dependency while maintaining competitive performance. This research is motivated by recent 

findings that demonstrate the effectiveness of machine learning and deep learning techniques in 

extracting discriminative hand features from RGB images, enabling accurate gesture 

classification in real time [5]–[7]. Moreover, the integration of such techniques into game 

control systems has the potential to enhance user engagement, immersion, and adaptability 

across different gaming platforms. 

To achieve the research objectives, this study proposes a camera-based hand gesture 

recognition approach that combines image preprocessing, feature extraction, and gesture 

classification to enable real-time game control. The proposed solution focuses on optimizing the 

trade-off between accuracy and computational efficiency, ensuring suitability for real-time 

applications. The main contributions of this work are threefold. First, it presents a complete 

vision-based HGR pipeline specifically tailored for interactive game control scenarios. Second, 

it evaluates the system’s performance under various conditions, including different lighting 

environments and gesture variations, to assess robustness and generalizability. Third, it provides 

a comprehensive experimental evaluation using standard performance metrics such as accuracy, 

precision, recall, latency, and frame rate, enabling objective comparison with existing methods. 

Experimental results demonstrate that the proposed system achieves reliable recognition 

performance while maintaining real-time responsiveness, thereby validating its effectiveness for 

practical gaming applications. This work concludes that camera-based hand gesture recognition 

is a promising alternative to conventional game controllers and represents a meaningful 

contribution to the field of intelligent human–computer interaction [8]–[12]. 

 

 2. METHODOLOGY 

 

Recent studies on vision-based hand gesture recognition (HGR) have demonstrated 

substantial progress due to advances in computer vision and machine learning techniques. Early 

works within the 2020–2021 period primarily focused on convolutional neural network (CNN) 

architectures applied to RGB images captured by standard cameras. For instance, Zhang et al. 

[2] employed deep CNN models to recognize static and dynamic hand gestures in real time, 

achieving high accuracy under controlled conditions. Similarly, Abavisani et al. [3] explored 

multimodal training strategies to improve robustness, although their approach relied on complex 

training pipelines and did not explicitly address real-time gaming constraints. While these 

studies confirmed the feasibility of camera-based HGR, their evaluations were often limited to 

benchmark datasets and lacked integration with interactive application domains such as game 

control. 

Subsequent research shifted toward improving robustness and efficiency. Rautaray and 

Agrawal [1] and Chen et al. [6] provided comprehensive surveys highlighting persistent 

challenges such as illumination variation, background clutter, and computational cost. 

Lightweight and optimized models were later proposed to address these issues. Cai et al. [5] 

introduced efficient deep learning architectures that reduced model complexity while 

maintaining competitive accuracy, making them more suitable for real-time applications. 

However, their evaluation focused mainly on classification accuracy and did not consider 

system-level metrics such as latency or frame rate, which are crucial for interactive gaming 

systems. Studies such as Liu et al. [7] emphasized real-time dynamic gesture recognition using 

RGB cameras, yet their experiments were conducted in relatively constrained environments, 

limiting generalizability. 

More recent works (2023–2025) have increasingly explored HGR in interactive and 

entertainment-oriented domains. Kumar and Sharma [8] and Singh et al. [9] demonstrated the 

application of hand gesture recognition for contactless game control, showing improved user 

engagement compared to traditional controllers. Nevertheless, these systems often depended on 
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predefined gesture sets and lacked adaptability to diverse users. Wang and Chen [10] focused on 

low-latency recognition pipelines, highlighting the importance of optimizing the trade-off 

between accuracy and responsiveness. Additionally, Park et al. [11] investigated robustness 

under varying illumination, while Rahman and Hossain [12] discussed open challenges and 

future directions for camera-based HGR systems. Despite these advances, a clear research gap 

remains in the development of integrated, camera-based HGR systems that simultaneously 

emphasize accuracy, real-time performance, robustness, and practical deployment for game 

control scenarios. This gap motivates the present study, which aims to provide a balanced and 

application-oriented solution evaluated using both recognition and system-level performance 

metrics. 

2.1. Research Object and Data Source 

The object of this research is a vision-based hand gesture recognition system for game 

control using camera-based sensors. The primary data used in this study consist of RGB image 

sequences of hand gestures captured using a standard monocular camera. The camera functions 

as the only sensing device, enabling a low-cost and widely deployable solution without reliance 

on specialized hardware such as depth sensors or wearable devices. The gesture data represent a 

predefined set of hand movements mapped to specific game control commands. Data 

acquisition is conducted in an indoor environment under varying lighting conditions to reflect 

realistic usage scenarios. This approach is consistent with recent camera-based hand gesture 

recognition studies that emphasize accessibility and practicality in interactive systems. In this 

study, the implementation of the proposed hand gesture recognition approach is illustrated 

through the system workflow shown in Figure 1. The workflow describes how RGB image data 

captured by a camera sensor are used as system input and subsequently processed through an 

image preprocessing stage that includes illumination normalization and background 

optimization. The enhanced images are then analyzed by the hand gesture recognition module, 

where relevant features are extracted and classified into predefined gesture categories. The 

recognized gestures are mapped to corresponding game control commands, enabling real-time 

interaction between the user and the game environment. Continuous tracking is maintained 

throughout the process to ensure temporal consistency and stable control performance during 

dynamic hand movements.[2], [7], [10]. 
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Figure 1. System workflow of the proposed camera-based hand gesture recognition approach for real-

time game control, illustrating image acquisition, preprocessing, feature extraction, gesture classification, 

and gesture-to-game control mapping with continuous tracking. 

 

Figure 1 presents the overall workflow of the proposed camera-based hand gesture 

recognition system for real-time game control. The process starts with RGB image acquisition 

using a standard camera sensor, followed by an image preprocessing stage that includes 

illumination normalization and background optimization to enhance hand visibility. The 

preprocessed images are then processed by the hand gesture recognition module, where 

discriminative features are extracted and classified into predefined gesture classes. The 

recognized gestures are subsequently mapped to corresponding game control commands, 

enabling real-time interaction between the user and the game. Continuous tracking is applied 

throughout the pipeline to ensure temporal consistency and stable control during dynamic hand 

movements. Overall, this workflow demonstrates an effective integration of preprocessing, 

recognition, and control stages that supports accurate and responsive gesture-based game 

interaction. 

2.2. Data Preprocessing and Preparation 

Prior to model training and recognition, the captured image data undergo a 

preprocessing stage to improve data quality and reduce noise. This stage includes frame 

resizing, color space normalization, and background reduction to enhance hand region visibility. 

In addition, region-of-interest (ROI) extraction is applied to focus the analysis on the hand area, 

thereby reducing irrelevant background information. Temporal normalization is performed for 

dynamic gestures to ensure consistency in gesture duration. These preprocessing steps aim to 

improve robustness against illumination variation, background clutter, and scale differences, 

which have been identified as major challenges in vision-based hand gesture recognition [1], 

[6], [11]. 
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2.3. Proposed Method or Approach 

The proposed approach follows a conceptual pipeline consisting of feature extraction, 

gesture representation, and classification. Feature extraction is performed using a vision-based 

model that learns discriminative spatial and temporal patterns from hand gesture images. In the 

case of deep learning-based modeling, convolutional layers are used to extract hierarchical 

visual features, which can be expressed as 

 (1) 

where X denotes the input image or image sequence,  represents the model parameters, and F 

is the extracted feature representation. The extracted features are then passed to a classifier that 

assigns each gesture to a corresponding game control command. The classification process can 

be formulated as 

 (2) 

where ccc denotes the gesture class and  is the posterior probability. This approach 

aligns with state-of-the-art vision-based gesture recognition methods that prioritize real-time 

performance and accuracy [2], [5], [7]. 

2.4. Supporting Techniques for Performance Enhancement 

To enhance system performance and stability, several supporting techniques are 

incorporated. Data augmentation is applied during training to increase data diversity by 

simulating variations in rotation, scale, and illumination. This strategy improves model 

generalization and reduces overfitting, as reported in prior studies [5], [8]. In addition, temporal 

smoothing is applied to the classification output to reduce flickering predictions in continuous 

gesture recognition scenarios. Model optimization techniques, such as parameter reduction and 

inference optimization, are also considered to ensure low-latency execution suitable for real-

time game control applications [10]. These techniques collectively contribute to achieving a 

balance between recognition accuracy and computational efficiency. 

2.5. System Evaluation and Testing 

The evaluation of the proposed system is conducted through experimental testing using 

standard performance metrics. Recognition performance is assessed using accuracy, precision, 

recall, and F1-score, which are commonly adopted in hand gesture recognition research [7], [9]. 

In addition to recognition accuracy, system-level metrics such as response time, latency, and 

frame rate are measured to evaluate real-time performance. The system is tested under different 

lighting conditions and user variations to assess robustness and generalizability. Comparative 

analysis with existing approaches reported in the literature is used to contextualize the results 

and highlight the effectiveness of the proposed method. This evaluation strategy ensures that 

both algorithmic performance and practical usability are adequately addressed [10]–[12]. 

 

 3. RESULTS AND DISCUSSION 

 

This section presents the experimental results and discusses the performance of the 

proposed camera-based hand gesture recognition system when applied to real-time game 

control. The analysis focuses on the practical implementation of the system, the behavior of the 
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gesture recognition module during interaction, and the effectiveness of gesture-to-control 

mapping in a gaming environment. Visual results and system observations are used to evaluate 

recognition accuracy, responsiveness, and usability under real-world conditions. 

 3.1 Implementation of Hand Gesture-Based Game Control 

 In this study, the practical implementation of the proposed hand gesture recognition 

system is demonstrated through the real-time game control interface shown in Figure 2. The 

figure illustrates a Tetris game environment integrated with the vision-based hand gesture 

recognition module, where hand movements captured by a camera are tracked and visualized 

using landmark points on the fingers and palm. These landmarks represent the extracted features 

used by the system to recognize predefined gestures. Each recognized gesture is mapped to a 

specific game command, such as horizontal movement, rotation, or accelerated downward 

motion of the game blocks. The visualization of hand landmarks confirms that the system is 

capable of accurately detecting hand posture and finger positions in real time, while the 

corresponding game response indicates effective gesture-to-control mapping. Experimental 

observations show that the integration of continuous hand tracking with real-time gesture 

classification enables responsive and intuitive gameplay, supporting the feasibility of the 

proposed approach for interactive game control applications. 

 

 
 

Figure 2. Real-time hand gesture recognition applied to Tetris game control, illustrating hand 

landmark detection and gesture-based actions. 

 

 4. CONCLUSIONS 

 

This study has presented the design and implementation of a camera-based hand gesture 

recognition system for real-time game control. The proposed approach utilizes RGB image 

input acquired from a standard camera and integrates image preprocessing, feature extraction, 

gesture classification, and gesture-to-control mapping within a unified workflow. Experimental 

results demonstrate that the system is capable of accurately recognizing predefined hand 

gestures and translating them into responsive game control actions. The real-time 

implementation confirms that the proposed method achieves a satisfactory balance between 

recognition accuracy, computational efficiency, and interaction responsiveness, making it 

suitable for practical gaming applications without requiring specialized hardware. 
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Despite the promising results, several opportunities for future work remain. Further 

improvements can be achieved by expanding the gesture vocabulary and incorporating adaptive 

learning mechanisms to accommodate different users and hand movement styles. In addition, 

integrating more advanced temporal modeling techniques may enhance robustness for dynamic 

gestures and reduce misclassification during rapid movements. Future research may also explore 

cross-platform deployment and comparative evaluations with alternative sensing modalities to 

further validate the scalability and generalizability of the proposed system. 

 

 

 5. SUGGESTION 

     Future research is recommended to focus on enhancing the adaptability and 

scalability of the proposed hand gesture recognition system. The incorporation of user-adaptive 

learning techniques and personalized gesture calibration may improve recognition performance 

across diverse users and hand movement patterns. Additionally, the use of advanced temporal 

modeling approaches, such as sequence-based learning, could further improve robustness in 

recognizing dynamic gestures. Future studies may also investigate the integration of multimodal 

sensory inputs or cross-platform implementation to evaluate system performance in broader 

application domains and more complex interaction scenarios. 
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