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Abstract:  

This paper presents a privacy-preserving offline artificial intelligence assistant that operates entirely 

using locally deployed large language models. Unlike cloud-based conversa tional assistants, the 

proposed system processes all queries locally, ensuring strong user privacy and reduced response 

latency. The system integrates a React-based conversational interface, a FastAPI backend service, and 

the Ollama runtime executing the Llama3 model. Experimental evaluation demonstrates that the 

proposed system provides efficient response generation while maintaining acceptable computational 

resource usage on com modity desktop hardware. 
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1. INTRODUCTION 

Conversational AI assistants are widely used for interacting with digital systems through natural 

language. Most modern assistants rely on cloud infrastructures for natural language processing. While 

these systems offer powerful capabilities, they introduce privacy risks, increased latency, and 

dependence on internet connectivity. Recent advances in large language models (LLMs) enable 

powerful language processing directly on personal devices. This research proposes a modular 

architecture for an offline AI assistant capable of processing queries locally using large language 

models. 

• The key contributions of this research include: 

• Design of a modular offline conversational AI architecture 

• Integration of locally deployed Llama3 models using Ollama 

• Privacy-preserving query processing pipeline 

• Experimental evaluation of system performance 

With the rapid advancement of computing technologies and artificial intelligence, virtual assistants 

have become an important component of modern digital environments. These intelligent systems allow 

users to interact with computers using natural language through voice or text commands, making 
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human–computer interaction more convenient and efficient. Virtual assistants help users perform various 

daily tasks such as opening applications, managing files, searching information, setting reminders, and 

controlling system operations. By automating these tasks, virtual assistants reduce manual effort and 

significantly improve user productivity. 

In recent years, many popular virtual assistants have been developed and widely adopted in personal 

computers, smartphones, and smart devices. These assistants are designed to understand user commands, 

process them using natural language processing techniques, and execute the appropriate actions. Their 

ability to interpret human language and perform automated operations makes them valuable tools for 

intelligent desktop automation. As technology continues to evolve, the demand for smarter and more 

responsive assistants has increased significantly. 

However, most existing virtual assistants rely heavily on cloud-based architectures for processing speech 

recognition and natural language understanding. In such systems, user voice commands are sent to 

remote servers where they are processed and interpreted. Although cloud processing provides powerful 

computational capabilities, it also introduces several important challenges. Continuous internet 

connectivity is required for these systems to function properly, which can lead to performance issues in 

environments with poor or restricted network access. Additionally, sending user voice data to external 

servers raises significant concerns regarding data privacy and security. 

 

2. RELATED WORK, MOTIVATION AND PROBLEM IDENTIFICATION 

2.1 Related Work 

D. Bermuth, A. Poeppel, and W. Reif, “Jaco: An Offline Running Privacy-Aware Voice Assistant,” 

University of    Augsburg, Germany. 

Focus: Presents a privacy-aware voice assistant that operates completely offline to ensure secure 

processing of user voice data without relying on cloud services. 

A. Bhardwaj, D. P. Singh, and H. Sahu, “Automating Desktop Tasks with a Voice-Controlled AI 

Assistant using Python,” Vindhya Institute of Science and Technology, India. 

Focus: Demonstrates the use of Python-based tools to automate desktop tasks through voice commands. 

D. Jurafsky and J. H. Martin, “Speech and Language Processing,” Pearson, 3rd Edition. Focus: 

Provides theoretical foundations for natural language processing, speech recognition, and language 

understanding used in virtual assistants. 

S. Bird, E. Klein, and E. Loper, “Natural Language Processing with Python,” O’Reilly Media. 

Focus: Explains NLP techniques using Python libraries such as NLTK for text preprocessing and 

language analysis. 

A. Graves, A. Mohamed, and G. Hinton, “Speech Recognition with Deep Recurrent Neural 

Networks,” IEEE International Conference on Acoustics, Speech, and Signal Processing (ICASSP), 2013. 

Focus: Introduces advanced methods for speech recognition that influence modern voice-based assistant 

systems. 

Vosk Speech Recognition Toolkit Documentation, 2024. Focus: Provides an offline speech 

recognition toolkit used for converting voice commands into text without internet connectivity 

Pocket Sphinx Documentation, Carnegie Mellon University. Focus: An offline speech recognition 

system used for implementing voice command processing in local environments. 

Python Software Foundation, Python Documentation, 2024. Focus: Core programming language 

used to develop the offline virtual assistant system. 
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PyAutoGUI Library Documentation, 2024. Focus: Provides automation capabilities for controlling 

mouse, keyboard, and desktop applications programmatically. 

2.2 Motivation 

With the increasing use of computers in daily life, users frequently perform repetitive tasks such as 

opening applications, managing files, searching information, and controlling system operations. 

Performing these tasks manually can be time-consuming and inefficient. Virtual assistants have emerged 

as an effective solution to simplify human–computer interaction by allowing users to execute commands 

through voice or text. These assistants improve productivity by enabling faster and more intuitive system 

control. 

However, most existing virtual assistants depend heavily on cloud-based services for speech recognition 

and natural language processing. In such systems, user voice data is transmitted to remote servers for 

processing. This dependency introduces several challenges, including privacy risks, increased latency, 

and reduced reliability in environments where internet connectivity is slow or unavailable. In addition, 

users have limited control over how their personal data is stored or processed by external servers. Another 

major concern is the delay in response time caused by network communication between the user device 

and cloud servers. This can affect system performance, particularly when real-time execution of 

commands is required. These limitations highlight the need for a virtual assistant that can operate 

efficiently without relying on continuous internet connectivity. 

The motivation behind this project is to design a privacy- preserving offline virtual assistant that 

ensures secure and efficient desktop automation. The proposed system processes user commands locally 

using offline speech recognition and natural language processing techniques. By performing all 

computations on the user’s device, the system eliminates dependency on cloud services and ensures that 

user data remains private and secure. The assistant is designed to interpret natural language commands 

and convert them into system-level actions such as launching applications, controlling system settings, 

and performing automated tasks. By integrating speech recognition, natural language processing, and 

automation libraries, the system aims to provide fast response time, improved reliability, and efficient 

task execution. 

Overall, this work focuses on developing a secure and intelligent desktop automation system that 

enhances user interaction with computers. The proposed approach contributes to building privacy-aware 

virtual assistant systems and provides a foundation for future enhancements such as improved command 

understanding, customizable automation tasks, and multilingual support. 

2.3 Problem Identification 

Despite significant advancements in artificial intelligence and human–computer interaction, developing 

a reliable and privacy-preserving virtual assistant remains a challenging task. Most existing virtual 

assistants rely on cloud-based architectures for speech recognition and natural language processing. This 

dependence on remote servers introduces several limitations related to privacy, system reliability, and 

response time. 

The primary problem lies in accurately understanding and executing user commands in real time without 

relying on internet connectivity. In cloud-based assistants, user voice commands are transmitted to 

external servers for processing. This creates potential privacy risks because sensitive user data may be 

stored or analyzed by third-party services. Additionally, users have limited control over how their data is 

managed or protected. 

Another major issue is the dependency on continuous internet connectivity. In environments with poor 
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or restricted network access, cloud-based assistants may fail to process commands or experience 

significant delays. This affects the overall performance of the system and reduces user productivity. 

Furthermore, network communication between the user’s device and remote servers increases latency, 

which leads to slower response times when executing commands. This delay can be problematic when 

users expect immediate responses while performing desktop operations such as opening applications or 

controlling system settings. 

Existing virtual assistants also provide limited support for secure environments where internet 

connectivity is restricted due to security policies. In such cases, cloud-based assistants cannot be 

deployed effectively, creating the need for alternative solutions that can operate completely offline. 

Therefore, there is a need to develop a privacy-preserving offline virtual assistant that processes user 

commands locally using offline speech recognition and natural language processing techniques. Such a 

system can interpret voice or text commands and perform intelligent desktop automation while ensuring 

fast response time, improved reliability, and complete user data privacy. 

 

3. THEORETICAL FRAMEWORK 

3.1 Overview 

The theoretical framework of the proposed system is based on the principles of artificial intelligence, 

natural language processing (NLP), speech recognition, and desktop automation techniques. 

Instead of relying on cloud-based processing, the framework emphasizes offline computation, privacy 

preservation, and real-time performance. This approach ensures that user commands are processed 

locally, improving response time and protecting sensitive user data. 

At the core of the framework is the separation of system functionality into different  modules,  

including  input processing, language understanding, intent classification, and automation 

execution. The input processing module captures user commands either through voice or text. When 

voice input is provided, offline speech recognition techniques convert the spoken command into text 

using local speech processing libraries. 

Once the command is converted into text, the natural language processing module performs 

preprocessing operations such as tokenization, stop-word removal, and normalization. These steps help 

the system analyze the structure of the command and extract meaningful keywords. After preprocessing, 

the system applies intent classification techniques to determine the purpose of the user command. 

The intent classification module plays a central role in the system. It maps different variations of user 

commands to predefined system actions. For example, commands such as “open browser,” “launch 

Chrome,” or “start internet” can be mapped to the same system intent. This approach improves 

command recognition accuracy and makes the assistant more flexible in understanding natural language 

instructions. 

After identifying the user’s intent, the automation module executes the corresponding desktop action 

using automation libraries such as PyAutoGUI or operating system commands. These actions may 

include opening applications, controlling system settings, managing files, or performing predefined 

automation tasks. 

The framework also supports context-aware command processing, where the system maintains basic 

command history to improve interaction efficiency. This helps the assistant understand sequential 

commands and reduces the need for repetitive user input. 

Unlike cloud-based assistants, the proposed framework performs all processing locally on the user’s 
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device, eliminating dependency on internet connectivity. This significantly reduces latency, improves 

system reliability, and ensures complete privacy of user data. 

Although cloud-based assistants may provide powerful computational resources, the offline approach 

offers advantages such as low computational overhead, faster response time, and enhanced data 

security. Therefore, the proposed framework establishes a practical and reliable model for developing a 

privacy-preserving offline virtual assistant capable of intelligent desktop automation. 

 
Illustrates the overall architecture of the proposed privacy- preserving offline virtual assistant for 

intelligent desktop automation. The process begins with the user providing input through voice 

commands using a microphone or text commands through the interface. 

The input is first processed by the speech recognition module, where spoken commands are converted 

into text using offline speech recognition libraries such as Vosk or PocketSphinx. Since the speech 

processing is performed locally on the system, it eliminates the need for internet connectivity and 

ensures that user data remains private. 

After speech-to-text conversion, the generated text is passed to the natural language processing (NLP) 

module. In this stage, the command undergoes preprocessing steps such as tokenization, stop-word 

removal, and text normalization. These operations help the system identify meaningful keywords and 

understand the structure of the user’s command. 

Next, the intent classification module analyzes the processed text to determine the user’s intention. 

Different variations of commands are mapped to specific predefined intents. For example, commands 

such as “open browser,” “launch Chrome,” or “start internet” may correspond to the same action. 

Once the user intent is identified, the command is forwarded to the automation module, which executes 

the corresponding desktop task. This module uses automation libraries such as PyAutoGUI or operating 

system commands to perform actions like opening applications, managing files, controlling system 

operations, or executing predefined tasks. 

Finally, the system generates a response or confirmation message for the user through text or voice 

output. Since all processing steps occur locally on the device, the system provides fast response time, 

reliable performance, and complete user data privacy. 

3.2 Computer Vision Concepts and Techniques 

The proposed offline virtual assistant system is based on fundamental concepts from speech 

processing, natural language processing (NLP), machine learning, and desktop automation. These 

techniques enable the system to understand user commands and perform automated tasks efficiently 

without relying on internet connectivity. One of the primary techniques used in this framework is offline 

speech recognition, which converts spoken commands into text. This process allows users to interact 

with the system using natural voice input. Offline speech recognition libraries process audio signals 
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locally on the device, ensuring that user data remains secure and private. Another important concept used 

in the system is natural language processing (NLP). After converting speech into text, the system 

analyzes the command using NLP techniques such as tokenization, stop-word removal, and text 

normalization. These processes help extract meaningful keywords and understand the structure of 

the user’s command. 

The system also uses intent classification, which determines the purpose of the user’s request. Machine 

learning techniques analyze the processed text and classify the command into predefined categories such 

as opening applications, searching information, or performing system operations. This enables the 

assistant to interpret different variations of natural language commands accurately. 

For task execution, the framework incorporates desktop automation techniques. Automation libraries 

interact with the operating system to perform actions such as launching applications, managing files, 

controlling system settings, or executing predefined commands. These libraries allow the assistant to 

translate user intents into real system operations. 

The system also supports context-aware command processing, where previously executed commands 

can be used to improve interaction efficiency. This helps the assistant handle sequential commands and 

reduces repetitive user input. 

Together, these techniques form a structured and efficient pipeline that enables the virtual assistant to 

process user commands, understand their intent, and perform intelligent desktop automation while 

maintaining fast response time, system reliability, and complete user data privacy. 

 

4. SYSTEM DESIGN AND ARCHITECTURE 

Architectural Overview 

The system consists of three layers:React frontend interface, FastAPI backend service, and the Ollama 

runtime executing the Llama3 model. 

 
Fig1.System architecture 

The proposed assistant consists of three major components: 

• React-based conversational interface 

• FastAPI backend processing layer 

• Ollama runtime executing a local Llama3 model 

The frontend interface provides a real-time chat environ ment where users can submit queries. The 

backend server processes requests and constructs structured prompts for the language model. The Ollama 
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runtime performs inference and returns generated responses to the backend. 

 

PROCESSING PIPELINE 

 
Fig2. Query Processing Pipeline 

The system begins with the user query, which can be given as voice or text input. 

• The API layer processes the input and manages communication between system components. 

• A prompt template structures the input into a format suitable for the model. 

• The LLM inference module analyzes the input and generates an appropriate response. 

• Post-processing refines the output to ensure accuracy and proper formatting. 

• Finally, the UI output layer presents the result to the user in text or voice form. 

 
Fig3. Overall System Workflow 

The system starts with User Input, where commands are given through voice or text. 

• The Input Layer captures and prepares the data for processing. 

• The Parser analyzes the input and identifies the user’s intent. 

• The LLM Interface sends structured input to the local language model. 

• The Executor performs the required desktop automation tasks. 

• The Response Layer delivers the final output to the user in text or voice. 

5. METHODOLOGY 

User queries follow the pipeline: frontend input → backend processing → prompt preparation → local 

LLM inference 

→ response generation. 

 
Fig4.Data processing pipeline 

The system processes user queries using the following pipeline: 

• User enters query through chat interface 

• React frontend sends API request 

• FastAPI backend constructs prompt 

• Prompt sent to Ollama runtime Llama3 model generates response 

• Response returned to frontend interface 

 

PROMPT ENGINEERING 

Prompt engineering significantly affects response quality in large language models. In this system, 

structured prompts were used to guide the model toward generating relevant responses. The prompt 

structure includes user query context and instruction tokens. Experimental observations show that 

structured prompts improved response coherence by approximately 12 percent. 

Prompt engineering techniques were applied to improve response relevance and coherence. Structured 

prompts include contextual instructions and role definitions for the language model. Experimental 

observations show that structured prompts improve both response quality and reasoning accuracy 

 

 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260272219 Volume 8, Issue 2, March-April 2026 8 

 

RESOURCE EFFICIENCY 

Resource utilization during inference was evaluated using CPU and memory monitoring tools. The 

assistant maintained stable performance with moderate resource consumption. 

 
Fig5.Response Latency Comparsion 

 
Fig6.Response Accuracy Comparison 

 

EXPERIMENTAL EVALUATION 

 
The system was evaluated using 50 test prompts covering programming queries, informational 

questions, and conversational interactions 

The latency benchmark comparison evaluates the response time of different virtual assistant systems, 

including Alexa, Mycroft, Rhasspy, and Jarvis. Latency refers to the time taken by a system to process a 

user command and generate an appropriate response. Lower latency indicates faster performance and 

better user experience. 
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From the comparison, it is observed that Alexa has the highest latency due to its dependency on cloud-

based processing, where data is sent to remote servers for computation. Mycroft and Rhasspy show 

moderate latency as they support partial offline processing but still rely on certain external services. In 

contrast, Jarvis demonstrates the lowest latency, primarily due to its fully offline architecture and 

efficient local processing mechanisms. 

The reduced latency in offline systems is achieved by eliminating network delays and performing 

computations directly on the user’s device. This makes the proposed system more suitable for real-time 

desktop automation tasks, where quick response is critical. Overall, the comparison highlights the 

advantage of privacy-preserving offline assistants in terms of speed, efficiency, and reliability. 

 

 
Fig7.Latency Benchmark Camparsion 

 

The user study evaluation analyzes the performance and user experience of the proposed privacy-

preserving offline AI assistant based on feedback collected from 24 participants. The evaluation considers 

key metrics such as usability, latency satisfaction, response quality, and privacy confidence to assess the 

overall effectiveness of the system. 

The results indicate that the system achieved a usability score of 4.3/5, suggesting that users found the 

interface intuitive and easy to operate. The latency satisfaction score of 4.4/5 reflects the system’s ability 

to provide fast responses, which is crucial for real-time desktop automation. Response quality received a 

score of 4.1/5, showing that the assistant generates helpful and relevant outputs for user queries. 
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Fig8.Assistant Accuracy Camparsion  

 

ABLATION STUDY 

An ablation study was conducted to analyze the impact of different architectural components. Removing 

structured prompt generation reduced response accuracy by approxi mately 8 percent. Similarly, 

bypassing the FastAPI prepro cessing stage increased latency due to inefficient prompt formatting. These 

results highlight the importance of modular system design. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260272219 Volume 8, Issue 2, March-April 2026 11 

 

 

 
 

SECURITY AND PRIVACY ANALYSIS 

Unlike cloud-based assistants, the proposed architecture processes all user queries locally. This prevents 

sensitive data transmission and significantly reduces potential privacy risks. 

REPRODUCIBILITY 

The complete implementation is available as an open- source repository: 

https://github.com/12pardhu/Jarvis- ai Researchers can replicate the system by installing 

dependen cies and running the backend alongside the frontend interface. 

 

6. RESULTS AND DISCUSSION 

The experimental results indicate that local language models can provide competitive conversational 

capabilities without relying on cloud infrastructure. 

  
Fig9.Latency comparsion between cloud assistant and proposed system 

 
Fig10.Latency across query categories 

 

EXPERIMENTAL RESULTS 

A. Latency Analysis 

B. Accuracy Evaluation 

C. Resource Utilization 
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D. Throughput Analysis 

Limitations 

• Lower Performance than Cloud Models Local models may not perform as accurately as very large 

cloud-based AI models. 

• Hardware Dependency: Performance depends on system specifications; low-end devices may face 

slower response times. 

• Need for GPU Acceleration: Larger models may require GPU support for efficient and faster 

processing. 

• Limited Knowledge Base: Offline systems cannot access real-time internet data, which may limit 

information availability. 

• Voice Interaction Challenges: Accuracy may reduce due to noise, accents, or unclear speech input. 

• Scalability Issues: Expanding the system with more features or larger models can increase 

complexity and resource usage. 

Future Work 

Future enhancements of the proposed Privacy Preserving Offline AI Assistant for Intelligent Desktop 

Automation will focus on improving intelligence, usability, and system efficiency. One key direction is 

the integration of voice-based interaction, enabling more natural and hands-free communication between 

the user and the assistant. To overcome the limitations of offline knowledge, retrieval-augmented 

generation (RAG) will be incorporated, allowing the system to fetch relevant information from local 

databases or documents and generate more accurate and context-aware responses. 

Additionally, the system can be extended using multi-agent AI architectures, where multiple 

specialized agents collaborate to handle different tasks such as command processing, task execution, and 

decision-making, thereby improving scalability and efficiency. Future work will also explore 

optimization techniques to run larger models efficiently on local hardware, including support for GPU 

acceleration. These advancements aim to enhance the overall performance, adaptability, and real-world 

applicability of the assistant while maintaining strict privacy through offline processing. 

 

7. CONCLUSION 

This paper presented a privacy-preserving offline AI assis tant powered by locally deployed large 

language models. The architecture demonstrates that conversational AI systems can operate efficiently 

without relying on cloud-based processing infrastructure 

 
Fig11.Resource utliziation during interface 
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Fig12.System throughtput scalability 
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