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ABSTRACT: Robotics is one of the human alternative execution systems. It covers 

almost all the application based fields due to its versatility. The major attraction of doing 

such research is due to its multidisciplinary nature and involvement of diverse 

technologies. It is a reprogrammable and multifunctional device which follows the 

concepts of science, engineering and technology. In this paper a complete study has 

been done about robotics, design and work execution. The cause of doing so is to make 

use of robots for the purpose of patient monitoring, assistant as well as decision support 

system. There are different open source tools as well as virtual labs have been used for 

the purpose of design, simulation and execution of diverse robots. The major studies 

have been done about the design and configurations for healthcare based applications. 

Actually, to create a complete picture of the patient's condition, the framework 

combines physiological sensors, wearable technology, cameras, microphones, 

environmental sensors, and patient interaction data. Heterogeneous data is 

preprocessed, aligned, and fused using multimodal AI algorithms for anomaly detection 

and patient-state estimation. A decision-support module next evaluates the identified 

conditions to produce risk assessments and suggestions for medical practitioners. The 

robot may carry out suitable assistance duties while crucial decisions are still overseen by 

healthcare professionals thanks to a human-in-the-loop human–robot collaboration 

system. Explainable AI, safety monitoring, feedback, and ongoing learning are all 

included in the suggested structure. Accuracy, precision, recall, F1-score, response time, 

false-alarm rate, task success rate, and human-robot interaction metrics can all be used 
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to assess performance. The framework seeks to offer a patient-centered, scalable 

method for intelligent. For intelligent healthcare environments, the framework seeks to 

offer a scalable and patient-centered method. 

 

INTRODUCTION 

Through this research work we propose a unified architecture for multimodal Artificial Intelligence (AI) in human-robot 

collaboration[1], aimed at improving patient monitoring, assistance and decision support in healthcare environments[2].  

 

Figure- 1 Multimodal AI Integration in Human-Robot Collaboration 

In Fig.-1 a multimodal AI integration in human-robot collaboration has been shown. We are using natural language 

processing, computer vision and machine learning to build a framework to help healthcare practitioners[3], patients, and 

robotic systems to communicate with each other seamlessly in order to better the currently available services to healthcare 

practitioners and to improve patient outcomes[4]. The collaboration of healthcare and technology is rapidly evolving to meet 

the demands of the healthcare industry[5]. We aim to simplify the tight workflows to provide decision flexibility to healthcare 

practitioners based on the data collaboration. Technology to improve healthcare has mounted along with the demands of the 

public, progressing at the same speed[6]. Human-robotic collaboration (HRC) is one of the approaches forming a bridge to 

address the issues caused by patient demands and the lack of healthcare staff in the patient monitoring and assistance field[7]. 

This framework is designed to enhance the performance of robots in healthcare to improve decisions and the quality of 

patient care using multimodal AI[8]. 
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Figure.-2 Multimodal AI-Enabled HRC Framework in Healthcare 

 

Figure.-3 Multimodal Interaction in Healthcare Robots 

 

Figure.-4 Intelligent Health Monitoring 

Fig.-2 shows the Multimodal AI-Enabled HRC Framework in Healthcare, A framework for multimodal interaction in 

robotics is presented that aims to improve the communication between robots and humans through the use of Natural 

Language Processing, Computer Vision and Gestural Recognition. It includes smart patient monitoring with wearable 

sensors, data fusion and anomaly detection to continually assess health[9]. The robots help with medication management, 

mobility assistance and providing emotional support. In addition, the framework supports healthcare decision-making via 

data analytics, forecasting, and collaborative decision-making between healthcare teams and patients[10]. Fig.-3 shows the 

Multimodal Interaction in Healthcare Robots and Fig.-4 shows Iintelligent Health Monitoring. 
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Figure.5 Robotic Assistance and Support Framework 

 

Figure. 6 Decision Support Framework 

In this paper, we describe the importance of robotics and the advantages of incorporating research in the field. 

Understanding the concepts of AI and ML is crucial since artificial intelligence is a vast area[11]. Under it, we have machine 

learning and deep learning. Selecting a path or making a path to connect technology with engineering and Science is what we 

mean by Artificial Intelligence[12]. Fig.5 shows the Robotic Assistance and Support Framework and Fig. 6 shows the 

Decision Support Framework. 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

680 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

 

Figure. 7 Overall system design  

Once we have the system to understand actions or behaviors, we use ML to learn from those actions and behaviors, which 

are expressed as patterns[13]. AI is the representation of intelligence and the best example of which is a robot. In Fig. 7 the 

overall system design has been shown. The building blocks of a robot are essentially electromagnetic. An intelligent machine 

is what we call a robot. It adapts easily to adjust and learn from a changed environment in comparison to humans, therefore 

proving to be better, faster, economical, and environmentally friendly[14]. The use of robotics can be extended to various 

fields. Industrial, mobile, domestic, and educational robots are the primary examples[15]. A robot should not be capable of 

causing a human injury. A robot should be under human control, whereby the human can instruct the robot on what needs to 

be done[16]. 
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Figure. 8 Challenges and Considerations for Robotic Framework Implementation 

 

Figure. 9(a) Future Directions in Human-Robot Collaboration in Healthcare 

The main parts of robots are sensors, actuators, controllers, manipulators and a power supply The main function of a sensor 

is to detect a physical (or chemical) phenomenon and convert it to an electrical signal. In Fig. 8, Challenges and 

Considerations for Robotic Framework Implementation have been shown whereas in Fig. 9 (a) Future Directions in Human-

Robot Collaboration in Healthcare has been pointed out.  

An actuator has the function of converting an electrical signal to a mechanical (or chemical) effect. This means, that 

movements and all other mechanical effects fall under this category. The main part of a robot is its controller because all 

programming and logic are done in the controller. Manipulators and effectors are also very important and så are the 

peripheral (or external) devices. The manipulators are the Robot arms and other moving parts. Without a power supply, there 

are a lot of sensors used in Robotics such as light sensors, sound sensors, and temperature sensors. Again, sensors play an 

important role in Robotic research. Another Robot for research is Firebird 5. Creating a robot is complex with some 

challenges such as the high costs. In Fig.9 (b), a Multimodal AI-Enabled Human-Robot Collaboration in Healthcare has been 

highlighted. There is also a lack of emotions, which prevents a Robot from determining right and wrong. There is also a lack 

of spatial decimation and a difficulty with the manufacturing of microorganisms. 
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Figure.9 (b) Multimodal AI-Enabled Human-Robot Collaboration in Healthcare 

LITERATURE SURVEY 

There are lots of people who had already contributed a lot in this field especially they have done so many research based on 

sensor technology. Actually in case of robotics there are lot of things has been done because there are huge possibility using the 

robots to do either in terms of environmental monitoring or in terms of Health Care techniques particularly nowadays so many 

micro needles people are making and all the care and all in hospitals they are doing with the help of robots. So a deep research 

study has been done right from the 1980 to till 2026, shown in Fig. 10, and it has been found that there is a huge scope and still 

people have not achieved it. 

 

Figure. 10 Major highlights and contributions in the particular years 

RESEARCH METHODOLOGY 

• System Design: Important factors for design include, designing for accessibility, ease of use, and compatibility with 

other healthcare systems. Design must also accommodate varying situations.  

• Training and Development: Important components include frequent AI model training for better differentiation 

and extensive training for users on the correct interaction with the robot.  

• Evaluation and Feedback: Important factors include the use of measurable objectives for robotic system 

effectiveness and the continuous feedback of the users for improvement. 
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Figure 11 Research technique and applied methodology 

In Fig. 11, the major research technique and applied methodology has been shown, the framework for human-robot 

collaboration in healthcare encounters ethical and practical problems relating to healthcare and trust of the patient and the 

professionals. Future work might include new techniques in AI and robotics, including deep learning, the use of telepresence 

or telehealth robots for clinical observation, and the use of advanced personalized care systems to meet the unique 

requirements of a patient. 

RESULTS AND ANALYSIS 

To understand the basic concepts, structures, design and simulation all the possible and open source tools has been utilized. 

One of the great example is online virtual lab, the below figures, Fig. 12 and Fig. 13 are simulated using the virtual labs and its 

link has been also given below to the figures as well as acknowledgement purpose.  

 

Figure 12 Design and analysis using virtual lab 

Ref.: https://mr-

iitkgp.vlabs.ac.in/List%20of%20experiments.html  

 

Figure 13 Design and analysis using virtual lab  

Ref.: https://mr-

iitkgp.vlabs.ac.in/List%20of%20experiments.html 

 

https://mr-iitkgp.vlabs.ac.in/List%20of%20experiments.html
https://mr-iitkgp.vlabs.ac.in/List%20of%20experiments.html
https://mr-iitkgp.vlabs.ac.in/List%20of%20experiments.html
https://mr-iitkgp.vlabs.ac.in/List%20of%20experiments.html
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Figure. 14 (a) AI Model Performance 

Next, the additional study report has been presented with the help of Fig. 14 (a) to 14 (e)  for showcasing the overall 

performances.  

 

 

Figure14(b) Effect of Multimodal Data Fusion 
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Figure. 14(c) Response Time 

 

Figure14(d) Patient Monitoring Scenarios 

 

Figure 14(e) Proposed Framework Evaluation 
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CONCLUSION 

Finally, this work presents a main leap forward in the incorporation of robotic systems in healthcare by offering a multimodal 

AI-enabled human-robot alliance framework. This framework might recover patient monitoring, assistance and decision 

support, therefore enhancing patient outcomes and rationalization healthcare workflows. Continued growth and research in 

this area will be vital to unlock the full capabilities of human-robot collaboration in healthcare situations. Thus, there are lot 

of possibilities using the robotics to execute in the healthcare system. Still this technology does not exist everywhere and 

especially in rural area based hospitals not even 10% also reached. So, there is a huge research scope for the people and 

researchers to contribute in this field, especially to make some prototype based devices to solve many issues.  
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