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ABSTRACT
As a functional item, furniture has to satisfy both aesthetic and scientific criteria. In regards to human health and productivity, ergonomic considerations are particularly crucial in furniture design. Furniture design must be approached scientifically in order to create designs that are at the perfect nexus of art and science. The findings of the investigation show that the majority of research on biomechanics in furniture design focuses on specialized furniture, including wheelchairs and car seats, with little research done on everyday furniture. Ergonomic furniture design should incorporate the logical and scientific application of biomechanics to encourage healthy living and improve productivity at work. A multifaceted approach has been developed through integrating biology to take into consideration human anatomy and mobility, physics to guarantee appropriate support and alignment, and home science insights to balance design with domestic lifestyles.
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1. INTRODUCTION
Furniture occupies an important place in today’s consumer culture because it satisfies both the physiological and psychological needs of people. Human beings have been utilizing furniture since ancient times in order to address basic needs, such as sitting, lying, eating, etc (Liu, Y., Hu, W., Kasal, A., & Erdil, Y. Z. 2023). The design of ergonomic furniture serves as a testament to the ongoing collaboration between scientific research and creative innovation. Designers have successfully transformed the field of furniture design to enhance comfort and promote overall well-being. Ergonomic furniture, which seamlessly blends principles from the realm of physics and the intricacies of biology and prescriptions from home science offers solutions to this growing concern.
Ergonomic furniture, which seamlessly blends principles from the realm of physics and the intricacies of biology and prescriptions from home science offers solutions to this growing concern (Miller, S., & Adams, R., 2019). 
Ergonomics is a crucial engineering factor that affects furniture design and has a significant impact on human health and productivity. Ergonomics can be defined as the discipline of studying the design of working and living environments in accordance with human characteristics. The human body has certain physical limitations in the structural sense. Products designed for use interact with the human body under certain conditions during use (Adams, R., & Clark, J. 2020). 
Biomechanics is often defined as the application of mechanical principles to the study of living organisms. In the early 1970s, the term biomechanics was adopted by scientists worldwide to refer to the study of the mechanics of living organs (Huston, 2013). Biomechanics is relatively young as a recognized field of scientific research, primarily applied to the following fields thus far: sports and exercise sciences, biomedicine and health technology, and kinesiology. Recent developments in biomechanics research have continued to push the boundaries of research aimed at comprehending life's most basic phenomena as well as applications for cutting-edge medical procedures that will be required to support and care for members of our quickly aging society. Though they are less popular in other furniture designs, biomechanical analyses—which take into account factors like mass, pressure, force, and body dimensions—are frequently used in car seating. Such tasks are necessary for furniture, which is broadly described as utensils necessary for sustaining a normal human life, participating in productive activities, and carrying out social activities. Furniture, in the broadest sense, refers to objects used in daily living, the workplace, and social interactions that are used for sitting, reclining, lying down, supporting, and storing. It is clear that furniture plays a significant part in daily life and has a direct impact on people's health and productivity at work. It is therefore deserving of such consideration.  It is clear that furniture plays a significant part in daily life and has a direct impact on people's health and productivity at work. In order to create more sensible and healthful furniture, it is worthwhile and essential to incorporate biomechanics into furniture design (Wang,K.; Xing, D.; Dong, S.; Lin, J. 2019).
When making any type of furniture, there are three essential design components to take into account.
 The first is functional design, which entails figuring out the furniture's intended purpose and the main advantages it should offer (Yu, N.; et, al. 2022). Contrarily, aesthetic design concentrates on the creative elements of furniture design, including elements like form, texture, color, and shape, while also taking into account consumer desires and the impact of pertinent cultures or fashion trends (Sang, R.; Yang, F.; Fan, Z. 2023). The final crucial component of design is engineering design, which is the process of choosing the best materials, construction methods, production technology, and ergonomic standards.
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Figure-1: consideration that affects furniture design
2. METHOLOGY
This research used a multidisciplinary approach for the purpose to investigate the biomechanics of ergonomic furniture design. This included investigating biomechanical models of human movement, assessing current ergonomic furniture, and carrying out ergonomic assessments using instruments like pressure mapping and motion capture technology. In order to link the gaps between biology, physics and interior design, the study evaluated the effects of ergonomic furniture on posture and comfort. The human body's interaction with ergonomic furniture was recorded in real-time utilizing motion capture technology (Miller, S., & Adams, R., 2019).
The objective evaluation of design innovations and the confirmation of the collaboration between physics, biology, and home science in producing furniture that genuinely satisfies the demands of the human body in homes and offices were made possible by this data-driven method. 
The human body's interaction with ergonomic furniture was observed in real-time using motion capture technology (Smith, 2016). Pressure mapping tools help identify pressure areas that may cause discomfort or damage by providing graphic representations of weight distribution (Jones, K. (2014). Researchers measured how ergonomic furniture affected posture, comfort, and musculoskeletal health by putting participants in controlled seating situations (Clark & Johnson, 2022). This data-driven methodology made it possible to evaluate design advancements objectively and validate how physics, biology, and home science work together to create furniture that genuinely meets the demands of the human body in homes and workplaces.
3. RESULT AND DISCUSSION
INTERACTION BETWEEN ERGONOMICS AND BIOMECHANICS:
Despite having different areas of attention, ergonomics and biomechanics work together to produce a learning environment that is both physically supportive and intellectually challenging. With an emphasis on elements like comfort, usability, and safety, ergonomics focuses on creating environments that complement human strengths and limits. In contrast, biomechanics explores human movement mechanics with an emphasis on the body's interactions with physical forces. 
It is possible to create environments that promote natural body mechanics and enhance both physical and cognitive well-being by combining ergonomic principles with biomechanical models. Desks at the appropriate height and chairs with adequate lumbar support can assist maintain neutral postures, lessening the pressure on the spine and lowering the risk of musculoskeletal problems. This method is further improved by biomechanics, which offers a thorough examination of the ideal joint angles and positions for various tasks, guaranteeing that students may move freely and pleasantly in their learning environment.
The dynamic elements of learning, such movement and posture variations, are also included in this interaction. Biomechanics emphasizes the necessity of dynamic movement to avoid the physical exhaustion linked to extended sitting, whereas ergonomics stresses the significance of a well-designed, static workspace. Together, they support Learning Environment's use of flexible seating configurations that enable students to swiftly change positions or standing desks to promote mobility. By reducing stiffness, improving circulation, and bolstering cognitive function, this enhances physical wellness. Physical activity has been shown to increase brain activity and focus, which can improve learning outcomes. 
Additionally, the integration of biomechanics and ergonomics promotes inclusion in learning environments. Learning environments can be created to suit a variety of students, including those with physical disabilities, by taking into account both ergonomic needs (such comfort and adjustability) and biomechanical requirements (like range of motion and joint alignment). To ensure that the learning environment is accessible and comfortable for all students, adjustable desks and chairs, for instance, can accommodate wheelchair-using students or those who need alternative seating positions. This all-encompassing strategy creates a welcoming environment where all students can participate successfully in the learning process. There is a certain example of comparison between standard chair and ergonomic chair.
Table 1: Comparison of Standard Chair vs. Ergonomic Chair Performance
	Health posture Parameter
	Standard
	Ergonomic chair

	Neck support
	none
	Adjustable

	Lumbar support
	Low
	High

	Seat Depth Adjustment
	No
	Yes

	Armrest Adjustability
	Limited
	Multi- Level

	Backrest Recline Angle
	fixed
	Adjustable

	Average Comfort Rating
	5.2
	8.7



It shows how key variables, such as user happiness, lumbar support, and comfort, fluctuate over a specified period of time. The results show that the ergonomic chair has a clear advantage in terms of user support and comfort. When using the ergonomic chair instead of the regular chair, consumers routinely report higher levels of comfort and improved lumbar support over time. 


Table 2: Feedbacks of the users on Ergonomic Furniture
	Parameter
	Positive Feedback (%)
	Neutral Feedback (%)
	Negative Feedback (%)

	Comfort
	90
	7
	3

	Posture Improvement
	80
	15
	5

	Pain Reduction
	80
	10
	10

	Overall Satisfaction
	90
	7
	3



Table 2 includes a bar chart to show user comments regarding ergonomic furniture. The table displays user answers to inquiries about ergonomic furniture comfort, usability, and general satisfaction. The majority of customers expressed high levels of comfort and happiness, according to the data, which shows a favourable trend. Users value the ergonomic features that help them feel better and be less uncomfortable when using the device for extended periods of time. This supports the idea that incorporating biology and physics into ergonomic furniture design produces goods that suit the demands and preferences of consumers.
Table 3: Comparison of Muscle Activity during standing and sitting
	Muscle Group
	Standing (% MVC) *
	Sitting (% MVC) *

	Neck and Shoulder
	15
	35

	Glutes
	40
	25

	Lower Back
	25
	55

	Quadriceps
	35
	15


*MVC: Maximum Voluntary Contraction
Table 3 provides a useful comparison of muscle activity levels while standing and sitting, when employing ergonomic furniture. The patterns of muscle involvement across several muscle groups are graphically displayed in the group bar chart. According to the study, ergonomic furniture promotes more balanced muscle activation when standing and sitting. When employing ergonomic furniture as opposed to conventional options, the back and core muscles—which are in charge of maintaining posture- show greater involvement. This realization highlights the biomechanical benefit of ergonomic furniture in encouraging active standing and sitting, which improves muscle tone and general wellbeing.


INTERPRETATIONS OF PHYSICS, BIOLOGY AND HOME SCIENCE
The importance of holistic thinking is highlighted by the integration of physics, biology, and home science into ergonomic furniture design. Designers could produce furniture that enhances rather than burdens its user by taking into account both the mechanical and anatomical components of the human body. This method emphasizes how creative creativity and scientific ideas work well together. Ergonomic furniture design, which combines physics, biology, and home science, is an example of a comprehensive approach that goes beyond conventional ideas of furniture construction and use. Crafting items that connect with the complex mechanics of the human body is more important than just aesthetics or practicality. This method emphasizes the necessity for designers to be aware of both the mechanical and biological components of design, emphasizing the harmony between creative brilliance and scientific principles as well as the intended comfort.
Beyond physical well-being, ergonomic furniture design is a symbiotic relationship between biology and physics. Long periods of sitting have a noticeable effect on home science. Increased productivity and lower absenteeism are directly correlated with improved comfort and wellbeing.  Additionally, the use of ergonomic furniture promotes a culture of wellbeing and shows a dedication to people's long-term health. Ergonomic furniture design has wider consequences for home science and social well-being in addition to its effects on physical health. The needs of modern living, when prolonged periods of inactivity are typical, are met by the integration of biomechanics into furniture. Higher quality of life, decreased absenteeism, and increased productivity are all correlated with improved comfort and well-being (Ighrakpata, F. C; et, al. 2023). Furthermore, the use of ergonomic furniture represents a paradigm change that prioritizes long-term health and fosters a wellness culture that permeates public areas, workplaces, and educational institutions in addition to individual residences.
Ergonomic furniture design is a crucial factor in enhancing well-being and reducing musculoskeletal problems in the modern world of sedentary lives and extended screen-based activities. A thorough grasp of the biomechanics involved was the result of this study voyage, which included physics, biology, and home science. While biological insights allow for the construction of furniture that supports natural movement patterns and posture, the incorporation of physics concepts ensures structural stability and optimal weight distribution. Furthermore, the integration of home science insights guarantees the smooth integration of ergonomic designs into household spaces, encouraging the adoption of healthier habits.
COMMON FURNITURE
Seating furniture is a commonly used and highly interactive type of furniture in daily life. This interaction is typically experienced on a one-to-one basis with the furniture. Therefore, the application of biomechanics in furniture design is mainly focused on seating furniture (Zhou, C.M.; et, al.; 2022). Analysing the human–seat interface and understanding the influence of body weight distribution on seat comfort are beneficial for ergonomic and functional seat design. The design of the seat support can decrease the user’s muscle fatigue level during extended use, suggesting that biomechanical analysis of the subject can account for the level of comfort experienced.
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Figure-2: Ergonomic Chair Vs Common Chair
One of the most popular ways to examine the biomechanics of sitting from an objective perspective is to measure the pressure distribution on the contact surface Chao,Y.; Shen, L.M.; Liu, M.P. (2021).  The response forces between L5 and the sacrum are reduced when the backrest angle is increased from 900 to 1050. Muscle activation is thereby greatly decreased, which is crucial for raising the overall comfort value (Zhou, C.M.; et, al. 2022). This study also demonstrated that lightweight armchairs are better suited for women than for men. The goal of the rapid upper limb assessment (RULA) analysis of office chairs is to enhance both the physical health and well-being of the user and the safety of workplace seating. But well seated is not the Similar to healthy sitting, prolonged computer use can cause static loading on the body. Therefore, it was discovered that the benefits of the body load sitting on an exercise ball may not outweigh the drawbacks by tracking posture, muscular activity, and spinal contraction in women typing on an office chair with an exercise ball and armrests (Fang, J.J.; Shen, L.M.; Chen, H. 2021). 
In order to gain a better understanding of how common household furniture affects daily life, biomechanics experts have also studied it. Mothers have reportedly experienced stress when lifting a child into or out of a motorized seat, bathtub, cot, infant carrier, and highchair (Yu,N.; Yu, C.; Li, H.; Li, M., 2021). As a result, while creating furniture for young children, it's crucial to take their caregivers' comfort and well-being into account in addition to the furniture's suitability. The group also assessed the degrees of musculoskeletal stress related to using two different kinds of kitchen cabinets. Kitchen base cabinets with drawers were shown to be more ergonomic than those with doors (Kilic, H.; Özcan, C.; Efe, H.; Kasal, A. 2018). 
SPECIAL FURNITURE
About 1% of people worldwide use wheelchairs, which are specialized furniture products for people with physical limitations that are utilized for mobility, social interaction, and healthy living (WHO, 24th September 2021). 
Turning, going uphill, and passing curbs are challenging manoeuvres for manual wheelchair users, and they must utilize their upper extremities for extended periods of time, which increases the risk of upper extremity injuries. Therefore, the main objective of using biomechanical principles in the design of specialized furniture, such wheelchairs, is to reduce the possibility of physical injury to users and allow them to carry out everyday tasks on their own.
The significance of evaluating wheelchair propulsion capabilities on a variety of surfaces through a kinetic analysis of manual wheelchair propulsion during activation on specific indoor and outdoor surfaces was brought to light by surface differences. The wheelchair was equipped with wearable sensors to monitor the wheelchair user's daily movements. Wheelchair-user interaction principles can be used to optimize wheelchair use efficiency in future wheelchair designs based on the monitoring results (Togni, R.; et, al. 2022). One recent development in personal transportation is the usage of electric propulsion. A novel kind of electric wheelchair is the wheelchair with cam-thread drive (WCD). The WCD is a sustainable form of personal transportation that requires less human biological force to propel and puts less strain on the human motor system, making it suitable for rehabilitation, according to field tests, laboratory measurements, biomechanical analysis, and comparison with a typical wheelchair with push-rim drive (WPD) (Gabryelski, J.; et, al. 2021).
The main goal of utilizing specific furniture in biomechanics aims to assist users in lowering upper limb injuries and enabling their basic everyday activities in a safe environment. Additionally, it minimizes the physical strain that caretakers bear while tending to the patient. (Fang, J.J.; et, al. 2021). The application of biomechanics to the creation of unique furniture is relatively advanced. Specialized furniture design might concurrently concentrate on improving its usefulness and aesthetic appeal.
TRANSPORTATION VEHICLE SEATS
Customer demand for vehicle performance and comfort is rising in the automotive sector. Because of this, automakers view car seats or interior comfort as a key selling feature and a means of setting themselves apart from rivals. 
Similar to the automobile seat sector, travellers have long considered comfort when selecting an airline and aircraft, thus it makes sense to have a comfortable cabin and seat to draw in customers. In terms of anthropometrics, the seat and inclination require consideration. One method is to simulate the perceived comfort of passengers at various launch angles. The discomfort triggered adjustment (DTA) process, which addresses the cycle of discomfort development, the trigger, and the friction between movement desire and the practical limits until the joy of comfort, might be incorporated into current comfort models to explain the outcomes of such an analysis (Yao, X.; Ping, Y.; Song, Y.; Vink, P., 2023).
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Figure-3: Ergonomic features in a transportation vehicle seat
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Figure-4: Tips to maintain proper posture while driving
There are now biomechanical techniques for analyzing weariness more precisely and to create automobile seats that are cozier. Driver fatigue and comfort are affected by interaction features between the driver and the car seat, such as the backrest angle, longitudinal track position, coefficient of friction at the body-car seat interface, and lumbar support availability. The use of biomechanical information is less expensive and more effective than experimental testing, and it is more objective and scientific than subjective comfort assessment. Additionally, seat geometry should be incorporated into comfort, safety, and ergonomic design solutions, and torso posture and biomechanical logic should be incorporated into seat design and evaluation. The necessity to take postural variation into consideration when designing seats is growing as the market transitions from human-driven to driverless vehicles (Reynolds, H.M., 2019).
Similar to the automotive seat market, passengers have long considered comfort when selecting an airline and aircraft, thus it makes sense to create a comfortable seat and interior to draw travellers. According to certain research, a seat pan design utilizing spring-foam technology may be more pleasant and lighter than traditional foam cushion materials (Dangal, S.; Smulders, M.; Vink, P., 2021). Anthropometry, climate, sound, vibration, illumination, and scent are the six variables that determine comfort. The most significant element affecting comfort was "anthropometry," which indicates that the seat width and legroom are insufficient for the various body sections (Anjani, S.; et, al.  2021). Anthropometrics requires consideration of the seat and inclination. One method is to simulate the perceived comfort of passengers at various launch angles. Based on short-term assessments, some studies indicated that staggered seats were noticeably more comfortable and private (Vink, P.; et, al. 2021). The comfort of the seats is the primary focus of research on airplane seats, which is primarily conducted through expensive experimental simulations.
CONCLUSION:
Ergonomic furniture design is a crucial factor in enhancing well-being and reducing musculoskeletal problems in the modern world of sedentary lives and extended screen-based activities.  the fusion of home science, biology, and physics, leading to a thorough comprehension of the biomechanics involved. While biological insights allow for the construction of furniture that supports natural movement patterns and posture, the incorporation of physics concepts ensures structural stability and optimal weight distribution. Furthermore, the integration of home science insights guarantees the smooth integration of ergonomic designs into household spaces, encouraging the adoption of healthier habits.
Ergonomic furniture design and use, which combines physics, biology, and home science, is an example of how scientific ideas and artistic expression may coexist (Lee, S., & Choi, H., 2018). The ability to create furniture that improves comfort, lowers musculoskeletal problems, and encourages good posture is growing as biomechanics is better understood. This will have a lasting impact on both individual well-being and larger economic environments.
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