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ABSTRACT

The brick-making industry in Bhagalpur, Bihar, is a vital component of the local economy, providing employment to
many workers. Despite its economic importance, the industry largely relies on traditional methods that are fraught
with inefficiencies and ergonomic issues, negatively impacting both productivity and worker well-being. This research
aims to identify these pain points and explore opportunities for improvement by focusing on three main areas: layout
optimization, user-friendly control panel interfaces, and the implementation of augmented reality (AR) for training
and maintenance. To achieve this, a sample of 50 workers from various brick kilns in Bhagalpur was studied. The
data collection involved surveys, interviews, and direct observations, aimed at understanding current practices and
the specific challenges workers face. The research identified several key pain points, including ergonomic issues like
back pain and muscle strain, inefficient workflow due to poorly designed layouts, and a significant need for better
training in machinery operation and maintenance.

The study suggests that optimizing the layout of the brick kilns could significantly reduce unnecessary movements and
streamline the workflow. By redesigning workspaces to be more efficient and ergonomic, the industry can enhance
productivity and reduce physical strain on workers. Additionally, developing user-friendly control panels for
machinery, featuring simple interfaces, touchscreen technology, and real-time feedback, can reduce operational
errors and improve efficiency. Moreover, implementing AR technology for training and maintenance can provide
immersive, hands-on learning experiences. AR can simulate real-life scenarios, guide workers through complex tasks,
and offer visual aids during maintenance procedures, improving both skill acquisition and task performance. Regular
ergonomic assessments and continuous training programs focusing on safety and operational skills are also
recommended to ensure a capable and well-informed workforce. By adopting these technological and organizational
improvements, the brick-making industry in Bhagalpur can enhance operational efficiency, improve worker well-
being, and move towards a more sustainable and productive future.

Keyword: Human-Centered Design (HCD), Brick Kiln Operations, Workflow Optimization, User
Interface (Ul) Design, Control Panels, Bhagalpur, Bihar

1. Introduction

Brick-making is a labor-intensive industry that has remained largely unchanged for decades. In Bhagalpur, Bihar, the
process typically involves several stages, including soil preparation, molding, drying, and firing. Each of these stages
presents unique challenges that can hinder efficiency and worker safety. Soil preparation involves mixing soil with
water to achieve the right consistency, which is laborious and can lead to physical strain. Molding, where the prepared
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soil is shaped into bricks, often requires repetitive movements that can cause musculoskeletal issues. Drying, the next
stage, depends on weather conditions and can lead to delays, while firing the dried bricks in kilns poses significant
safety risks due to high temperatures and the potential for accidents. This study seeks to provide a comprehensive
analysis of these challenges and propose innovative solutions to enhance the overall workflow and productivity in the
brick-making process. To achieve this, we conducted a detailed investigation involving a sample size of 50 workers
from various brick kilns in Bhagalpur. Data collection methods included surveys, interviews, and direct observations
to understand the current practices and identify specific pain points. The findings revealed several critical issues:
ergonomic problems due to the physically demanding nature of the work, inefficiencies in workflow stemming from
poorly designed layouts, and a lack of adequate training in machinery operation and safety protocols.

Based on these findings, the study proposes several innovative solutions. Optimizing the layout of brick kilns to
minimize unnecessary movement can streamline operations and reduce worker fatigue. Implementing user-friendly
control panels for machinery, featuring simple interfaces, touchscreen technology, and real-time feedback, can
improve accuracy and operational efficiency. Additionally, integrating augmented reality (AR) for training and
maintenance can offer immersive, hands-on learning experiences that enhance workers' skills and safety awareness.
By adopting these solutions, the brick-making industry in Bhagalpur can significantly improve its efficiency,
productivity, and worker safety, paving the way for a more sustainable and modernized operation.
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Figure 1: Brick design Layout
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Figure 2: Control Panel

The brick-making industry in Bhagalpur, Bihar, employs traditional methods that often lead to inefficiencies and
ergonomic issues, impacting productivity and worker well-being. To address these challenges, one innovative solution
proposed is the development and implementation of user-friendly control panels for machinery. Figure 2 illustrates a
conceptual design of such a control panel. The control panel design prioritizes simplicity and intuitiveness. It features
easy-to-understand symbols and instructions, which reduce the cognitive load on workers and minimize the likelihood
of errors. This approach aligns with findings from our study, where workers expressed a need for more straightforward
and error-proof interfaces to enhance operational efficiency. The concept of a touchless gesture-based display holds
significant potential for revolutionizing the brick-making industry, offering a hands-free interaction method that
addresses various challenges faced by workers in this field. By integrating touchless gesture-based displays into
control panels used in brick-making machinery, manufacturers can enhance operational efficiency, improve worker
safety, and streamline the overall production process. One key advantage of touchless gesture-based displays in the
context of brick-making is their user-friendly nature compared to traditional button-based interfaces. Brick-making
workers can interact with machinery through intuitive gestures, such as waving or pointing, without the need for
extensive training. This intuitive interaction method simplifies operation, allowing workers to input commands or
make adjustments quickly and easily, thereby reducing the likelihood of errors and speeding up production.

Moreover, the inclusion of touchless gesture-based displays in brick-making control panels is often driven by feedback
collected directly from workers. These workers have highlighted the need for more accessible and modern
technological solutions to improve their workflow and enhance productivity. By addressing these concerns and
integrating touchless gesture-based displays into control panels, manufacturers can cater to the needs of brick-making
workers and improve overall satisfaction. Another critical aspect of touchless gesture-based displays in brick-making
is the provision of real-time feedback and alerts. These mechanisms enable workers to monitor the status of machinery
and processes continuously. Alerts can notify them of any issues or required adjustments, facilitating immediate
corrective actions and preventing delays in production. This real-time feedback feature is particularly important in the
brick-making industry, where maintaining consistent product quality and operational efficiency is essential. By
integrating touchless gesture-based displays with real-time feedback mechanisms, the proposed control panel design
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shown in Figure 2 can address several pain points identified in the brick-making process. It simplifies operation,
reduces the likelihood of errors, and enhances overall efficiency, leading to improved productivity and better working
conditions for brick-making workers. In conclusion, the adoption of touchless gesture-based displays in control panels
for brick-making machinery represents a practical and effective solution to many of the current challenges faced by
workers in the industry. By modernizing the control panel interface and providing intuitive interaction methods,
manufacturers can contribute to the advancement of the brick-making industry, leading to increased efficiency,
improved worker safety, and ultimately, a more sustainable and productive future for the industry.

AR Immersive Designin

Figure 3: Augmented Reality Training for brick

Implementing Augmented Reality (AR) in the brick-making industry in Bhagalpur, Bihar, offers transformative
benefits by enhancing training and maintenance processes. AR creates interactive training modules that simulate the
entire brick-making process, from soil preparation to firing, making learning more engaging and effective. It also
provides maintenance assistance by overlaying instructions and visual aids on machinery, ensuring accurate and
efficient repairs. Additionally, AR enhances safety training with real-time demonstrations of hazards and best
practices, increasing worker awareness and preparedness. This technology not only boosts productivity by reducing
errors and downtime but also improves worker well-being by making training more immersive and enjoyable,
ultimately leading to a more skilled, confident, and safety-conscious workforce.

2. Research Methodology

The methodology employed in this study aimed to capture a comprehensive understanding of the brick-making process
in Bhagalpur, Bihar. A sample of 50 workers from five brick kilns was purposively selected, considering varying years
of experience to ensure a diverse representation. Data collection methods included surveys, interviews, and direct
observations. Surveys provided quantitative data on workflow, ergonomic issues, and training needs, while interviews
offered qualitative insights into workers' experiences and improvement suggestions. Direct observations allowed for
the identification of inefficiencies and potential areas for technological intervention. Subsequent data analysis
involved statistical analysis of quantitative data to identify common pain points and inefficiencies. Qualitative data
from interviews and observations underwent thematic analysis to derive actionable insights. The results highlighted
the diverse demographic characteristics of the respondents, emphasizing the necessity of tailored interventions to
address the specific needs and challenges faced by brick-making workers in Bhagalpur, Bihar. These findings serve
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as a foundation for discussions on potential strategies and interventions aimed at enhancing productivity, worker well-
being, and overall industry sustainability.

3. Results and Discussion

Table 1: Demographic Distribution of Sample

Number of

Demographic Category Workers Percentage
Age 18-25 10 20%
26-35 15 30%

36-45 15 30%

46-55 10 20%

Experience 0-5 years 20 40%
6-10 years 15 30%

11-15 years 10 20%

16+ years 5 10%

Education No formal education 20 40%
Primary school 15 30%

Secondary school 10 20%

Higher education 5 10%

Table 1 provides a demographic distribution of the sample population studied in the brick-making industry in
Bhagalpur, Bihar. The data shows that the sample encompasses a diverse range of age groups, with the majority falling
within the 26-35 and 36-45 age brackets, each comprising 30% of the sample, while the 18-25 and 46-55 age groups
account for 20% each. In terms of experience, the largest proportion of workers have 0-5 years of experience,
constituting 40% of the sample, followed by those with 6-10 years (30%), 11-15 years (20%), and 16+ years (10%).
Regarding education, 40% of the sample have no formal education, 30% have completed primary school, 20% have
secondary school education, and 10% have higher education qualifications. This distribution highlights the diverse
demographic profile of workers in the brick-making industry in Bhagalpur and provides valuable insights for
understanding the workforce composition and tailoring interventions and training programs to meet their specific

needs and requirements.

Table 2: Common Ergonomic Issues Reported

Issue Number of Workers Percentage

Back Pain 30 60%

Joint Pain 20 40%

Muscle Strain 25 50%

Repetitive Strain Injury 15 30%

Eye Strain 10 20%
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Table 2 highlights the common ergonomic issues reported by brick-making workers in Bhagalpur, Bihar. The data
indicates that back pain is the most prevalent issue, affecting 60% of the workers surveyed. This finding is consistent
with the physically demanding nature of brick-making, which often involves bending and lifting heavy loads, leading
to strain on the lower back. Joint pain and muscle strain are also significant concerns, affecting 40% and 50% of
workers, respectively. These issues likely result from repetitive movements and poor ergonomics in the workspace.
Additionally, repetitive strain injury, reported by 30% of workers, underscores the need for ergonomic interventions
to reduce repetitive tasks that can lead to long-term injuries. Eye strain, affecting 20% of workers, may be attributed
to prolonged exposure to dust and glare from the brick-making process. Addressing these ergonomic issues through
layout optimization and ergonomic tools can help alleviate worker discomfort and reduce the risk of occupational
injuries, ultimately improving worker well-being and productivity in the brick-making industry.

Table 3: Workflow Inefficiencies Observed

Inefficiency Number of Workers Percentage
Excessive Movement 35 70%
Waiting Time 25 50%
Material Handling Delays 20 40%
Poor Communication 15 30%

Table 3 presents the workflow inefficiencies observed in the brick-making industry in Bhagalpur, Bihar. The data
reveals that excessive movement is the most prevalent inefficiency, affecting 70% of the workers surveyed. This
inefficiency likely results from a poorly designed layout or inefficient workflow, leading to unnecessary movement
between workstations or storage areas. Excessive movement not only wastes time but also increases the risk of
accidents and ergonomic strain on workers. Waiting time, reported by 50% of workers, indicates delays in the
production process, possibly due to equipment breakdowns, inadequate staffing, or bottlenecks in the workflow.
Material handling delays, affecting 40% of workers, suggest issues with logistics or supply chain management, such
as delays in receiving raw materials or transporting finished products. Poor communication, reported by 30% of
workers, highlights deficiencies in communication channels between workers, supervisors, or different departments,
leading to misunderstandings, errors, and delays in decision-making. Addressing these workflow inefficiencies
requires a multifaceted approach. Firstly, optimizing the layout of the workspace can reduce excessive movement by
organizing workstations and materials in a more efficient manner. This may involve reconfiguring the layout to
minimize the distance traveled between tasks or implementing better storage and organization systems. Secondly,
improving equipment maintenance and reliability can reduce waiting times by minimizing downtime due to
breakdowns or repairs. Implementing preventive maintenance schedules and investing in robust machinery can help
mitigate this issue. Thirdly, streamlining material handling processes through better coordination with suppliers,
optimizing inventory management systems, and implementing Just-In-Time (JIT) principles can minimize delays in
material procurement and transportation. Finally, enhancing communication channels through regular meetings, clear
instructions, and the use of digital communication tools can improve collaboration and decision-making, reducing
errors and delays. By addressing these workflow inefficiencies, the brick-making industry in Bhagalpur can enhance
productivity, reduce costs, and improve overall efficiency.

Table 4: Training Needs Identified

Training Need Number of Workers Percentage
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Machinery Operation 30 60%
Safety Procedures 25 50%
Maintenance Skills 20 40%
Quality Control 15 30%

Table 4 provides insights into the training needs identified among brick-making workers in Bhagalpur, Bihar. The
data highlights several areas where workers require additional training to enhance their skills and improve job
performance. Machinery operation emerges as the most significant training need, with 60% of workers expressing a
desire for training in this area. This indicates a gap in knowledge or proficiency in operating the machinery used in
the brick-making process. Addressing this need through comprehensive training programs can improve workers'
efficiency and reduce the risk of accidents or errors related to equipment operation. Safety procedures rank second,
with 50% of workers expressing a need for training in this area. This finding underscores the importance of prioritizing
safety in the workplace and ensuring that workers are equipped with the knowledge and skills to identify and mitigate
potential hazards. Training in safety procedures can help reduce the risk of workplace accidents and injuries,
promoting a safer working environment for all employees. Maintenance skills are identified as a training need by 40%
of workers, indicating a desire for training in equipment maintenance and repair. This training is essential for ensuring
that machinery remains operational and efficient, minimizing downtime and production delays. By empowering
workers with maintenance skills, brick-making companies can improve equipment reliability and longevity, ultimately
enhancing overall productivity.

Quality control emerges as a training need for 30% of workers, suggesting a desire for training in monitoring and
maintaining product quality standards. This training is crucial for ensuring that bricks meet specifications and adhere
to quality standards, thus enhancing customer satisfaction and maintaining the industry's reputation for producing
high-quality products. In summary, addressing the training needs identified in Table 4 through comprehensive and
tailored training programs can improve workers' skills, enhance job performance, and contribute to a safer and more
efficient brick-making industry in Bhagalpur. By investing in training and development initiatives, brick-making
companies can foster a skilled and capable workforce, driving innovation and growth in the industry.

Table 5: Worker Roles and Interview Participation

Worker Role Number of Participants
Loaders 18
Molders 22
Kiln Operators 10

Table 5 provides information on the distribution of worker roles and their participation in interviews within the brick-
making industry in Bhagalpur, Bihar. The data highlights the diverse roles within the industry and the extent of worker
engagement in the research process. Loaders, responsible for transporting raw materials and finished products within
the brick kiln, constitute the largest group of participants, with 18 individuals taking part in interviews. This indicates
that loaders play a crucial role in the brick-making process and are actively involved in various aspects of production
and logistics. Their participation in interviews allows for insights into the challenges and opportunities they encounter
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in their daily work. Molders, responsible for shaping the raw materials into bricks using molds, represent the second-
largest group of participants, with 22 individuals taking part in interviews. As key actors in the production process,
molders' perspectives are invaluable for understanding the intricacies of brick-making techniques, workflow
challenges, and potential areas for improvement. Their insights can inform strategies for optimizing the molding
process and enhancing efficiency.

Kiln operators, responsible for operating and maintaining the kilns used to fire the molded bricks, represent a smaller
but essential group of participants, with 10 individuals taking part in interviews. Their role is critical for ensuring that
bricks are fired to the appropriate specifications and quality standards. By participating in interviews, kiln operators
can provide insights into the technical aspects of kiln operation, safety considerations, and maintenance requirements.

Table 6: Survey Results on Workflow Satisfaction

Satisfaction Level Percentage of Workers
Satisfied 25%
Neutral 40%
Dissatisfied 35%

Table 6 presents survey results on workflow satisfaction among workers in the brick-making industry in Bhagalpur,
Bihar. The data reveals varying levels of satisfaction among workers, with 25% expressing satisfaction, 40%
remaining neutral, and 35% expressing dissatisfaction with the workflow. The percentage of workers expressing
satisfaction indicates that a quarter of the workforce is content with the current workflow practices. This group likely
perceives the workflow as efficient and conducive to their job performance, resulting in higher levels of job
satisfaction and morale. Understanding the factors contributing to their satisfaction can provide insights into best
practices and areas of success within the industry. The larger proportion of workers (40%) expressing neutrality
towards the workflow suggests a lack of strong opinions or ambivalence. This group may neither be fully satisfied nor
dissatisfied with the current workflow, indicating a potential opportunity for improvement. Exploring the reasons
behind this neutral stance can uncover areas for enhancement and address any underlying issues that may impact
productivity or worker satisfaction.

The percentage of workers (35%) expressing dissatisfaction highlights a significant concern within the industry. These
workers likely perceive the current workflow as inefficient, cumbersome, or inadequately supportive of their job
responsibilities. Addressing the concerns of this group is crucial for improving overall workflow satisfaction and
employee morale. ldentifying specific pain points and implementing targeted interventions can help alleviate
dissatisfaction and create a more positive work environment.

Table 7: Time-Motion Study Data

Average Time
Activity Spent (minutes)
Loading Clay onto Carts 5
Transporting Clay to Molding Station 8
Unloading Clay at Molding Station 3

Table 7 presents time-motion study data detailing the average time spent on various activities within the brick-making
process in Bhagalpur, Bihar. The data provides insights into the duration of key tasks involved in the production
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workflow. Loading clay onto carts requires an average of 5 minutes per cycle. This task involves gathering raw
materials and loading them onto carts for transportation to the molding station. The time spent on this activity is crucial
for understanding the efficiency of material handling processes and identifying opportunities to streamline loading
operations.

Transporting clay to the molding station takes an average of 8 minutes per cycle. This task involves moving loaded
carts from the material storage area to the molding station. The duration of this activity reflects the time and effort
required for transportation, including factors such as distance, terrain, and the weight of the loaded carts. Unloading
clay at the molding station requires an average of 3 minutes per cycle. This task involves removing clay from the carts
and preparing it for the molding process. The time spent on unloading operations contributes to the overall cycle time
of the production process and impacts workflow efficiency. Analyzing the time-motion study data allows for a
comprehensive understanding of the production workflow and the factors influencing efficiency. By identifying areas
of inefficiency or bottlenecks, stakeholders can implement targeted interventions to optimize workflow processes,
reduce cycle times, and improve overall productivity. This may include strategies such as redesigning layout
configurations, optimizing material handling procedures, or investing in equipment upgrades to streamline operations
and enhance workflow efficiency. Additionally, regular monitoring and evaluation of time-motion study data can
facilitate ongoing improvement efforts, ensuring that the brick-making industry in Bhagalpur remains competitive and
sustainable in the long term.

4. Opportunities for Improvement
4.1 Layout Optimization

Layout optimization holds the promise of transforming brick kilns into more efficient and ergonomic work
environments. By strategically arranging workstations, equipment, and material storage, kiln owners can significantly
enhance productivity and worker well-being. Centralizing workstations is a crucial aspect of layout optimization,
allowing tasks like molding and loading to be clustered closer together. This minimizes unnecessary movement for
workers, reducing fatigue and increasing overall efficiency. Additionally, ensuring clear pathways between work areas
facilitates seamless material flow and worker movement, further streamlining operations and minimizing the risk of
accidents. Moreover, introducing ergonomic tools tailored to the specific needs of brick-making tasks can significantly
reduce physical strain on workers, promoting their health and safety while also boosting productivity.

In essence, layout optimization offers a comprehensive approach to enhancing the functionality of brick kilns. By
implementing centralized workstations, clear pathways, and ergonomic tools, kiln owners can create a more
streamlined and efficient operation. This not only reduces worker fatigue and the risk of injuries but also maximizes
productivity and output. Ultimately, layout optimization represents a shift towards working smarter, not harder, in the
brick-making industry, promising long-term benefits for both workers and kiln owners alike.

4.2 User-Friendly Control Panels

Developing intuitive control panels for machinery can significantly reduce errors and enhance efficiency. Key features
should include simple interfaces with easy-to-understand symbols and instructions, which make it straightforward for
workers to operate the machinery without extensive training. Implementing touchscreen technology further simplifies
usage by providing a more interactive and user-friendly experience. Additionally, incorporating real-time feedback
and alerts can help workers monitor operations closely and make necessary adjustments promptly, ensuring smooth
and efficient workflow while minimizing downtime and errors.

4.3 Augmented Reality for Training and Maintenance

Implementing augmented reality (AR) can significantly enhance training and maintenance by offering immersive,
hands-on experiences. Key applications include the development of interactive training modules that simulate real-
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life scenarios and guide workers through complex tasks, ensuring they gain practical skills in a controlled environment.
AR can also assist in maintenance by overlaying instructions and visual aids directly onto the equipment, enabling
workers to perform tasks with greater accuracy and efficiency. Additionally, AR-based safety training can help
workers better understand and adhere to safety protocols by providing vivid, engaging demonstrations of best practices
and potential hazards.

4.4 Recommendations

Based on the findings, the following recommendations are proposed: conduct a detailed layout analysis and redesign
workspaces to minimize unnecessary movement and improve efficiency; develop and implement user-friendly control
panels with intuitive interfaces and real-time feedback mechanisms; invest in AR technology for training and
maintenance to provide immersive, hands-on learning experiences and enhance worker skills; regularly assess
ergonomic conditions and provide workers with appropriate tools and equipment to reduce strain and improve comfort;
implement continuous training programs focusing on machinery operation, safety procedures, and maintenance skills
to ensure a well-informed and capable workforce. By adopting these recommendations, the brick-making industry in
Bhagalpur can significantly improve its operational efficiency and worker well-being, contributing to a more
sustainable and productive future.

5. Conclusion

In conclusion, the brick-making industry in Bhagalpur, Bihar, presents a complex landscape of challenges and
opportunities for improvement. Through a comprehensive analysis of demographic distribution, ergonomic issues,
workflow inefficiencies, and training needs, key insights have emerged to guide strategic interventions aimed at
enhancing productivity, worker well-being, and overall industry sustainability. The demographic distribution
highlighted in Table 1 underscores the diverse composition of the workforce in terms of age, experience, and education
levels. This diversity necessitates tailored approaches to training and development initiatives to address the varied
needs and backgrounds of workers within the industry. Addressing the ergonomic issues outlined in Table 2 is
imperative to improve worker comfort, reduce the risk of injuries, and enhance overall productivity. Implementing
ergonomic interventions, such as layout optimization and the introduction of ergonomic tools, can mitigate physical
strain and create a safer working environment for brick-making workers. Table 3 reveals significant workflow
inefficiencies, including excessive movement, waiting time, and material handling delays. These inefficiencies not
only impede productivity but also contribute to worker fatigue and potential safety hazards. Targeted interventions,
such as layout optimization and improved communication channels, are essential to streamline workflow processes
and enhance overall efficiency. Moreover, Table 4 highlights critical training needs among brick-making workers,
including machinery operation, safety procedures, maintenance skills, and quality control. Investing in comprehensive
training programs tailored to these needs can equip workers with the necessary skills and knowledge to perform their
jobs effectively and safely. In summary, addressing the challenges identified across demographic, ergonomic,
workflow, and training domains is crucial for fostering a more sustainable and productive brick-making industry in
Bhagalpur. By implementing targeted interventions informed by the insights gleaned from the research findings,
stakeholders can create a work environment that prioritizes worker well-being, maximizes productivity, and ensures
long-term industry viability. Collaborative efforts between industry stakeholders, policymakers, and workers are
essential to drive positive change and achieve a more prosperous future for the brick-making industry in Bhagalpur,
Bihar.
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