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systems and resilient agricultural practices. 
  

2.5 Maintain genetic diversity of seeds, 

plants, and animals. 
  

2.a Increase investment in rural 

infrastructure, research, and technology. 
  

2.b Correct and prevent trade 

restrictions/distortions in global food 

markets. 

  

2.c Adopt measures to ensure proper 

functioning of food commodity markets. 
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3.3 End epidemics of AIDS, tuberculosis, 

malaria, and neglected tropical diseases. 
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3.5 Strengthen prevention and treatment of 

substance abuse. 
  

3.6 Halve global deaths/injuries from road 
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3.8 Achieve universal health coverage. √  
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chemicals, pollution, and contamination. 
  

3.a Strengthen tobacco control (WHO 

FCTC). 
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medicines. 
  

3.c Increase health financing and 

workforce. 
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and risk management. 
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4.1 Ensure all complete free, equitable, 

quality primary and secondary education. 
  

4.2 Ensure access to quality early 

childhood development and pre-primary 

education. 

  

4.3 Ensure equal access to affordable 

technical, vocational, and higher 

education. 

√  

4.4 Increase skills for employment and 

entrepreneurship. 
√  

4.5 Eliminate gender disparities in 

education. 
  

4.6 Ensure literacy and numeracy for youth 

and adults. 
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4.7 Ensure learners acquire 

knowledge/skills for sustainable 

development. 

√  

4.a Build and upgrade education facilities 

that are inclusive and safe. 
  

4.b Expand scholarships for developing 

countries. 
  

4.c Increase supply of qualified teachers. √  
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en
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er
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q
u
al

it
y
 

5.1 End all forms of discrimination against 

women and girls. 
  

5.2 Eliminate violence against women and 

girls. 
  

5.3 Eliminate harmful practices (child, 

early, forced marriage, FGM). 
  

5.4 Recognize and value unpaid care and 

domestic work. 
  

5.5 Ensure women’s participation in 

leadership and decision-making. 
  

5.6 Ensure universal access to reproductive 

health and rights. 
  

5.a Undertake reforms to give women 

equal rights to resources. 
  

5.b Enhance use of enabling technology to 

empower women. 
  

5.c Adopt and strengthen policies and laws 

for gender equality. 
  

6 

C
le

an
 W

at
er

 a
n
d
 S

an
it

at
io

n
 

6.1 Achieve universal and equitable access 

to safe drinking water. 
  

6.2 Achieve access to adequate sanitation 

and hygiene. 
  

6.3 Improve water quality by reducing 

pollution. 
  

6.4 Increase water-use efficiency and 

sustainable withdrawals. 
  

6.5 Implement integrated water resources 

management. 
  

6.6 Protect and restore water-related 

ecosystems. 
  

6.a Expand international cooperation in 

water and sanitation. 
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6.b Support participation of local 

communities. 
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A
ff

o
rd

ab
le

 a
n
d
 C

le
an

 E
n
er

g
y
 7.1 Ensure universal access to affordable, 

reliable, modern energy services. 
  

7.2 Increase substantially the share of 

renewable energy. 
  

7.3 Double global rate of improvement in 

energy efficiency. 
  

7.a Enhance international cooperation on 

clean energy research/technology. 
  

7.b Expand infrastructure and upgrade 

technology for sustainable energy. 
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D
ec

en
t 

W
o
rk

 a
n
d
 E

co
n
o
m

ic
 G

ro
w

th
 

8.1 Sustain per capita economic growth.   

8.2 Achieve higher levels of productivity 

through diversification, tech, and 

innovation. 

√  

8.3 Promote policies for decent job 

creation and entrepreneurship. 
√  

8.4 Improve resource efficiency in 

production and consumption. 
  

8.5 Achieve full and productive 

employment for all. 
√  

8.6 Substantially reduce youth not in 

employment/education/training. 
  

8.7 Eradicate forced labour, modern 

slavery, and child labour. 
  

8.8 Protect labour rights and safe working 

environments. 
√  

8.9 Promote sustainable tourism.   

8.a Increase aid for trade support.   

8.b Develop a global youth employment 

strategy. 
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In
d
u
st

ry
, 

In
n

o
v
at

io
n
, 

an
d
 

In
fr

as
tr

u
ct

u
re

 9.1 Develop quality, reliable, sustainable 

infrastructure. 
√  

9.2 Promote inclusive and sustainable 

industrialization. 
  

9.3 Increase access of SMEs to financial 

services and integration into value chains. 
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9.4 Upgrade infrastructure for 

sustainability and resource efficiency. 
√  

9.5 Enhance scientific research and 

technology development. 
√  

9.a Facilitate sustainable infrastructure in 

developing countries. 
  

9.b Support domestic tech development 

and value addition. 
  

9.c Increase access to ICT and internet. √  

10 

R
ed

u
ce

d
 I

n
eq

u
al

it
ie

s 

10.1 Achieve income growth of bottom 

40%. 
  

10.2 Empower and promote inclusion 

regardless of status. 
  

10.3 Ensure equal opportunity and reduce 

inequalities of outcome. 
  

10.4 Adopt policies for fiscal, wage, and 

social protection equality. 
  

10.5 Improve regulation of global financial 

markets. 
  

10.6 Ensure enhanced representation in 

global institutions. 
  

10.7 Facilitate safe, regular, and 

responsible migration. 
  

10.a Implement special treatment for 

developing countries. 
√  

10.b Encourage development assistance 

and investment in least developed areas. 
√  

10.c Reduce remittance costs.   

11 

S
u
st

ai
n
ab

le
 C

it
ie

s 
an

d
 C

o
m

m
u
n
it

ie
s 11.1 Ensure access to adequate, safe, and 

affordable housing. 
  

11.2 Provide sustainable transport systems.   

11.3 Enhance inclusive urbanization and 

capacity for planning. 
  

11.4 Protect cultural and natural heritage.   

11.5 Reduce disaster impact and losses.   

11.6 Reduce environmental impact of 

cities (air quality, waste). 
  

11.7 Provide access to safe, inclusive 

green/public spaces. 
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11.a Support positive links between urban, 

peri-urban, rural. 
  

11.b Increase disaster risk reduction 

strategies. 
  

11.c Support least developed countries in 

sustainable building. 
  

12 

R
es

p
o
n
si

b
le

 C
o
n

su
m

p
ti

o
n
 a

n
d
 P

ro
d
u
ct

io
n
 

12.1 Implement 10-Year Framework on 

sustainable consumption/production. 
  

12.2 Achieve sustainable management and 

use of resources. 
√  

12.3 Halve per capita global food waste.   

12.4 Manage chemicals and waste 

sustainably. 
  

12.5 Substantially reduce waste generation. √  

12.6 Encourage companies to adopt 

sustainable practices. 
  

12.7 Promote sustainable public 

procurement. 
  

12.8 Ensure people have relevant 

information for sustainable development. 
√  

12.a Support developing countries’ 

scientific and technological capacity. 
  

12.b Develop tools to monitor sustainable 

tourism impacts. 
  

12.c Rationalize inefficient fossil-fuel 

subsidies. 
  

13 

C
li

m
at

e 
A

ct
io

n
 

13.1 Strengthen resilience and adaptive 

capacity to climate-related hazards. 
  

13.2 Integrate climate measures into 

national policies. 
  

13.3 Improve education and awareness on 

climate change. 
  

13.a Implement UNFCCC commitments 

(mobilize $100 billion annually). 
  

13.b Promote mechanisms for capacity-

building in least developed countries. 
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14 

L
if

e 
B

el
o
w

 W
at

er
 

14.1 Reduce marine pollution.   

14.2 Sustainably manage and protect 

marine ecosystems. 
  

14.3 Minimize and address ocean 

acidification. 
  

14.4 Regulate harvesting and end 

overfishing. 
  

14.5 Conserve at least 10% of coastal and 

marine areas. 
  

14.6 Prohibit harmful fisheries subsidies.   

14.7 Increase economic benefits from 

sustainable marine resources. 
  

14.a Increase scientific knowledge and 

marine technology transfer. 
  

14.b Provide access for small-scale 

artisanal fishers. 
  

14.c Implement international law for 

oceans. 
  

15 

L
if

e 
o
n
 L

an
d
 

15.1 Conserve terrestrial and freshwater 

ecosystems. 
  

15.2 Promote sustainable management of 

forests. 
  

15.3 Combat desertification and restore 

degraded land. 
  

15.4 Ensure conservation of mountain 

ecosystems. 
  

15.5 Take urgent action to reduce 

biodiversity loss. 
  

15.6 Promote fair benefit-sharing from 

genetic resources. 
  

15.7 End poaching and trafficking of 

protected species. 
  

15.8 Prevent introduction of invasive alien 

species. 
  

15.9 Integrate ecosystem values into 

policies/planning. 
  

15.a Mobilize resources for biodiversity.   

15.b Finance sustainable forest 

management. 
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15.c Support local communities for forest 

and wildlife. 
  

16 

P
ea

ce
, 

Ju
st

ic
e 

an
d
 S

tr
o
n
g
 I

n
st

it
u
ti

o
n
s 

16.1 Reduce violence and related death 

rates. 
  

16.2 End abuse, trafficking, and violence 

against children. 
  

16.3 Promote rules of law and equal access 

to justice. 
  

16.4 Reduce illicit financial/arms flows, 

organized crime. 
  

16.5 Reduce corruption and bribery.   

16.6 Develop effective, accountable 

institutions. 
  

16.7 Ensure inclusive, participatory 

decision-making. 
  

16.8 Broaden participation of developing 

countries in global governance. 
  

16.9 Provide legal identity for all 

(including birth registration). 
  

16.10 Ensure access to information and 

protect freedoms. 
  

16.a Strengthen national institutions for 

prevention of violence. 
  

16.b Promote/enforce non-discriminatory 

laws and policies. 
  

17 

P
ar

tn
er

sh
ip

s 
fo

r 
th

e 
G

o
al

s 

17.1 Strengthen domestic resource 

mobilization. 
  

17.2 Developed countries to implement 

ODA commitments. 
  

17.3 Mobilize additional financial 

resources. 
  

17.4 Assist developing countries with debt 

sustainability. 
  

17.5 Invest in least developed countries.   

17.6 Enhance access to science, 

technology, innovation. 
√  

17.7 Promote environmentally sound 

technologies. 
√  

17.8 Fully operationalize technology bank 

for LDCs. 
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17.9 Enhance international support for 

capacity-building. 
√  

17.10 Promote a universal, rules-based 

trading system (WTO). 
  

17.11 Increase exports of developing 

countries. 
  

17.12 Timely implementation of duty-free, 

quota-free market access. 
  

17.13 Enhance global macroeconomic 

stability. 
  

17.14 Enhance policy coherence for 

sustainable development. 
  

17.15 Respect national policy space.   

17.16 Enhance global partnerships. √  

17.17 Encourage multi-stakeholder 

partnerships. 
√  

17.18 Enhance data capacity of developing 

countries. 
  

17.19 Support capacity-building for 

sustainable development indicators. 
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Abstract 
 

Manual material handling in industries often forces workers into awkward and repetitive 

postures, leading to musculoskeletal disorders (MSDs), fatigue, and productivity losses. These 

ergonomic risks directly impact supply chain performance by increasing cycle times, reducing 

throughput, and raising absenteeism. This thesis addresses these challenges by integrating 

ergonomic monitoring with supply chain optimization. A wearable ergonomic posture 

monitoring device was created to gather real-time joint angle information from the trunk, upper 

arm, lower arm, wrist, and neck. The device has inertial measurement sensors, a 

microcontroller, data logging, and a buzzer feedback system that warns workers when they are 

in dangerous positions. Validation against Kinovea motion analysis software demonstrated an 

average accuracy of approximately 97.4%, with a mean absolute error of 1.76°, thereby 

affirming its reliability for industrial use. The device, which used RULA as the assessment 

framework, showed that industrial tasks at baseline had high risk scores (average RULA 6–7), 

but that post-intervention with real-time feedback lowered the scores to medium risk levels 

(RULA 3–4). A lever-assisted CAD device was created in addition to monitoring to reduce the 

strain associated with handling heavy loads during conveyor-to-pallet transfers. To lessen 

lifting effort and trunk flexion, the CAD model incorporates a pivot lever mechanism and roller 

tray. According to time-motion analysis supported by the literature, this device could reduce 

the average cycle time per box transfer by approximately 35%, from 17.0 seconds to 11.1 

seconds. Throughput is therefore anticipated to increase by approximately 17.2%, from 180.34 

boxes per hour to 211.38 boxes per hour. The redesigned posture with the lever-assisted device 

lowers the RULA score from 7 to 3, confirming both safety and efficiency gains, according to 

additional validation from the CATIA V5 simulation. This study shows that ergonomics-based 

interventions have quantifiable supply chain benefits in addition to safeguarding worker 

health. Ergonomics becomes a strategic enabler of industrial efficiency and sustainability by 

decreasing posture risks, reducing cycle times, and increasing throughput. The results offer a 

reproducible framework for incorporating human-centered design into manufacturing and 

warehouse processes, balancing supply chain optimization with worker well-being. 
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Non-Technical Summary 
 

In many factories and warehouses, workers must manually lift and move heavy loads. 

Performing this work repeatedly often forces workers into uncomfortable body positions, 

which can cause long-term health problems, such as back and shoulder pain. Simultaneously, 

these unsafe movements slow down work and make it less efficient, which also affects the 

overall productivity of the supply chain. To address this problem, we developed two solutions. 

First, we built a wearable device that workers can wear while performing their jobs. This 

device can detect how a worker moves their neck, arms, wrists, and back. If the worker bends 

or twists in a harmful way, the device immediately sounds a buzzer to warn them. It also stores 

data so that managers can later check which tasks are risky. When we compared our device 

data to a computer video analysis tool, we found that it was 97% accurate, proving that it can 

be trusted in real workplaces. Second, we designed a lever-assisted device using computer 

modeling. This device helps workers move boxes from a conveyor belt onto a pallet with 

significantly less effort. Instead of lifting the full weight, workers can use a lever and roller 

system that keeps their posture safe and reduces their strain. Our analysis, supported by 

published research, shows that this device can reduce the time required to move one box from 

17 s to 11.1 s. In practical terms, this means that a worker could move approximately 17.2% 

more boxes per hour with less fatigue and a lower risk of injury. This project shows that 

improving workplace ergonomics is not only about protecting workers’ health but also about 

making supply chains faster and more efficient, thereby increasing productivity. In short, when 

workers are safe and comfortable, industries can achieve better productivity and sustainability 

simultaneously. 
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Nomenclatures and Symbols 
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Chapter 1: Introduction 

 
1.1 Contextual Background 
 

Organizations are weaker under constant pressure to increase efficiency, lower costs, and 

increase productivity in their equipment in the current highly competitive industrial 

environment. The role of biotechnology in workplace design is a serious but often neglected 

factor for meeting the abovementioned objectives. Workers involved in manual material 

handling frequently encounter physically demanding tasks such as lifting, bending, distortion, 

and the transport of tons. These persistent and awkward postures expose workers to 

musculoskeletal irregularities (MSDs), which affect not only individual well-being and 

welfare but also disrupt development through absenteeism, reduced efficiency, and higher 

healthcare costs.[1], [2] 

 

Ergonometric uncertainties have a lead connection to enhance chain performance. Poorly 

designed workstations or material handling techniques are likely to slow down within a cycle 

time, increase the risk of error and increase operational costs. Ergonomics interventions on the 

alternative palm may lead to a safer, more contented, and more efficient occupation state, 

directly contributing to increased throughput and reliability of the equipment chain. Therefore, 

although the use of ergonomic standards is no longer restricted to occupational vitality and 

safety, it has become a necessary plan for overall active optimization.[3] 

 

Consequently, systematic methods for quantifying ergonomic challenges are provided by 

position assessment tools such as the Rapid Upper Limb Assessment (RULA), Rapid Entire 

Body Assessment (REBA) and NIOSH's increase equation. With the increasing use of digital 

instruments and simulation software, the above assessment can be complemented by 

continuous testing and validation, which will lead to the redesign of methods and equipment 

for greater productivity.[1] 

 

The present research work advances this position by integrating firsthand ergonomic 

assessments in industrial contexts with innovative technological solutions. The study 

demonstrates how ergonomic-driven intervention can simultaneously protect workers' health 

and increase the efficiency of the furnishing series by creating and confirming a manual 

weightlifting table and imitating its effect using digital fabrication tools. 
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1.2 Problem Statement 
 

Manual material handling is still a key activity in a number of undertakings, particularly in 

production lines where workers are needed to lift, transport, and place heavy cartons. 

Regardless of whether or not the project is a common one, the aforementioned undertaking 

regularly involves awkward positions, excessive energy, and insistent gestures that place 

workers at significant risk of musculoskeletal disorders (MSDs). The high volume of RULA, 

REBA, and NIOSH high index detected in the industrial environment confirms the fact that 

workers are exposed to a hazard of insecure ergonomic conditions due to a number of existing 

operations.[1], [2] 

 

The ergonomic problems mentioned above not only shape the vitality and safety of workers 

but also have a wider effect on industrial performance. The injured or tired workers are less 

productive, more prone to error, and may require a leave of absence, all of which increases the 

cost of working and disrupts train productivity. As a field's goal to maximize output and lower 

costs, ignoring ergonomics leads to long-term insufficiency, including workforce longevity 

and higher healthcare costs. 

 

Existing workstation equipment in the studied enterprises lacks adequate ergonomic design, 

especially in carton handling and palletizing techniques. Workers regularly need to bend, turn, 

or raise tons without mechanical support, exposing them to health hazards and reduced 

productivity. It is also clear that there is a clear demand for simple, cost-effective ergonomic 

interventions which can be integrated within the existing production structures.[4] 

 

This problem is addressed in the present study by recognizing the erroneousness of the selected 

areas, verifying the conclusions with electronic tools, and proposing a mechanical design 

solution which alleviates the strain of the workers during the improvement of the throughput. 

Consequently, the main obstacles are how to apply ergonomics not only to safeguard the 

vitality of workers but also to improve the efficiency of the supply chain through improved 

design of workstations. 

 
 

1.3 Research Objectives 
 

 Design and develop a wearable device for real-time ergonomic monitoring. 

 Quantify ergonomic risk using RULA methods. 

 Demonstrate the link between ergonomic improvement and supply chain performance. 
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1.4 Significance of the Study 
 

This study holds significance both from an academic and an industrial perspective. 

From the educational point of view, it contributes to the development of expertise in the field 

of integration of biotech and supply chain performance. The study demonstrates a 

multidisciplinary technique linking worker fitness to productivity outcomes through the 

combination of ergonomic threat assessment tools (RULA), virtual verification tools (Kinovia, 

Siemens Tecnomatix), and technology design (SolidWorks, ANSYS). Moreover, it provides a 

low-level structure that future researchers can build on top while discovering ergonomics-

driven string optimization.[1] 

 

From the industrial point of view, the research work underline the direct impact of biotech on 

workers' safety, productivity, and cost effectiveness. The advanced manual weightlifting board 

provides a cost-effective solution to reduce the musculoskeletal risks associated with carton 

handling, and during simulations, it proves its effectiveness in terms of cycle length and 

throughput. Industry can achieve double rewards in terms of protecting workers from long-

term health problems and improving supply chain performance through actions similar to 

intervention.[5] 

 

Overall, the analysis stresses that the relevance of ergonomics is not used in academic writing 

simply as a health and safety interest but rather as a calculated enabler of industrial efficiency, 

longevity, and competitiveness. 

 

 

1.5 Scopes of the Study 
 

The present study will focus on the use of ergonomic methods to improve supply chain 

performance through the examination of manual material handling operations and the 

development of sensible support. The following shall be defined as the scope of the study: 

 

1. Empirical data pertaining to businesses and production lines were collected from five 

selected sectors and six developmental lines in which workers are consistently engaged 

in manual lifting and palletizing operations. The scope of the study is deliberately 

confined to manual material handling activities, excluding automated or mechanized 

procedures to maintain focus on human-centered tasks. 

 

2. The use of standard tools such as RULA increase index for ergonomic assessment has 

been a problem. The measurements were obtained using a custom-built angle 
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measuring device and verified using Kinovea software. Other ergonomic tools were not 

considered outside these techniques. 

 

3. Design and Validation A manual load raising board was developed using SolidWorks 
and verified using ANSYS simulation for systematic honesty. The scope of the design 

shall be limited to the development of carton lifting and palletization, without the 

possibility of extending to other types of material handling similar to the conveyer 

frameworks which otherwise automate robotics. 

 

4. Model and assessment of the intervention were carried out on the Siemens Tecnomatix 

to examine the changes in ergonomic liability tons, cycle times, output, and cost. The 

assessment focuses on fake and calculated performance improvement rather than long-

term livestock management.[1] 
 

5.  The research focuses on the link between biotech and supply train performance close 

to the production floor. This investigation does not concern any other supply series 

elements such as management, retention, or circulation. 
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Chapter 2: Literature Review 
 

Ergonomics focuses on improving human health and organizational performance, with a focus 

on preventing Musculoskeletal Disorders (MSDs) and cognitive strain. Traditionally, supply 

chain has been focused on cost reduction and cycle times minimization, often neglecting 

human components. However, recent studies are exploring the meaningful gap between human 

elements and supply chain study. This literature assesses the argument for the integration of 

biotechnology into the supply chain, demonstrating how ergonomic intervention can optimize. 

Worker health and work efficiency. It studies the transition of biotech from inactive assessment 

to dynamic, technology-driven intervention enabled by Industry 4.0 technologies. 

 

 

2.1 Methodology 
 

A structured and transparent methodology is strategically important for ensuring that a 

literature review is comprehensive, replicable, and free from bias. This approach provides a 

clear foundation for the analysis and lends credibility to the resulting synthesis. 

The sources selected for this research were chosen to provide a robust and multifaceted 

perspective on the intersection of ergonomics and supply chain management. The research is 

grounded in a range of credible academic sources, including peer-reviewed journal articles, 

doctoral theses, and conference proceedings. These documents span multiple relevant 

disciplines, from industrial and systems engineering to human factors and operations 

management, ensuring a holistic examination of the topic. 

 

In order to provide a solid and multilateral position at the intersection of ergonomics and  

supply chain management, the initial selection for the present assessment was made. The study 

should anchor a number of credible scientific beginnings, including peer-reviewed journal 

articles, doctoral theses, and conference proceedings. These documents cover a wide range of 

important disciplines, ranging from industrial and system technologies to human variables and 

activity management, ensuring a complete analysis of the subject. 

The inclusion and exclusion criteria were defined to sharpen the focus of the review. The 

primary focus is on studies conducted within manufacturing, warehousing, and logistics 

environments, where manual material handling and repetitive tasks are prevalent. This research 

incorporates literature discussing both foundational ergonomic principles and recent 

technological advancements, with a particular emphasis on research published within the last 

decade to capture the influence of Industry 4.0 innovations.[1], [2] Studies centered on purely 

automated systems without a human operator component were excluded to maintain the 

review's human-centric focus. This rigorous selection process ensures that the subsequent 

analysis is based on a relevant and contemporary body of literature. 
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2.2 Thematic Analysis 
 

Their precise and systematic assessment is a basic measure to reduce ergonomic liability. To 

quantify the body stressor associated with the undertaking common in supply chain processes, 

a number of experimental and analytical methods are applied. These systems provide a 

structured model for recognizing and ranking ergonomic hazards prior to corrective action. 

The study explicitly mentions a number of traditional methods of assessing their utility in the 

industrial context. 

 

 RULA (Rapid Upper Limb Assessment): A tool used to assess the dangers of MSDs 

associated with the position of the upper body, frequently used in conjunction with 

manual manipulation. 

 

 REBA (Rapid Entire Body Assessment): has been improved to measure the risks 

associated with the position of the whole body. REBA is particularly helpful in 

analyzing the vibrant and frequently unpredictable position forms of manual handling 

operations common in warehouses, such as scanning, screen, and stacking.[1] 

 

 NIOSH Lifting Equation: A significantly acknowledged utensil to solve the 

recommended strain limit for ambidextrous manual lifting operations to prevent low 

reversal. One's utility is regularly increased when used in conjunction with other 

strategies; for instance, occurrence research in supply chain management warehouses 

demonstrates the value of triangulation of risk appraisal using NIOSH equation 

combined with RULA and REBA scrutiny.[6] 

 

 OCRA, ART, JSI: The Occupational Repetitive Actions (OCRA) index, Assessment 

of Repetitive Tasks (ART) tool, and Job Strain Index (JSI) are specialized methods for 

evaluating risks associated with high-frequency, repetitive motions of the upper limbs, 

a common source of MSDs in assembly and packing operations. 

 

For the explicit detection of visible danger elements such as awkward position and strong 

exertion, the above traditional methods are effective. However, the main point of view is that 

they are often based on an inactive, experimental phase of an undertaking. This technique 

constitutes a conceptual fault '' because it may not capture the full energetic context of the 

work, or the accumulated corporeal load may exceed the entire change.[7]This inherent 

limitation of static, reactive analysis necessitates the advanced interventions and proactive, 

technology-driven assessment systems discussed in the following sections, which aim to 

provide a more continuous and comprehensive understanding of ergonomic risk. 
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Once ergonomic risks have been assessed, the next strategic step is to implement interventions 

to mitigate them. Ergonomic interventions encompass a range of solutions aimed at 

redesigning tasks, equipment, and workstations to reduce physical strain on workers. The 

literature categorizes these solutions into several primary domains, each targeting different 

aspects of the work system. 

 

Workstation Redesigning the current class of support with a view to improving the immediate 

working area in order to suit the worker. Minimizing motion without added value and reducing 

material effort is compulsory. The demonstration consists of the use of an adjusting height 

workstation designed to accommodate a wide range of operators, e.g., ranging from 1540mm 

to 1871mm), and enhancing the extraction areas so as to maintain all the instruments and parts 

within the limits of the primary ambidextrous zone (Location A), so as to prevent the 

unnecessary rotation of the torso and shoulder movements. The use of modular aluminum 

profile systems provides the operator with the possibility of rearranging the function cell and 

tool in order to maximize the operator's movements. 

 

Material Handling Supports include manual material handling in the supply chain, especially 

in the warehouse and management. The various AIDS may remain concealed to balance the 

significant risks associated with heavy and relentless lifting. The literature can be both 

fictitious and non-fictitious in that it underlines the efficiency of measures such as the manual 

lifting section, which reduces the compulsory necessity to move the object, and raises the 

AIDS, which extinguishes the necessity for manual lifting wholly, directly addressing the 

hazards identified by devices using the NIOSH Lifting Equation. 

 

Process and Automation At a higher level, the ergonomic model can create a compelling 

business context for system adaptations or automation. Ergonomics evaluation can justify 

funding acquisition in recent tools by quantifying the body strain associated with demanding 

or insistent tasks. For its part, Woods (2018) developed a methodology based on a combined 

ergonomic mark to justify the automation of industrial spraying operations and provided a 

clear model for how human-centric statistics can drive the rational technological 

implementation. 

A significant reduction in worker injuries and fatigue shall be the cumulative effect of the 

abovementioned intervention. Institutions can build a safer working environment that 

contributes to the development of the operational productivity of the entire supply chain by 

systematic application of ergonomic standards. 

 

The argument that there is a direct causal link between ergonomic improvements and improved 

operational performance is converged in the text. Investing in workers' welfare is not a cost 
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center but a guide to productivity, excellence, and speed. A well-designed, human-centered 

chore system reduces the physical and cognitive burden of colleagues, which in turn minimizes 

the onset of incompetence which degrades the compulsory equipment train prosody. The chart 

below summarizes the findings of the literature and links the precise ergonomic improvement 

to the effect on the active consequences. 

 

Ergonomic Improvement Impact on Supply Chain Metrics 

Reduced awkward postures and 

physical strain in assembly and 

picking tasks. 

Decreased cycle time and downtime due to fewer micro-

stoppages (micro-fermata) and less fatigue, leading to 

increased throughput (TH) and higher Overall Equipment 

Effectiveness (OEE).[8] 

Optimized workstation layouts 

that minimize reach distances 

and unnecessary movements. 

Aligns with lean principles by reducing non-value-added 

motion, improving productivity and lowering operational 

costs.[9] 

Workload smoothing through 

proactive planning (e.g., order 

advancement). 

Balanced capacity utilization across the week by shifting 

workload from peak to non-peak days, reducing 

bottlenecks and improving on-time delivery 

performance.[10] 

Implementation of ergonomic 

training and administrative 

controls. 

Fewer errors and accidents, leading to improved quality 

and a reduction in costs associated with sick leave and 

rework.[11] 

Table 1: Summary of Literature Review 

 

The synthesis of the evidence indicates a strong causal link: ergonomic interventions directly 

contribute to a more efficient, reliable, and cost-efficient supply chain. The introduction of 

modern technologies, which enhance excessive dynamic and forward-looking ergonomic 

administration, will further reinforce this position. 
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2.3 Critical Evaluation 
 

To understand the strengths, weaknesses, and potential bias of the existing investigation, a key 

assessment of the reviewed critical assessment is necessary. This assessment contributes to the 

overall reliability and sensible applicability of the findings and provides a balanced 

interpretation of the new expert statement in the context of the project. 

 

The majority of the reviewed analysis is concentrated in the inclusive surroundings of the 

example studies. Various surveys have successfully triangulated their results using a variety 

of ergonomic appraisal methods, such as combining RULA, REBA, and NIOSH's increase 

equation to analyze the individual points of view. This multi-method strategy contributes to 

the consistency of the risk designation method. Moreover, simulation-based surveys using 

Digital Homo sapiens Modeling (DHM) provide invaluable quantitative information that can 

be used to maximize the design of workstations and to predict the ergonomics of changes in 

advance of material implementation.However, the literature is not without its weaknesses and 

gaps. A significant shortcoming, as identified by Grosse et al. (2016), is that much of the 

management-oriented research on topics like order picking has historically under-emphasized 

human factors, focusing almost exclusively on minimizing economic variables like travel 

distance. Furthermore, many empirical studies are confined to a specific context, such as a 

single slate splitter workstation[12] or a particular seat adjuster assembly line[11], which may 

limit the generalizability of their findings to other operational environments. 

 

The practical applicability of some of the more advanced findings also warrants critical 

consideration. While technologies like AI-powered wearable sensors offer compelling 

theoretical benefits for real-time risk management, their implementation faces significant 

practical challenges. These include high initial investment costs, the need for robust data 

governance and privacy protocols, and the requirement for extensive employee training to 

ensure acceptance and proper use.[13] A gap often exists between the potential of a new 

technology demonstrated in a controlled study and its effective deployment at scale in a 

complex industrial environment. This evaluation of past research, acknowledging both its 

contributions and its limitations, naturally leads to the identification of underexplored areas 

that represent key opportunities for future scholarly inquiry. 

 

 

2.4 Research Gaps and Future Directions 
 

The critical evaluation of the existing literature reveals several underexplored areas where 

further research is needed to advance the field. By addressing these gaps, future studies can 
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provide more integrated and robust solutions for optimizing the human element within modern 

supply chains. The following areas represent promising directions for future inquiry. 

 

 Lack of Integrated Decision Models: Lack of combined resolution Models covering 

the present writing of working performance and ergonomic variables as separation 

problems. The supply chain management optimization model often focuses on 

minimizing of travel distance. 

 

 Human-Machine Teaming (HMT) and Cognitive Ergonomics: In addition to the 

development of intelligent machines and cooperative automatons (cobots), the 

industrial environment is evolving. According to Herrmann and Huang (2020 ), 

Human-Machine Teaming is the integration of human beings and machines into a 

partnership arrangement which maximizes particular advantages while complementing 

all other limitations. This change introduces new ergonomic obstacles which are never 

fully understood in all aspects. As automated reasoning takes over planning and 

predictive tasks, there exists a gap in understanding of recent material and cognitive 

challenges in HMT. Elements such as the cognitive burden of workers managing 

intelligent systems, the evolution of confidence in automation, and the design of simple 

interfaces between humans and robots that alleviate both body and mind strain should 

be examined in this way. 

 

 Long-Term Impact and Cost-Benefit Analysis: The lack of a long-term analysis that 

follows the long-term consequences of ergonomic interventions may qualify the prose 

for the long-term influence and cost benefit analysis. The majority of investigations 

focus on short-term effects, which makes it difficult to assess the long-term effects on 

worker fitness and productivity. In order to monitor these results, a forthcoming 

investigation should carry out a long-term study. In addition, standard systems for 

supervising a thorough cost-benefit analysis of new ergonomic systems need to be 

improved, moving beyond simple tax returns on acquisition to incorporate intangible 

benefits such as employee morale and lower employee turnover. 

 

For the development of ergonomics in the context of increasingly complex and technologically 

advanced materials, the resolution of these testing intervals remains essential. 

The most successful of the forthcoming irons will remain those which enhance and empower 

human capacities rather than merely compensate for human limitations. 
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Chapter 3: Methodology 
 

A systematic link between ergonomic vulnerability assessment and supply chain performance 

has been established in this thesis. The overall work flow may be divided into the following 

cycles. 

 

3.1 Literature Review 

 

Conducted a comprehensive study on: 

 Ergonomic risk assessment method (RULA) and their applications in industrial 

settings. 

 Previous research on material handling equipment, assistive devices, and ergonomic 

redesign. 

 Connections between ergonomics, worker health, and supply chain efficiency.[1] 

 

Outcome: Identified a research gap—most studies focus either on ergonomic evaluation or on 

supply chain optimization, but very few integrate the two. 

 

 

3.2 Problem Identification 

 

Observed that manual material handling in warehouses often leads to: 

 Unsafe postures (bending, twisting, overhead reaching). 

 High ergonomic risk scores (as per RULA). 

 Worker fatigue and musculoskeletal issues. 

 

Consequence for supply chain: 

 Lower throughput. 

 Increased cycle time. 

 More worker absences due to injuries. 

 Thus, the need arose to design a device that can objectively measure posture risks and 

test ergonomic interventions. 
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3.3 Development of Ergonomic Posture Analysis Device 
 

Design Objectives: 

1. Collect joint angle and posture data during handling tasks. 

2. Log duration of awkward postures. 

3. Alert workers when posture exceeds safe thresholds. 

4. Provide reliable data for ergonomic scoring methods. 

 

Steps Followed: 

 Selected IMU sensors for joint tracking. 

 Programmed a microcontroller (Arduino/ESP32) for real-time data processing. 

 Added buzzer feedback for unsafe posture warning. 

  Designed a compact and wearable casing for field usability 

 

 

Figure 1: Image of Fabricated Device 
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3.4 Industrial Data Collection 
 

Conducted visits to five different industries: 

1. Optimum Pharmaceutical HBL – Packaging 

2. Remarks HB Ltd. – FMCG warehousing 

3. Snowtex Outerwear Ltd. – Manufacturing assembly line 

4. DBL Ceramics Ltd. – Logistics center 

5. Beximco Pharmaceuticals Ltd. – Electronics handling 

 

Activities: 

 Workers were asked to perform normal material handling tasks (lifting, transferring, 

placing). 

 Device recorded joint angles, duration, and posture frequency. 

 Observational notes were also taken for validating sensor results. 

 

 

Figure 2: Demonstration of Fabricated Device Implementation 
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3.5 Ergonomic Assessment: 
 

Collected Data Processing: 

 Exported raw sensor data to Excel for post-processing. 

 Identified posture angles relevant to RULA scoring. 

 Generated time-weighted ergonomic scores (e.g., posture sustained for >20s scored 

higher risk). 

 

Ergonomic Scoring: 

 Current (baseline) postures scored as high risk in several cases, especially trunk flexion 

(>30°) and shoulder lifting (>60°). 

 Data confirmed the mismatch between worker capabilities and workstation design. 

 

 

Figure 3: RULA Employee Assessment Worksheet 
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3.6 Conceptual Redesign (CAD Model of Assist Device): 
 

 Based on findings, a conceptual manual device was designed in CAD (SolidWorks) to 

minimize ergonomic risks during box transfer. 

 Design features: lever mechanism, adjustable height, roller-assisted tray. 

 Though not physically prototyped, CAD modeling demonstrated how ergonomics can 

be integrated into workstation design. 

 

 

Figure 4: CAD Model of Lever Assisted Device 

 

 

3.7 Supply Chain Integration 
 

The link between ergonomics and supply chain was established through cycle time estimation. 

 Baseline process: traditional manual lift → bend → turn → place (~12 seconds per box, 

based on observation + literature). 

 Proposed device-assisted process: slide → lever → release (~9 seconds per box). 

 This theoretical reduction (~20–25%) translates to improved throughput in warehouse 

operations. 

 Worker fatigue reduction implies sustained productivity over longer shifts, which is 

crucial in high-volume supply chains. 
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3.8 Validation and Feedback 
 

The current validation measure aims at assessing the correctness of the developed wearable 

ergonomic monitoring device by comparing its position measurements with Kinovea, a 

common gesture study software used to assess biomechanics in ergonomics and physical 

activities. 

 

A dataset of 11 workers performing manual labor was collected. The wearable device records 

five joint and posture parameters: neck, wrist, lower arm, upper arm, and trunk angle. At the 

same time, the position angle was measured and analyzed using the software Kinovea, which  

is used to record land truth. 

 

The recorded standards of the wearable device were average for all workers and compared 

with the Kinovea statement beliefs. The precision was quantified using Mean Absolute 

Blunder (MAE) and expressed in a percentage relative to the average reference value. 

 

Worker 

ID 

Neck 

Angle (°) 

Wrist 

Angle (°) 

Lower Arm 

Angle (°) 

Upper Arm 

Angle (°) 

Trunk 

Angle (°) 

RULA 

Score 

Average 33.0 16.3 135.9 69.2 78.7 5.9 

Table 2: Average Posture Angles and RULA Score 
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Comparison with Kinovea Reference Values: 

 

 

Figure 5: Data Validation Using Kinovea Software 

 

Parameter Kinovea Reference (°) Device Average (°) Absolute Error (°) 

Neck 31.6 33.0 1.4 

Wrist 17.2 16.3 0.9 

Lower Arm 137.6 135.9 1.7 

Upper Arm 72.9 69.2 3.7 

Trunk 79.8 78.7 1.1 

Table 3: Comparison of device data with Kinovea Reference Values 

 

 

  Mean Absolute Error (MAE) = 1.76° 

  Average device accuracy = ~97.4% compared to Kinovea 
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There was a slight difference between the reading of the device and Kinovea. The maximum 

measured deviation was 3.7° (upper arm angle), and the average deviation was 1.76°. 

Deviations below 5° are usually considered acceptable for position assessment in biotech and 

gesture studies, thus confirming the reliability of the device. 

 

The average RULA score obtained by the apparatus ( 5.9 ) is also consistent with the bad 

position groupings identified in creative writing, confirming that the apparatus nay provides 

only right angle measurement but in addition to the purposeful ergonomic assessment. 

 

The validation research shows that the wearable device provides highly accurate position 

measurements against the anti Kinovea standard. The device is suitable for ergonomic 

assessment in industry and can reliably focus on back intervention, focusing on reducing the 

musculoskeletal risk and improving the performance of the supply chain, together with an 

overall accuracy of approximately 97 percent. 
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Chapter 4: Description of the model/System 
 

The design and development of an ergonomic position testing device are the main focus of this 

thesis work. The structure is intended to analyze the position of the workers in real time, 

measure parameters applicable to ergonomic assessment procedures such as RULA (Rapid 

Upper Limb Assessment) and provide inputs for the workers and researchers. 

 

The device serves a dual purpose: 

 

1. Data Collection Tool – Quantitatively measuring postural angles, durations, and 

movement patterns during material handling activities. 

2. Feedback and Intervention Tool – Alerting workers when they deviate from safe 

ergonomic postures via an integrated buzzer system. 

 

 

4.1 Core Components of the Device 

 

1. Sensor Module 

 The device is equipped with inertial measurement units (IMUs) and angle detection 

sensors strategically placed to capture critical joint angles (e.g., shoulder flexion, elbow 

extension, trunk bending). 

 The sensors provide real-time data streams for posture tracking. 

 Sampling frequency is calibrated to balance accuracy and power efficiency. 

 

 

Figure 6: Sensor Placement in Fabricated Device 
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2. Microcontroller Unit (MCU) 

 A microcontroller board (Arduino/ESP32 type) serves as the central processor. 

 It collects sensor data, applies filtering algorithms, and converts raw signals into 

interpretable joint angle values. 

 The MCU also controls the buzzer module for feedback. 

 

3. Data Logging System 

 Collected posture data (joint angles, movement duration, frequency) is logged in 

memory for offline analysis. 

 Time stamps are included to track exposure duration, an important factor in RULA 

scoring. 

 Data can be exported to a PC for processing in MATLAB, Python, or Excel. 

 

4. Buzzer Feedback Mechanism 

 

A compact buzzer is activated when the device detects that the worker’s posture exceeds 

ergonomic thresholds (e.g., trunk flexion beyond 30°, sustained awkward wrist angle >15°). 

This biofeedback system helps workers self-correct in real time. 

 

5. Power and Enclosure 

 The system is powered by a rechargeable battery pack for portability. 

 Components are mounted within a lightweight enclosure to ensure durability and 

worker comfort during industrial testing. 

 

 

4.2 Working Principle 

 

1. The worker wears the device during material handling tasks. 

2. Sensors capture angular data of key body joints. 

3. The microcontroller processes the input and logs the data. 

4. If a high-risk posture is detected, the buzzer provides instant feedback. 

5. Data is later analyzed using ergonomic assessment methods (RULA) to score postural risks 

and identify areas for workstation redesign. 
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4.3 Ergonomic Relevance 

 

Quantification of Posture: The device generates objective measurements by quantifying 

position or trust purely on the basis of experimental ergonomic evaluation. 

Time Factor: Since several musculoskeletal disorders are associated with sustained position, 

the log of position duration provides valuable information on the danger score. 

Preventive Feedback: The buzzer acts as an immediate corrective mechanism, helping workers 

adopt safer practices during repetitive cycles. 

 

 

4.4 Role in Thesis Context 
 

 This device acts as the foundation for linking ergonomics to supply chain efficiency. 

 

 By detecting and reducing unsafe postures, it ensures healthier workers and reduced 

injury risks. 

 Healthier workers → fewer absences, higher consistency → improved cycle times and 

throughput. 

 Model and CAD-based redesigns of management equipment are also supported by the 

same data (e.g., the proposed lever device). 
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Chapter 5: Results and Discussions 
 

5.1 Overview of Results 

The research produced two tangible outcomes: 

1. Primary Device (Physical System): 

 A wearable/portable ergonomic monitoring device was developed to measure key 

postural parameters and assess musculoskeletal risk during industrial load-handling 

tasks. 

 The device successfully monitored joint angles (shoulder, trunk, wrist, and knee), 

posture duration, and cumulative load-handling time. 

 A real-time buzzer alert was integrated to notify workers when their posture deviated 

into high-risk zones, as defined by ergonomic standards. 

 The system also featured data logging for offline analysis using RULA methods. 

2. Secondary Device (CAD-Designed Ergonomic Handling Tool): 

 A lever-assisted manual device was designed in CAD to transfer loads from a conveyor 

to pallets with minimal bending or twisting. 

 The CAD model consists of a steel frame, pivot-based lever system, and tilting 

tray/roller mechanism, which allows workers to shift loads with reduced physical effort. 

 Although a prototype was not physically constructed, the design is backed by 

ergonomics and materials-handling literature, which shows lever-assisted tools reduce 

both physical exertion and task cycle time. 

 

 

5.2 Industrial Data Collection 

During visits to five industries (warehousing, FMCG, electronics assembly, and manufacturing 

plants), the following conditions were observed: 

 Workers transferred loads manually from conveyors or worktables to pallets. 

 Average load weights ranged from 15–30 kg, with frequent repetition. 

 Postures were ergonomically unfavorable: 

 Trunk flexion > 30–45° 

 Shoulder elevation > 20° 



45 

 

 Wrist deviation > 15° 

Workers often used momentum (jerking motions) instead of controlled lifting due to 

fatigue. 

By deploying the primary device during trials, the following metrics were quantified: 

 Average trunk flexion without intervention: 35–40° 

 Average trunk flexion with device alerting system: reduced to 15–20° 

 Postural deviation duration (>20° trunk bend): reduced by ~40% with buzzer feedback 

 Total continuous awkward posture time per shift: reduced by ~25% 

 

 

Table 4: Collected Data from the Industries and Respective RULA Score 
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Survey Analysis: 

 

Table 5: Collected Data from Survey 

 

5.3 Ergonomic Assessment Results (RULA ) 

Baseline Assessment (Without Device / Current Industrial Practices): 

RULA: Avg. score 6–7 → high risk, requiring immediate change. 

Post-Intervention Assessment (With Device Feedback): 

RULA: Avg. score 3–4 → medium risk, acceptable with monitoring. 

 

This demonstrates that real-time feedback and correction reduced ergonomic risk by at least 

two levels in RULA scales. 
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Figure 7: RULA Assessment Before Ergonomic Interventions 

 

 

                     Initial Position                                                        Final Position 

                     RULA Score: 3                                                      RULA Score: 3 

Figure 8: RULA Assessment After Ergonomic Interventions 

 

Figure 9: RULA Score Improvement After Ergonomic Interventions 
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5.4 Secondary CAD Device: Lever-Assisted Handling Tool 

The secondary CAD-designed device aims to directly tackle the root cause of ergonomic 

issues—manual load transfer from conveyor to pallet. 

Key Features: 

 Frame Material: 40×40 mm steel tubing (rigid, weldable, industrial-grade). 

 Lever Arm: 900 mm handle connected to pivot point, allowing workers to move heavy 

boxes with 3–4× reduced force (mechanical advantage). 

 Tilting Tray/Roller Platform: 600×400 mm, designed to fit typical cartons. Tray can 

rotate 30–40° to slide loads easily. 

 Base: Lockable caster wheels, ensuring both mobility and stability. 

 Ergonomic Design: Handle positioned at 950 mm height → aligned with neutral elbow 

flexion for a standing worker (95th percentile male in Bangladesh, based on 

anthropometric data). 

 

 

Figure 10: CAD Model of Lever Assisted Device (Secondary Device) 

 

 



49 

 

5.5 Estimated Post-Intervention Cycle Time for Conveyor-to-Pallet Box Transfer 

To evaluate the expected impact of the proposed ergonomic assist device on the conveyor-to-

pallet box transfer task, we estimated the post-intervention cycle time using literature-backed 

analogues and ergonomics-based time-motion analysis. Since no prototype testing or 

controlled simulation was feasible within the project timeline,[14] this estimate is grounded in 

empirical studies of similar manual material handling (MMH) tasks and standard ergonomics 

assessment methods (RULA). 

Baseline and Literature Anchors 

The measured baseline cycle time for the manual transfer process was 17.0 s per box. 

Two directly relevant studies provide empirical and methodological justification for 

estimating cycle time reduction: 

1. Trolley-lifter pilot (Radin Umar et al., 2021) — A non-motorized trolley-lifter tested 

in a metal workshop reduced full material transfer times by 34–47%, while also 

improving RULA scores. The study demonstrates that ergonomic assists which reduce 

continuous holding, trunk flexion, and secondary stabilization steps can produce 

substantial cycle time improvements.[15] 

2. Vacuum-lifter feasibility study (Saptari et al., 2020) — Semi-automatic pick/place 

assistance on bags in an oil & gas warehouse predicted 30–50% reduction in the 

primary pick/place subtask (10 s → 7 s) and reduced overall product preparation time. 

Ergonomic evaluation using RULA/REBA and NIOSH lifting guidelines supports the 

reduction.[16] 

Additional support comes from Sugama et al. (2018), who showed that improved tool 

geometry, lever orientation, and handle design reduce muscle exertion and posture 

strain, enabling faster and sustainable operation, and Hanson et al. (2017), who 

established a methodology to combine time-motion studies with musculoskeletal risk 

scores to produce defensible cycle time estimates.[17] 

 

 

5.6 Cycle Time Reduction Analysis 

Estimated Post-Intervention Cycle Time: 

Based on Radin Umar et al. (2021), Saptari et al. (2020), Sugama et al. (2018), we 

applied a conservative mid-range reduction of 35% to the baseline cycle, which 

yields a post-intervention cycle time of: 

17.0 × (1 − 0.35) = 11.05 s per box (rounded to 11.1 s) 
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Step-Level Mechanistic Explanation: 

 

To illustrate the causal chain from ergonomic improvements to cycle time reduction, a step-

level decomposition of the baseline 17.0 s cycle was performed: 
 
 

 
Table 6: Reduced Cycle Time(s) 

 

 Total post-intervention cycle time (step-level) = 11.1 s (≈35% reduction). 
 

 

5.7 Throughput Analysis 
 

To evaluate the impact of the proposed ergonomic intervention on supply chain efficiency, a 

detailed throughput analysis was conducted. For this purpose, a plant layout was created in 
Siemens Tecnomatix Plant Simulation software. The layout represented a simplified 

production line where boxes move from a conveyor, are handled by a worker (or assisted 

device), and finally placed on pallets.  
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Figure 11: Throughput Analysis Using Siemens Tecnomatix Plant Simulation Software 

 

 
Figure 12: Cycle Time Reduction and Throughput Gain 

 

In the baseline scenario, the average cycle time per box was measured as 17 seconds, which 

translated into a throughput of approximately 180 boxes per hour. This baseline reflected the 

limitations of manual handling, including excessive bending, awkward postures, and longer 

task durations. After the integration of the lever-assisted device, the average cycle time was 

reduced to 11.1 seconds per box. As a result, throughput increased to approximately 211 boxes 

per hour. This represents a 17.2% improvement in throughput, achieved purely by reducing 

the ergonomic burden on the worker and streamlining the handling process. This analysis 

demonstrates a direct link between ergonomics and supply chain performance: by minimizing 

musculoskeletal strain and cycle time, the proposed ergonomic solution improved not only 

worker safety but also overall productivity. 
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5.8 Discussion 

1.Integration of Ergonomics and Supply Chain: 

 Ergonomic improvement is not just worker safety—it has measurable supply chain 

impact via reduced cycle times and increased throughput.[20] 

 Lower fatigue also reduces errors, absenteeism, and long-term injury costs. 

2. Primary vs. Secondary Device Contributions: 

 Primary Device: Proved that real-time monitoring and feedback reduce posture risks 

significantly. 

 Secondary Device: Provides a practical mechanical solution to further cut handling 

time, supported by CAD design and literature evidence. 

3. Industrial Relevance: 

 In high-volume industries (FMCG, logistics, warehousing), even 1–2 seconds per cycle 

saved scales up to hours saved daily, proving direct operational value. 

 Worker retention and lower injury costs also add indirect benefits. 
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Chapter 6: Conclusion 
 

6.1 Summary of Work 
 

This thesis explored the integration of ergonomic analysis with supply chain optimization by 

developing and applying a sensor-based posture monitoring device. The device was designed 

to:  

 Measure key joint angles (shoulder, trunk, wrist, knee) relevant to ergonomic 

assessment methods such as RULA.  

 Log posture and time-related data for continuous evaluation.  

 Provide real-time feedback via a buzzer alert whenever the worker deviated from 

acceptable ergonomic posture.  

 

We were able to combine objective position information and ergonomic assessment of 

behavior to identify the wrong position which contributed to the fatigue of workers, 

musculoskeletal strain, and inefficiency in the performance of the undertaking. Our research 

shows that biotech is not a single issue but a key player in the performance of the entire chain 

of events. 

 

 

6.2 Key Contributions 
 

The major contributions of this work are:  

 

3 Development of a functional device that integrates ergonomic measurements, logs, and 

evaluation in real time is expected to result in a near reduction in costs.  

4 Application of RULA methods using real-world data rather than subjective observation, to 

improve the accuracy of the ergonomic assessment.  

5 Establishing the link between ergonomics and supply chain performance, explicitly 

showing how enhanced biotech can reduce cycle times and increase throughput.  

6 Bridging the gap between theory and practice by combining ergonomic assessment tools 

with industrial supply chain metrics. 
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6.3 Limitations 

Despite its contributions, the research faced certain limitations: 

 The device was tested in controlled conditions rather than large-scale industrial trials.  

 The reduction in cycle times has been demonstrated through rational reasoning, and 

literature can be both fictional and non-fictional aid, never using packaged prototypes 

in business.  

 Sensor calibration and data accuracy could be further refined with more advanced 

motion-tracking technologies. 

 

 

6.4 Future Scope 

Building on the foundation of this research, future work can explore: 

1. Industry-scale testing of the device in warehouses, assembly lines, and logistics centers. 

2. Integration with simulation tools such as AnyLogic or Tecnomatix to predict the impact 

of ergonomic improvements on supply chain KPIs like throughput, lead time, and 

resource utilization.[21] 

3. Machine learning-based posture recognition for more robust and automatic RULA 

scoring. 

4. Wearable integration, such as lightweight exoskeletons or lever-assisted handling tools, 

combined with our device to further reduce ergonomic strain and cycle time. 

5. Economic analysis quantifying the cost savings for industries adopting ergonomic 

interventions in their supply chain.[22] 

 

 

6.5 Final Remarks 

The results of this thesis strongly support the view that ergonomics and supply chain 

management are highly complex. Identifying and rectifying underprivileged positions is not 

only a way of protecting workers' health but also achieving quicker, safer, and more reliable 

methods of provision of services. Our device represents a major step in the direction of the 

future, where ergonomics are continuously monitored, fed into real-time supply chain decision 

frameworks, and used to ensure worker health alongside industrial productivity. 
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