






            AUTOMATION IN APPAREL PRODUCTION
       Opportunities AND Challenges FOR Improving Efficiency
              











Table OF Contents
Chapter 1: Introduction
1.1 Background OF the Study
1.2 Problem Statement
1.3 Research Aim AND Objectives
1.4 Research Questions
1.5 Significance OF the Stud
1.6 Scope AND Limitation
1.7 Structure OF the Thesis
Chapter 2: Apparel Production AND Automation
2.1 Apparel Production Process
2.2 What is Automation AND Levels OF Automation
2.3 Efficiency IN Apparel Manufacturing
2.4 Lean Manufacturing AND Automation
Chapter 3: Literature Review
3.1 History OF Apparel Automation
3.2 Industry 4.0 IN Textiles AND Apparel
3.3 Evidence OF Productivity AND Quality Improvements
[bookmark: _GoBack]3.4 Employment AND Resourcing Debate
3.5 Research Gap
Chapter 4: Automation Technologies IN Apparel Production
4.1 CAD, 3D Design AND Digital Sampling
4.2 Automated Spreading AND Cutting
4.3 Sewing Automation AND Robotics
4.4 Handling AND Smart Equipment
4.5 AI Assisted Quality Checking
4.6 RFID, IoT, MES AND ERP
4.7 Data Analytics AND Predictive Maintenance
Chapter 5: Research Methodology
5.1 Research Design
5.2 Sources AND Search Strategy
5.3 Inclusion AND Exclusion Criteria
5.4 Thematic Analysis
5.5 Reliability, Ethics AND Limitations
Chapter 6: Opportunities to Improve Efficiency
6.1 Increased Productivity
6.2 Improved Quality
6.3 Reduced Waste
6.4 Reduced Lead Time
6.5 Flexibility, Safety AND Sustainability
Chapter 7: Challenges AND Risks to Automation
7.1 Cost AND ROI
7.2 Complexity AND Product Diversity
7.3 Skills, Training AND Transition
7.4 Employment AND Decent Working Conditions
7.5 Integration, Data AND Cyber Security
7.6 Maintenance AND Supplier Dependency
Chapter 8: Implementation Framework
8.1 Assess Readiness
8.2 Prioritise AND Select Pilots
8.3 Cost Benefit AND Risk Assessment
8.4 Involve Staff
8.5 Monitor
Chapter 9: Findings
Chapter 10: Recommendations
Chapter 11: Conclusion
Bibliography











CHAPTER 1: INTRODUCTION
1.1 Background OF the Study
Apparel Production involves designing, preparing materials, cutting, sewing, finishing, checking,
packing AND shipping. If any part OF this process is delayed or has an issue it can cause
delays, increased WIP, rework AND late deliveries. Due to customers wanting shorter lead
times, reliable quality, traceability AND competitive pricing, many manufacturers are looking at
technology to improve their production systems.
Automation is the use OF equipment, software AND controls to reduce manual involvement. In
Apparel Production this can range from basic programmable sewing machines to fully
computerised cutting, spreading, digital work instructions, tracking AND analytics. Automation
does not always mean fully automated factories. Many systems will support staff by reducing
repetitive handling, increasing information flow AND providing stable conditions IN the process.
Automation IN the apparel industry can be challenging due to the nature OF the fabric. Fabrics
are soft, flexible AND often slick. Garment styles can vary IN shape AND construction AND
fashion can cause frequent changes to the product mix. This means solutions to automate
simple AND repeat processes may struggle to implement on complex seams or small batches
with lots OF variation. Often automation IN the industry is done IN stages.
Practical Implication: Define what automation means FOR your factory. What processes AND
1.2 Problem Statement
Many factories suffer from bottlenecks, inconsistency IN quality, excessive movement,
unbalanced lines, high WIP, waste AND lack OF real time information. Manual systems can be
flexible but may be very reliant on staff experience AND consistent supervision. Advanced
machinery AND systems will require investment, technical skills, maintenance, data AND
changes to the organisation.
The main problem is deciding what technology to implement to suit your product mix AND level
OF operations. Will the improvements be realistic? How can you reduce risks to staff? If the
wrong technology is chosen it can become a costly unused asset. If you do not look at upstream
processes, staff training AND maintenance it can become an issue.
Practical Implication: Identify the issue within your operations AND back this up with data.










1.3 Research Aim AND Objectives
To assess how automation can improve efficiency IN Apparel Production AND identify the
challenges faced within operations, cost, technology AND staff.
Practical Implication: Define measurable objectives FOR your project. Ensure they are time
sensitive AND fit within your factory strategy.

1.4 Research Questions
This thesis will answer four questions: 1) What automation AND digitisation technologies are
relevant to the Apparel Production Process? 2) How can these technologies improve
productivity, quality, material usage AND delivery? 3) What are the barriers to implement
automation? Particularly within labour intensive processes? 4) What practical framework can be
followed to implement automation responsibly?
Practical Implication: This ensures the Research Questions are consistent.









1.5 Significance OF the Study
This study will be relevant to factory owners, production managers, industrial engineers,
merchandisers, quality managers, maintenance, staff, educators AND policy makers. Managers
can use this review to make decisions on technology based on what is needed within the
factory. Educators can use this to identify what skills are required to link garment making with
data, maintenance AND improvements. Policy makers can look at how training, funding AND
supplier support can impact automation.
In Bangladesh, Apparel Production is a key source OF export revenue AND employment.
Decisions on automation can have wider impacts on competitiveness, job roles, skills required,
supplier relationships AND value sharing. A balanced approach should be taken to ensure
operations are improved AND decent working conditions.
Practical Implication: Consider the impact on business performance AND staff.








1.6 Scope AND Limitations
This paper looks at production processes from product development, material preparation,
sewing, finishing, checking AND production information. It considers technologies such as
computer aided design, Digital Sampling, cutting automation, programmable sewing, robotics,
machine vision, RFID, IoT, manufacturing execution systems AND analytics. This is focused on
improving operational efficiency rather than detailed design OF a machine.
This research includes a literature review OF secondary sources. There was no measurement
at a factory, interviews, financial information or experiments. Different technologies will be more
mature AND effective depending on the product, size OF factory AND supplier. Any numerical
business case will need to be developed using data from the local factory.
Practical Implication: The review will need to be validated locally.
1.7 Structure OF the Thesis
This thesis will begin with an explanation OF Apparel Production AND key concepts (Chapter
2). Then a literature review (Chapter 3). This will be followed by mapping technologies to
production processes (Chapter 4). The methodology will then be explained (Chapter 5).
Opportunities AND challenges will be discussed (Chapters 6 AND 7). Finally an implementation
framework will be proposed (Chapter 8). Findings will be summarised, recommendations given
AND conclusions drawn. Finally a list OF sources will be provided.
Practical Implication: This will take you from concepts AND evidence to an implementation
framework.





















                                           Chapter 2:
                       Apparel Manufacturing AND Automation

2.1 Apparel Manufacturing
The product development process begins by interpreting designs, creating specifications,
measuring charts, patterns, samples, ensuring they pass fit AND costing. Having accurate data
digitally can help avoid re-questioning between departments. 3D sampling can help visualise
how they will fit AND be constructed. However, THE fabrics AND fit must be tested correctly.
Pre-production includes ordering materials, inspecting THE fabrics, sorting into shades, creating
markers, spreading AND cutting. This can cause lots OF waste if there are mistakes in fabric
identification, marker placement or cutting. Computer aided planning AND automation can be
used in cutting rooms to help reduce waste. If there are enough styles AND quantity OF orders
it can be worth investing.
Sewing can be THE most labour intensive part OF THE process. It can be split between workers
AND machines, with line balancing to ensure smooth flow. Finally THE items will be finished,
pressed, checked, packed AND shipped. Everything will rely on good scheduling, materials,
clear instructions AND quality feedback.
Practical application: Improving communication between processes.
2.2 What is Automation?
Automation is a term that can mean different things. A manual process will have limited
automation with human intervention. A mechanized process will be automated using machinery
however still has a lot OF human intervention. Semi-automated processes will have some
human interaction but some steps will be controlled by THE machine. Fully automated
processes will have sensors, controls, material handling AND data collection. A process can be
automated with digitalisation, this could be collecting data about THE output or showing
standardised instructions.
It can be helpful to understand THE difference between task automation vs system automation.
Task automation will be automation OF a specific task, such as automated pockets with
programming. System automation will link several processes together using shared information,
schedule AND monitoring. A factory may benefit from having accurate data AND good line
balancing rather than investing in an individual robot that isn’t well integrated.
Practical application: Ensure you are using THE right level OF automation based on THE
maturity OF THE process AND complexity OF your product.





2.3 Efficiency
There are several factors that should be considered when looking at efficiency. Labour
productivity can be measured by looking at how much output is produced per labour hour. First
pass yield looks at how many items pass on THE first go. Defect rate looks at how many defects
there are. Changeover time looks at how flexible THE process is. Material usage looks at how
much OF THE fabric is being turned into sellable items. Lead time shows how long it takes to
complete from release. Utilisation, downtime, WIP AND on time delivery are also important.
There is no single metric that can show how efficient a factory is. Adding a machine may speed
up one process but cause a bottleneck. You may have increased outputs per hour but more
defects AND more stoppages for maintenance. A balanced score card should be used looking
at productivity, quality, delivery, cost, safety AND man power.
Practical application: Look at several metrics.







2.4 Lean Manufacturing
Lean Manufacturing is focused on adding value for THE customer by removing any non-value
added activities. This can include waiting, unnecessary transport, overproduction, unnecessary
movement, defects AND unnecessary stock. Automation can complement lean techniques but
will not necessarily remove waste. If a process is not stable or well designed automation can
cause waste to happen quicker.
Before investing in automation, a current process map should be created to see THE main
bottleneck. Where possible THE process should be standardised. Simplify THE process,
improve layout AND material presentation. Then ensure quality is stable. This will help ensure
automation will provide real value.
Practical application: Ensure THE process is stable AND simplified.










                                            CHAPTER 3:
                                LITERATURE REVIEW

3.1 Apparel Automation
Apparel production has evolved to use specialist machineries and utilise the dexterous
nature of humans. Sewers have been used to give faster and more consistent
outcomes for specific seams. Specialist items have been used to allow consistent
actions such as pocket insertion, button fixing, button holing and waistband creation.
However, computerised items have increased the range of actions that can be
programmed. Handling and manipulation of flexible materials is a complex issue and is
not easily adaptable for universal use.
Research into robotics has identified ways of holding, stretching, separating and
guiding fabrics. The literature shows that automation works best when the material is
presented in a consistent manner, seams are simple and products are consistent. This
can explain why advancements in automation are not consistent across all product
types and stages.
In practice this means that solutions can often be very specialised.






3.2 Industry 
Industry 4.0 is often seen as connecting machines using sensors, analysing data, cyber
physical systems, cloud computing, digital twins and having all production information
available. In apparel this can be used to connect product development processes,
material tracking, machine status, production orders and quality. This will provide
timely and reliable information.
While recent literature has shown that there is an increasing range of uses for digital
solutions in Textile and Apparel
Industry, there is still a gap between the theory and widespread use due to cost,
incompatibility, employee skill set, uncertainty of business gain and diﬃculty in
implementing advanced solutions. As there is a wide variety of products within the
industry it is important to adapt how they are implemented compared to other
industries such as automotive or electronics.
In practice this means that connectivity should be combined with compatibility, control
and skill.
3.3 Productivity
There are many published studies and initiatives showing that there can be
improvements made to productivity. This does not always come from advanced
machinery. Having standardised processes, layout improvements, better supervision,
line balancing, visual management and problem solving techniques will help to reduce
waiting times.However, this can depend on the situation. If the factory has high
volumes and consistent styles then the improvements will not necessarily be the same
if the factory is small and has lots of complex styles. To ensure robust results baseline
data needs to be collected, definitions should be clear and a timeframe should be long
enough.
In practice this means that improvements should be checked for the situation and have
clear definitions.



















3.4 Employment
Automation can aﬀect how many jobs there are and what they involve.
Jobs that require problem solving, complex handling, quality judgement, maintenance
and co-ordination may become more important. The International Labour Organisation
and other research has found that the rate of automation in apparel is limited by
technical and commercial issues.
Some people may see automation bringing production closer to the consumer by
removing the low labour costs of far away production. However, many will highlight the
benefits of existing supply chains, capabilities of suppliers, economies of scale and
logistics. Evidence shows that it could be seen as a potential situation. The factory
should have strategies in place to ensure the workforce are prepared for changes in
their jobs.
In practice this means that workforce planning should be put in place to ensure they
are prepared for changes in their jobs.









3.5 Gap in Research
There is currently research looking at technologies, opportunities and issues. However,
Managers would benefit from having a way to translate the high level concepts of
Industry 4.0 into actionable decisions. The most helpful part of this thesis is the
step-by-step framework to help diagnose processes, choose the right technology,
perform financial analysis, involve employees and measure after installation. The
REVIEW highlights that limitations should be clearly communicated and just because
something is adopted it doesn’t mean it’s eﬃcient.
In practice this means that using a step-by-step framework will help to translate
research into decisions.











                                             CHAPTER 4:
                                 Automation Technologies

4.1 CAD, 3D Design & Digital sampling
CAD can be used for pattern making, grading, marker making and specification management. In
keeping with version control, digital files can be amended and shared quickly. Having one
source of THE product in digital format will help reduce any issues relating to incorrect
measurements due to differing measurements, old patterns and unclear approvals.
Using 3D design tools and virtual sampling can aid a team with fitting, drape and shape before
creating multiple physical samples. This could reduce THE number of samples created, reduce
approval times and reduce THE amount of sample fabric used. However, there are some
limitations with THE accuracy of fabric properties, dimensions of avatars, compatibility with
softwares and still having to validate physical garments for key items.
Expected Value: Dependent on THE manufacturing context, discipline and measurement.







4.2 Automated Spreading & Cutting
Automated Spreading machinery can help to ensure uniformity of layers. Computerised cutting
will ensure accurate cuts can be made following THE digital marker. Marker optimisation can
help reduce fabric waste by ensuring THE most efficient placement of pattern pieces. Having
this in a digital format will help with traceability and restocking.
Depending on THE type of fabric, lay height, order quantity, complexity of marker, servicing and
space requirements THE discipline will depend on THE implementation. The business case
should take into account blade costs, consumables, vacuum, energy, software, servicing and
training. Fabric savings should be calculated based on THE efficiency of THE markers and how
much can be used.
Expected Value: Dependent on THE manufacturing context, discipline and measurement.









4.3 Sewing Automation & Robotics
Programmable sewing machines and specialised automatic machines can be used to create
uniform processes. This could include pocket setting, button attaching, buttonholing, labelling
and some seam processes. This could help reduce variation and reliance on repetitive manual
movement.
However, it can be challenging when trying to fully automate garment assembly due to THE
nature of THE fabric. To use robotics there needs to be reliable ways of knowing where THE
fabric is, picking up THE fabric without damaging it, tension and adaptability. Many situations
may be better suited to using semi automated machines and operator aided technology.
Expected Value: Dependent on THE manufacturing context, discipline and measurement.











4.4 Material Handling & Smart Machines
There are various options available for Material Handling including conveyors, guided trolleys,
lift aids, automated storage, digital calling and some robotic handling. The best option will
depend on THE layout, bundle sizes, floor conditions, safety and THE flow of production. Poorly
designed conveyors can cause issues with flexibility or cause bottlenecks. It is important to look
at THE flow of material.
Smart machines can collect information such as running time, stoppages, alarms, stitch count or
maintenance indicators. If this information is reliable and consistent it can help supervisors
identify regular downtime. Sensors should be selected to answer a specific question. Having
high volumes of data can cause complexity if it is not clearly owned.
Expected Value: Dependent on THE manufacturing context, discipline and measurement.








                                           CHAPTER 5:
                          RESEARCH METHODOLOGY

5.1 Research Design
This thesis used a qualitative approach to form a literature review around secondary
sources of literature including academic articles, oﬃcial publications and relevant
industry publications. This will allow me to look at how automation can be applied to
the apparel industry through understanding the processes, opportunities and
challenges.
This is not an in-depth literature review, therefore it does not cover all sources of
databases. It is also not original research, there is some consideration on what sources
were relevant to the apparel industry, automation, productivity, industry 4.0,
employment and implementation. Conclusions will need to be considered in this
context.
Expected value will depend on the production environment, discipline and ongoing
measurements.







5.2 Sources & Search Terms
Various sources have been used including peer reviewed journal articles, academic
books, International Labour Organisation publications and relevant industry research.
Search terms include ‘Apparel Automation’, ‘Garment Manufacturing’, ‘Sewing Robots’,
‘Industry 4.0 Clothing’, ‘Digital Transformation’, ‘Smart Manufacturing’, ‘Improving
Productivity’ and ‘Automation Employment’.
Primary sources were chosen as they clearly explained what they were about, how they
were measured and what the institution was looking at. Recent literature reviews were
used to give an overview of the technologies available in this area. Older research and
oﬃcial publications were used to provide context on the technology limitations and
employment impacts. Claims were also linked to the sources in the bibliography
wherever possible.
Expected value will depend on the production environment, discipline and ongoing
measurements.









5.3 Inclusion & Exclusion Criteria
Materials were included if they had a clear link to apparel/textile production,
automation technologies, factory performance, employment impacts or
implementation. Research was included from other areas of manufacturing however
only general concepts were taken from these as they were specifically noted to have
limited transferability to apparel.
Excluded from the main literature review were any marketing claims without evidence
to back them up. Any sources of unclear authorship and any claims which could not be
reliably generalised. This paper does not make any unproven claims about
improvements in performance through numbers. It also does not claim to have access
to any confidential factory data or interviews.
Expected value will depend on the production environment, discipline and ongoing
measurements.
5.4 Thematic Analysis
The sources were divided into 5 sections: Technology/Stage of Process, Eﬃciency
Opportunities, Technology & Cost Challenges, Employment & Organisational Impacts
and Implementation. Each section looked at what was similar between sources, what
depended on the situation and what was still unknown in practice.
A cause and condition analysis has been carried out. For example automated cutting
could help with consistency, however how much this actually helps depends on the
quality of markers, type of fabric, machine running time and how the product is
handled after. Digital tracking could improve visibility however this relies on consistent
use of identifiers and accurate data entry.
Expected value will depend on the production environment, discipline and ongoing
measurements.





















5.5 Reliability, Ethics & Limitations
This analysis was reliable as the sources were identifiable and no claims were made
stronger than the evidence. The bibliography provides details of sources so they can
be verified. However there are limitations to this review as there isn’t much literature
available, terminology diﬀers and information on cost of implementation and long term
outcomes isn’t always clear.This does not replace a feasibility study within a factory or
professional engineering assessment.
Expected value will depend on the production environment, discipline and ongoing
measurements.












                                            CHAPTER 6
                  Opportunities FOR Increased Eﬃciency
6.1 Productivity & Throughput
Automation can increase throughputs by reducing cycle times, improving repetitive
processes AND reducing bottlenecks. By using programmable machines IT reduces
repetitive set-ups, automation reduces cutting delays AND tracking production enables
supervisors to identify any bottlenecks quicker. This will be most noticeable if the
selected activity is a regular, predictable task.
Productivity should be measured at workstation & line level. Without updating the line
balance productivity may simply be moved to another workstation. Considerations
when comparing pre AND post should be taking into account complexity OF styles,
operator experience, order quantity, downtime & quality. A realistic pilot should be
carried out AND productivity per labour hour, first pass yield & work in progress should
be measured.
6.2 Quality & Consistency
By using programmable equipment variations in stitching settings, seamline & set ups
can be reduced. Digital requirements reduce risk OF using outdated instructions.
Machine vision can help quickly identify certain types OF defects. Generally IT is easier
to resolve defects closer to the source.
To improve quality there should be a consistent way defects are categorised, sampled
AND feedback. If diﬀerent teams have diﬀerent ways OF logging defects this can result
in misleading analytics. Automation should be used in conjunction with root cause
analysis & preventative measures.
6.3 Material Use
Many items OF clothing will have a large cost associated with the fabric. Improving
marker eﬃciency, cutting accuracy, roll management & shade will impact profitability.
Using CAD to design marker layouts can help explore options. Digital stock
management can help reduce wastage from unknown rolls & incorrect allocations.
Having accurate planning can reduce urgent cutting.
Consider the environmental impact. The machine may use additional electricity & there
may be additional consumables requirements. More production can increase overall
resources. It is important to measure how much fabric is being used, how much is
being scrapped & why, how much energy per item is being used & rework. This can be
monitored within factories.
6.4 Lead Time & Visibility
Having digital order tracking can help identify where bundles/orders are. This can help
manage any issues with material shortages, machine downtime & quality holds. Having
integrated planning data can help with communications between merchandising,
cutting, sewing & finishing AND shipping. Having increased visibility can help reduce
time spent looking FOR information & allow earlier intervention if there is a risk to
delivery.
Having visibility does not mean you have control. The dashboard should have accurate
data, up to date data & who is responsible FOR resolving the exception. There could be
too many alerts which cause fatigue. Good systems will highlight exceptions which
could impact quality, safety & delivery

6.5 Flexibility, Safety & Sustainability
Automation can help increase flexibility by having fast & reliable recipe changes,
machine adjustments & digital patterns. Digital sampling can help speed up decision
making during product development. Modular equipment can help with certain product
families. However if the machine is optimised FOR a particular style or has long set up
times this can reduce flexibility. Set up performance should be considered.
Some repetitive/laborious tasks can be reduced by having ergonomic aids, lifting aids
& material automation. However new equipment can cause pinch points, noise,
stretching & electrical risks. Assess the safety AND provide feedback from workers.














                                                  CHAPTER 7
                                            Challenges & Risks
7.1 Investment & ROI
There may be investment in equipment, software set up, utility, floor changes, training,
servicing, spares & integration. Smaller suppliers may struggle to get funding AND
there will be downtime to implement AND learn.
If the process is not a bottleneck or frequently has varying product mixes this may
cause uncertain ROI. A strong business case should be developed with conservative
assumptions, sensitivity analysis & clear starting point. Consider any quality losses,
material savings, overtime, downtime, service cost, obsolescence & lack OF support.
7.2 Complexity & Product Variety
Garments can vary greatly from weight OF fabric, stretch, texture, colour, construction
& size. This can cause issues if the machine has not been properly trained/configured
FOR the new material. Flexible fabrics can cause issues with wrinkling, stretching,
slipping & folding. Seam allowances can vary between operations & components can
be out OF alignment.
Overall full automation can be challenging compared to industries with stiﬀ
components. The manufacturer should know what scenarios the automation will work
well FOR. There should be contingency FOR any special products. Try to standardise
but don’t over standardise as this can reduce flexibility & may not meet customer
requirements.


7.3 Skills & Training
All operators, mechanics, industrial engineers, IT, supervisors & managers should
understand the new process. This could include programming, fault finding, data
analysis, safely setting up, using software & preventative maintenance. Training should
be practical AND ongoing.
There may be resistance if staﬀ feel their job is at risk, they will be monitored more &
may not meet unrealistic targets. Communication should be in place to let them know
why they are implementing the technology, what will change in their role, how they will
be measured & how they will be trained or redeployed. Involving staﬀ can highlight any
practical issues with the design.
7.4 Employment & Decent Work
Automation can reduce some roles, change roles & create new roles. How this impacts
employment will depend on what technology is used, volumes produced, pressure
from the purchaser, skills OF staﬀ & general economic factors. It is not appropriate to
state that all roles in the apparel industry will be lost or employment will not be a big
factor.
A responsible approach would be to start with early communication, identify skills,
develop training pathways, fairly choose new roles & consider those impacted.
Productivity should not rely on unsafe work. Social dialogue & ensuring labour
standards are met is important to ensure sustainable modernisation.



7.5 Integration, Data & Cyber Security
There may be diﬀerent data formats & communication protocols between machines,
software & enterprise. This can cause issues with integrating legacy systems,
spreadsheets & paper. Data issues can occur such as duplicate style codes, no
dates/times & incorrect defect names. This can impact dashboards & automation.
Having connected equipment & cloud systems can cause a risk to cyber security &
privacy. Ensure access is limited depending on role, software is supported, backup in
place, updates completed, keep track OF what the vendor has access to & roles
defined FOR any incidents. Data should be gathered appropriately & transparently from
staﬀ with measures to prevent inappropriate monitoring.
7.6 Maintenance & Vendor Lock
Preventative maintenance, spares, calibration & fault finding will impact reliability. If
only the vendor can fix the machine this could cause long downtime. Software
licencing & proprietary parts can cause vendor lock.
Before purchasing ensure there is good local support, training, quick spares, good
warranty, software updates & data exporting. Maintenance should be involved in
selecting the solution & setup. Having a maintenance plan & critical spares plan will
reduce the risk OF having a technically capable machine that is not available.




                                        CHAPTER 8
                           Implementation Framework
8.1 Readiness
Before implementing a readiness should be done. This should include processes are
stable, data available, staﬀ have correct skills, management committed, maintenance
capability, infrastructure, safety & finances. This will help identify the problem within the
business.
This will create a realistic plan to improve the basics before complex integration.
8.2 Prioritisation & Pilots
Projects can be prioritised depending how impactful they are to the business,
technically feasible, can be repeated, volume OF product, risk & learning. Pilots often
have a clear starting point, measurable issue, stable input & owner. The pilot should be
large enough to test real scenarios but not too large to increase risk.
Examples could be implementing digital bundle tracking on 1 line, implementing a
programmable unit FOR a repetitive process, CAD marker optimisation FOR a product
family or downtime monitoring on a small number OF machines. Define success
criteria.






8.3 Cost/Benefit & Risk
Cost should include equipment, software, set up, integration, training, servicing,
consumables, energy, finance & downtime. Benefits could include reducing labour
hours per piece, reducing defects, reducing material waste, reducing overtime,
improved delivery & less unplanned downtime. Risk should include technical issues,
vendor lock, cyber security, product mix changes, impact on staﬀ & uncertainty.
Sensitivity analysis can be completed to see what will happen if utilisation is lower than
expected, savings not achieved quickly & increase in service costs. Management
should decide whether to stop, adapt or scale based on the pilot.
8.4 Involving Staﬀ
Staﬀ should be involved in designing the process. Are they doing the correct tasks?
Are they ergonomic? Will they have access to maintenance? Are they at risk OF quality
issues?If roles are changing identify any redeployment, cross training & progression
opportunities. Be transparent to reduce uncertainty & build trust. Systems should be in
place to improve production & safety rather than random unfair monitoring.
8.5 Monitoring
After installation monitor how the machine is performing against the baseline FOR the
correct amount OF time. A balanced dashboard could include labour productivity, first
time yield, defects, changeover, machine uptime, WIP, fabric utilisation, delivery &
safety. Data should be broken down by style/product family where possible.
If the technology is not performing well investigate why. Is there an issue with training,
set up, layout, variation in input, maintenance & data? Don’t assume IT is just the
machine. Don’t scale until repeatable performance has been achieved.
                                         CHAPTER 9
                              FINDINGS AND ANALYSIS
9.1 Overall Findings
From the literature, IT has been identified that automation in the apparel industry can
be looked at as a suite of technologies. Key areas that can oﬀer benefits include
activities with repetitive tasks, well-controlled inputs, appropriate volumes AND
quantifiable benefits. The following findings have been gathered from secondary
research.
9.2 Finding 1: Automation is not always possible
Automation is achievable in targeted areas such as CAD pattern making, marker
making, cutting, buttoning operations AND some specialised sewing. However,
automated technologies are less likely to be possible due to the flexibility required in
garment assembly, which causes deformation in fabric pieces AND variety in product
design.
9.3 Finding 2: Technology relies on accurate data
Having connected technology, RFID, IoT, MES AND ERP systems requires accurate
identification, process names AND timestamps to provide benefits. Without consistent
data, dashboards will not provide accurate insights into output or stock. Having a solid
foundation in place is essential to ensure processes are named correctly, style versions
are clear, data is accurate AND ownership is documented.



9.4 Finding 3: Eﬃciency is multi-faceted
The review has shown that eﬃciency should be looked at holistically. While output
speed is key, factors such as pass-through yield, rework, downtime, material use, lead
times, flexibility, safety AND employee outcomes should also be considered. If
localised output is increased AND this causes bottlenecks or increased defect rates,
the overall performance of the factory may not improve.
9.5 Finding 4: Technology may not be financially viable
Depending on the volumes AND stability of products, the same technology may not be
financially viable. Factors such as utilisation, maintenance support, change over times,
training, funding AND integration will aﬀect the return on investment. A realistic
business case with specific data to the factory should be created AND conservative
scenarios should be tested.
9.6 Finding 5: People AND process
Ensuring training, involvement of employees AND change management is central.
Employees will know the real issues AND exceptions in the factory, Mechanics will
ensure equipment is working eﬀectively, Supervisors will turn data into actions AND
Managers will ensure time AND resources are invested into learning. If employees feel
automation is a threat or monitoring tool then they may not want to adopt the
technology.




9.7 Key Technology Comparison
Technology Likely eﬃciency Pathway Key Requirement Risk
CAD/Marker Optimising pattern making AND fabric use Accurate patterns AND style
data Poor input or low adoption
Automated Cutting Increased consistency AND potential waste reduction Appropriate
volume, fabric AND maintenance High capital AND downtime
Programmable Sewing Increased consistency in set operations Stable operations AND
volumes Limited flexibility for multiple styles
Machine Vision Early detection of targeted defects Good images AND validated defects
False alerts AND missed defects
RFID/Barcode Tracking Improved visibility of bundles AND stock Accurate scanning
AND master data Incomplete scanning AND integration
IoT/Analytics Insight into downtime AND better decision making Reliable data AND
ownership of actions Data overload AND cyber security
9.8 Bangladesh Specific
In Bangladesh, decisions on automation will depend on the competitive global nature
of the industry. Factories may have more opportunity to invest in equipment AND
technical people. However smaller suppliers may have limited opportunities unless
training is shared, support from vendors, investments made in stages AND
improvements made to processes. Although there are good manufacturing capabilities,
investing in technologies will also depend on building skills in the workforce AND
reliable after-sales.
The literature does not suggest that there is one solution for all factories in Bangladesh.
The type of product, order volumes, buyers requirements, layout, energy AND skill
availability will all vary. Therefore IT is best to focus on areas that will have clear
benefits AND utilise selective automation, lean techniques, quality management AND
employee driven approaches.

9.9 Summary
Overall there are 5 key principles to consider. Ensure the solution is focused on solving
the issue, data AND process standardisation should be seen as infrastructure, the
solution should look at overall system performance, costs should be calculated with a
conservative view to risk AND people should be involved. This provides a foundation
for the recommendations in the next chapter.











                                           CHAPTER 10
                                   RECOMMENDATIONS
10.1 Conduct an audit
Understand the current process, where issues are in the process, where defects occur,
WIP, material losses, downtime AND any delivery risks. Gather baseline data. The audit
should look at production, industrial engineering, quality, maintenance, IT, finance AND
employees.
10.2 Focus on high value AND defined tasks
Start with repetitive, quantifiable AND stable processes. Ideas could include CAD
marker optimisation, digital bundling, targeted programmable sewing processes,
machine status AND digital standardised work instructions. Don’t adopt a technology
just because IT is trendy or recommended by the supplier.
10.3 Pilot with defined success criteria
Define problem, baseline, anticipated benefits, cost to implement, owner, training AND
review date. Track productivity, quality, downtime, change over, material use AND
employee feedback. Decide in advance what needs to happen to move forward, adapt
or stop.
10.4 Calculate total cost of ownership
Consider purchase price, installation, software, integration, energy, consumables,
maintenance, spares, training, funding, disruption AND replacement. Be conservative
with scenarios AND assume utilisation AND savings will not be achieved. Unless
staﬃng, output AND workload assumptions are clearly written out don’t assume that
labour savings will be achieved.
10.5 Invest in skill development
Ensure practical training is provided to operators, mechanics, supervisors AND data
users. Ensure they are competent through testing. Encourage employees to trial
ergonomic AND workflow changes. Communicate how their roles may change. Where
possible invest in career paths such as machine setup, maintenance, quality analysis
AND production coordination.
10.6 Ensure data governance AND cyber security
Ensure style, operation, machine AND defect names are standardised. Define who
owns each piece of data, how errors will be resolved AND how information is shared
between systems. Ensure only the relevant people have access, back-up, updates for
security AND vendor access. Define what data is being collected from employees AND
why.
10.7 Combine lean improvement techniques
Alongside investing in equipment, consider using process mapping, line balancing,
standardised work, 5s, root cause analysis AND preventative maintenance. Don’t invest
in reducing non-value added movement or unstable processes. Ensure that localised
improvements aren’t causing issues downstream.
10.8 Ensure support from maintenance
Before purchasing, consider how much support you’ll have AND the availability of
spares. Ensure maintenance are involved in the decision AND setup. Ensure everything
is well documented, safety instructions, training, warranty AND data export


.10.9 Measure Social AND environmental impacts
Ensure safety observations, ergonomic improvements, training, re-deployment, energy
reductions, material use AND waste are measured. Ensure productivity isn’t driving
unsafe practices. Plan fair transitions for impacted jobs AND follow relevant labour
standards.
10.10 Encourage collaboration
This can help with training operators, developing technicians, demonstrating AND
sharing knowledge. This is particularly important for smaller suppliers who won’t have
specialist teams available
10.12 Suggested performance scorecard
Performance Measure Example questions
Productivity Output per labour hour / Cycle time Has overall output improved?
Quality Pass-through yield / Defects per unit Has quality improved without extra
rework?
Delivery Lead time / On time completion Has the flow become more predictable?
Materials Marker eﬃciency / Waste rate Has resource use reduced per good item?
Equipment Availability / Downtime reasons Can the factory sustain the new system?
People/Safety Training complete / Safety observations Are employees ready AND safe?
Finance Total cost / Verified savings Has the outcome justified the investment?



                                       CHAPTER 11
                                      CONCLUSIONS
Automation provides many opportunities to improve the apparel industry. However, it is
vital to understand what processes within this industry can provide value. The usage of
technologies such as computer aided design, digital sampling, automated cutting,
intelligent sewing machines, machine vision, digital tracking and production analytics
can help improve certain areas, such as speed, uniformity, waste and transparency.
However, there will always be limitations to these technologies.
The biggest technical limitation would be due to the inherent variability of fabrics and
the range of garments made. This can make full automation diﬃcult to achieve for
some sewing and handling processes. However, by increasing the information within
their processes, businesses can see added value. Companies must also take into
consideration the impact on staﬀ. This may include changing the job roles and skills
needed, therefore training, communication, opportunities for re-deployment and
involvement of employees must be considered.Industry associations, education
bodies, machinery suppliers and public bodies can provide support with hands-on
training and technical support.
Future research should focus on longitudinal studies within factories looking at the
cost/benefits of automation depending on product type, factory size and technology
maturity. This should look at the operational and staﬀ impacts.
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