Huo et al./]. Des. Intell. 2026 1(2):43-56 43

Journal of Design Intelligence
https://www.tfspub.com/index.php/jdi
ISSN 3104-9001 (print)

E-mail: jdi.office @ffspub.com

Article

Research on Quality Control and Standard Optimization in
Jeans Sewing Processes under the Industrial 5.0 Paradigm

Yarui Huo!-", Hongge Wang', Qiaoling Zhang!, Yan Zhou?
! School of fashion, Henan University of Engineering, Zhengzhou 451191, China
2 Zhongfu Chainge Artificial Intelligence Technology (Hangzhou) Co., Ltd., Hangzhou 311199, China
TE-mail: 136786107 @ qq.com

Received: March 12, 2026/ Revised: May 2, 2026/ Accepted: May 20, 2026/ Published online: June 10, 2026

Abstract: Industry 5.0 advocates a human-centered, intelligent manufacturing paradigm that places heightened demands on
garment sewing quality. As a category of apparel ubiquitous worldwide, jeans derive their product competitiveness directly
from sewing quality. Drawing on enterprise-based field research, this paper systematically analyzes quality control and stan-
dard optimization in the sewing process. The study identifies five categories of sewing defects: fabric surface flaws, seam
construction errors, stitching irregularities, component misalignment, and sewing workflow deficiencies. Frequent problems,
including soiling, needle holes, slipped stitches, uneven fabric feed, and misaligned cross-seams, stem from multidimensional
factors involving equipment, personnel, techniques, and materials. To address these issues, the paper establishes enterprise-level
inspection standards comprising 18 key indicators, specifies defect classification criteria, and proposes systematic countermea-
sures spanning ironing specifications, sewing speed control, and alignment operations. The findings demonstrate that shifting
quality control toward in-process management and advancing standards toward greater granularity and quantifiability are criti-
cal pathways to improving sewing quality and strengthening corporate competitiveness. This paper provides empirical evidence
and practical references for the apparel industry to realize human-centric intelligent manufacturing and sustainable production

within the Industry 5.0 framework.
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1 Introduction

The rise of Industry 5.0 has paved the way for human-
machine collaborative manufacturing, presenting a critical
challenge for quality control in sewing operations as they
transition from automation to intelligence [1]. As one of
the most globally prevalent apparel categories, the sewing
quality of jeans directly determines the product’s durability,
comfort, and aesthetic value. It underpins consumers’ fun-
damental trust in the brand and its market competitiveness
[2]. However, current quality control is heavily influenced
by subjective factors, resulting in low efficiency that fails to
align with Industry 5.0’s principles of human-machine col-
laboration and data-driven decision-making [3]. Rahaman,
Md et al. (2025) emphasise that Industry 5.0 aims to el-
evate human-machine collaboration in the apparel industry
by integrating human intelligence with advanced technolo-
gies [4]. Gelayol Safavi Jahromi and Sepehr Ghazinoory
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(2025) identified three key values brought by Industry 5.0:
reintegrating humans into industrial domains, enhancing cor-
porate resilience, and reducing environmental harm [5]. Si-
mona Skéré et al. (2025) noted that Industry 5.0 introduces
a transformative vision for manufacturing by emphasising
human-centred approaches, increasing human involvement,
and leveraging advanced technologies [6]. He er al. (2025)
highlighted macro-level challenges in the textile and apparel
industry’s digital upgrade, including insufficient corporate
motivation for transformation and room for improvement in
technology application, revealing the practical difficulties in
the digital transformation of quality control [7]. Li (2025) sys-
tematically analysed the impact of five factors—equipment,
personnel, materials, processes, and environment—on sewing
quality, emphasising the need to shift sewing quality con-
trol from post-production sampling to real-time early warning
systems [3]. As a critical node in generating high-quality
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data, the standardisation of sewing processes directly deter-
mines whether enterprises can overcome international trade’s
“green barriers”. Under the strategic guidance of Industry 5.0,
sewing quality has transcended mere technical difficulties; it
has become a strategic concern affecting the industry’s global
competitiveness and sustainable development capabilities.

Existing research has yielded substantial achievements
across three dimensions: defect diagnosis, process optimiza-
tion, and the application of intelligent technologies. Regard-
ing defect diagnosis, Sayantan Raha and Priyabrata Mondal
(2025) significantly reduced sewing defects by applying the
DMAIC methodology [8]. In the area of robotic apparel man-
ufacturing, Ajith er al. (2025) demonstrated that integrating
temporary fabric stiffening with a closed-loop visual ser-
voing pipeline effectively eliminates the need for explicit
fabric modeling, which is crucial for enabling versatile and
reliable automated fabric handling and sewing across dif-
ferent materials [9]. In the realm of machine vision-based
intelligent sewing, Marzouk et al. (2024) proposed a video-
based spatio-temporal approach that fuses worker pose and
action sequences to robustly recognize value-added tasks,
thereby enhancing the real-time monitoring capability of in-
telligent sewing production systems [10], while Tang ef al.
(2025) proposed a process-decomposition-based fixture-free
automated sewing system that integrates a dual-arm ma-
nipulator with high-speed fabric edge detection to handle
edge-aligned sewing tasks across diverse fabric shapes and
materials [11]. Dolberg’s (2024) analysis emphasized that
achieving near-zero defect detection error rates in Al visual
inspection hinges critically on maintaining high image qual-
ity amidst production environment variability [12]. However,
existing research exhibits notable shortcomings: First, stud-
ies predominantly focus on generalized apparel categories,
with limited systematic research addressing the specialized
sewing techniques of jeans. Second, standards primarily focus
on outcome metrics, such as stitch density, and rarely address
dynamic quality-control specifications for the sewing process.
Third, intelligent technology research often centers on iso-
lated breakthroughs, lacking integrated solutions for standard
optimization. Addressing these gaps, this paper focuses on the
jeans-sewing process. Against the backdrop of Industry 5.0,
it systematically investigates quality control mechanisms and
standardization pathways, aiming to provide theoretical sup-
port and practical guidance for the digital transformation and
sustainable development of the apparel industry.

2 Literature Review

Within the framework of Industry 5.0, quality control and
standard optimization in the jeans sewing process have be-
come a focal point for both academia and industry. Existing
research primarily revolves around three dimensions. The first
concerns the diagnosis and control of sewing quality defects.

Kincade et al. (2010) demonstrated that denim jeans, as
a distinct and influential apparel category, uniquely shape
consumer shopping behavior, with those prioritizing the fit,
color, and styling of blue jeans exhibiting a significantly
greater willingness to wait for products [13]. Zulkarnain et al.
(2026) applied the Seven Quality Control Tools to crinkle cu-
lotte pants production further validates the quality—efficiency
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nexus, showing that systematically reducing dominant sewing
defects such as asymmetrical stitching directly minimizes
rework and raises effective production capacity [14]. Ger-
manov and Lapin (2023) emphasize from an organizational
trust perspective that cultivating trusting relationships be-
tween management and frontline employees is crucial for
mobilizing their initiative and pro-organizational behavior,
thereby enabling effective responses to quality and production
challenges in industrial processing environments [15]. Per-
mana et al. (2025) focus on pants production quality control
using Statistical Quality Control (SQC) and Failure Mode and
Effects Analysis (FMEA). Their methodology for classifying
sewing defects and analyzing root causes of appearance-
quality issues holds reference value for denim sewing quality
research [16]. Jin et al. (2022) likewise note that current qual-
ity management suffers from time lags and a lack of feedback
mechanisms, and propose a digital twin-based product qual-
ity management model that integrates grey prediction and
case-based reasoning to enable real-time quality prediction
and diagnosis [17]. Lestari et al. (2025) contend that quality
improvement through the Six Sigma DMAIC methodology
enables garment manufacturers to build on existing controls,
systematically eliminate root causes of defects such as stitch-
ing and button errors, and thereby elevate product quality
to new levels [18]. Ugwu (2023) maintains that continuous
improvement, when aligned with total quality management,
constitutes both the focus of process performance and the
wellspring of quality enhancement [19]. Goys et al. (2025)
observe that when product quality assessment indicators are
updated through a normative framework that integrates or-
dinal and absolute scales, all aspects of knitted garment
production can be reasonably optimized and directed toward
achieving excellent quality [20]. Kozak et al. (2025) like-
wise stress that quality management, as a core component of
enterprise competitiveness, is the key to stable and sustain-
able development and must be integrated into practice [21].
Siregar and Sumiati (2025) indicate that quality improvement
measures for garment production should be derived from
process analysis, manufacturing procedures, supervision, and
inspection, as demonstrated through Six Sigma DMAIC im-
plementation [22]. Kournikova et al. (2025) likewise note
that quality is the lifeline of a garment enterprise, and their
case study reveals that inadequate training and the absence
of structured quality planning render the total quality man-
agement system insufficiently effective and adequate, thereby
undermining product quality improvement [23].

The second dimension concerns the exploration of tech-
nical pathways for process parameter optimization. Fatkhur-
rokhman et al. (2025) likewise emphasize the standardization
of process execution, noting that implementing Standard Op-
erating Procedures (SOPs) and training key personnel effec-
tively reduce production errors and enhance product quality
consistency [24]. Pitchandi and Boominathan (2025) compre-
hensively synthesized the influence of sewing parameters and
fabric properties on seam performance, and their integration
of predictive modeling with statistical experimental design
offers methodological insights for refining sewing process
parameters to improve quality [25].

The third dimension involves the application and stan-
dardization of intelligent quality control technologies. Fu
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et al. (2025) elucidate the optimization strategies of deep
learning-driven computer vision that enable automated defect
identification and enhance robustness under complex envi-
ronmental conditions [26]. Ku et al. (2023) expand upon
automated sewing research by developing a machine vision-
enabled sewing system that automatically detects narrow
seam lines and generates precise stitching paths, achieving
human-free autonomous sewing for smart garment manu-
facturing [27]. Huang et al. (2023) emphasize the role of
industrial robots as a core digital condition driving enter-
prise innovation and transformation through a human-capital-
empowered pathway [28]. Zheng et al. (2023) explore the
deep integration of intelligent information technologies—
including IoT, machine vision, and digital twins—with textile
manufacturing, achieving comprehensive data collection and
in-depth data correlation analysis across the entire production
chain [29].

Li er al. (2025) examine recycling technologies for dis-
carded denim garments from a sustainability perspective,
noting that a stepwise strategy integrating clean decolourisa-
tion, mechanical opening, and chemical degradation enables
full-component recycling and circular regeneration, thereby
extending quality control considerations across the full life-
cycle of jeans [30]. Naeem et al. (2025) address the scarcity
of denim defect image data by proposing a synthetic image
generation method based on deep convolutional generative
adversarial networks, providing a data augmentation solu-
tion for training intelligent detection algorithms [31]. Arsoy
and Aslan (2026) mathematically model bias tape production
from a software-optimization perspective, achieving fabric
savings and offering novel insights for optimizing material
consumption in sewing processes [32]. Additionally, Kirin et
al. (2024) develops a method time measurement calculator,
providing a standardized tool for determining time norms for
technical sewing operations [33]. Gupta and Maniar (2025)
advocate, from a macro-strategic perspective, that seizing Al-
driven trends and pursuing innovative corrective, adaptive,
and transformative solutions are essential to achieving re-
silient and scalable agile transformation [34]. Shen and Zhang
(2023) highlight the importance of advancing intelligent man-
ufacturing to enhance green technological innovation capa-
bilities and improve environmental quality as key pathway
choices for green and low-carbon development [35].

Regarding standardization research, Zhao (2024) likewise
observes that current standardization management still suffers
from a disconnect between requirements and actual imple-
mentation along with imperfect assessment, and proposes a
process analysis-based method for constructing and optimiz-
ing enterprise standard systems [36]. Song and Park (2024)
contend that leveraging standardized cybersecurity frame-
works is essential for designing effective enterprise support
policies, and such standardization holds far-reaching signif-
icance for strengthening SMEs’ resilience and growth [37].
Sun and Gu (2025) argue that achieving high-quality de-
velopment in international silk trade requires constructing
a systematic, standards-based indicator framework to de-
liver high-quality standardization outcomes [38]. Zhou et al.
(2025) note that enterprise technical standards alliances serve
as an advanced standardization mechanism, and that context-
driven mode selection is crucial for generating high-quality
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standardization outcomes and sustaining competitive advan-
tage [39]. Choi et al. (2026) point out that enterprise systems
standardization, when complemented by substantial IT in-
vestments, provides a framework for achieving high-quality
standardization outcomes and realizing corporate strategies
through enhanced information processing capabilities [40].
Bag et al. (2026) maintains that standardizing social sustain-
ability practices via digital technologies constitutes a foun-
dational means for modernizing MSME management, and
that integrating sustainability innovation to reconcile global
standards with local needs is essential to attaining high-
quality standardization outcomes and industry benchmark
status [41]. Purba et al. (2025) observe that in enterprise-
driven sustainable product development, standard procedural
stages constitute the core technical indicators for achiev-
ing high-quality standardization outcomes [42]. Siddiqui et
al. (2023) contend that an ERP-driven standardization strat-
egy, when supported by digital maturity and effective change
management, serves as an effective means for garment enter-
prises to accelerate operational transformation, improve core
competitiveness, and embed high-quality standardized pro-
cesses throughout the entire production chain [43]. Wang et
al. (2025) note that intelligent construction standardization
and enterprise development are mutually reinforcing, and that
achieving high-quality standardization outcomes through pre-
cise technology—business alignment forms an integral part of
the digital transformation strategy [44].

A critical synthesis of the existing literature reveals a sig-
nificant disconnect between the strategic rhetoric of quality
management and the operational reality of shop-floor con-
trol, a gap that is particularly pronounced in the idiosyncratic
sewing process of jeans. Our analysis identifies three key
limitations that this study directly addresses. First, the litera-
ture lacks operational specificity. While a substantial body of
work extols the strategic importance of standardization and
quality systems [36, 40, 41], it remains largely prescriptive,
failing to translate these high-level principles into actionable,
process-specific control parameters. For instance, although
[22] proposes quality improvement from a process perspec-
tive using Six Sigma methodology, no investigation examines
which specific sewing parameters, such as needle tension,
stitch density, or seam allowance alignment, must be con-
trolled for a heavy, multi-panel fabric like denim to achieve
the desired aesthetic and structural integrity. This creates a
critical knowledge void: how do we move from the abstract
concept of “quality as a lifeline” [23] to a concrete, measur-
able standard operating procedure for defect prevention on the
denim sewing line? Second, a methodological fracture exists
between normative and technical research streams. The liter-
ature is polarized between qualitative, management-oriented
prescriptions (e.g., [19]) and highly specific, technology-
centric solutions (e.g., [9, 27]). A critical missing link is
the integration of these two domains. Research on intelli-
gent inspection [11] excels at detecting defects yet stops
short of connecting detected defects back to the root-cause
analysis and workflow redesign required for systemic quality
improvement.

Conversely, the management literature champions con-
tinuous improvement without engaging with the potential of
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real-time data from intelligent systems to enable dynamic pro-
cess adjustment. This lack of integration leaves a vacuum in
understanding how digital intelligence can serve not merely
as a detection tool, but as the central nervous system of a
holistic quality optimization loop. Third, the current research
paradigm fails to capture the tacit, human-centric nature of
sewing quality control. While Industry 5.0 advocates human-
machine collaboration, studies on automated sewing (e.g.,
[27]) and Al-powered systems [28] largely treat the human
operator as a source of error to be eliminated. This perspective
entirely overlooks the rich, situated knowledge of experienced
sewing workers, their ability to diagnose subtle fabric be-
haviors, adjust hand movements (a key finding in our on-site
investigations), and make split-second decisions that remain
beyond the capability of any algorithm. The challenge, absent
from the literature, is not merely to automate, but to culti-
vate a socio-technical system in which worker expertise is
formalized, amplified, and integrated with intelligent tools,
transforming individual tacit skills into a shared, verifiable,
and continuously optimizable standard.

In summary, while prior work provides valuable founda-
tional insights, it is fragmented and insufficient to address the
practical complexity of quality control in jeans manufactur-
ing. A significant theoretical and methodological gap exists
for a study that does not merely apply existing knowledge,
but synthesizes and bridges these disparate streams by sys-
tematically converting accumulated field experience into a
structured, operationally specific, and human-centric quality
optimization system. This study is specifically positioned to
fill that gap.

3 Research Methodology

This study employs an on-site enterprise investigation
methodology to conduct systematic empirical research across
various denim jeans manufacturers. Common quality issues
in the sewing process are identified through field data tracking
and analysis, with multiple production lines at a large-scale
denim jeans manufacturer serving as the pilot study site. The
enterprise operates 39 modern production lines and primarily
exports to European, American, and Southeast Asian mar-
kets. Its stringent quality control requirements offer strong
industry representativeness. The research cycle spanned six
months, covering both the spring/summer and autumn/winter
production peaks. The research process was divided into three
phases. Phase One focuses on problem Identification and Data
Collection. The research team conducted participatory obser-
vation in production workshops, tracking the complete sewing
process from cut pieces to finished jeans. Quality issues were
systematically documented at critical stages, including front-
pocket stitching, side-seam assembly, waistband installation,
and fly zipper assembly. Observations spanned 12 produc-
tion lines and 36 batches, yielding over 500 photographic
records of quality defects. Simultaneously, the team retrieved
the company’s finished-product inspection records and re-
work logs from the preceding two years, compiling over
2,800 quality issue entries to support problem classification
and frequency analysis. Phase Two concentrates on strategy
Validation and Standard Refinement. For the five identified
quality issue categories, fabric surface, seam construction,
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stitching, component alignment, and sewing process, spe-
cific improvement measures were proposed. These underwent
two months of small-scale validation across three pilot pro-
duction lines, with daily tracking of issue occurrence rates
and rework rates to enable dynamic adjustment of strat-
egy details. Ultimately, by integrating brand-client quality
requirements, international standards (ISO, AATCC), and na-
tional standards (GB/T), the project team collaborated with
the enterprise’s quality department to refine a sewing inspec-
tion standard encompassing 18 key indicators. This standard
clearly defines criteria for distinguishing between severe and
minor defects for each indicator, thereby establishing quan-
tifiable and actionable enterprise-level quality specifications.
The entire research process adhered to a problem-oriented and
data-driven approach, ensuring both the scientific validity and
practical applicability of the findings.

Although the empirical field-research method adopted in
this study provides a solid foundation for addressing prac-
tical problems, a critical methodological reflection reveals
certain limitations and considerable potential for further ex-
pansion. This study takes participatory observation and fre-
quency analysis as its core methods, which perform well in
identifying and categorizing quality defects. However, it has
yet to incorporate the cutting-edge analytical frameworks of
modern quality science. To elevate this research from a rig-
orous case analysis to a replicable scientific model, future
studies will take the five classified defect types as depen-
dent variables, and select fabric category, operator skill level,
equipment parameter settings, and workstation production
conditions as independent variables. On this basis, machine-
learning classification models—such as multinomial logistic
regression and Random Forest—will be constructed to predict
the occurrence probability of each type of quality defect.

4 Research Findings

4.1 Common quality problems of sewing link

4.1.1 Fabric Surface Defects

(1) Soiling

Common stains include machine oil, food residue, rust,
and marking crayon. As shown in Figure 1, staining ren-
ders cut pieces, semi-finished products, and finished products
substandard and unsalable. Once soiling occurs, specialized
cleaning equipment such as air guns and detergents should be
used for treatment. Items that cannot be thoroughly cleaned
must be labeled as defective and placed directly in the des-
ignated defective-product area. Defective products are then
to be displayed at production department meetings, where
root-cause analysis is conducted to implement source-level
control.
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(2) Yarn-Break Needle Holes

A mismatch between coarse needles and fine threads,
improper thread removal, or excessive reworking can cause
yarn-break needle holes. As shown in Figure 2, such nee-
dle holes are irreparable; the only remedies are replacing the
cut piece or classifying the item as defective. Once a yarn-
break needle hole has occurred, the affected cut piece must
be replaced, and the source operation must be identified for
root-cause control.

Countermeasures for soiling include the following: reg-
ularly cleaning oil and dirt from around machines; strictly
prohibiting food, colored beverages, and rusty tools from be-
ing brought into the workshop; and refraining from using
non-washable colored marking pens. As shown in Table 1,
countermeasures for needle holes include using a seam ripper
or scissors to remove stitches, assigning highly skilled sewing
operators to fabrics and accessories prone to needle holes, and
minimizing the number of reworks.

4.1.2 Seam Construction Defects

(1) Uneven Topstitching at the Seam

Inadequate ironing, low operator skill levels, or excessive
sewing speed can cause uneven topstitching at the seam. As
shown in Figure 3, variable stitch width compromises the ap-
pearance and quality of the finished product. If unevenness
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has occurred, the stitches must be removed and the seam re-
sewn. Should obvious needle holes result, the cut piece must
be replaced.

Figure 3: The bright line at the seam is not straight.

(2) Inner Layer Exposure in Double-Ply Seams

Improper hand movements or ironing errors by sewing
operators can cause the inner layer of the fabric to become ex-
posed. As shown in Figure 4, exposed lining material mars the
product’s appearance and renders it substandard. If exposure
has already occurred, the seam must be unpicked and re-
sewn, with hand movements adjusted according to the quality
standard during re-sewing.

Figure 4: Double stitching material with exposed lining.

(3) Uneven Fabric Feed

Failure to sew in alignment with reference points or
sewing at excessively high speed can cause uneven fabric
feed. As shown in Figure 5, uneven fabric feed impairs both
the appearance and quality of the finished product. Should
this defect occur, the affected stitches must be removed and

Table 1: Common quality problems and countermeasures on the surface of the seam material

Ql%ahty Problem Cause Analysis Solution
Points
. . . . Place presser pads under the presser foot after
Dirt Mach¥ne oil stains on the sewing work, and wipe the oil around the machine after
material o
repairing it.
. . . Food and colored beverages are not allowed to be
Food stains on the sewing material .
brought into the workshop.
. . . Rusty tools are not allowed to be brought into the
Rust stains on the sewing material
workshop.
Color pen stains on the sewing ma-  Colored pens should be tested and washed before
terial use. If not washed off are not allowed to use
Avoid pulling and pulling when removing the
Needle hole Improper way of removing stitches  threads. Use a thread remover or scissors to re-

Low skill level of employees but

easy to operate needle hole fabric

The high number of rework

move the threads.

Highly skilled sewing workers should be arranged
for easy-to-needle hole fabric and accessories

Minimize the number of rework
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the seam re-sewn, with hand movements adjusted according
to the degree of unevenness during re-sewing.

3

Figure 5: Uneven eating potential.

(4) Pleating

Failure to sew in alignment with reference points or
sewing at an excessively high speed can cause pleating. As
shown in Figure 6, pleating compromises the appearance and
quality of the finished product. When pleating occurs, it must
be reworked immediately and must not be allowed to pass to
the next workstation. If discovered only after final assembly,
the item is to be handed over to the rework team for unpicking
and re-sewing.

Figure 6: Pleating.

(5) Misstitching

When sewing operators fail to push aside adjacent fab-
ric sections in a timely manner, misstitching onto unintended
areas of the material can occur. As shown in Figure 7, mis-
stitching deforms the appearance and renders the product
substandard. Should misstitching occur, the seam must be un-
picked and re-sewn, during which needle holes and fabric
damage must be carefully checked, and the cut piece replaced
if necessary.

Figure 7: Misstitching to other locations of the sewing mate-
rial.

(6) Raw Edges and Seam Bursting

Failure by sewing operators to trim components before
stitching or failure to follow the prescribed seam allowance
can result in raw edges and seam bursting. As shown in
Figure 8, these defects seriously impair quality. On garments
requiring wet processing, such defects will cause seam slip-
page after washing, making the damage irreparable. If raw
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edges or seam bursting have occurred, the affected stitches
must be removed and the seam re-sewn, paying close attention
to the amount of trimming required.

Countermeasures for uneven topstitching at the seam in-
clude ensuring adequate ironing, controlling sewing speed,
and assigning highly skilled operators to complex processes.
As shown in Table 2, countermeasures for inner-layer ex-
posure in double-ply seams include sewing with a clear
understanding of the face and lining relationship and iron-
ing properly. Countermeasures for uneven fabric feed include
requiring operators to refrain from pulling the fabric force-
fully, to sew strictly in alignment with reference points,
and to control sewing speed. Countermeasures for pleating
include operators strictly following reference points, control-
ling sewing speed, and pursuing quantity only after quality
is assured. The countermeasure for misstitching is to culti-
vate the habit of pushing aside adjacent fabric pieces while
sewing. Countermeasures for raw edges and seam bursting in-
clude having operators trim components as required before
sewing and adhering strictly to the specified seam allowance.

4.1.3 Stitching Defects

(1) Slipped Stitches

Excessive sewing speed or improper hand movements can
cause slipped stitches. As shown in Figure 9, slipped stitches
not only impair the appearance of the finished product but also
lead to defects after the jeans are washed, as the stitching may
come undone.

Figure 9: Slip wire

(2) Floating Stitches and Skipped Stitches

Sewing directly without first testing on a trial fabric or
improper machine adjustment can cause floating stitches or
skipped stitches. As shown in Figure 10, these defects impair
the appearance and seam strength of the finished product. If
floating or skipped stitches have occurred, the affected stitch-
ing must be removed and re-sewn, and the item must not be
passed to the next operation.
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Table 2: Common quality problems and countermeasures in the seaming process

Quality Problem Points  Cause Analysis

Solution

The bright line at the

. . Inadequate ironing
seam is not straight

The sewing speed is too fast.

Low skill level of sewing employees

Double stitching mate-
rial with exposed lining

Inadequate ironing

Uneven heating potential

They are not following the alignment

point suture.

Sewing too fast, only pursuing quan-

tity

Pleat No alignment when sewing

The sewing speed is too fast.

Miss stitching terial

Hair out or burst mouth .
material promptly

No stitching according to the amount

of stitching

Misremembering the relationship be-
tween face and lining before sewing

Pulling the fabric hard when sewing

Not timely to set aside the seam ma-

Inadequate trimming of excess seam

Ironing should be in place

The sewing speed should be controlled for this type
of process.

Arrange highly skilled turners to do such processes,
and train turners’ skills step by step.

When sewing, be precise about the relationship be-
tween the face and the lining, keeping in mind that
the face is pressed against the lining

Ironing should be ironed in place to ensure that the
face pressed inside

The staff should not pull the cloth hard when sewing
but push the cloth smoothly to sew the stitching with
the trend.

Strictly aligned point sutures

Control the speed of the car to ensure the quality of
the premise of the pursuit of quantity

Sewing workers sew in strict accordance with the
alignment point stitching.

Control the speed of the car and the quality of the
premise to ensure the pursuit of quantity

Get into the habit of plucking the sewing material
with the hands of the worker when sewing.

The process of trimming the turner trimmed and then
sewn

Strictly following the seam allowance

Figure 10: Floating wire and jumper
(3) Thread Breakage

Excessively tight needle or bobbin thread tension, or
sewing at an overly high speed, can cause thread breakage. As
shown in Figure 11, thread breakage seriously compromises
quality and necessitates hand-stitching to imitate the origi-
nal stitch pattern, wasting both labor and materials. If thread
breakage has occurred, the ends must be joined by hand-
stitching and the source operation identified for root-cause
control.

(4) Uneven Overlocking of Two Plies in Three-Thread Over-
lock Seams

Failure by sewing operators to follow the specified seam
allowance, or a mismatch between sewing speed and hand
movements, can cause the two plies of a three-thread overlock
seam to be uneven. As shown in Figure 12, such unevenness
seriously impairs quality. On garments requiring wet pro-
cessing, the stitching may unravel after washing, leaving the
defect irreparable. If the unevenness between plies is > 1/2,
the seam must be unpicked and re-sewn; if the unevenness is
< 1/2, a trial wash may be conducted to determine whether
the product meets the required standard.

Figure 12: Two uneven pieces of the three-line overlock

(5) Decorative Stitch Deformation

Failure to use a template when sewing can easily lead to
deformation of the decorative stitch. As shown in Figure 13,
such deformation directly impairs the appearance of the fin-
ished garment. If deformation has occurred, the affected
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stitches must be removed and re-sewn, and the sewing opera-
tor performing the source operation must be instructed on the
importance of using the template.

Figure 13: line with the wrong

(6) Exposed Positioning Stitches

When either a preceding or the current operation fails to
follow the specified seam allowance, positioning stitches may
become exposed. As shown in Figure 14, exposed position-
ing stitches impair the appearance and quality of the finished
product. If exposure has occurred, the affected stitching must
be removed and re-sewn, and the source operation responsible
must be identified for root-cause control.

1

Figure 14: Positioning line exposed

(7) Excessive Thread Ends

Thread ends can be classified into loose ends that can be
pinched off by hand and those that have not been trimmed
and cannot be removed by hand. The majority of thread ends
result from sewing operators cutting threads and failing to
dispose of them in waste bins, causing them to adhere to gar-
ments instead. As shown in Figure 15, this detracts from the
garment’s appearance and necessitates subsequent trimming
by the finishing department, wasting both labor and materials.
It is therefore essential that every sewing operator recognizes
the importance of timely thread-end removal.

Figure 15: Sewing threads
Countermeasures for slipped stitches include the follow-
ing: sewing operators performing thorough self-inspection
after sewing, sewing at an appropriate speed, and feeding the
fabric smoothly in a consistent direction without lateral sway-
ing. As shown in Table 3, the countermeasure for floating
stitches and skipped stitches is to test the equipment on a trial
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fabric before starting an order or after machine repair to con-
firm it is functioning normally. Countermeasures for thread
breakage include adjusting the sewing speed to a moderate
level, regulating needle-thread and bobbin-thread tension to
ensure they work in harmony, and inspecting the machine
needle and rotary hook for damage. Countermeasures for un-
even overlocking of two plies include matching sewing speed
with proper hand movements and sewing strictly according
to the specified seam allowance. The countermeasure for in-
correct decorative stitching is to use a template when sewing
decorative stitches. The countermeasure for exposed position-
ing stitches is to sew strictly in accordance with the seam
allowance specified in the process requirements. Countermea-
sures for thread ends include the following: sewing operators
developing the habit of promptly placing cut thread ends into
waste bins; affixing adhesive tape to the machine head so that
cut threads can be stuck onto it as they are trimmed; and,
for thread ends remaining after sewing, requiring that every
sewing operation trim them promptly and dispose of them in
waste bins.

4.14 Component Alignment Defects

(1) Severe Misalignment of Cross-Seam Intersections

Failure to match cross-seam alignment points or improper
hand movements by sewing operators can cause severe mis-
alignment at seam intersections. As shown in Figure 16,
cross-seam intersections that fail to align properly impair the
appearance and render the product substandard. If such mis-
alignment has occurred, the affected seam must be unpicked
and re-sewn, and the operator responsible for the source
operation must be identified for root-cause control.

T

Figure 16: Severe misalignment of cross-alignment points

(2) Asymmetry

Not sewing in accordance with the specified seam al-
lowance and process requirements can readily lead to asym-
metry in components designed to be symmetrical. As shown
in Figure 17, asymmetry detracts from the garment’s appear-
ance and renders it substandard. If asymmetry has occurred,
the affected seam must be unpicked and re-sewn in accor-
dance with the process requirements.

Figure 17: Asymmetric problem
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Countermeasures for severe misalignment of cross-seam
intersections include sewing operators strictly following
alignment points and maintaining moderately tight, smooth
stitching. As shown in Table 4, countermeasures for asym-
metry include sewing in strict accordance with the process
requirements and specified seam allowances, and for symmet-
rical components, comparing both sides after sewing to ensure
symmetry.

4.1.5 Sewing Workflow Deficiencies
(1) Omitted Operations
Operator carelessness, or one operator being assigned

multiple operations without following the prescribed se-
quence, can result in omitted operations. As shown in
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Figure 18, an omitted operation seriously compromises qual-
ity; for garments requiring wet processing, the defect be-
comes irreparable after washing.

Figure 18: Missing process

(2) Misuse of Fabric and Accessories
When changing orders, inadequate marking or an un-
clear changeover procedure can easily lead to the use of

Table 3: Common quality problems and countermeasures in sewing stitches

Quality Problem Points

Cause Analysis

Solution

Slip wire

Floating and patch cords

Disconnected

The two pieces of the
three-wire wrap sewing
are not flush

Decorative line deforma-
tion
Exposed positioning line

Many threads

No self-inspection of the pro-
cesses they operate

The sewing speed is too fast,
and the sewing material shakes
from side to side.

Direct sewing without a trial
session

The sewing speed is too fast
The face line is too tight, or the
bottom line is too tight

Damage to needle or shuttle

The sewing speed is too fast for
hand gestures to be adjusted

No sewing by the seam al-
lowance

No template was used, and no
lines were drawn in advance
No control of the sewing por-
tion

Threads are cut off and thrown
away, not into the trash

The thread did not sticky tape in
time.

Sewing workers did not cut the
thread in time.

Sewing workers do an excellent job of self-inspection
after sewing; found slippery thread immediately solve
Sewing workers should sew at an appropriate speed,
pushing the cloth smoothly along the car line, not
swinging from side to side.

Test run before billing and after machine repair

Sewing speed set to moderate
Tune the bottom line of the surface to make it fit well

Check whether the needle and shuttle are in good con-
dition

Sewing speed and hand gestures should be well
matched and smoothly pushed forward

Strictly following the seam allowance
For decorative threads to be sewn using a template

Sewing in strict accordance with the amount of seam al-
lowance required by the process

Sewing workers need to develop the good habit of
putting the cut threads into the waste basket in time
Fixed tape on the head of the machine and cut off the
thread with the sticky tape.

Each sewing process should be cut off for dead sewing
threads and put into the waste basket in time.

Table 4: Common quality problems and countermeasures in the alignment of sewing parts

Quality Problem Points

Cause Analysis

Solution

Severe misalignment of
cross-alignment sites

Asymmetrical problems

Not sewn according to the align-

ment point

The sewing process is a little loose

and a little tight, unstable

Not sewn according to the process

No self-inspection after sewing is

completed

Sewing workers should strictly follow the align-
ment point sewing.

The stitching should be moderately tight and
smooth

Strictly according to the process requirements and
sewing parts

For symmetrical parts, compare them after sewing
to make sure they are symmetrical
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incorrect fabric or accessories. As shown in Figure 19, us-
ing incorrect materials will directly cause batch defects and
must be eliminated. If such misuse has occurred, the en-
tire batch must be reworked, the root causes analyzed at a
production department meeting, and the corrective solution
institutionalized.

Figure 19: fabric and accessories with the wrong

Countermeasures for omitted operations include estab-
lishing a fixed sewing sequence when one operator handles
multiple operations, prohibiting any unauthorized deviation
from that sequence, and requiring team leaders to reinforce
awareness during pre-shift meetings to draw the attention
of sewing operators. As shown in Table 5, countermeasures
for the misuse of fabric and accessories include clarify-
ing the changeover procedure and implementing labeling in
accordance with the 5S standard.

4.2 Specific Standard Requirements

During the jeans sewing process, as shown in Table 6, defects
such as soiling, needle holes, uneven topstitching at the seam,
inner-layer exposure in double-ply seams, uneven fabric feed,
pleating, raw edges or seam bursting, slipped stitches, un-
even overlocking of two plies in three-thread overlock seams,
decorative stitch deformation, exposed positioning stitches,
excessive thread ends, severe misalignment of cross-seam
intersections, and asymmetry can be assessed against the
corresponding standard criteria to determine whether they
constitute severe or minor defects. Severe defects must be
classified directly as defective products, whereas minor de-
fects may be repaired to render the product acceptable. In
addition, the presence of any of the following conditions,
holes, reversed seam allowance, omitted operations, thread
breakage, misstitching onto unintended areas of the material,
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incorrect decorative stitching, incorrect construction, incor-
rect directional orientation of the pile, wrong side of the
fabric, or incorrect grain line direction, shall be deemed a
severe defect, and the product must be classified as defective.

5 Conclusion

Through a six-month field survey spanning multiple produc-
tion lines, this paper has systematically investigated quality
control and standard optimization in the jeans sewing pro-
cess. The study developed a five-category defect classification
framework, fabric surface defects, seam construction defects,
stitching defects, component alignment defects, and sewing
workflow deficiencies, and established an enterprise-level
quality inspection standard comprising 18 quantitative indica-
tors. Beyond these descriptive findings, the paper yields three
core conclusions of significant theoretical and practical value.

First, the findings serve as a corrective to the technocentric
perspective dominating the intelligent manufacturing litera-
ture. Whereas existing research largely emphasizes computer-
vision-based automated defect detection and robotic sewing,
our field data reveal that high-frequency repetitive defects,
such as alignment deviation, uneven seam allowance, and
skipped stitches—stem not from a lack of technical equip-
ment, but from a disconnect between standardized operating
procedures and their on-site execution. This provides em-
pirical grounding for a viewpoint frequently invoked but
insufficiently substantiated in the literature: that the imple-
mentation of standardization lags behind its design. In so
doing, the study bridges macro-strategic discourse and shop-
floor operational reality.

Second, the two-month pilot validation yielded quan-
tifiable quality improvements. The core mechanism of the
proposed optimization scheme lies in distilling workers’ tacit
operational experience into verifiable and enforceable work
standards. This result affirms the central value of human ex-
pertise within the human-centric paradigm of Industry 5.0 and
counters the prevalent, one-sided assumption that quality can
be enhanced through automation alone.

Third, the 18-indicator inspection standard constructed in
this study represents a methodological advance over existing
frameworks. Whereas prior work largely confines quality re-
quirements to general, principle-based statements, this study
introduces quantifiable thresholds for defect severity. For in-
stance, it explicitly stipulates that a deviation of > 0.3 cm at

Table 5: Common quality problems and countermeasures in the sewing process

Solution

Quality Problem Cause Analysis

Points

Missing process Not sewn in the order of the chore-
ography
Inadequate communication by base
managers

Wrong fabrics and Unclear process

accessories

Inadequate implementation of 5S

before production

When one person has more than one order, make
the sewing order, do not disrupt the order.

The team leader strengthens the class meeting to
preach and clarify the seriousness of the leakage
process.

Clarification of the order exchange process

Marking according to 5S standard




Huo et al. / J. Des. Intell.

2026 1(2):43-56

53

Table 6: Sewing link jeans inspection basic standards

The standard basis for de-

Serial o .. The standard basis for determining . . .
Quality inspection items termining minor defects
number severe defects (cm)
(cm)
1 Dirt Promu;ent stain area greater than Not obvious
0.6cm
2 Needle hole A large number of needle holes /
The bright line at the seam  Significant irregularities in important .
3 . . Minor
is not straight parts
4 Df)uble stltchl.ng?y material >1 <1
with exposed lining
5 Uneven heating potential Serious Minor
6 pleat i(il;wous pleating, outer width pleat- Slight pleating
. oo The existence of such a situation is a
7 miss stitching /
severe defect.
8 Hair out or burst mouth No. I part and affect the firmness Non-1st part
(D Outer width slip stitch > 1 stitch; When there is no dark thread
9 Slip wire 2 Inside width without dark thread, in the lining, slip stitch 1;
P slip stitch > 2 stitches; with dark when there is the dark thread,
thread, reverse side > 4 stitches. the reverse side < 4 stitches
10 Floating and tuning lines The existence of such a situation is a /
severe defect.
11 Disconnected The presence of such a condition is a /
severe defect.
The two pieces of the (D) door lining, front and back wave, Door lapel, front and rear
12 three-wire wrap sewing are  building seam two stop difference >  wave, building seam two stop
not flush. 1/2; @ profound fullness. difference < 1/2
13 Decorative line deforma- The presence of such a condition is a
tion severe defect.
14 Exposed positioning line Important parts Secondary parts
15 Many threads Outside width and inside width accu- 3 < outside width, inside
y mulate > 10 width cumulative < 10
16 Severe misalignment of (I) Back wave cross point > 0.3; 2 /
cross-alignment sites Bottom wave cross point > 0.4.
(Dknee position and head deviation;
17 Asymmetrical problems @ foot port > +0.2; 3) waist align- 0.3 < waist-parity < 0.5.
ment point > (.5.
18 Front pocket, head height >0.6 [0.3,0.5]
19 Missing process The presence of such a condition is a /
severe defect.
20 Wrong fabrics and acces- The presence of such a condition is a /

sories

severe defect.

the back-rise cross-seam constitutes a severe alignment de-
fect. This quantification directly addresses the subjectivity
flaw long identified in standardization research, transforming
traditional subjective visual inspection into verifiable, trace-
able metrics suitable not only for manual quality checks but
also as a future basis for machine-vision-based intelligent
inspection. In essence, both the five-category defect classifi-
cation framework and the methodological principle of setting
quantifiable thresholds are transferable across a broad range
of woven and knitted apparel products.

The theoretical contribution of this paper is the con-
struction of an empirically grounded, production-scenario-
oriented quality optimization model for the jeans subcategory,
a domain that has received only limited attention in gen-
eral garment research. The practical implication is that, in
pursuing higher quality and efficiency in jeans sewing, en-
terprises should prioritize systematically converting frontline
workers’ accumulated hands-on experience into standardized,
quantifiable, and enforceable work standards; intelligent tech-
nology ought not to replace human judgment, but to serve
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as a tool for amplifying the effectiveness of human exper-
tise. Future research will introduce a real-time monitoring
system based on statistical process control (SPC), develop a
quantitative defect prediction model, and thereby upgrade the
current post-process quality control regime into an intelligent,
proactive, and preventive quality assurance system.
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