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A B S T R A C T
There are many digital transformation challenges going forward towards Industry 4.0 
in Thailand, especially for the traditional manufacturing firms that have been operating 
without digital technologies. The paper presents a case study of a safety shoe 
manufacturer, CPL Group Public Company Limited, adopting digital technologies to 
transform its production system of 40 years. It presents a conceptual design for 
production tracking based on IoT technologies for productivity improvement. This 
research uses inductive case study research design by interviewing executives and 
participating in the digital tracking development project using IoT sensors and image 
processing. The findings show the key success factors of digital transformation in 
manufacturing, strategies required for development, and the conceptual design of the 
production tracking system.      
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Introduction

Many firms have been moving toward digital 
transformation (DT), which refers to using new digital 
technologies to enable major business improvements 
(Fitzgerald et al., 2014). Industry 4.0 includes the digi-

talisation of the production concept, the integration of 
learning machines, communication objects, and 
autonomous robots to create new avenues of produc-
tion (Valenduc & Vendramin, 2017). It consists of 
interoperability, virtualisation, flexibility, real-time 
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availability, automation, service orientation, and 
energy efficiency (Perales et al., 2018). Examples of 
Industry 4.0 technologies are Cyber-Physical Systems 
(CPS), Internet of Things (IoT), Big Data, Industry 
Automation, Artificial Intelligent (AI), Cloud Com-
puting, Cybersecurity, Robotic Process Automation, 
Intelligent Robotics, and Human-Computer-Interac-
tion (HCI) (Baena et al., 2017; Himang et al., 2020; 
Hofmann et al., 2019; Peruzzini et al., 2017; Siderska, 
2020). These technologies aim to connect the physical 
and the virtual worlds with the intelligent flow of the 
workpieces machine-by-machine in a factory, in 
which machines communicate in real-time (Alcácer 
& Cruz-Machado, 2019). The flexible and collabora-
tive system can upgrade the factory to be more intel-
ligent and more adaptive, allowing to make the best 
decision when dealing with industrial problems 
(Peruzzini et al., 2017). 

Industry 4.0 presents a challenge for the manufac-
turing industry to adopt digital technology and create 
more efficient and effective production processes. It is 
an extremely challenging process because a firm needs 
to formulate new strategies that align with its culture 
and workflow. Employees are mostly afraid of being 
replaced by robots or AI. A firm needs to gradually 
change people’s mindsets to embrace technologies and 
the new working environment. Many firms have 
adopted new technologies to improve production 
processes, such as 3D printing, RFID, robots to track 
production, increase productivity, and reduce costs in 
the long term (Bertola & Teunissen, 2018). However, 
it is not easy to fully integrate digital technologies in 
the production process in a labour-intensive industry. 
The rapid digital transformation in manufacturing 
can cause problems, such as employee learning curve, 
resistance, and overwhelming data. Some firms invest 
in modern technologies, such as IoT, CPS, or human-
computer interaction systems, just because they think 
digital transformation is investing in technologies. 
They did not know how to utilise and properly imple-
ment them fully. Manufacturing has a complex adap-
tive system that involves adaptive interaction between 
humans and machines (Jones et al., 2021; Miller, 
2016). 

 This paper presents a case study of a safety shoe 
manufacturer in Thailand adopting modern digital 
technologies for production tracking and defect 
detection using IoT sensors and image processing. It 
presents the conceptual design and development of 
the production tracking system for the safety shoe 
products. The project aims to improve productivity, 
increase accuracy by providing real-time production 

processes, and identify bottleneck processes. Further-
more, this paper shows the key DT success factors of 
the factory. This paper contributes to the literature on 
digital transformation in the manufacturing industry 
by providing practical methods and guidelines for 
firms to adopt digital technologies and improve pro-
ductivity.

1. Literature review

Automated machinery and digital and innovation 
technologies are important to the development of  
a Smart Factory. The digital transformation concept is 
widely discussed in different definitions (Issa et al., 
2018; Jones et al., 2021; Mahmood et al., 2019). Vial 
(2019) developed a working definition of digital trans-
formation as “a process that aims to improve an entity 
by triggering significant changes to its properties 
through combinations of information, computing, 
communication, and connectivity technologies” (Vial, 
2019, p. 118). Kutnjak et al. (2019) showed a literature 
review of digital transformation across industries, 
indicating that industries have implemented modern 
technologies to improve production and work pro-
cesses, called a smart factory. Industry 4.0 technolo-
gies like CPS, IoT, AI, Big Data, Cloud Computing, 
and HCI enable seamless data integration, virtual 
reality, and an automation system (Himang et al., 
2020; Peruzzini et al., 2017; Mokhtar et al., 2020; Sid-
erska, 2020).

Kane et al. (2015) argued that digital transforma-
tion was not only about adding technology but also 
more about changing aspects of processes, culture, 
individual mindsets, and strategies. Paulk et al. (1993) 
developed the capability maturity model to assess and 
evaluate the development of software systems, pro-
jects, human resource management, and IT govern-
ance. Issa et al. (2018) defined four maturity levels. 
Level 1 has no Industry 4.0 or only ad-hoc, meaning 
that no person is responsible for Industry 4.0 or digital 
technologies. Level 2 is the departmental level,  
at which DT is being implemented on a departmental 
or shop floor level. However, the activities are not 
synchronised. Level 3 is the organisational level, 
meaning that DT is implemented in the whole organi-
sation. All departments are involved in vision and 
digital strategy formulation. Level 4 is the inter-
organisational level, meaning that DT is implemented 
with overall supply chain partners. 

The main objectives of firms to adopt DT are 
efficiency, productivity, and integrating suppliers and 
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customers in their value chain (Baird & Raghu, 2015). 
Implementing DT required digital strategies and 
alignment with the whole organisation (Hess et al., 
2016; Kane et al., 2015). Therefore, DT is the adoption 
of digital technologies (combinations of information, 
computing, communication, and connectivity) to 
radical internal and external change processes and 
then evolving into an implicit transformation of the 
organisation, requiring a holistic approach (Schweer 
& Sahl, 2017). However, it is difficult to fully integrate 
digital technologies in the entire life cycle of products, 
especially for micro, small and medium enterprises 
(MSMEs).

Borangiu et al. (2019) stated that “the digital 
transformation of manufacturing envisaged by Indus-
try 4.0 is based on the paradigm of 31 technological 
advances: (1) Instrumenting manufacturing resources 
(e.g., machines and robots), products (e.g., product 
carriers and subassemblies), and environment (e.g., 
workplaces and lighting); (2) Interconnecting orders, 
products/components/materials, and resources in  
a service-oriented approach using multiple communi-
cation technologies such as wireless, broadband 
Internet and mobile. (3) intelligent decision making in 
the manufacturing value chain based on ontologies 
and digital twins – digital models of manufacturing 
resources, processes and products extended in time, 
space and operating context, new controls based on 
ICT convergence in automation, robotics, machine 
vision, agent-based control, holonic organisation, data 
science, machine learning, and implementing frame-
works: Multi-Agent Systems (MAS), Cloud services, 
and SOA, and novel management of complex manu-
facturing value chains (supply, production, delivery, 
after-sales services) in virtual factories” (Borangiu et 
al., 2019, p. 151-152).

There is no one right solution to conduct digital 
transformation. Many firms are ready to engage with 
digital transformation, but they are uncertain of how 
to change. A major barrier of digital transformation is 
the lack of an effective strategy, technology disruption, 
strategic alignment, data insufficiency and unreliabil-
ity, high investment, inadequate knowledge and skill, 
and challenges in value-chain integration (Borangiu et 
al., 2019; Mahmood et al., 2019; Vogelsang et al., 2019; 
Gajdzik et al., 2021; Nwaiwu et al., 2020). Hence, 
many firms slowly adopted modern technologies step 
by step to synchronise the interaction between 
humans and machines and conduct trial-and-error 
exercises. Firms and employees need to find the root 
cause and propose solutions that fit their circum-
stances. They tend to use the widely used technologies 

like Radio Frequency Identification (RFID) for pro-
duction tracking and production robots to optimise 
speed and precision (Bevilacqua et al., 2017; Chen  
& Tu, 2009; Ding et al., 2018). The main implementa-
tion objectives are to measure current performance in 
real-time and identify bottlenecks and losses in the 
operations (Stoldt et al., 2018). Ding et al. (2018) 
developed a prototype using RFID devices in each 
job-shops and a transportation vehicle to collect real-
time production and transportation data in a printing 
machinery company. Data were processed to monitor 
production progress and states. Bevilacqua et al. 
(2017) proposed an optimisation process for the foot-
wear production and reengineering the production 
planning using the IDEF0 approach and (RFID). 
However, it was the TO-BE map to introduce a new 
production scheduler and RFID technologies. The 
RFID provides a solution for logistical tracking of 
inventory or equipment (Bevilacqua et al., 2017). 
Chen and Tu (2009) showed the prototype of agent-
based manufacturing control and coordination sys-
tem. This system used ontology and RFID technology 
to monitor and control and track dynamic production 
flows of mass customisation manufacturing processes. 
Musikthong and Chutima (2020) presented a devel-
opment plan of machinery and technologies to sup-
port digital transformation in organisations, such as 
manufacturing information, machinery integration, 
security track trace, and RFID system for production 
and inventory management systems.

The next step is data integration between tools, 
machines, and factory ICT systems, which involve 
data acquisition, connection, preparation, conversion, 
and analytics. The digitalisation of production systems 
requires the availability and connectivity of data and 
ICT systems. Many studies have proposed approaches 
to improve manufacturing systems using digital tech-
nologies. However, most of them cannot deal with 
real-time data that can be effectively analysed and 
used by web-based applications and services (Huang 
et al., 2009; Monostori et al., 2016). 

CPS enables the horizontal and vertical integra-
tion of the end-to-end digital integration (Ding et al., 
2018). CPPS includes the integration of computing 
technologies, ICT, and manufacturing science and 
technologies (Wright, 2014). It is characterised by 
intelligent and autonomous interactions among CPS 
objects and their environment using IoT, responsive-
ness to changes, and integration of physical resources 
(Atzori et al., 2010; Monostori et al., 2016). CPPS is 
connected within and across all levels of the produc-
tion and logistics network. Its three main characteris-
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tics are intelligence, connectedness, and 
responsiveness (Monostori et al., 2016). CPPS has 
two main functional components: advanced connec-
tivity to ensure real-time data acquisition and analyt-
ics and computational capabilities (Monostori et al., 
2016). Previous studies have discuses CPS, IoT, and 
cyber-physical production systems (CPPS) (Dafflon 
et al., 2021; Monostori et al., 2016; Wright, 2014). 
Zhao et al. (2020) adopted collaborative tracking 
using IoT, edge computing technology, and super-
vised learning of genetic tracking methods to track 
and locate a material trolley in real-time at the air-
conditioner manufacturer in China. Jagtap et al. 
(2019) adopted an automated and real-time system 
based on IoT concepts, image processing, and load 
cell technologies to measure the overall amount of 
waste and the reasons for waste generation in real-
time in the potato processing industry in the United 
Kingdom. 

A video camera captured images to identify the 
damaged, unusable potatoes. A digital load cell meas-
ured their weight. The Convolutional Neural Network 
(CNN) was applied to identify a potential reason for 
potato waste generation. The real-time data helped 
workers in the production, transportation, and pro-
cessing of potatoes to identify various causes of waste 
generation. 

Jagtap and Rahimifard (2019) presented the 
design and IoT application to monitor and capture 
food waste data in real-time in the ready-meal fac-
tory, the United Kingdom. Nemec et al. (2003) pre-
sented the automation of the shoe lasting process 
using a commercial lasting machine, a vision-guided 
last positioning machine, and an industrial robot to 
increase productivity and reliability of the produc-
tion. However, they only focused on the lasting pro-
cess.

Many factories are developing and enhancing 
their capabilities approaching Industry 4.0. They 
focus on the production tracking system as one of the 
Industry 4.0 activities; however, a study related to this 
issue is limited (Minoufekr, Driate, & Plapper, 2019; 
Zhong et al., 2013; Zhang & Sun, 2013). It improves 
productivity, monitors workflow, detects bottlenecks, 
and reduces production time. Physical objects can be 
tracked using sensor and RFID technologies 
(Minoufekr, Driate, & Plapper, 2019). Minoufekr, 
Driate, and Plapper (2019) showed the IoT and RFID 
solution for SME manufacturing to track the produc-
tion chain. Each workstation was equipped with 
RFID scanners to record activities and the product 
flow. The system displayed a real-time status of the 

assembly line. The production efficiency increased 
from 62.63 % to 87.50 %. Several challenges arise 
while implementing the production tracking system. 
Zhong et al. (2013) proposed an RFID to monitor  
a real-time manufacturing execution system for mass 
customisation production. Nevertheless, it could not 
support the dynamic change of manufacturing pro-
cesses. Zhang and Sun (2013) proposed the architec-
ture of an RFID-enabled customised/personalised 
production based on multi-agents for CPPs, which 
consisted of five elements: manufacturing cloud, 
central node (workshop gateway), local wired/wire-
less network, shop-floor workstations and parts/
materials. The local wired/wireless network con-
nected the central node and workstations. RFID tags 
were mounted on (key) parts. Each station was 
equipped with RFID readers to read the identity from 
the tags. This system could track manufacturing 
objects and monitor the shop floor.

Shoe production is labour-intensive manufactur-
ing. It requires skilled labour in many processes, such 
as inspection. The adoption of full automation in this 
industry is low (Nemec et al., 2003). There are several 
perspectives of research in the footwear industry, 
such as productivity improvement, sequencing prob-
lem, production planning, scheduling problem, 
automation of planning, production, and distribution 
processes (Calderón-Andrade et al., 2020; Castillo-
Castañeda et al., 2021; Jimeno-Morenilla et al., 2021; 
Nemec et al., 2003; Sadeghi et al., 2021). Castillo-
Castañeda et al. (2021) adopted the lean concept to 
increase productivity and reduce reprocessing. Sade-
ghi et al. (2021) presented an optimisation model for 
a mixed-model assembly line sequencing problem. 
Zangiacomi et al. (2004) applied a finite capacity 
scheduler integrated with new software based on the 
Analytical Hierarchy Process decision support system 
to solve a production planning and scheduling prob-
lem for mass customisation systems. Dang and Pham 
(2016) applied Discrete Event Simulation (DES) to 
design a footwear assembly line with uncertain task 
times and parallel workstations to maximise the per-
formance of the assembly line. Tran et al. (2021) pro-
posed a concept for a low-cost integrated automation 
system in footwear SMEs in Vietnam. 

In Thailand, to the best knowledge of the authors, 
there is no case study of digital technologies imple-
mentation in the production line of a shoe factory. 
Extant research focused on footwear design strategies 
(Adulyanukosol & Silpcharu, 2020), which is not rel-
evant to production tracking. Case studies about 
implementing IoT and image processing in produc-
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tion tracking are limited. Many firms are ready to 
invest in modern digital technologies with limited 
budgets but do not know how to start. This paper 
presents a production tracking system designed using 
IoT sensors and image processing to track the pro-
duction process and count good and failed products 
at the safety shoe factory to demonstrate how to 
improve the production process. IoT sensors collect 
shop floor data, integrate it from several machines, 
and display it on the system monitor in real-time. 
Moreover, this paper discusses the key success factors 
that facilitate DT in the factory.

2. Research methods

This paper conducted qualitative research by 
using an inductive case study. The interview was con-
ducted onsite, and the duration was approximately 
two hours. A site visit was organised to observe opera-
tions in the production line for three days. The team 
participated in designing and developing the digital 
tracking solution using IoT sensors and image pro-
cessing to count the number of passed and defective 
finished goods. An open-ended interview was used to 
iteratively gather information and investigate how the 
firm utilised digital technologies to transform the 
production line to yield meaningful insight (Nowell et 
al., 2017). the interview involved the CEO of CPL 
Group Public Company Limited (hereafter referred to 
as CPL) and the CTO of Smart Sense Industrial 
Design Company Limited (hereafter — Smart Sense). 
Smart Sense is a consulting, engineering, and IoT 
system service provider and the partner for hardware 
design and support in this project. The interview 
focused on the progress of the digital tracking devel-
opment project using IoT sensors and image process-
ing.

3. Research results

3.1. Company profile

CPL is a major safety shoe manufacturer in Thai-
land under the “PANGOLIN” brand, the market 
leader in Thailand for over 25 years. On 27 January 
1994, CPL registered the company with the capital of 
THB 180 million by Charoensin Family, Pan Oversea 
Cooperation, and Lien Dah Ltd. On 19 December 
1994, the company transformed into a public com-
pany limited by listing on the Stock Exchange of 

Thailand named “CPL Group Public Company Lim-
ited”. 

CPL manufactures and distributes leather prod-
ucts, personal protective equipment and renders the 
tanning service. Its business consists of three main 
parts: 1. Finished Leather Business, 2. Tanning Service 
Business, and 3. Safety Shoes and PPE. This study 
focuses on safety shoe production. Its products have 
been used by many sectors of industries nationwide 
and exported to various countries. Examples of its 
customers are Thai Honda, Thai Toyota, Charoen 
Pokphand, Siam Cement Group, and PTT oil. 

In 2001, CPL expanded the business by a joint 
venture with three companies in China involved in the 
tannery industry and shoe factories. The tannery 
named “C.P.L. International Company Limited” was 
opened in Guangzhou, China, to support customers’ 
purchase orders in China. Currently, this factory was 
terminated, and it is in the process of business restruc-
turing. Recently, a business discussion was initiated 
with a new potential investor in China.

In 2016, the company invested with a business 
partner in Hong Kong and established a company 
named “Integrated Leather Business Company Lim-
ited” that engages in the import and sales of leathers. 
The company held 40 % of total registered shares 
because the company saw the potential opportunities 
in the leather business and reduced the restrictions on 
the grade of leather that will be used in the production 
process.

The safety footwear accessory brand PANGOLIN 
was the first to receive certification according to the 
standard TIS. 523-2558, Standard Quality Manage-
ment System ISO 9001: 2008 by Bureau Veritas. It has 
the highest market share in the safety shoes and safety 
equipment market in Thailand. There are three groups 
of safety shoe products: low, medium, and premium. 
The low group focuses only on durability. The medium 
group focuses on durability and comfort. The pre-
mium group uses higher material quality. It is more 
durable, comfortable and has beautiful shapes and 
many colours. 

3.2. Production process

Fig. 1 shows the five main manufacturing process 
flows.
• Cutting process. This process uses manual cut-

ting and semi-automation cutting machines to 
cut leather and material into different patterns 
for the upper. After that, operators conduct QC 
before sending it to the next process.
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Fig. 1. Line operation for safety shoes 

 

 
Fig. 2. Conceptual design of the production tracking system 

 

• Stitching process. Workers use a sewing machine 
or computerised sewing machine to stitch upper 
parts together according to a pattern. 

• Preparing lasting process. Workers use machines 
for punching, clinging, and detail sewing to 
prepare upper parts for the lasting process (i.e., 
some detail sewing). 

• Lasting process. This process uses a combination 
of manual, semi-automated, and automated 
machines. There are two types of upper: Stretch-
ing and Strobel, which are processed in parallel 
production. There are eight subprocesses in this 
workstation. Parts are hung on the conveyor 
machine to the lasting machine. After parts are 
fed into the machine, the shoe lasting machine 
glues the shoe upper and shoe last and sends to 
the toe lasting process for gluing. There are two 
toe lasting machines for the left and right sides. 
Then parts move to the heel-side lasting machine 
for gluing. There are two heel-side lasting 
machines for the left and right heel. Then it 
moves to the heat setting machine to apply high-
temperature steam and hot air to mould the 
upper for controlled periods of time to destress 
and relieve the residual stress from the lasting 
process. Then it moves to the chilling machine. 
The chiller machine is used after tightening the 
shoe to stabilise the shoe material on the block 
with the sole glued to reduce the processing time 
of the workpiece on the shoe last. Cold tempera-

ture is used to stabilise leather and remove the 
excess moisture from the surface. Then, the parts 
move to the roughing machine and then to the 
lasting slipping machine. The last subprocess is 
the inspection. Inspectors conduct a quality 
check to ensure that the upper is appropriately 
sewn, the size of the upper is correct, the quarter 
tightening system is correct, materials for the 
lasting are suitable and compatible with the 
materials of the safety shoe.

• Assembly process. This process combines the 
upper with the insole. There are three assembly 
processes: cementing (one assembly line), injec-
tion (three assembly lines), and vulcanising (one 
assembly line). The cementing process has  
a conveyor and a semi-automated machine. The 
injection process uses the semi-automated 
machine and robot arms. The vulcanising pro-
cess uses semi-automated machines. Each 
machine can produce only one side of the shoe. 
The outputs of each assembly line move through 
its conveyor to the dressing and packing  
processes. The dressing process is the final detail 
decoration and checks the quality of products 
before sending to the packing process. If  
the product has defects, QC staff will apply  
a mark to identify defective spots and separate 
them to another line. For the passed products, 
workers put Pass QC stickers on the box and 
pack them. 
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3.3. Problems in the current system

The current system has no digital production 
planning or scheduling. Managers use their experi-
ence to order production. They use a production 
order sheet to identify the total number of daily pro-
ductions for each safety shoe model. Mostly, the total 
number of productions did not finish as planned. 
Sometimes when there is a surge in demand, the fac-
tory fails to meet customer needs. 

The current system consists of manual, semi-
automated, and automated machines. However, the 
majority of the system is manual machines that 
require worker interaction. Despite implementing 
machines and robots in the production line, the fac-
tory has not installed any IoT devices to collect data. 
Managers and employees do not have real-time pro-
duction status data, temperature, and the number of 
passed and defective shoes. The plant manager and 
operators cannot see the real-time temperature at 
heat setting and chiller machines. Moreover, the 
machine status (on-off, breakdown, maintenance) 
cannot be tracked, leading to insufficient control 
management and cannot help managers identify bot-
tlenecks in the system, especially in the lasting process 
with many sub-processes. When a machine is down 
or stops working, managers or operators do not get  
a system alert. Operators need to inform the manager 
when they see it happen, which slows down the pro-
duction and affects production planning. In addition, 
the production capacity cannot be maximised.

 Another issue is the production tracking at 
the lasting workstation. There is no record of a num-

ber of products in and out from the system. Operators 
have to record data manually, which causes data inac-
curacy and difficulty in justifying the overall equip-
ment effectiveness (OEE). The last issue is the lack of 
passed/defective product recording. In the current 
system, inspectors at the packing workstation need to 
check each shoe’s defects in the box manually, sepa-
rate defected from passed products, and count them 
box by box.

3.4. Design and development of produc-
tion tracking system

This paper presents a conceptual design and 
development of the production tracking system by 
adopting the IoT sensors and video camera to track 
the production flow starting from the lasting process 
to the assembly process (Fig. 2). This system also 
includes real-time data display and monitoring con-
trol. 

There are three types of IoT box prototypes: IoT 
box for temperature tracking, IoT box for machine 
status tracking, and IoT box as a gateway to connect 
the data from the shopfloor, cameras, and the soft-
ware part. They were installed at the lasting, cementa-
tion, PU2003 injection, PU2001 injection, and 
vulcanising workstations to cover the critical areas. 
The IoT box was not installed at the PU1983 injection 
workstation because it produces special products that 
have low demand each year.

Before the digital transformation, managers and 
operators could not see the current temperature in 
the heat setting, chiller machine, and gluing process 



86

Volume 13 • Issue 4 • 2021
Engineering Management in Production and Services

at the lasting station. Therefore, six IoT temperature 
sensors were used at the lasting workstation to 
improve productivity and show the real-time tem-
perature at each station (Fig. 3). Two sensors were 
installed at three stations: the heat setting, chillers 
machine, and the gluing process. Temperature con-
trol is important for these processes to produce  
a quality product.

The QR code is used to update product move-
ment and status. The batch QR code contains the 
Batch ID, date of the job order, the station, the quan-
tity for the lot, the pattern insole, the group, the SKU 
number, the shoe size, and the quantity. Operators 
move the WIP in batch (Fig. 4). Once the batch is 

ready, an operator scans the QR code for checking in 
and confirms the production number on the tablet 
screen. The system records the production time for 
each batch. Once the production process of each 
batch begins, the input buffers are divided into each 
basket by four pairs, consisting of two pairs of stretch-
ing and Strobel. The stretching group needs to go to 
vulcanising, the PU2001 injection process, and the 
cementing process. The Strobel group goes to the 
PU2003 injection process and cementing processes. 

Fig. 5 shows the process before leaving the lasting 
station. A QC worker checks the product quality and 
then scans the job order card to count the passed 
product. The worker must confirm each batch’s num-

2 
 

 
Fig. 3. Design concept of IoT sensor installation at the lasting station 

 

 
Fig. 4. Design work process at the lasting station by using the QR code and Kanban job order 
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Fig. 5. Design work process of inspection at the lasting station 
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Fig. 5. Design work process of inspection at the lasting station 

 
 
 

Fig. 6. Example of the production tracking system at the cementing process (check-in process)

ber of passed products before placing the passed 
product from a lasting station on the cart at the WIP3 
station and waiting to be transferred to the assembly 
stations. There are four types of carts. The first cart 
goes to the cementing station. The second cart goes to 
the vulcanising station. The third cart goes to the 
PU2003 injection station, and the last one goes to the 
PU2001 injection station. A QC worker scans the QR 
code of each product on the job order card and con-
firms the total number on the computer. Then the job 
order card is attached to each cart. The cart is trans-
ferred to the next process. This process was observed 
over an installed video camera to monitor the pro-
duction process.

There are four assembly stations in this produc-
tion tracking system design scope: cementation, 

PU2003 injection, PU2001 injection, and vulcanisa-
tion. At the check-in point of each assembly station, 
an operator scans Batch ID or Item ID (for repairing) 
to receive this order and confirm the production 
quantity. At the vulcanising station, a video camera 
was installed for defect tracking (Fig. 7).

Two injection stations are involved in the pro-
duction tracking system: PU2003 and PU2001. This 
station uses a 6-axis spray robot, 6-axis roughing 
robot robotics, and PU injection machines. An injec-
tion machine has 24 sub-machines. Each sub-
machine can produce one side of the shoe. Thus, the 
QR code and the IoT sensor were used to update 
product movement and status. These IoT sensors 
were installed to detect and count incoming and out-
going products from the station. Additionally, the 
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three sets of IoT boxes were installed to automatically 
track the on-off status for 24 sub-machines. The same 
IoT set was installed for both PU2003 and PU2001 
lines for the machine status tracking.

At the dressing and packing of each assembly 
station, one video camera was installed for defect 
tracking. Image processing was used to detect and 
count passed and failed products. The defects were 
speared for reproduction. A QC worker marks the 
passed sign spot-on product and sends it on the con-
veyor to the packing point. Then packing worker 
scans the QR code or the Barcode to record it into the 
system, then rechecks and confirms the productivity 
of each batch before sending it to the warehouse. All 
assembly stations have the same process for product 
check-in and check-out.

Machine status tracking is important for machine 
monitoring. A real-time machine status report was 
designed at the lasting station, injection, and vulcan-
ising machines. IoT boxes collect the status of 
machines, such as on-off, breakdown, tooling 
changeovers, and maintenance. These data allow 
operators and managers to determine the machine’s 
efficiency, condition-based maintenance, and detect 
the production problem in real-time.     

From the above-described conceptual model, the 
solutions already implemented in the production 
processes are the installation of two sets of IoT tem-
perature sensors at the lasting station. The team 
ensured that the devices were well-functioning and 
provided accurate temperature values. The four video 
cameras were installed at the beginning of the lasting 
process (one unit), at the lasting QC process (two 
units), and at the dressing and packing station (one 
unit). 

This conceptual design and development of  
a production tracking system allow the factory to 
monitor the production process and performance in 
real-time. Moreover, it helps them to detect any 
breakdown, bottleneck in the processes and increase 
the overall efficiency.

      

4. Discussion of the results

4.1. Development of the production 
tracking system

Industry 4.0 poses a significant challenge for the 
manufacturing firms in Thailand, especially SMEs, as 
the capital and resources are limited. The case study 
demonstrated in the previous section provides an 
example of the digitalisation of the safety shoe fac-
tory. The CPL has mixed machine and human inter-
action systems for the production processes. The 
production data and machine status are collected 
manually on paper and stored in the form of elec-
tronic files. However, the data implementation and 
utilisation are limited as the firm cannot visualise 
data and analyse it to detect a problem in real-time. 
Consequently, the report is inaccurate. To solve these 
problems, CPL gradually adopted Industry 4.0 tech-
nology to improve the production process and pro-
ductivity. 

CPL collaborated with Smart Sense and the uni-
versity research unit to design the production track-
ing system using QR codes, IoT sensors, and cameras 
to track and collect data from the production line. 
The system covers the lasting, cementing, injection, 
vulcanising, dressing, and packing stations. The sys-
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Fig. 10. Machine status manually reported system at the lasting process 

 

 

 

  
   Fig. 11. Before (left) and after (right) adjusting on the conveyor 
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tem design includes both hardware and software 
aspects. The software consists of a web application 
that operators use to confirm the amount of input and 
output in each station and the image processing 
recount to confirm the productivity accuracy. 
Another part is a real-time machine temperature 
monitoring, cycle time visualisation, and alert system. 
The software collects data from manual input and 
retrieves data automatically from IoT sensors. For 
hardware design, the architecture was designed for 
IoT sensor installation at a feasible location to opti-
mise performance and minimise total cost. Video 
cameras were installed for image processing, a hand-
held scanner to scan QR codes, and tablets and 
monitors to display real-time data. The prototype 
system is under development at CPL.

In terms of process improvement, the factory has 
learned that the development of the production 
tracking system allows their employees to improve 
their workflow and realise the bottleneck of the cur-
rent processes. Moreover, they learned how to change 
the adjustable layout, working position, and environ-
ment to improve the efficiency of image processing 
and increase accuracy. 

4.2. Key success factors of digital 
transformation

As already mentioned, the implementation of 
digital technologies requires modern technologies, 
strategies, and support from management. The key 
success factors of this project are as follow.

1. CPL used a top-down approach to initiate digi-
tal transformation in the organisation. The company 
owner imposed digital strategies and created  
a collaborative environment to encourage employees 
to collaborate on projects with external experts and 
academics to create a knowledge and technology 
transfer network. This approach is in line with Vogel-
sang et al.  (2019), who suggested that “DT as many 
projects cannot be executed without other companies 
from the network” (Vogelsang et al., 2019, p. 132). The 
top management approved and provided funding to 
support the production tracking system. 

2. Since this is the first DT project in the company, 
the absorptive capability of employees is low. Most 
employees do not know how to implement digital 
technologies in a production line. Smart Sense and the 
academic team filled this gap by providing knowledge, 
know-how, and technologies and managing the whole 
project. The team created an intensive session with 
production line operators to investigate the root cause 

of the problem on the shopfloor and visited the shop 
floor to observe the actual operation. Once pain points 
and bottlenecks were identified, it was easy to con-
vince employees that digital technologies could help 
them to improve productivity. The team trained 
employees to understand and use IoT sensors. 

3. After understanding pain points and how DT 
could improve overall production processes, employ-
ees embraced the transformation quickly. Once they 
understood the project’s usability, they voluntarily 
expressed ideas and proposed solutions from  
their perspective. During the system installation and 
development, employees provided feedback on the 
system’s software user interface design and architec-
ture design.

4. The pilot project helped to realise and see the 
whole issues of operations. The tracking system 
allowed detecting issues related to employee ergo-
nomics, movement, workflow, and bottlenecks in the 
production processes. With the numerical and visual 
evidence, the plant manager solved the production at 
the right pain points and created a better workflow. 
Furthermore, the plant manager proposed adjusting 
the working environment on the shop floor to enhance 
the efficiency of the production tracking system. For 
example, create zoning in the conveyor to separate 
passed and defective shoes, create a dividing line in 
the defective shoe areas to enhance the detection effi-
ciency (Fig. 11). Fig. 12 shows before and after adjust-
ment by installing transparent partition at the lasting 
to prevent the camera from counting the shoes on the 
back shelf, which can mislead the image processing 
detection.

5. According to the definition of the capability 
maturity model developed by Issa et al. (2018), CPL 
has developed level three of the capability maturity 
readiness to embrace digital technologies. It had  
a vision and mission, assigned a team responsible for 
DT, formulated well-defined processes and support 
systems. DT was used to solve production problems 
on the shop floor level. Departments were involved in 
defining and imposing digital strategies. CPL adopted 
5S and several ISO standards to maintain and continu-
ally improve its performance and quality. 

It provided in-house training to employees about 
warehouse management and related topics to improve 
productivity. The company also implemented enter-
prise resource planning (ERP) software and adopted 
robotics in some production processes. Employees 
also collect data manually to identify the OEE. There-
fore, they gained an initial readiness for digital trans-
formation.
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 6. The plant manager had a background in 
accounting and a deep understanding of the produc-
tion process. She identified root causes in the produc-
tion line instantly after seeing the data from the pilot 
project. Moreover, she understood how to apply digital 
technologies to improve the system.

Conclusions

Implementing digital technologies in the manu-
facturing industry is challenging. Thai manufacturing 
gradually adopts modern technologies like CPS, IoT, 
and automation to improve productivity. However, 
the study of the implementation is limited. This paper 
proposed a conceptual design and production track-
ing prototype in the safety shoe manufacturer in 
Thailand. QR codes, IoT devices, and video cameras 
were used to perform image processing and track 
production status. 

The system shows real-time data regarding the 
temperature of the heat setting machine, chiller 
machine, and gluing machine. Operators can moni-
tor real-time data on the machine status, the total 
number of input and output from each workstation. 
Finally, the system can count the number of passed 
and defective products before packing. This system 
helps managers and operators to identify bottlenecks 

of the process, overall equipment effectiveness, and 
plan production. 

This paper also presents the key success factors of 
digital technologies implementation in manufactur-
ing. The key drivers are full support from the top 
management, setting digital strategies aligned with 
business strategies, the working environment, col-
laboration with experts, academics, and networks, 
training and managing project by experts, two-way 
knowledge and technology transfer, visible usability, 
and individual mindset. The results can be used as  
a guideline for developing real-time production 
tracking in the production line in another factory.

The limitation of this paper is that it mainly 
focused on qualitative analysis to define the key suc-
cess factors of digital transformation and the develop-
ment of the conceptual design for the production 
tracking system at CPL. Future research should 
include quantitative analysis and simulation to dem-
onstrate practical effects achieved, such as productiv-
ity, number of defects and defective accuracy. Future 
research should expand the framework by using data 
retrieved from production tracking to create produc-
tion planning and scheduling for each shoe model.  
A real-time data can be used to create daily, weekly, 
and monthly production planning and scheduling. 
Furthermore, data can be synchronised and used to 
create a simulation model to monitor production flow. 
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