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Abstract. As the maturity of digital integrated supply chains grows, the
amount of operations which are tracked or which are directly controlled
by a computerised system has seen a rapid increase with the emergence
of the Industry 4.0 paradigm. This is notably desired in high-cost coun-
tries where having an overview on the supply chain is crucial in ensuring
the delivery dependability for the customer. However, the manual tasks
are overlooked to a certain extent. Most digitalisation initiatives have
the worker interact manually with the manufacturing execution systems
(MES) using terminals placed around the shop floor. Two scenarios in
which the worker has to interact with a MES are given in this paper and a
digital solution is proposed to solve the implied shortcomings concerning
the interface between production planning and shop-floor production. A
solution comes under the form of an open-source, freely available smart-
watch app designed to be used by the workers for fast and easy interac-
tion with the MES and enterprise resource planning system while at the
same time serving as a task deployment method. The solution proposal
is aligned with extant initiatives of obtaining end-to-end supply chain
digitalisation while enabling the worker’s fast responsiveness upon task
deployment.

Keywords: Digital supply chain · Smartwatch · Smart manufacturing
systems · Task deployment

1 Introduction

An end-to-end digitalized supply chain offers the ability to oversee the flow of
data and materials, and the use of distributed resources in a centralised manner.
The technical realisation of a digital supply chain is made through the successful
integration of its business and technical systems (e.g. Enterprise Resource Plan-
ning System, Manufacturing Execution System etc.) [1]. However, the amount
of captured details when attempting a systematic digitalisation can either be
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overwhelming or insufficient [2]. As a consequence, it becomes a question of
granularity, in how much detail a process can be broken down concerning if an
activity can be completely, partially or not at all digitalized [3].

This paper presents a granular approach towards digitalisation of supply
chains by targeting manual operations carried out by blue-collar workers. It
is aligned with the efforts of combating factors that are hindering the imple-
mentation of digital technologies within small-medium enterprises (SME) like
management awareness and required skill intensity [4]. A technical artefact is
proposed, meant for small medium enterprises to experiment with the use of
smartwatch devices in their attempt of optimising manual task deployment and
coordination. The artefact is an open source, proof of concept on how wearable
devices can be used as a digital integration tool in an industrial manufacturing
environment.

The paper is structured as follows: the conducted literature study within the
context of manufacturing supply chain digitalisation in high cost environments
is presented in section 2 which serves as motivation for the development of the
artefact. Moreover, the perspective of two use-cases from industry are given,
where digitalisation of manual labour is relevant. The third section presents
related work regarding support of manual labour using smartwatches. The pro-
posed digital solution is presented in section 4. The paper is concluded with a
discussion on how the presented artefact can fit in the digitalisation initiatives
taken in high-cost environments, while placing it in relation with already existing
similar technologies.

2 Motivation for using smartwatches in industry

To motivate the development of the artefact presented in section 4, a literature
study was conducted regarding the perspective of supply chain digitalisation in
high-cost environments. A study backed up by empirical data gathered from
industry in these environments (e.g. Sweden) point out that the main challenge
of the northern industry is to compete with companies from low-cost countries
(e.g. Eastern Europe, Asia) on product cost [5]. Therefore, manufacturing com-
panies which stay located in high-cost environments should choose to invest in
the maturity of their digital supply chain in order for them to gain an edge
on the quality, delivery dependability, flexibility, innovation, cost efficiency and
sustainability dimensions of their business [5].

However, investing in the digital maturity of the supply chain also needs to
make it possible for the existing methods to be combined with the new methods
in clever ways to unlock performance [6]. Nygaard et al. [6] state this target
can be achieved by frequent experimentation with new technologies in order to
prevent taking costly and overwhelming decisions. It is further stated that there
is a need for more efforts into the operational design of IoT based solutions.

Following the literature study in the context of high-cost environments, a
strong motivation was found for supply chain digitalisation backed up by national
plans in most of Europe [7]. Moreover, discussions with two industrial partners
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have further strengthened the motivation of looking into how the traditional
human labour can benefit from digitalisation. The discussions were in line with
the companies’ initiative of developing their methods of adopting and utilising
new enabling technologies that assist the workers in performing their daily tasks
[8]. Two use-cases are hereby given:

2.1 Case 1

Automotive manufacturer in Germany: while assembling electronic components,
the worker must confirm the successful assembly of the item within the MES by
using a touchscreen interface available in various locations around the factory
floor. The worker expressed the desire for a system which is highly portable, for
it to be carried inside the body of the car when necessary and that it facilitates
the interaction needed with the MES in order to complete the task.

2.2 Case 2

Metal structures manufacturer in Denmark: work force coordination of the hu-
man welders happens off-line without having the status of the weldments being
tracked within the MES system. The MES system is only used to a limited ex-
tent by specialised workers within the factory. The management expressed the
desire of having all the workers in the factory interact with the MES system, but
without high training investments. Their main expectation is to facilitate task
deployment and fast reaction regarding events triggered by various machines
around the factory that need immediate attention, e.g. a milling machine needs
a tool change to continue the programmed task.

3 State of the art: smartwatches in industry

The usage of wearable technologies in the manufacturing industry for digital
integration is documented in literature to a limited extent in terms of having an
artefact specifically designed for integration of human labour in a digital supply
chain. The use of smartwatches is however encouraged as it makes the interaction
with the digital platforms easier when compared with traditional methods [9].
E.g., to use a bar-code scanner, the worker needs to stop what they are doing,
lift the scanner, perform the scanning action, put the scanner back and continue
whatever they were doing [9]. The interaction is made easier likely because of
the available data input and output methods supported by the touchscreen.

Several examples from literature were selected by the authors to illustrate
existing efforts in having smartwatches present in industrial environments. These
however are specifically focused on exploiting the available sensors on the smart-
watch to perform activity recognition in healthcare and sports applications [10],
having energy efficiency as main research motivation. The available sensors on
a smartwatch are exploited in a manufacturing application too, where artificial
intelligence is used to classify the task performed by the worker as successful
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or unsuccessful based on audio and accelerometer data gathered by the sensors
available on the smartwatch [11].

Solutions targeted to industrial manufacturing revolving around digital inte-
gration using smartwatches are available commercially, being provided by various
start-up companies, in the spirit of Industry 4.0. Such a company exists in Ger-
many and offers a proprietary smartwatch which is advertised as being able to
be integrated in the MES of the customer company [12].

Following the state of the art analysis that use of smartwatches in industrial
manufacturing environments, a research gap has been identified in what concerns
the use of these devices in supply chain digitalisation attempts by providing the
blue-collar worker a wearable and direct interface for the MES, which is also
freely available in an open-source form.

4 Task deployment using smartwatches

Even though, several solutions are already commercially available, the artefact
presented in this section aligns with the initiative of providing small medium
companies the possibility of experimenting with smartwatch like technologies
before deciding on a large scale implementation, as supported by Nygaard et
al. [6]. A prototype was developed under the form of an open source WearOS
application [13]. The application can run on any smartwatch device that has
WearOS as an operating system, thus taking advantage of the widely spread
familiarity with the Android system which runs on smartphones. Therefore, little
to no training is required for the user to get acquainted with the functionalities
of the application once it is installed on the smartwatch. While in use, the app
can receive tasks for the worker to perform automatically, from the MES.

When an event tracked by the MES occurs, e.g. a CNC machine needs to
be unloaded, the task is sent to all the connected smartwatches which have the
necessary roles (assigned in the MES) to fulfil the task. A task can have one of
the following statuses:

– PENDING: the task is pending acquirement by an available worker
– ACQUIRED: the task was acquired by worker with smartwatch ID ”x” and

it is in progress
– COMPLETED: the task was completed by worker with smartwatch ID ”x”

The process happens in real time upon user’s interaction with the system
using the graphical user interface (GUI) available on the smartwatch’s screen,
which can be observed in Figure 1 and 2.

Once a new task is created by an event triggered in the MES, the task is sent
to all the connected smartwatches of the workers who can perform the task, under
several predefined criteria. The task is added to a stack through which the worker
can navigate using the ”PREV” and ”NEXT” navigation buttons available on
the app’s GUI (Figure 1). Depending on the priority of the task, it is displayed
with a yellow background (NORMAL) or red background (URGENT). When a
new task is received, a chime is played and haptic signal is performed in order
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Fig. 1. Photo of the task coordinator app while showing an ”urgent” task generated
by ”Robot2” with the description ”Task Execution Error”. The second task our of two
tasks available in queue for the user is displayed. The ”prev” and ”next” buttons allows
the user to navigate through the tasks queue

to alert the worker depending on the task’s priority. The tasks are displayed in
a first in - first out pattern, but urgent tasks take priority over a normal task
by being displayed on screen as soon as it arrives. A task can be acquired by an
available worker who has the necessary roles by tapping the ”ACQUIRE TASK”
button. Once acquired, the task disappears from all the other smartwatches
connected to the MES. Upon completion of the task, the user must tap ”TASK
COMPLETE”, as observed in Figure 2. This will update the status of the task
on the MES’s side. The origin of the task and the description of the task are
also displayed on the GUI, where the origin of the task is represented by an IoT
device that requires the worker’s attention or by manual tasks that is queued in
the manufacturing execution system.

The perquisites of implementing this open source artefact for digital in-
tegration purposes are the availability of a MES and a sufficient number of
WearOS smartwatches. The code for both the server and the client is available
at https://github.com/MateiSarivan/Industrial-SmartWatch

5 Discussion and conclusion

The presented technical artefact is meant to provide manufacturing enterprises
with a tool to experiment with in the attempt of achieving end-to-end supply
chain digitalisation. The focus is on the deployment and management of manual
tasks. Such it is expected to overcome the usual obstacles that are in the way
of implementing new technologies [4]. This comes as an auxiliary system which
is meant to be implemented inside the MES platform and used by the shop
floor workers for fast responsiveness upon task deployment. By being designed
around an element with a high degree of familiarity of a smartwatch, no training
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Fig. 2. Photo of the task coordinator app running on two smartwatches. The smart-
watch on the right hand side displays a ”normal” task. The smartwatch on the left hand
side displays an ”acquired” task which is currently being performed by the worker.

investment is expected to be made by the companies for using the device. The
artefact competes with current solutions commercially available, by having an
open source design which anyone can use as-is or further develop to fit individ-
ual use-cases, without having to engage into long-term commitments with an
external know-how supplier [6].

The prototype as it is in the current state, aligns with the use-cases presented
in section 2. The wearable nature of the device allows the worker to have it ”at
hand” in places where a traditional digital interface is impossible to be placed,
like the body of the car. The software design allows for fast worker response
upon task deployment as required in the second use-case. Further development
of the artefact can take into account more complex interactions with the digital
platforms available in the manufacturing environment, such as data collection
using the equipped sensors [11].

Testing of the artefact was only performed in a controlled environment in the
laboratory of the affiliated university, as access to real production environment
Was limited at the time. Given the functionalities of the prototype like the ability
to send tasks immediately to the factory personnel as they emerge and the ”at-
hand” interface of the app, an infrastructure is established to address the use
cases and the identified research gap which motivated the development.
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