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Abstract
Internet of Things (IoT), Industry 4.0, Big Data, Industrial Internet, etc. – these are all terms that are increasingly hitting the 
printing industry. Printers might ask how these technologies affect their daily production business and how they collaborate 
with their current technological environment? This research elaborates the ideas and concepts of the Internet of Things (IoT), 
Industry 4.0, Big Data, Industrial Internet, etc. It explores how these technologies can seamlessly integrate into print produc-
tion lines. This publication aims to work out a general basic scientific understanding of the newly emerging technologies 
from the printing industry and shows how these technologies collaborate with existing print production equipment. Finally, 
the paper ends with an example of implementing IoT/Industry 4.0 in a printing house.

Introduction

Internet of Things (IoT), Industry 4.0, Big Data, 
Industrial Internet, etc. – these are all terms that 
are increasingly hitting the printing industry. 
Printers might ask how these technologies 
affect their daily production business and how 
they collaborate with their current techno-
logical environment? As many devices and 
applications already provide a standardized 
interface such as Job Definition Format (JDF) / 
Job Messaging Format (JMF), another question 
might be if there is a way to use these existing 
interfaces in the new context? In the industrial 
context, new interface technologies cannot be 
implemented as fast as in the pure IT context as 
the investment cycle is longer. Many industrial 
production systems still produce high-qual-
ity products to competitive costs - but from 
an IT perspective, they are considered legacy 
systems. Based on that background, the critical 
question is not IF there is a way to use the exist-

ing interfaces but HOW to get it working. One 
key to a successful introduction of IoT, Industry 
4.0, etc., in the printing industry, is to bring the 
status quo production devices and -applica-
tions into the Cloud without changing their 
existing interfaces.

This research elaborates the idea and concepts 
behind the Internet of Things (IoT), Industry 
4.0, Industrial Internet, etc., and explores how 
these technologies can seamlessly integrate 
into print production lines. The research starts 
with a thorough examination of IoT to manifest 
a general understanding and identify its key 
components. Next, the study will do a deep 
dive into the existing printing technologies 
relevant in the IoT context. The research aims 
to identify the critical elements needed from 
both fields, IoT and printing. Further, it provides 
a first approach of how to build an IoT-enabled 
print production line. The research intends to 



science and technology

61

International Circular of Graphic Education and Research, No. 13, 2021

be an entry point for printing companies that 
want to use IoT in their production line. Thus, 
this publication follows this research question: 
How to start to integrate Internet of Things 
(IoT) / Industry 4.0 technologies and meth-
ods seamlessly in a print production line 
considering the existing printing industry's 
standard technologies?

The scope of this publication includes basic 
technology research and a theoretical example 
of a simple application of how to integrate IoT/
Industry 4.0 technologies in print production. 
The knowledge generation is based on scien-
tific papers, industry standards, and technical 
documentation of leading organizations/
experts of the appropriate field. However, 
this publication does not include the physi-
cal implementation of a real IoT/Industry 4.0 
application. The paper focuses on the theoret-
ical technical components and their required 
capabilities rather than on specific products. 
For instance, this research would elaborate on 
the needed characteristics of a database rather 
than on a particular product. This document 
claims to be essential research in its field to sup-
port the reader in understanding and providing 
food for thought about implementing IoT/
Industry 4.0 in print production. However, an 
actual technical implementation of IoT/Indus-
try 4.0 requires the reader to study additional, 
more specific technical documentation. As pre-
viously mentioned, this text intends to provide 
a solid entry point into this topic and not to be 
a complete technical guideline for implemen-
tation.

IT Technologies

According to Santucci (2009, p. 2), the term 
‘Internet of Things’ (IoT) has been introduced by 
Kevin Ashton in 1998. Ashton (2016) self elabo-
rated on his blog that the term came up while 
working on a presentation with many visionar-
ies in spring 1999, and he cannot exclude that 
someone else in the team came up with it first. 
Since then, the term ‘Internet of Things’ (IoT) has 
gained global adoption. Sisinni et al. (2018, p. 
4724) describe IoT as turning ordinary objects 
into connected smart devices capable of sens-
ing the surrounding environment, transmitting 
and processing acquired data, and then feed-
back to the environment. Bandyopadhyay and 
Sen (2011, p. 50) parallel Sisinni’s view but from 
a more differentiated perspective on IoT. They 
distinguish IoT between the ‘Internet’ and the 
‘Things’: “The first one pushes towards a net-
work-oriented vision of IoT, while the second 
tends to move the focus on generic objects to 
be integrated into a common framework.” The 
INFSO (2008, p. 4) describes IoT as “a worldwide 
network of interconnected objects uniquely 
addressable, based on standard communica-
tion protocols.” In today's world, IoT is playing 
an increasingly significant role. Examples of IoT 
devices include smart sensors for measuring 
temperature, humidity, pressure, etc. (BehrTech, 
2020), smart speakers such as ‘Google Home’ 
or ‘Amazon Echo’, and also wearables such as 
smartwatches. 

In the industrial environment, the term ‘Indus-
trial Internet of Things’ (IIoT) is increasingly 
emerging. Sisinni et al. (2018, p. 4724) see 
the IIoT as a subset of IoT focusing on ma-
chine-to-machine communication to under-
stand the manufacturing process better and 
ensure efficient and sustainable production. In 
opposition to IIoT, Sisinni et al. (2018, p. 4725) 
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call the usual IoT ‘Consumer IoT’ (CIoT) and 
describes it as machine-to-user communication 
targeted to improve human awareness of the 
surrounding environment to save time and 
money. Figure 1 provides a qualitative compar-
ison between CIoT and IIoT. The classification of 
IoT in CIoT and IIoT is also supported by Wurm 
et al. (2016, p. 519); however, they call CIoT 
‘Commercial IoT’ rather than ‘Consumer IoT.’ The 
term IIoT is often used in the context of ‘Indus-
try 4.0’ - the next level of the industrial revolu-
tion. Wan et al. (2016, p. 7373) see IIoT as the 
fundamental premise for ‘Industry 4.0’ to obtain 
continuous information from the shop floor's 
sensors and objects. Sisinni et al. (2018, p. 4724) 
state from a more general perspective that 
IoT enables industries (and society) to interact 
efficiently between the physical world and its 
digital counterpart.

Figure 1: Comparison between Consumer IoT and Industrial IoT by 
Sisinni et al. (2018, p. 4725)

In Figure 1, Sisinni et al. (2018, p. 4725) provide 
a comparison between Consumer IoT (CIoT) 
and Industrial IoT (IIoT). They consider CIoT as a 
revolution as it emphasizes novel devices and 
new communication standards. In contrast, 
IIoT is about integrating existing production 
floors based on interfaces that might have been 
designed a long time before IoT has emerged. 
Sisinni et al., therefore, see the latter approach 
as an evolution. Breivold and Sandström (2015, 

p. 536) parallel the evolutionary perspective 
in an industrial environment: They describe 
industrial systems as long-living legacy systems 
with a standard lifetime of ten to thirty years 
and continuously subjected to a substantial 
amount of evolutionary changes. Druckmarkt 
(2002, p. 109) writes about the printing industry 
that offset presses have a life cycle between 
seven and twelve years typically. Examples 
of communication standards in the Graphic 
Arts Industry include the Portable Document 
Format (PDF) and the Job Definition Format 
(JDF). A PDF is a standard data format to specify 
the graphical artwork itself, while a JDF deter-
mines the product- and job metadata such as 
substrate, amount, and delivery time (Meissner, 
2019, p. 12). Both file formats have their origins 
in the nineties and are still heavily used in many 
print production lines. Bringing IIoT into the 
printing industry probably means finding an 
evolutionary approach to using PDF/JDF in the 
new context. 

Internet of Things in general (CIoT and IIoT) is a 
crucial component of Industry 4.0. The center 
of Industry 4.0 is a large data volume that is 
continuously being organized, analyzed, and 
mined to obtain valuable knowledge for judg-
ing, decision making, or reasoning. IoT is used 
to create and constantly extend the large data 
volume with new structured, semi-structured, 
and unstructured information reflecting the 
physical production line (Qi & Tao, 2018). IoT 
allows a real-time interconnection between the 
physical objects on the production floor and 
their digital representations in the data storage. 
Sisinni et al. (2018, p. 4726) refer to the objects’ 
digital representation as to their second iden-
tity or ‘Digital Twin.’ ‘Digital Twin’ is a commonly 
used term in the context of Industry 4.0: Rod’ko 
et al. (2020, p. 423) describe ‘Digital Twin’ as a 
“virtual prototype of a real physical instrument, 
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group of devices, or process, which models the 
technical characteristics, internal processes, and 
behavior of the real object in its surroundings.” 
Anecdotally many scientific sources support 
the definition of Rod’ko et al. However, sources 
outside the scientific community sometimes 
use the term ‘Digital Twin’ in a different way. For 
instance, General Electric (2016) uses the term 
‘Digital Twin’ for an entire highly integrated sys-
tem rather than just for the digital model - what 
it actually should be. It seems that the term 
‘Digital Twin’ prone to misunderstandings. May-
be it is reasonable to use more precise terms 
such as ‘digital replica’ or ‘digital model’ instead 
of ‘Digital Twin.’ The proceeding document uses 
the term ‘digital replica’.  

Cyber-Physical Systems (CPS) is often used in 
the context of the Industrial Internet of Things 
and Industry 4.0. The National Science and 
Technology Council defines CPS as “networked 
computing systems – interconnected software, 
microprocessors, sensors, and actuators – 
deeply integrated within engineered physical 
systems to monitor and control capabilities and 
behaviors of the physical system as a whole” 
(NITRD, 2012, p. 15). Cyber-Physical Systems 
need to be distinguished from embedded 
systems: Whereas embedded systems are 
designed as stand-alone devices, CPS’es focus 
on the network of those (Jazdi, 2014, p. 1). Lee 
(2008, p. 363) describes Cyber-Physical Systems 
as “integrations of computation and physical 
processes.” Lee further elaborates on CPS’es as 
“embedded computers and networks monitor 
and control the physical processes, usually with 
feedback loops where physical processes affect 
computations and vice versa.” In the context of 
the printing industry, a single prepress, press-, 
or post-press device applies to an embed-
ded device. In contrast, the entire production 
process applies to a Cyber-Physical System. In 

Figure 2, Sisinni et al. (2018) illustrated how 
CPS relates to IoT, IIoT, and Industry 4.0: They 
see Industry 4.0 due to the integration of the 
Internet of Things, Industrial Internet of Things, 
and Cyber-Physical Systems.

Figure 2: IoT, CPS, IIoT, and Industry 4.0 in Venn diagram by Sisinni et 
al. (2018, p. 4724)

As previously mentioned, one base concept 
of Industry 4.0 is to create a digital replica of 
a production line by continuously recording 
production and environmental parameters 
using ‘(Industrial) Internet of Things.’ Mourtzis et 
al. (2016, p. 290) examined this IoT adaption in 
manufacturing, which empowers companies to 
foster data-driven strategies. They wrote about 
a transition from ‘Industrial Data’ into ‘Industrial 
Big Data’ due to an increased total data volume. 
Mourtzis et al. (2016, p. 292) further distinguish 
strictly between ‘Big Data’ and ‘Industrial Big 
Data’ whereas the latter is about machine-gen-
erated information within an industrial environ-
ment to realize Industry 4.0. Lee et al. (2014, p. 
4) support this distinction between ‘Big Data’ 
and ‘Industrial Big Data.’ They further observed 
that most of the research about big data 
focuses on social or commercial mining based 
‘human-generated’ or human-related infor-
mation rather than on machine-generated or 
industrial information in the industrial context. 
Snijders et al. (2012, p. 1) consider ‘Big Data’ in 
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general as a loosely defined term to describe 
large and complex data sets that are “awkward” 
to be processed by standard statistical soft-
ware. Mauro et al. (2016) further examined the 
definition of ‘Big Data’ and finally published a 
proposal which underpins Snijders et al. con-
sideration. They proposed to define ‘Big Data’ 
as “the Information asset characterized by such 
a High Volume, Velocity, and Variety to require 
specific Technology and Analytical Methods for 
its transformation into Value.” Many scientific 
papers support this definition.

‘Data Mining’ is a term frequently used in com-
bination with ‘Big Data.’ Wang and Wang (2015, 
p. 143) describe ‘Data Mining’ as a technique 
to discover patterns and models in the context 
of large-scale data. Leskovec et al. (2014, p. 17) 
parallel the meaning of model extraction from 
data, but they do not limit ‘Data Mining’ to ‘Big 
Data. Leskovec et al. (2014, p. 21) rather see 
‘Big Data’ as one (less challenging) application 
of ‘Data Mining.’ Ratner (2017, p. 9) states that 
today's statisticians define ‘Data Mining’ as any 
process that finds unexpected structures in 
data. Ratner further sorts out that ‘Data Min-
ing’ is the process of exploring the data, not 
exploiting it. ‘Data Mining’ can be distinguished 
between descriptive and predictive. Descriptive 
mining characterizes properties in a data set, 
while predictive mining performs induction on 
a data set to make predictions (Han, Kamber, & 
Pei, 2012, p. 15). Data Scientists can use various 
techniques concerning ‘Data Mining’ including 
Classification Analytics, Association Rule Learn-
ing, Anomaly or Outlier Detection, Clustering 
Analysis, Regression Analysis, or Machine Learn-
ing and Artificial Intelligence (talend, 2021). 
However, the quality of the results depends 
strongly on the quality of the underlying data 
set. According to Alasadi and Bhaya (2017, p. 
4102), raw data typically susceptible to missing 

values, noise, incompleteness, inconsistency, 
and therefore have to be preprocessed. Singh 
(2020) supports Alasadi’s and Bhaya’s obser-
vations. Singh further writes that data prepro-
cessing is an essential task as it transforms raw 
data into a more understandable, practical, and 
efficient format.

Printing Technologies and Trends

The term ‘Print 4.0’ is an analogy of ‘Industry 4.0’ 
and was initially defined by the Bundesverband 
Druck und Medien (BVDM), a german printing 
association, in 2015. According to Belz et al. 
(2018, p. 6) ‘Print 4.0’ is used to communicate 
the adaption of Industry 4.0 concepts and 
techniques to the printing industry. Concepts 
and techniques in the context of ‘Print 4.0’ 
mean Cloud-Computing, Smart Factory, Aug-
mented/Mixed Reality, Artificial Intelligence, 
Internet of Things, Big Data, Mass Customiza-
tion (Belz, Zacharias, & Beinhauer, 2018, p. 5). 
Ternay (2020) also sees ‘Print 4.0’ as the adap-
tion of ‘Industry 4.0’ in the printing industry. 
Ternay listed almost the same concepts and 
techniques as Belz et al. However, Ternay only 
sees 3D printing and digital printing in tomor-
row's smart factories (not conventional/offset 
printing). Ternay does not constitute why he 
is excluding offset printing in smart factories. 
Kleeberg (2019, p. 42) emphasizes cross-linking 
between production components, suppliers, 
and customers as the centralistic topic in ‘Print 
4.0’. From this perspective, Kleeberg focuses on 
the importance of communication standards in 
the printing industry, such as the Exchange Job 
Definition Format (XJDF) and Adobe’s Portable 
Document Format (PDF). Belz et al. (2018, p. 
25) also see communication standards, such 
as XJDF and PDF, as a key in ‘Print 4.0’ to set up 
integrated networks interconnecting devices 
and customers. 
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The Portable Document Format (PDF) is a file 
format representing ‘final form’ formatted 
documents. PDF page content is not limited 
to text, images, graphics but can also contain 
multimedia assets and auxiliary structures, 
including metadata, bookmarks, and anno-
tations (IETF, 2017, p. 2). The idea of PDF “is to 
enable users to exchange and view electronic 
documents easily and reliably, independently 
of the environment in which they were cre-
ated” (Adobe, 2007, p. 25). PDF initial version 
has been published by Adobe Systems Incor-
porated in 1993. Since then, PDF has become 
a significant file format for capturing and 
exchanging formatted documents. PDF 1.7 has 
become an ISO standard (ISO 32000-1:2008) in 
2008 (IETF, 2017, p. 3). The document format 
has also become a leading role in the printing 
industry. Kodak, for instance, has built an entire 
prepress workflow system around PDF. Accord-
ing to Kodak’s Workflow Documentation (2021), 
all artwork files processed by their workflow 
are being converted internally to single pages 
PDFs when entering the system. Heidelberger 
Druckmaschinen AG (2017, p. 10) also uses PDF 
as their internal file format in prepress process-
ing. Besides, PDF is the preferred file format for 
document exchange of many online printers, 
including Vistaprint, flyeralarm, and Saxoprint. 
PDF is the defacto standard file format in the 
printing industry for customer/supplier artwork 
transmissions and document exchange be-
tween production components. 

The Exchange Job Definition Format (XJDF) and 
the Exchange Job Messaging Format (XJMF) are 
industry standards of the printing industry pub-
lished by the CIP4 Organization. An XJDF de-
scribes the job and process details transferred 
between controllers and devices (CIP4, 2020 a, 
p. 21), while XJMF messages are the commu-
nication protocol (CIP4, 2020 a, p. 263). XJDF 

and XJMF are major version updates of the Job 
Definition Format (JDF) and the Job Messaging 
Format (JMF). Many vendors in the printing 
industry have implemented CIP4 Standards in 
their products. Heidelberger Druckmaschinen 
AG (2012, p. 2), for instance, states in a product 
brochure that Prinect Integration Manager fully 
utilizes the benefits of JDF. EFI (2020) announc-
es on a product website that the “JDF technol-
ogy provides an unmatched digital workflow 
experience.” Also, HP (2020) and Koenig & Bauer 
(2020) support JDF/JMF in their products. 
Further research revealed that many common-
ly known companies in the printing industry 
support the CIP4 standard data formats. The 
CIP4 Organization (2020 c) writes that the orga-
nization consists of over 1,600 individuals from 
approximately 300 member companies that are 
organized in 17 working groups. CIP4 Standards 
seem to be an excellent approach for a unified 
and vendor-independent integration of devices 
and applications on a shop floor.   

XJMF Messages are inherently different Exten-
sible Markup Language (XML) structures as 
XJDF Documents and represent the spine of a 
well-defined communication between devic-
es and applications (CIP4, 2020 a, p. 263). The 
CIP4 Organization (2020 a, p. 265f ) classified 
XJMF Messages into four families: Queries, 
Commands, Signals, and Responses. Queries 
retrieve information from the receiver without 
status change, while Commands messages 
change the status. Signals are XJMF messages 
sent asynchronously to a subscriber, and Re-
sponses are synchronous replies to Queries and 
Commands. HP (2015, p. 11f ) describes in their 
JDF Developer’s Guide how to manage print 
jobs on their presses using JMF Commands 
and how to monitor status changes using JMF 
Queries and JMF Signals. Xerox (2009, pp. 3-1f ) 
also explained in their JMF User Guide how to 
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interact with Xerox printing systems using JMF 
Commands, -Queries, and Signals. It appears 
that the concept of JMF Messages is not only 
well specified by the CIP4 Organization but has 
also been adopted by vendors in the Graphic 
Arts Industry. However, investigations revealed 
that most vendors do (still) only support JMF, 
although XJMF has been available since 2018. 
The author has not found any vendor’s devel-
oper- or user guide explaining how to integrate 
a printing system using XJMF.  

Although JDF/JMF are official industry stan-
dards in the Graphic Arts Industry, many JDF/
JMF enabled devices are not compatible out-
of-the-box. Therefore, the CIP4 Organization 
(2020 d) provides a JDF Integration Matrix, 
which outlines the compatible devices and 
applications. One reason for that are dialects 
emerged because of ambiguities in the JDF 
Specification. So, the JDF Specification specifies 
the resources ‘LayoutPreparationParams’ (CIP4, 
2020 b, p. 488), ‘StrippingParams’ (CIP4, 2020 b, 
p. 586), and ‘Layout’ (CIP4, 2020 b, p. 461), which 
all can be used to define the positioning of the 
customer’s artwork PDFs on a print master. In 
the XJDF Specification, the three resources ‘Lay-
outPreparationParams’, ‘StrippingParams’, and 
‘Layout’ have been migrated to ‘Layout’ only 
(CIP4, 2020 a, p. 184). Another reason for the di-
alects is differences in the interpretation of the 
JDF Specification. For instance, when subscrib-
ing to JMF Status Signals, an attribute ‘Repeat-
Time’ can be defined, which causes a periodical 
time-based status signal. A test implementation 
by the author revealed that Heidelberg’s inter-
pretation of ‘RepeatTime’ produces periodical 
status signals in addition to event-triggered 
signals such as for a device’s status change. HP’s 
interpretation of the attribute ‘RepeatTime’ is 
that signals are only sent time-based. Once ‘Re-
peatTime’ is specified, event-triggered signals 

are no longer provided and are getting lost. Ac-
cording to the current JDF Specification (CIP4, 
2020 b, p. 141), Heidelberg’s interpretation is 
correct. However, a previous version of the JDF 
Specification (CIP4, 2009, p. 189) was not that 
precise about the proper way of implementing 
‘RepeatTime’.   

Albeit there are dialects in JDF (and might occur 
in XJDF), it is recommended to use it rather 
than most proprietary standards. Having a fully 
functional out-of-the-box integration is only 
the tip of an iceberg and is not that important. 
A far more crucial aspect of JDF/XJDF is that it 
can be considered a common Domain Specific 
Language (DSL) for the printing industry. Kosar 
et al. (2008, p. 390) describe DSL as “a language 
designed to provide a notation tailored toward 
an application domain, and [which] is based 
only on the relevant concepts and features of 
that domain.” Kosar et al. (2008, p. 390) wrote 
further about the disadvantages of a DSL that it 
is costly to develop as it requires both domain 
and language development expertise. Kosar et 
al. see this as one reason DSLs are rarely used 
in solving software engineering problems. 
Managoli (2020) sees DSLs as a powerful meth-
od to capture domain attributes and to have 
a common language for domain experts and 
developers. As a contra Managoli (2020) wrote, 
it is challenging to develop a DSL as individuals 
are required who have domain knowledge and 
language-development knowledge. Using the 
JDF/XJDF Specifications, companies can benefit 
from a DSL designed and maintained by many 
domain experts across the printing industry 
based on over two decades of expert discus-
sions for free. The specifications identify, define, 
and structure any kinds of products (CIP4, 2020 
a, pp. 35-56), processes (CIP4, 2020 a, pp. 57-
106), and resources (CIP4, 2020 a, pp. 107-261) 
in the printing industries domain.
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Figure 3: Screen of the Folding Process definition in the XJDF Specification 2.1 (CIP4, 2020 a, p. 91)

Figure 3 illustrates how, for instance, a process 
(here: Folding Process) is specified in the XJDF 
Specification (CIP4, 2020 a, p. 91). Folding 
means applying folds on a printed sheet (see 
Figure 4). In the context of JDF/XJDF a process 
is defined as an individual workflow step “as-
sumed to be executed by a single purpose de-
vice. Some [...] devices are able to combine the 
functionality of multiple single-purpose devices 
and execute more than one process type” (CIP4, 
2020 a, p. 58).  CIP4 has specified the scope of a 
process and all processes that might occur in a 
print production process. A standardized name 
defines each process and an accurate descrip-
tion (see Figure 3). As processes are designed 
to be organized in a workflow, each process 

consumes input resources to produce output 
resources. The appropriate resources are also 
part of the process specification. The Folding 
process, for instance, consumes obligatory 
Component- and FoldingParams resources 
and may receive optional generic input re-
sources. The output of the Folding process is a 
Component resource again (see Figure 3). The 
specifications define not only the processes but 
also the resources. A “Component is used to 
describe the various versions of semi-finished 
goods in the press and postpress area, such as 
a pile of folded sheets that have been collected 
and are then to be joined and trimmed” (CIP4, 
2020 a, p. 145). Domain experts and developers 
can use these process and resource definitions 
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immediately for a domain-specific language.

Figure 4: Examples of folded sheets (Kipphan, 2001, p. 809)

Figure 5: Screen of the Component Definition (Part 1) (CIP4, 2020 a, 
pp. 145-146)

The JDF/XJDF Specifications are even more 
profound than just providing a domain-specific 
language. Besides the definitions of products, 
processes, and resources, the specifications also 
define their properties and relations. Figure 
4 visualizes the first half of the Component 
resource specification. The Component spec-
ification starts with an explanation of what 
‘Component’ means in the context of JDF/XJDF 
and the definition of terms used to specify a 
Component. The second part of the Compo-
nent specification lists all properties needed 
to define a JDF/XJDF Component organized 
as attributes and subelements. Each property 
is represented by a table row specifying the 
standardized name, the data type, and a de-
tailed description of how to use this property. 
Each property's cardinality is expressed using 
a simple Extended Backus-Naur Form notation 
(‘’, ‘?’, ‘*’, ‘+’) right after its name (CIP4, 2020 a, pp. 
7-8). The properties tables, in general, defines 
how all entities are related to each other and so 
describe a standard data model for the printing 
industry. West (2003, p. 2) defines the term ‘data 
model’ as the definition of structure and mean-
ing of the data. West (2003, p. 7) further states 
that a good data model supports businesses 
in reducing risk and costs in software projects 
and achieving new business opportunities, 
increased effectiveness, and higher responsive-
ness to changes (see Figure 5). The Princeton 
University (2021) concurs with West’s definition: 
The university determines that data models 
organize data elements and standardize how 
they relate to one another. In general, data 
models describe the data itself but not how to 
encode it.
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Figure 6: How data model delivers benefit (West, 2003, p. 7)

The JDF/XJDF Specification uses the Extensible 
Markup Language (XML) to encode its data 
model (CIP4, 2020 a, p. 4). XML was first stan-
dardized in 1998 (W3C, 1998) and has been de-
signed in documents (called ‘XML Documents’) 
made up of entities as storage units and mark-
up to describe the document’s storage layout 
and logical structure  (W3C, 2008). W3schools.
com (2021) sees XML as “a software- and hard-
ware-independent tool for storing and trans-
porting data.” XML was developed for usage in 
the World Wide Web (W3C, 2008) and was the 
dominating technology for data exchange be-
tween web applications/devices for a long time. 
Wilde (2020) observed XML's dominance in the 
past – however, today, he sees JSON (JavaS-
cript Object Notation) instead of becoming the 
mainstay of Application Programming Inter-
face (API) technologies. Google Trends (2021) 
acknowledge Wilde’s observation regarding 
the emerge of JSON as a major API technology 
(see Figure 6). The International Organization 
for Standardization (2017)  defines JSON as a 
lightweight, text-based, language-independent 
syntax for describing data interchange formats. 
Joshi (2017) poses JSON to be less verbose, fast-
er, and more readable than XML. CIP4 (2021) is 
currently working on a JSON representation of 
JDF/XJDF to make its industry standards more 
compliant with common cloud standards.

Figure 7: Comparison of search terms ‘xml api’ and ‘json api’ in 
Google Trends (2021)

Conclusion

The printing industry is moving towards 
Industry 4.0. The German printing association 
BVDM, for instance, has established the term 
‘Print 4.0’ as an analogy to ‘Industry 4.0’ in 2015 
to foster this progression of converting tradi-
tional printing houses to ‘Smart Print Factories.’ 
Since then, printing houses, system- and device 
vendors have started to implement the Industry 
4.0 concepts and techniques into their systems. 
One example of a printing house working 
actively on this progression is the ‘media print 
solutions’ (2021) who built a smart factory from 
a greenfield perspective next to the traditional 
shopfloor. The transition to ‘Smart Print Facto-
ries’ is accelerated by the system- and device 
vendors in the printing industry. Canon (2018) 
describes this progression as “what was once a 
craft-based business is now moving to a widely 
connected and process-driven industry that is 
paving the way for Industry 4.0”. Canon (2018) 
further sees its mission in ensure its customers 
perform in the most efficient manner possible. 
As integration is a fundamental part of Industry 
4.0, interfaces and open standards such as PDF, 
JDF/XJDF are playing a significant role in that 
field – which conforms to Belz et al. (2018, p. 
25) observation. Hoffmann-Walbeck (2018, p. 9) 
wrote about JDF that it anticipated the vision 
of Industry 4.0 in parts. All in all, there can be 
recognized an active development towards 
Industry 4.0 in the printing industry.
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When implementing Industry 4.0 in a (print-) 
production line, the Internet of Things (IoT) is 
undoubtedly one of the first steps required. 
IoT’s task is to acquire (real-time) data from the 
shop floor, to build a ‘digital replica,’ represent-
ing the foundation of many Industry 4.0 appli-
cations. IoT in the context of a production line 
is not limited to the Industrial Internet of Things 
(IIoT) and includes the Consumer Internet of 
Things (CIoT). In the first step, of course, the 
integration of the production equipment using 
IIoT has priority. The key of IIoT is to identify, 
use, and extend existing (standard) interfaces 
that might be designed a long time before the 
idea of Industry 4.0 and IoT has emerged. Sisin-
ni et al. (2018, p. 4725) called this development 
approach ‘evolution,’ as legacy technologies 
needed to be integrated seamlessly in today's 
cloud infrastructure. Once the production 
equipment metrics are captured using IIoT, the 
‘digital replica’ should be extended by environ-
mental parameters such as weather, humidity, 
temperature, energy consumption, etc. Com-
panies can efficiently track these parameters 
by installing arbitrary CIoT devices such as 
smart sensors (BehrTech, 2020) into the shop 
floor. Connecting public smart sensors can 
also measure environmental parameters such 
as the outside temperature and air pressure. 
One provider of weather data is, for instance, 
OpenWeather (2021). IoT's key is to build a 
highly detailed ‘digital replica’ of the production 
line and environment. The better the ‘digital 
replica,’ the better the Industry 4.0 applications 
built hereon. To make enterprises achieving the 
best results from their ‘digital replica,’ they need 
to find a way to use IIoT- and CIoT technologies 
seamlessly hand in hand.  

One major IIoT Technology in the printing 
industry is JDF/JMF or XJDF/XJMF. JDF/JMF has 
its roots in the 1990’ties - a long time before the 
idea of Industry 4.0 appeared. In the 1990’ties, 
even the internet itself was in a very early stage. 
When the structure of JDF/JMF has been de-
signed, the focus was on connectivity and inte-
gration within a single production site. Neither 
communication between production sites nor 
the connectivity with a third-party unit like ‘The 
Cloud’ was in the scope. The first glimpse of 
widening the scope by connecting companies 
within the Graphic Arts Industry came up with 
the PrintTalk Technical Briefing Paper (PrintTalk, 
2000) in 2000. JDF/JMF might appear awkward 
or obsolete in today's world. Nevertheless, 
JDF/JMF is an open interface technology 
implemented by many active applications and 
devices. Beyond, the CIP4 Specifications can be 
seen as an integrated global Domain Specific 
Language (DSL) and data model for the printing 
industry – the fundamental pieces in globaliza-
tion times. Things making JDF/JMF appearing 
obsolete are probably its internal structure and 
its encoding as Extensible Markup Language 
(XML) rather than JavaScript Object Notation 
(JSON). JDF/JMF’s internal structure has been 
optimized significantly during the major release 
update to XJDF/XJMF (CIP4, 2020 a, pp. 1-6) – 
the XML encoding is undergoing a revision by 
a newly established Cloud Workgroup (CIP4, 
2021), currently working on a JSON represen-
tation of JDF/XJDF. The CIP4 standards are 
underlying an active evolutionary development 
process described by Sisinni et al. (2018, p. 
4725) to increase today's cloud technologies' 
compliance.
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Once IoT devices are in place, connected, and 
produce data to feed the digital replica, the 
actual work begins: Data Mining. Data Mining is 
the approach to discover patterns and models 
in the digital replica context (Wang & Wang, 
2015, p. 143). Next to the equipment perfor-
mance data acquired using JMF/XJMF, tracking 
the interior climate (temperature/humidity) 
in a print production site could be an insight-
ful measurement series of the digital replica. 
Studies as “Climate, Paper, and Print” (Falter, 
1998) elaborated on the influence of climate on 
shop floors productivity and quality. Using the 
digital replica, someone can check the current 
climate on the shop floor and how it behaves 
over time. Having additional sensors indicating 
open doors and tracking the outside weather 
conditions might reveal the effect of open 
doors on temperature/humidity over the year. 
A next enlightening experience could be the 
correlation between the shop floor climate and 
the presses' performance. Is there a level where 
the number of paper-run issues increases, or is 
there even a minimum? Such a minimum value 
would result in the ideal (individual) climate 
condition for a specific production floor. Once 
a target climate condition is defined, the digital 
replica can be used to measure and sustain it 
constantly. This was just one first example of 
how Industry 4.0 might influence production 
in future. Other Industry 4.0 topics include pre-
dictive maintenance or automated production 
planning. Industry 4.0 is still in its beginnings in 
the printing industry.
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