Chapter 2

2 Scope of Workflows

Abstract Chapter 2 is about the scope of workflow automation in
the printing industry. In many cases, the term workflow refers only
to the work steps within production, i.e. in prepress, press and
postpress. In this chapter, however, the term is defined more bro-
adly, which is why areas such as the print buyer’s purchase order,
materials management, or shipping the finished products to the
customer are included.

Keywords Management Information System, Print Job Submission,
Web-to-Print, Procurement, Workflow Management System, Prin-
ting Technology.

From the print provider’s perspective, there are workflows with

a) internal interfaces/processes which are organized and exe-
cuted inside the print shop
b) interfaces/processes that relate to external partners

Figure 2.1 shows the most important interfaces of a print provider.

The interfaces b) must always connect to internal workflows. That
is, workflows can have internal interfaces and processes only,

or they can have external ones as well. However, this distinction
depends on the range of the considered workflow. For example,
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Figure 2.1: Interfaces of a print provider to external business partners and internal production departments
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Scope of Workflows

if you look the plate making workflow, there are only internal pro-
cesses at first glance (like imposition, RIPing, imaging), provided it
is not done by some external subcontractor. An approval process
of the imposed sheets with the customer certainly would count as
an external interface. The same holds with a notification that the
platesetter has imaged the plates. Thus, it is a matter of defining
the range of the workflow if it is internal or external. In the end,

if you consider the entire print production as one huge workflow,
it always has at least two external interfaces: purchase order and
delivery.

Having said this, | still distinguish between the two. In Section 2.1,
let’s start with the business workflow in a print shop controlled by
a management information system (MIS). | am putting this topic at
the beginning because the MIS is often the central communication
hub between internal and external workflows. Section 2.2 deals
with the communication between the print buyer and the print
provider. Next, let’s discuss the print shop’s material procurement
(2.3). Section 2.4 is about the internal print production workflows,
which are currently the most dominant area of workflow automa-
tion. This is where it all began. As a sub-topic, | will present work-
flow management systems (WMS), i.e., controllers that manage
one or several production processes (partly) automatically under

a common user interface. Section 2.5 is about the delivery of the
finished products. Finally, the chapter ends with other interfaces to
external partners to whom a print provider has outsourced parts of
its business and production.

Some people claim that the external interfaces allow for major
increases in efficiency in the future, while the internal production
processes are already largely automated. This is true in theory but
does not really apply in practice.

2.1 Management Information Systems (MIS)

A management information system is a general term for comput-
er-aided systems that provide information about commercial busi-
ness processes. An enterprise resource planning system (ERP) goes
one-step further: the software also controls production processes
while making the best possible use of resources. This is sometimes
called a manufacturing execution system (MES). Since all three
terms are often used interchangeably in the graphic arts industry, |
will not differentiate between them.

The MIS/ERP/MES is the topmost workflow controller in the print
shop. It is also sometimes referred to as an agent. An agent is a
workflow component that initiates the workflow communication
by writing the initial workflow data (i.e., the job ticket, see below)
for a print job.

First, | will look at some key MIS features, followed by the interfac-
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es of an MIS (2.1.2). However, these topics are not disjointed but
overlap to some extent.

211 Main Features of an MIS/ERP

The main tasks of an MIS are:

e  Price estimation and job management

e  Production planning, controlling and scheduling

e Reporting, controlling and visualizing the business status for
management decisions

When you launch an MIS, you normally see a list of all current
print jobs managed by the MIS. The order management operator
can sort this list in different ways. A core function of the job man-
agement system is the creation of new print jobs of different types
and estimating their prices. For the latter, an MIS must be able to
compile the technical processes of the production for each job.
The process planning for the production can go quite deep. For
example, the MIS might suggest imposition schemes, even for gang
forms. Moreover, the delivery date will be registered.

Traditionally, after the MIS order manager has generated a job and
the print buyer had agreed on the price, a paper-based job ticket
is printed, which in turn is then forwarded to the prepress depart-
ment. The job ticket contains the product description as well as
production instructions (not only for prepress). A paper-based job
ticket is not state-of-the-art anymore. Nowadays, the MIS sends
the job data including the basic production parameters digitally to
a prepress workflow management system and to other production
systems. The Job Definition Format (JDF) is widely used for this
purpose (see Section 4.3). The digital transfer of job tickets is more
efficient and less error-prone. In particular, data does not need to
be entered twice anymore.

Usually it is also desired that an MIS displays the production status
of all jobs. In order to achieve this, operational data from the pro-
duction floor must be sent back to the MIS (see Section 2.4.3). This
also allows the print provider to control the production costs per
job and compare them with the estimated price set in advance.
Thus, the profitability can be calculated for each job or job type
(post-calculation). Furthermore, it enables production control, job
tracking, and the automatic generation of meaningful manage-
ment reports on things like turnover development, delivery perfor-
mance, machine utilization, waste analysis, or more abstract values
such as overall equipment effectiveness (OEE).

Most MIS have optional modules that can be licensed separate-
ly, such as a web shop system, an electronic planning board, or
warehouse management software. Since these three tasks can be
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performed with external modules from a different vendor (and be
integrated with the MIS), | discuss them not in this MIS section, but
rather in Sections 2.2.2, 2.4.4 and 2.4.5, respectively.

21.2 Overview of Interfaces

Figure 2.2 shows the main interfaces of an MIS except for the pro-
duction interface. Note that many of these might not be part of
each MIS configuration in a printing plant. They can be either op-
tional modules of an MIS or are not included in the MIS at all. The
modules are increasingly merged (e.g., print buyer, web-to-print,
and customer relationship management).

Customer
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Figure 2.2: (External) interfaces of an MIS

In Figure 2.2, the section numbers are marked for those interfaces
that | discuss in the following sections (2.2 through 2.6).

The top arrow between the print buyer and the print provider’s
MIS in Figure 2.1 represents all job-related communication issues
such as quotes, purchase orders or invoicing (see Section 2.2.1). It
does not include marketing activities, which are covered under the
term customer relationship management (CRM). Note that CRM

is often understood as the sum of all information and activities
around the customer, including order-related correspondence.

The most dominant external communication of an MIS is the in-
terface to the internal production (see Figure 1.1 and Section 2.4).
Much data which has been already registered in the MIS must be
passed on to the production. Examples include:
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e Product specifications such as product type, printing sub-
strate, product parts, binding, colors, number of pages,
dimensions of pages, finishing processes (e.g., laminating or
varnishing), etc.

e Data about necessary production processes such as printing
technology, process details, machines to be used, print runs,
etc.

e Organizational issues such as customer information, produc-
tion schedules, and deliveries.

The description of the processes can be quite general or highly
detailed. For example, not only the process names “sheet layout
preparation” and “imposition” can be transferred to prepress, but
also imposition schemes, precise folding positions, or even ready
sheet layouts. The depth of this data exchange is important for
evaluating the integration between MIS and production system.

The interface between MIS and production has been subject to
lots of debate since the beginning of the 21st century. By now, it
is a well-established communication channel. The paper-based
job tickets that were common in the past have been more and
more replaced by electronic job tickets. A smooth MIS-production
interface is therefore essential for workflow automation. The data

formats between these two instances have also been standardized,

primarily in the form of JDF and XJDF (see Sections 4.3 and 4.4).

Note that the data transfer between the MIS and the production
controller and devices is not a one-time matter per print job, i.e.
when the MIS hands over the electronic job ticket to the pro-
duction. Often, the print buyer changes the order afterwards,
which requires updating. Sometimes, the order manager can even
control some devices directly, like reprinting plates, for example.
Moreover, the interface normally is bi-directional. The devices and
production controller will a) send back operational data to the MIS
(see 2.4.3) and b) send data for updating the job ticket informa-
tion.

An update might be necessary when some production operator
changes some values in the job, or some controller/device adds
some data automatically. Normally, the MIS job ticket does not
cover all parameters for the production, and those are filled in
later with default values, for example.

Please keep in mind that these standardized data formats may be
used only for communication between the MIS and the production
systems — internally, the data structures may be completely differ-
ent. In fact, much information will be stored in private databases
of the MIS and of the production system, but this architecture still
allows the user to connect MIS and production systems from dif-
ferent vendors.

i The product specifi-
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213 Current Trends in MIS/ERP

In recent years, many new features have been added to manage-
ment information systems. | want to highlight just two of them.

In the past, MIS server software and the associated client software
were installed on the company‘s own computers (on premises).

In recent years, however, more and more systems have become
cloud-based, and clients can use their local browsers to communi-
cate with the remote system. Initially, there were many concerns
about data security, but these have diminished.

The cloud can be either public or private, i.e., based on the public
internet or on some private intranet. Private clouds are relevant
mainly for big companies that strive to interconnect several subsid-
iaries. Multi-site production and internationalization presumes MIS
software that can handle not only different languages and curren-
cies, but that most notably can organize production across several
locations with the lowest cost. To accomplish this, some very large
companies don’t install an off-the-shelf solution from some MIS
vendor, but rather build their own system instead. Still, they often
use some functionality of a purchased MIS product. That is, they
build their own MIS by deploying an API (application programming
interface) from some commercially available MIS that they bought
from an external vendor.

Another important trend concerning MIS is to allow print buyers
to input data into the software directly. Thus, the print provider no
longer needs to enter all the data to specify the requested prod-
uct. This capability makes the following features necessary:

The MIS can grant the customer access in a secure manner.
e The MIS can estimate production costs fully automatically.
e The print buyer is willing and able to enter the product data
into the system.

This procedure surely is only valid for long-term customers of a
print provider. Alternatively, electronic data interchange (EDI) be-
tween the print buyer’s ERP and the print provider’s MIS, based on
a master agreement between the two parties, can be even more
effective (see 2.2.1).

2.2  Print Buyer - Print Provider

The information exchange between the print buyer (PB) and print
provider (PP) is of a diverse nature. | like to classify them roughly
according to the type of print job, such as:

e Unique print jobs
e Template-based print jobs
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The first bullet point means that the customer requires a unique
print product, not only in terms of content but also concerning the
product features like dimension, inks, printing substrate, embel-
lishments, and the like. For that, a special quote must be prepared.
Let’s discuss this MIS-based approach briefly in Section 2.2.1. Tem-
plate-based, on the other hand, means that the degree of freedom
concerning the artwork and the product might be limited. This
case will be the topic of Section 2.2.2. Both kinds might include
proofing, portals, artwork submission and notifications, which are
covered in Section 2.2.3.

2.2.1 Business Transactions

Figure 2.3 shows some typical
data exchanges between print
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Traditionally, these business
objects have been informal
and unstructured. The com-
munication channels are tele-
phone, e-mail, postal mail, or even telefax. Direct sales is another
high-touch method of placing orders. For the artwork, e-mail
attachments or courier/mail services for sending physical media
such as CD/DVD or USB sticks are common (Figure 2.4 - @). The
communication is carried out between PB and PP employees. On
the PP side, staff normally re-keys the customer’s data into an
MIS. These communication channels are not particularly effective.
Phone calls and e-mails can lead to misunderstandings and subse-
quent inquiries. Their potential for automation is low. A change of
communication channels should be considered.

print provider

To send artwork via an e-mail attachment, files must not be very
large. Another option, which has also been used for many years,

is to transfer data using the FTP protocol (Figure 2.4 - @). For this,
the PP must set up an FTP server and the PB can then transfer data
to the server using FTP client software.

Figure 2.3: Common data interchange between print buyer and
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i apurchase order, or an

i invoice.



Scope of Workflows

business
data

o QRly B~ 8|

Cloud R W2P
(2] (1) e torage Apps
. . |business . |business T .. |business
=2 2 data =@ |data 3] l‘ﬁ\deata

Provider

Production

Figure 2.4: Job submission between print buyer and print provider
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In recent years, as we all know, the transfer of data via a file host-
ing services has become increasingly popular. Third-party providers
make storage space available for this, which the PB and PP can
then use jointly. It is also referred to as cloud storage (Figure 2.4 -
).

Content data submission via Web-to-Print (W2P) and portals is
much more effective. The main advantage is that the uploaded
content can be routed to the job data without human interaction.
Manual assignments between job data and artwork are no longer
necessary. They are not only time-consuming, but also a poten-
tial source of errors. In addition, the transfer of the content data
is documented and equally transparent for the parties involved.
This is particularly important for revisions. Finally, the artwork file
can be preflighted automatically, and properties can be checked
according the job data (e.g., number of pages or page sizes). The
PB will then get immediate notification concerning possible se-
rious errors. Even further processes such as trapping and color
management can be automated. In Figure 2.4, arrow © represents
this communication path between PB and PP (see next section for
more details).

In @, the PB uploads an artwork file with a web browser using

HTML 5 and some associated programming languages to the por-
tal server. PrintTalk (see Section 4.5) can be used as an underlying
protocol between portal/W2P and the PP’s MIS. Inside PrintTalk’s
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ContentDelivery business element, a URL can be defined where the
data can be found. The portal/W2P system will send this element
to the PP’s MIS, which can then respond with a ContentDeliveryRe-
sponse PrintTalk element.

Some business transactions like request for quote, quote, purchase
order and order confirmation are usually carried out before the

PB submits the artwork to the PP. With W2P, both the business
data and the artwork are sent simultaneously. There is, however,

a third option: The print buyer (or some creative agency) submits
artwork to the PP and thereby triggers an order implicitly. Usually,
a prepress operator or a prepress workflow management system
creates the order, and software helps to describe the print job by
analyzing the file. For example, the number of pages, page size,
colors can be extracted from the PDF (see light green arrow in
Figure 2.11). There is still important job data missing, such as the
number of requested copies, the printing substrate, or the binding
type. The prepress operator or the MIS order manager must get
this information from the PB in retrospect. This procedure con-
tradicts the theory but is common practice. It might become even
more popular when more product description data is integrated
into the PDF (see Section 4.7).

Finally, | want to mention the option of an electronic data interface
(EDI) between the print buyer’s enterprise resource planning (ERP)
system and the print provider. This allows a PB to easily retrieve or
order products directly via its internal ERP system. This interface is
shown graphically in Figure 2.4 - ®). Such an EDI interface is nor-
mally a special solution combining the PB’s and PP’s systems, i.e., it
is customized. It might be connected to the PP’s warehouse man-
agement software and MIS. However, this type of purchase order
is only reasonable for major and long-term relationships between
customers and print providers.

2.2.2  Web-to-Print (W2P) and Apps

In the last section, the traditional onboarding methods started
with unstructured information from the PB that some MIS order
management operator had to re-key. Moreover, the PB or its agen-
cy send artwork separately from the job data. Both data sets must
then be linked by somebody at the PP, which increases labor costs.

As is well known, Web-to-Print involves creating, ordering, pro-
ducing and submitting print jobs via the internet. That is, it encom-
passes e-commerce aspects as well as the creation and submission
of the artwork in most cases. Web-to-print automates the submis-
sion of print jobs and reduces the number of human touch points
for the print provider (e.g. create quotations, process purchase
orders).

The main characteristics of a W2P system are:

i W2P is a commercial
printing platform for job
i and artwork submissions
i using web sites.
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Online pricing, usually online billing (B2C)
Integration with the customer’s ERP (B2B)
Online customization via pre-defined templates
Uploading of print data (PDF, text, images)
Online purchase orders

Restrictions in product features

Responsive web design (B2C)

W?2P shops and appropriate mobile apps are mainly used for com-
mercial printing, but also —to a lesser extent — for packaging print-
ing, especially for label printing (web-to-pack). Niche markets are
deploying this technology as well. The publication of photo books
should be mentioned in this context.

In this section, | will go neither into the technical setups of a W2P
shop nor into the business opportunities and risks of doing so. In

addition, | will not cover the different features and requirements

of public B2C and dedicated B2B systems. | will only discuss some
fundamental data flow aspects.

One business condition, however, is so fundamental that is has a
big impact on the PP’s workflow: For online printers, the average
value of a purchase order is usually quite small. On the other hand,
there are many of these jobs to be processed each day, especially
in to B2C environments. With B2B, repeat jobs are common. Both
situations imply that order-related activities should be automated
as much as possible by minimizing the number of human touch-
points per order. Thus, all the workflow automation options de-
scribed in this book are particularly important for online printers.
Actually, online printers are often pioneers in workflow automation
and in some cases the initiators of these new, more efficient pro-
duction processes. Without workflow automation, W2P is simply
not profitable.

The W2P system will inform the PP’s MIS and/or workflow man-
agement system (see section 2.4.2) about incoming orders. Differ-
ent data formats may be used, such as PrintTalk with JDF or XJDF,
CSV, or private XML (see Chapter 4) to store the desired job data.
XJDF might have some advantages over JDF, in particular because a
XJDF file can store information about several products, while a JDF
file always contains information about a single product only.

To exchange these kinds of data, the W2P server is run by the PP
on-site or by some external service provider. If a PP operates its
own W2P store, the W2P software is often an optional module of
the MIS or prepress production system. In these cases, the inter-
faces between the modules are obviously internal. For example,
the systems could simply access a common database. Of course,
there are also PPs that install MIS, production system(s) and W2P
software from different vendors.
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It is self-evident that MIS, W2P and the production systems must
be able to communicate with each other. From the system integra-
tion point of view, it is desirable that the vendors deploy standard
data formats for this purpose (such as JDF, XJDF, or PrintTalk). This
provides the highest level of flexibility in case one of the modules
should subsequently be replaced without too much effort. How-
ever, even if some of the modules allow only vendor-specific XML,
this does not mean that all is lost since XML documents can be
easily transformed with help of an XSL transformer. For example,
one could convert a private XML document to some standard JDF
document or vice versa, assuming that the private XML document
contains appropriate information for the JDF.

A W2P system is not a monolithic block but usually consists of dif-

ferent modules that are connected to the system via APl interfaces.

Typically, these modules might be:

e  Graphic engine for creating templates and filling customiz-
able templates online

e Rendering engine for generating PDF documents and/or im-
age files

e Preflight engine for checking and making uploaded files pro-
duction-ready

e DAM for providing digital assets such as images

In addition, of course, there are e-commerce functionalities such
as pricing, handling shopping charts, managing previous orders or
even a private environment for each customer, data analytics, and
interfaces to online payment providers and possibly to shipping
companies.

2.2.3 Notifications and Approvals

Processes have several different output states —in the simplest
case “success” and “failure”. Often, some sort of threshold values
are set to map the whole range of quality levels up to one of these
two extremes.

Most of these validations concerning the processes are handled
within the production environment. The checks are carried out
either by some operator or some automatic quality assurance
mechanism. For example, after imaging (and developing) a print
plate for offset printing, either an operator will (occasionally) vi-
sually inspect a CtP control strip on the plate or control the tonal
values with a hand-held measuring device (mobile plate scanner),

or some special image analysis software checks the imaging quality

of the printing plates automatically on a conveyor line.

The results of some processes are checked for some kinds of prod-
uct, but not for others. Trapping in prepress is normally done fully

i XSL stands for Extensible
Stylesheet Language.

i Itis used, among other
things, to translate/ E
transform an XML format
i into another XMLor any
i text format.

DAM stands for Digital i
i Asset Management. It
¢ allows the storage, re-
trieving, organizing and
i manipulation of digital
i assets such as images.
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automatically in commercial printing and not inspected by any-
body, while in the packaging industry this process will be checked
and corrected visually by an operator (because of the higher usage
of spot colors and non-standard color separations).

Reviews of processes can also be formally expressed in job tickets
such as JDF.

These examples should suffice for internal quality assurance within
the production operation. Next, let’s take a look at the situation
where external people review and approve/reject some interim
results —i.e., some resources — during production. The approval
stakeholders are the PP, the PB, content providers, and production
agencies. On a sidenote, as more and more people work remotely
from home, the distinction between internal and external approv-
als is becoming less significant, at least as far as the underlying
technology is concerned.

Traditionally, there are the proofs (i) to (v) of semi-finished prod-
ucts (see below). In this list, | am omitting the design, content and
color validations during the creation of the artwork, even though
the proofing process is extremely important in this area. The rea-
son for this is that it usually happens independently of the print
provider, namely between the print buyer, design agency and pho-
tographer (unless the print provider also runs the agency). More-
over, often the focus is more on collaboration. For that, a work-
space in the cloud is created, which allows the parties to jointly
edit and review online.

i Checking the PB’s artwork for technical production suitability
(preflight)

ii.  Verification of the print-ready artwork before imposition

iii.  Color proof

iv.  Imposition proof

v.  Sample/mock-up

All these proofs used to be analog on paper or carton, but in many
cases they have been gradually replaced by online/virtual proofs.
For the latter, a distinction should be made between data exchang-
es that take place via e-mail or through some special approval
software. Approval via e-mail is much more cumbersome and er-
ror-prone than, for example, a method that is supported by portal
software. It is crucial that the approval process is integrated into
an MIS or the production controller or a workflow management
system (see Section 2.4.2), because this is the only way to ensure
that the right people receive the right proofs on time. Moreover,
the software then can warn the PP if an approval request has been
ignored or whether a proof has been approved or rejected. The
system also tracks revisions. Thus, proofing should be integrated
tightly into the workflow software. Let’s also note in this context



Chapter 2

that approval delays are still common, which is why workflow au-
tomation in this area is a worthwhile undertaking.

In the following, let’s discuss the proofs listed above in more de-
tail.

(i) The visual inspection for technical properties of the PB’s artwork
is substituted by (or at least complimented with) automatic pre-
flight programs. Nowadays, the print data is not only checked in-
dependently from the job order, but the job ticket is used to check
compatibility with the artwork (colors, number of pages, etc.). The
outcome of this preflight check might lead to an automatic correc-
tion, a notification of some operator in the print shop, or a mes-
sage to the PB (e.g., an e-mail or an entry in a customer portal).

For the sake of completeness, | would like to mention quality in-
spection systems. They inspect the content of an artwork, for ex-
ample, the expected legibility of 1D or 2D codes.

(ii) After preflighting, correcting, normalizing, color converting and
trapping the PB’s data, it is ready for imposition and creating the
printing form. However, before the latter happens, sometimes an
approval of the print-ready data is requested. In the simplest case,
this can be done by sending a PDF file to the customer. This pro-
cedure has a crucial catch, however, because the default setting of
the customer’s PDF-reading software (usually Acrobat) can have

a significant impact on the file’s appearance. For example, the
overprint preview can be switched on or off. Therefore, it is better
to send rendered PDF data, i.e. image data, instead. However, the
disadvantage of this method is that it involves a lot of data. One
solution is to not send a file, but instead to store a preview image
in screen resolution on the customer portal (or on some server to
which the PB has access) into which the customer can zoom in as
deeply as desired with dedicated software. Thus, only parts of the
inspected image must be downloaded at higher resolution.

Of course, any checks that you can make in a PDF viewer must also
be possible with this image-based method, such as the inspection

of separations, display of total area ink coverage, measurement of
color values, length measurements, showing trim, bleed, and me- .

dia boxes, and so forth. Another feature of such page inspection E;;’;";dagzx
software is the comparison of file versions and reshuffling of page B Media Box
positions in reading order.

Figure 2.5: PDF Boxes

It is fundamental that the PB can approve, reject and annotate a
single page/artwork or an entire file. To accomplish this, the cur-
rent approval status of each page/artwork must be indicated on
the customer portal.

(iii) A color proof is a simulation of a print product in the color
space of the planned press on the monitor. The goal is to anticipate
the future print’s color as closely as possible. Since this subject
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is very extensive, | will not attempt to go into the details of color
proofs on inkjet printers or on monitors. That would be a separate
topic involving special printing technologies, monitors, lights, cali-
brations, colorimetry, color profiles, color conversions, and the like,
all of which would go far beyond the scope of this book on work-
flow automation.

(iv) After the imposition process, the (PDF) forms used to be print-
ed out on a plotter. The proof also showed the important dimen-

" sions of the trim box, the bleed box, and so on. A prepress opera-
tor then checked this imposition proof for mistakes in the position
i Animposition scheme of the pages relative to the imposition template, missing bleeds,

(often called folding :  missing controls marks, etc. Sometimes, this proof was sent to

scheme) indicateshow :  the (internal or external) bookbinder to validate the imposition

pages are placedona :

Gond : scheme. Today, only very critical impositions are inspected this
sheet. Only the principle :

i way. Mostly, imposition proofs are omitted or reviewed on a mon-
placement of the pages : . . .. .
in relation to each other :  1tOF after having been rendered. This kind of proof is directed to
is defined, not the exact :  Print production experts only and not suitable for the PB. However,
1 positon. :  after de-imposing the imposed form — that is, splitting them into
S “ pages in the order according to the imposition scheme — the PB
might browse through the pages in the reader’s order. Sometimes,
these are called signature booklets. With these, a PB can check
easily if the page layout on the sheet is correct.

(v) In the packaging industry, especially where cardboard/folding
boxes are concerned, print buyers often request sample mock-ups.
They can be of an analog or digital nature. Analog samples are
made with cutting plotters. The digital version would be a 3D sim-
ulation of cardboard/folding boxes (see Figure 2.6). An animation
allows visualizing and controlling the folding sequence.

For a Request for Approval (RFQ) and the actual approvals, the
PrintTalk protocol can be deployed (see Section 4.5). The PP might
send a Request for Approval
2ol SRR 2 2ol s oS business object, while the
: 8 PB will send an Approval Re-
sponse object. Both objects
need to reference the job ID.
To avoid misunderstandings,
M | would like to clarify (once
5 again) that this of course does
not mean that the PB and
the PP write, send and read
messages in PrintTalk, which
is an XML instance. Instead,
the software to which the PB
has access (such as an e-com-
merce system or a customer
portal) will send PrintTalk
o prrrT— g business objects when the PB
Figure 2.6: Virtual 3D mock-up of a folding box. Courtesy of Esko clicks on appropriate icons in

,,,,,
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the browser. Furthermore, the PP is not notified of the incoming
message via SMS or some similar service, but the information is
received by the MIS, for example.

During the production of a print job, there are other communi-
cations between PP and PB besides the approval procedure. The
PP might notify the PB of a preflight report, the achievement of a
milestone in the production cycle, or the tracking number of the
shipment. Again, these notifications are either displayed on the
customer portal or sent via e-mail. As an underlying protocol
PrintTalk might be deployed using the business objects Status Re-
quest and Order Status Response.

During production, another message type might be sent from PB
to PP, namely an order change. In theory, confirmed orders are
immutable, but alas, it is rather common to forward job revisions.

2.3 Material Procurement

Automation in procurement is particularly worthwhile if many
different kinds of material are required in small quantities. A web
offset print shop that generally uses only a few different printing
substrates and plates will have a framework agreement with the
material supplier and thus will not need new quotes when material
is ordered. The same can apply to a web-to-print shop. In the case
of commercial offset printing with short print runs, on the other
hand, it makes sense to consider automation in material procure-
ment. In the following, | are assuming such a situation.

Materials management begins with determining whether there is
enough of the required material in the print shop’s stock. Only if
this question is answered in the negative (by the materials man-
agement system) must negotiations between the print provider
and the supplier of consumables be initiated.

The communication between many print providers and supplier

of consumables is still very traditional regarding the purchase of
printing substrates, plates, inks, or other materials. Often, some
employee in the print shop’s purchasing department calls the sales
department at the consumables supplier, learns the current prices,
and places the order over the phone or later by sending an e-mail/
telefax. (Figure 2.7 - @) The consumables supplier will then feed
the data into his MIS and forward the material to the PP, including
the delivery slip. (Figure 2.7 - ®) The invoice is sent by separate
mail. (Figure 2.7 - @) The PP needs to manually type the data into
the warehouse management system and/or into the MIS.

This procedure is particularly unsatisfactory for the calculation of
a quote. Either the PP’s employee has a price idea for the printing
substrate, or he uses potentially outdated prices in his database
(entered during the last order), or he must contact the paper
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supplier repeatedly. The latter is especially problematic when one
considers that many quotations do not lead to a purchase order.

Warehouse \

Figure 2.7: Communication between print provider and consumable supplier

Print Provider

Material Supplier

There are some very special solutions for streamlining the work-

flow:

22

The consumables supplier generates a price list from the MIS,
for example as a CSV file on a regular basis, and sends it as an
e-mail attachment to the PP. The PP imports the list into his
MIS in order to make the currently valid prices available for
the calculation of quotes. (Figure 2.7 - ®). The PP can thus
update the MIS database for a certain type of consumables
(e.g., printing substrates) from this particular supplier.

The PP sends orders to the supplier as e-mail attachments (in
XML or some other text format). This might ease the import
of the data into the supplier’s MIS. (Figure 2.7 - @)

The consumables supplier invests in an e-commerce system
so that the PP can place orders online. This simplifies the
processes for the consumables supplier, although the PP still
has to enter the request manually. (Figure 2.7 - ©)

The PP scans delivery notes and invoices with OCR or auto-
matically analyzes e-mails from the supplier in order to sim-
plify the data input into his warehouse management system
or his MIS.
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All of these are very individual solutions for specific situations.

In the future, electronic invoicing might become more popular.
The material provider’s MIS will generate a PDF invoice, which
embeds all relevant data (for example, as an XML record) in a ma-
chine-readable format (Figure 2.7 - ®). The ZUGFeRD specification,
for example, makes this possible (Forum elektronische Rechnung
Deutschland, 2020).

All these solutions allow only some kind of semi-automatic work-
flows. The fully automatic solution, on the other hand, is that

the PP’s management information systems and the consumables
supplier exchange XML data directly between their applications
via a web service (Figure 2.7 - @). Printing substrates, for example,
can thus be ordered fully automatically according to the sched-
uled printing date in line with the production schedule. Moreover,
changes in dates, quantities and articles are also transmitted
automatically. Right now, however, such exchanges are not yet
standardized, and MIS systems of material vendors have different

web service links (if they have one at all). Hence, the PP’s MIS must

support various formats.

Print providers normally need to communicate with many different
consumables suppliers. With each of them, the method of commu-
nication may be different, which increases the overall complexity.
Possible standardization could be achieved via platforms to which
the PP’s MIS connects (see Section 2.6).

2.4 Production

The production floor has traditionally been the pioneer in work-
flow automation. In the 1990s, first attempts were made to auto-
mate internal production workflows with the help of a standard-
ized data format (see Section 4.2). At the turn of the millennium,
the workflow automation effort was taken much further with the
publication of the Job Definition Format (Section 4.3).

Figure 2.4 in Section 2.2.1 shows different paths connecting incom-
ing orders to the production process. For example, there might be
a specific method that the MIS uses to send job data to the pro-
duction (often using the JDF or XJDF data format, see Sections 4.3
and 4.4). W2P orders, however, might be forwarded to the pro-
duction floor via a different path. This could be caused by different
production systems that are deployed for both areas.

There are efforts to unify these channels, for example with the
help of an MIS or separate “middleware” software. This module
would gather all the orders and print data, assign them automati-
cally, and bundle the data for the following:

e Technical production processes

Definition (by W3C)

i A web service is a soft-
ware system designed

to support interoperable

¢ machine-to-machine in-
teraction over a network.

i Middleware is a type
i of computer software

: that mediates between
i applications. It can be

i described as “software
i glue”.
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e  Orders to external suppliers
e  logistics companies
e Internal storage

This strategy reduces the number of interfaces and software mod-
ules within the production. It makes the production more stream-
lined and cost-effective. It reduces maintenance and increases
overall production efficiency. For the latter, it is worth mentioning
as an example that creating gang forms becomes more efficient
the larger a job pool gets.

Of course, the single connection between MIS/middleware and
production shown in Figure 2.8 is an idealized sketch because dif-
ferent printing technologies and print products require different
processes and devices. They do not necessarily have to communi-
cate with a universal production controller, which in turn exchang-
es data with the MIS, but may also be able to communicate direct-
ly via the MIS.

Many devices such as presses or postpress machines are individu-
ally connected with the workflow network. At times, a specialized
controller governs these devices (see Figure 1.1 in Section 1). In
prepress, however, applications often cover a few processes, nor-
mally under the direction of an operator (see next section).

@ @ Q@ ml @ mobile @I @9 mobile

Cloud X W2P
(6) (4) (2) (1) e to[a Apps

business X . . |business . |business . . |business

data wia wia = data wia data o © s data

Print
Provider

l
o

{ Middleware

Production

Figure 2.8: Communication between print provider and print buyer
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A workflow management system (WMS), executes several different
processes. Its software architecture is quite different compared

to a stand-alone application. Let’s discuss this in 2.4.2. The most
networked module in the production environment is the electronic
planning board (2.4.4). This software is, in a way, the champion of
workflow automation.

2.41  Applications for Production

At first glance, it seems that every device and every software
application is responsible for a single process. At second glance,
however, numerous devices might come to mind that can execute
more than one process. A striking example of this is a saddle stitch-
er, which collects and stitches. These are two different processes.
Even a conventional sheet offset press can do more than print
these days — it may also be able to varnishing, perforate, die-cut,
emboss, and crease. However, it is still true that the main task of
such a press is to print. The situation is different with a web offset
press, where additional equipment such as a folder and a cutter is
standard. Digital printing presses are also frequently supplied with
inline finishing modules.

Nevertheless, it is still true for the press and postpress segments
that, as a rule, a machine has only one main application, i.e. it
executes a single process. In the prepress area, however, things
are completely different. Here, too, there are still software pro-
grams that execute only a single process, such as preflight or color
conversion. In recent years though, the functionality of individual
applications has increased significantly. A typical preflight program
nowadays can also fix errors of a PDF file, manually or automatical-
ly, and convert the file into some standard format (such as PDF/X
or PDF/A). Imposition, trapping and color management can also be
part of the PDF editor’s scope of services.

About 20 years ago, raster image processors together with impo-
sition software have developed into workflow solutions that can
cover a wide range of tasks. Such software is often called a work-
flow management system (WMS) or just workflow system. Let’s
discuss them in the following section. The distinction between
software application and WMS is somewhat blurred, however. The
terms workflow management system or workflow system are now
also used for workflow solutions in the press and postpress sector.
At the same time, RIP technology has developed into Digital Front
Ends (DFE) for digital presses.

2.4.2 Workflow Management System

Individual production processes are often handled not by isolated,
stand-alone applications, but rather by a software system. Such
a software system controls several modules/devices, and each of

25



Scope of Workflows

them in turn can execute one or more processes. The entirety of all
modules and the control software itself is called a workflow man-
agement system (WMS), the control software is called the core,
and the individual modules/devices are called workflow engines.

A WMS is therefore not a monolithic application that fulfils many
tasks, but rather a conglomerate of workflow engines that commu-
nicate with each other via interfaces and above all with the core

of the WMS. The core initiates and controls the execution of the
workflow engines (see Figure 2.9).

U?er Workflow Management System (WMS)

v

WMS User Interface

6

Platesetter

Figure 2.9: Interfaces of a workflow management system in prepress

Three properties characterize a WMS:

CMS stands for color :

i e There is a common user interface for all workflow engines.
management system. :

! Color management is the e AWMS administrator can model the process chains for vari-
i controlled conversion of ous production processes within the framework of the WMS.
color betweenthecolor : o A WMS administrator can define default values for the work-

representations of various :

devices. flow engine parameters.

""""""""""""""""""""" Generally, the workflow administrator uses a graphical user in-
terface to compile visually different processes into a process
chain. Arrows are used to connect the individual icons to specify
the sequence and dependencies of the processes. Furthermore,
process-specific property tables can provide the processes with
instructions and default parameters. Figure 2.10 shows an example
of a graphical representation of a workflow. This simple workflow
example requires PDF and JDF files for each print job as input. It
then sorts the PDFs according to the paper they will be printed on.
This information is stored in the JDF file. The workflow manage-
ment system in this example is Switch from Enfocus. The special
feature of this WMS is that intermediate results between the indi-
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vidual processes or phases can be accessed in graphical objects
looking like folders, which makes it easy to check whether the
processes are doing what they are supposed to.

The workflow core provides the workflow engines with necessary
parameter data so that they can execute a process. The core in
turn receives the data from the following

e External job tickets, for example issued by an MIS (Figure 2.9
- @)

e  Result values from preceding workflow engines within the
WMS (Figure 2.9 - ©)

e  Default values of the WMS set by a system administrator via
the user interface (Figure 2.9 - ©)

e Values that the WMS operator enters in dialog windows of
the WMS (Figure 2.9 - ©)

e Values extracted from the content data

When you use a WMS, there are at least two user roles: While the
administrator sets standard parameters and defines the process
chains for various production routes, a WMS operator will change
predefined workflows and parameters in a few cases for an indi-
vidual job only. Standard jobs can thus pass through a WMS com-
pletely automatically, at least in prepress. This is especially true for
installations at W2P print shops.

Communication within the WMS (Figure 2.9 - @) can be handled
by:

e Vendor-specific data formats (such as private XML)
e Standardized job tickets, such as JDF or XJDF
e A combination of the two

If standardized job ticket formats are used, a workflow engine is
also called a job ticket processor. In theory, job ticket processors
for a specific process are exchangeable if they are based on the
same standard. Thus, during the installation there might be a
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choice of job ticket processors from several manufactures. This

is not always true, however, and such a configuration must be
analyzed and tested very thoroughly in advance. Unfortunately, a
normal user cannot accomplish this — the manufacturer or some
specialized integrator needs to be involved.

Concerning the IT infrastructure, the configurations of the WMS
core and the workflow engines are mostly quite flexible. The core
and the engines might be installed on one or on several different
servers. This provides scalability. An engine can actually be in-
stalled outside of the PP’s premises “in the cloud”, with communi-
cation taking place via web services. Recently, many WMS vendors
have begun offering their entire system as a cloud-based service
(SAAS). There might also be several instances of an engine running
simultaneously in order to boost performance.

The communication between the workflow core and the workflow
engines is bidirectional, i.e., the engines send status information
back to the core.

The data exchange between the WMS and the outside world is
normally based on standard formats, such as JDF/XIDF in Figure
2.9 - ®. This job ticket data would stem from an MIS or some
workflow controller. It also might be connected to a portal system
in which customers can manage their jobs, upload content data,
check monitor proofs, specify correction requests, or give approv-
als. The information is forwarded to the WMS, and the content
data is automatically routed to the print job. Conversely, a WMS
can forward the production status to the portal to inform the cus-
tomer about the production progress.

Figure 2.9 - O represents the interface between the CtP engine

of the WMS and the actual CtP device. The engine might forward
TIFF-B images to the device, i.e., individual bitmaps for each color
separation. Status and error messages might go the opposite way.

Note that a WMS often needs to access external data — either files
from the file system (Figure 2.9 - @) or records from a database
(Figure 2.9 - ©). For example, the list of all current jobs in the sys-
tem is usually stored in a database rather than retrieved from the
JDF files, which would be possible but quite slow.

In press and postpress, a WMS might only support one type of pro-
cess/device such as printing or cutting, respectively. Here the main
task of such an WMS would be to translate the standard job ticket
format into device specific instructions, balance the workload, and
prepare the job offline. The latter allows job-specific settings such
as cutting sequences to be defined outside of the actual device on
a computer and thus not to block the much more expensive device
during this time.

A WMS manages several workflows. From an abstract point of
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view, a workflow is managed internally by a system of rules, where
a rule consists of events, flow controls, and actions.

Events are triggers like these:

Job arrived in queue or hot folder or ftp-site or portal
Approval has been granted

Sheet is populated with content data

Plates have been exposed

Conditional branches (if-then queries, loops, etc.) implement flow
controls. Conditional branches can be refined by regular expres- ! :
sions. A regular expression is a

: sequence of characters
Actions are activities, such as the execution of a process (by a that defines a pattern.
workflow engine). However, an action could be also just a phase of S ;
a process or even just a basic task, such as:

Extract information from data...
Convert data into...

Copy a file to...

Send an e-mail to...

Open a dialog box...

Each action receives a status after its completion (e.g., success,
warning, error) that can be linked to other actions. That is, each
action ends implicitly or explicitly in a flow control. In most cases,
the WMS manufacturer predefines the actions, but more experi-
enced users can also write their own in some environments (using
programming languages such as Visual Basics or JavaScript).

Finally, the MIS, a production controller, or a WMS must be able to
map print product types to different workflows. A business card,

a folding carton box with a lid or a hardcover book will obviously
require different workflows and different product parts. In fact,
things are even more complicated: There are mandatory, option-
al and impermissible processing steps for each of these product
types. Moreover, the production processes depend not only on
the product type, but also on the printing technology. Producing a
label on, for example, a flexographic press is different from produc-
ing a label on a digital press.

A WMS gathers operational data from its engines, edits and visual-
izes the data, and passes it to the MIS or to some other controller.
The devices can compile different types of data:

e Messages — for example, the current state of an engine such
as the current printing speed
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e Reports/protocols — for example, a process summary per
job after a process has been executed (how many good/bad
sheets were produced in total, etc.)

e Machine control values — for example, the parameter settings
of vacuum-powered pickup suckers for the feeder, and deliv-
ery or the actual ink zone settings

Messages can be used for progress bars or a status indicator on a
dashboard. Protocols are the basis for controlling, reporting, and
post calculation. Machine control values are useful for repeat jobs.

2.4.3 Operational Data

Operational data is sent from devices to a controller or from a con-
troller to another controller, e.g., the MIS. There are four main rea-
sons why operational data from production devices is important.

Scheduling of jobs

Status indication of production devices
Job tracking

Post-calculation and reporting

To schedule jobs, the planning board software needs to be up-to-
date concerning the production status at all times (see 2.4.4). In
order to be able to react instantly to any production disturbances,
the status of each device should be continually known. In 2.2.3,
we discussed that in certain configurations the print buyer might
be able to check the status of his order, for example via a web por-
tal. To ensure this, the devices must be able to inform the system
which jobs they are currently processing and which they have just
completed. Finally, to calculate the final cost of a job, data is need-
ed from each device, such as consumed material and elapsed time.
A management decision about the profitability of a product type
or the efficiency of a device should be based on such data.

As with a WMS, there are two categories of operational data in the
current context:

e Reports
e Messages

Reports are records of the result of a process or a process phase
after it is executed. A report is static in the sense that it should not
be changed later. it is a summary of the activities during the execu-
tion. Examples include total material consumption, time stamp at
beginning and at the end, and any milestones that were reached.
It should contain the final status after completion and can con-
tain the name of the employee who was involved in the process.
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The status should cover the device itself as well as the number of
product components that were produced, separated into waste
and good. It might also include special events during a process or a
phase (such as a paper jam in the press) or extra costs that can be
charged (for example, due to change of materials or requirements,
correcting files, etc.).

In contrast to the reports, messages are issued dynamically. They
provide information about the current status of a device, its mate-
rial consumption, and the production progress. A message may sig-
nal the current processing speed or the current status of the pro-
cess or process phase. In fact, messages can be issued without any
process currently being executed on a device at all. They may just
inform about the status of the machine (such as idle, breakdown,
failure, busy, pause, or repair). The values in the messages can con-
trol progress bars and other graphical elements on a production
dashboard. They are also used for updating a planning board.

Messages can be issued either spontaneously (e.g., if an error oc-
curred) or at regular intervals (e.g., to provide information about
the status of the device or its material consumption). The latter are
usually issued without any hand-shaking protocol, sometimes also
denoted as “fire and forget”.

A device can send messages either on his own or because it is told
to do so by a controller. A controller can interactively instruct a
device to send short messages on its own at regular intervals. The
controller can specify an addressee in this request — either itself or
another workflow component such as the planning board. Howev-
er, it can also request information very specifically from a device.
There can be several reasons to do this. For example, the control-
ler might want to get information about the device’s capabilities.
This can be very general or highly detailed. During a plug-and-play
configuration of a workflow, a controller might just want to know
which process a device can execute in general. However, the que-
ries can also be much more in depth, such as querying a folder
concerning the feasibility of folding paper of a certain size and
quality according to a certain folding scheme. The implementation
of device capacity protocols will certainly be one of the basic ele-
ments of autonomous print production in the context of Print 4.0.

Refining the Figure 2.1, Figure 2.11 is showing a more detailed data
exchange between MIS and production systems. A similar figure
could be drawn for the interface between a general workflow con-
troller and a WMS.

A device might send the message to the kernel of a workflow man-
agement system, to some general workflow controller, or directly
to an MIS. A WMS or a controller can forward this information, for
example to the MIS or the planning board. It may summarize and/
or shorten the content of the messages before doing so.
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How is operational data col-

r

Print Provider

lected? There are three op-
tions:

Management Information System (MIS)
° Manually

|

° Semi-automatically
° Automatically

4

Production Controller, WMS and Devices
in Prepress, Press and Postpress

In modern print shops, it

will be a mix of the last two.

Manual gathering means in
the worst case that each pro-

W MIS product description M Operational data: Reports duction ope rator WI” write

[ Prepress product description B Operational data: Messages .

B Production detail B Messages from MIS, e.g. ona prmted form what he or
[0 Update Production details queries or commands she is doing. Next, some other

Figure 2.11: Interface between MIS and production systems

32

person will collect the forms
(for example, at the end of a
shift) and enter the data into

a spreadsheet, which is then used to analyze the production and

to generate reports. An already significant improvement is when
all operators enter the data into a dialog screen on a (standalone)
computer next to the device, and the values are then automatically
transmitted to an MIS, for example. Instead of entering data into a
dialog screen, barcode scanners are also often used. This replaces
the manual transfer of the data from a form to a computer pro-
gram like Excel. Moreover, the data is gathered much faster, for
example at the end of a print job. Finally, the data will be more
accurate since it is entered immediately after having finished a pro-
cess for a certain job and not in bulk at the end of the shift. | like to
call this procedure “semi-automatic”. In either case, however, the
focus is on reporting, messages are not really available.

Real-time messages are only feasible in machine-to-machine com-
munication. The press can signal, for example, its current printing
speed or the material that has been consumed so far. Another
example of messages generated by a press concerns quality assur-
ance during printing: A camera on the press captures images, and
image processing software compares these with the original PDF
artwork. Some types of messages, however, an operator may still
enter manually, for example the reasons why he or she stopped a
press.

Since not all machines can report operational data and not all pro-
cesses run on a machine or some software application (examples
include manual workstations in postpress), there is always the
need to capture semi-automatic data within a fully automatic data
collection environment. To calculate the actual costs of a product,
it is essential to get the relevant data for all production processes.

In many cases, standard JDF and JMF protocols are used for data
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collection (see Section 4.3), but some manufacturers also use pri-
vate protocols.

Finally, I would like to stress that not all the operational data of a
device is sent back to the MIS. For example, a press might store
certain data internally in order to support reprints. Inspection sys-
tems and machine sensors generate lots of data that will play an
even more important role for the Print 4.0 concept. Analyzing such
big data allows for the determination of error causes, predictive
maintenance, quality enhancements, and generally better machine
control. As an added benefit, the knowledge generated this way

is not restricted to the direct machine environment. For example,
a press could send data to prepress in order to place labels on a
sheet in a more print-optimized way next time.

Printing presses may store their data on a central print server. The
data exchange protocols used for this differ from the ones we are
covering in Chapter 4. The machine-to-machine protocol OPC-UA
(OPC Foundation) is used in these industrial applications.

2.4.4 Planning Boards

Often, an MIS also schedules the chronological order of jobs, i.e.,
the job queue for each device. The overall objective is to synchro-
nize and determine the production sequence of orders depending
on their characteristics and production-related restrictions. A
possible variant of this is that the MIS transmits all job data to a
separate planning tool (scheduler) or to a workflow/production
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Figure 2.12: A planning board shows the production steps and the status of all current print orders.
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controller. The graphical interface of the software displays a plan-
ning board that gives the user in the print shop an overall view of
the production and planning status in real time. Figure 2.12 shows
recent, current and upcoming production steps for orders in a
Gantt diagram.

An improved scheduling system can increase the overall produc-
tivity of a print shop tremendously. In connection with an offset
press, for example, changeover times between jobs (de-inking,
blanket wash sequences, changing paper size at the feeder and
delivery units, etc.) and the waste of printing substrates can be
reduced. Another reason for the importance of scheduling is that
the prerequisites for the execution of a production process are
triggered in time. For example, it must be ensured that a plateset-
ter images all plates for the printing process in advance. To do this,
other processes must have already been executed (preflight, color
management, trapping, imposition, and RIPing). Another advan-
tage of a well-organized production sequence is the avoidance of
unnecessary breaks between processes. However, required drying
times must be taken into account in some cases. Overall, digital
planning software delivers a faster production throughput and
cost savings, especially in the postpress area, as waiting times and
unnecessary material movements to and from the intermediate
storage facility can be avoided. Above all, a balanced and smart
allocation of orders to the production machines will lead to higher
machine utilization.

Ideally, the planning software sends to each device on the shop
floor an individual order list that displays the execution sequence.
The order list must be synchronized across all devices, of course,
to make sure that the outcome of each process is available for the
next process according to the schedule.

Another highly appreciated feature of an electronic scheduler is
flexibility. Last-minute production changes due to a breakdown of
a machine or some reprioritization of a job, for example, no longer
have to be initiated manually. The scheduling software will dynam-
ically adjust to the new situation and change the schedule on its
own.

An electronic scheduler can be viewed anywhere in the print shop,
giving everyone an overview of all planned and executed jobs in
real-time. In particular, missed deadlines will be transparent.

Most schedulers have different modes: automatic, semi-automatic,
and manual planning. You can manually overwrite planning data
that had been generated automatically. Characteristics of produc-
tion planning can be adjusted, for example by assigning the highest
priorities based on deadlines, set-up time optimization, or machine
utilization (these constraints might conflict). Al algorithms are also
applied to determine the best production sequence. Moreover,
you can define shifts and block time intervals for recurring jobs.
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A scheduler must be connected to the order administration soft-
ware (for example, to the MIS/ERP) as well as to the devices in the
print shop and the warehouse management software. The MIS
provides product and production descriptions (JDF or internal data
formats) as well as deadlines to the planning software. The latter
forwards (JDF) jobs to the devices in production schedule order.
The orders are placed in sequence depending on the equipment
and the required consumables. Vice versa, the production devices
send status and material consumption information to the schedul-
er. The schedular must evaluate operational data (both reports and
messages — see Section 2.4.3) in order to display production steps/
milestones on a dashboard and the current job statuses on a time-
line. This makes a scheduler the most prominent hub of workflow
integration. In addition, it must of course have precise knowledge
of the individual devices and the interdependencies between pro-
cesses in order to be able to optimize the job sequence and thus
achieve a reduction in the transition time between jobs. Obviously,
schedulers are also used for partial areas of production, such as for
the printing process only.

2.4.5 Warehouse Management

Although warehouse management and fulfillment are often
thought of as a single issue, | would like to separate the two and
understand fulfillment as the dispatching of goods to the print
buyer. We will deal with that in the next section.

A print shop warehouse usually stores more than just finished
products, namely printing substrates, consumables such as ink or
plates, spare parts, semi-finishes products, end-products, mer-
chandise, and packaging materials.

Probably the most important feature of a warehouse management
system involves recording goods in and goods out, for example by
using barcode scanners or simple input dialogs on mobile devices.
Every material movement should be entered into the system. A
proper warehouse management system must also know the stor-
age capacities and be able to autonomously find a suitable place
for an incoming item. The storage location of an item is recorded in
a database from which it can be retrieved at any time. When items
are moved from one place to another within the warehouse, the
warehouse software records the movement.

A warehouse management system can also warn of overstocking
and understocking. An analogy of a pipe illustrates this process
(see Figure 2.13.) The entry of an item into the warehouse means
that it is filled into a pipe. When the item is taken out of the ware-
house, it is taken out of the pipe again. This can happen in parallel,
overlapping, and successively. As a rule, it is important that the
inventory level in the pipe does not fall below a specific low-water
mark, as this would prevent the continuous removal of items on

Control messages

Process A

e
high-
........... water
mark
low-
........... water
mark
.
Figure 2.13:
A pipe (buffer) with

low-water and
high-water marks
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the other end. If the article is a semi-finished product or the end
product, falling below the low-water mark might indicate that the
requested number of units is not available. Of course, the level

of the pipe should also not exceed a certain high-water mark,
because then the storage capacity may no longer suffice and the
warehouse may be filled with excess items, which ties up capital,
signals overproduction, and generally increases storage costs. Each
article has its own pipe and own high-water and low-water marks
that must be set individually.

The water marks should be modified dynamically, for example in
accordance with the production forecast if the article is some raw
material. If it is a semi-finished product or the end-product, the
requested number of copies of the print order(s) or some forecast
relating to this should control these marks. In both cases, the MIS
needs to feed the data to the warehouse management software.

If the level of an item falls below the low-water mark or exceeds
the high-water mark, appropriate departments must be notified.
For example, if the level of a print substrate falls below the low-wa-
ter mark (the minimum stock level), the material procurement
department should be notified. It is conceivable, of course, that
this will also trigger and automatic order to material supplier.

The MIS should book raw material as early as possible, for exam-
ple when a quotation becomes a print order. During production,
the MIS should also ensure that the material is retrieved from the
warehouse in a timely manner. Finally, the MIS should trigger the
transfer of the final products to the fulfillment department. This is
particularly true if a consignment store is run.

The CIP4 organization has defined the mechanism of dynamic pipe
control in its specifications irrespective of any warehouse storage.
If an output resource of process A is the input resource of process
B (see Figure 2.13), the JMF/XIDF pipe control mechanism might
be deployed. However, this does not necessarily mean that the
resource is brought into the warehouse and then retrieved again. It
could be buffered on a conveyor belt or simply somewhere on the
shop floor.

A warehouse management system can be very powerful in con-
nection with an automatic transport system and automatic paper
feeding of a press. But even without it, the internal transportation
of material on shop floor can be simplified significantly, for exam-
ple by installing a barcode system for pallets. The software creates
a pallet label for each pallet with a unique barcode that is scanned
at each workstation. In this way, the system knows the locations of
all pallets and can create transport orders independently. To create
such orders, it must be able to communicate with the planning
board (MIS, production controller) since this the only entity that
knows the order of the production steps.



Chapter 2

Similar to the planning board, the warehouse management soft-
ware can be an optional module of an MIS or stand-alone soft-
ware. | would like to mention in this context that warehouse man-
agement software is often browser-based or app-based nowadays,
supports mobile devices, and can run on-premises or as a cloud-
based solution. For the latter, the communication between client
and server should always be encrypted.

2.5 Fulfillment

At first glance, fulfillment may seem simple, but alas, it is not. Let’s
look at some of the complexities involved in executing a single job:

Multiple products, shipped on palette(s) or in parcels

Multiple delivery addresses

More than one shipment

Different product quantities to various addresses

Multiple departure times for the shipments

Different packaging requirements for the shipments (local,

international)

e Various procedures for the shipments, such as custom decla-
rations for international shipments

e Different carriers for the shipments

e Addition of pre-produced or externally produced products

from the warehouse

The range of automation in delivering and transport is huge. For
example, a prepress operator could simply ask a local bike courier

Print Provider

Shipping
Department

Logistics B & | Local ‘ In-House 1§
Service 1 ‘ / Couriers Services

Logistics Services

Figure 2.14:
Communication

between print provider

and logistics services
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service to deliver printed proofs to the customer (Figure 2.14-©).
On the other hand, there are highly automated fulfillment solu-
tions.

A very traditional way of sending printed products is that an MIS —
or even just some text processing software — prints a mailing list,
address labels and palette labels on a (label) printer. Especially if a
single printed matter is shipped to numerous customers, it is quite
convenient to use a list of addressees that the PB has provided in a
table. The employees in the shipping department pick the individu-
al items, pack them, label them, and tick them off on the list.

Shipping software, which is often a module of the MIS, can operate
more efficiently. For example, the mailing list is stored digitally, and
filling the list is done with the help of a barcode scanner. As soon
as all required items are registered, the delivery bill is automatical-
ly created, printed, and forwarded to the billing address. As soon
as the loading of a truck is completed, the software prints the load-
ing list automatically.

Packing and palletizing may be done either manually by an oper-
ator, semi-automatically, or fully automatically by robots. Robots
are mainly deployed if the print shops processes jobs with high
print runs. Of course, the packing of personalized bulk deliveries
is completely different and consists essentially of enveloping and
addressing.

Special attention should be paid to the interface between the PP’s
shipping software and the logistics provider that transports the
goods.

The aim is to send the shipping data to the logistics company elec-
tronically and to have the price and the tracking numbers returned
in the opposite direction. The latter can then be used to create an
automatic delivery notification including the tracking number for
the print buyer. Moreover, accurate package labels with all nec-
essary information for the carrier need to be printed in the right
format. Again, web services can be deployed to establish a direct
communication link between the shipping software and the logis-
tics carrier’s system (Figure 2.14 - ®).

As already mentioned in the Materials Procurement section 2.3,
each company usually has its own API regarding the use of web
services. Since there are hundreds of different companies working
in the logistics sector, it is difficult for a fulfillment software manu-
facturer or an MIS provider to support all of them. While everyone
knows USPS, DHL, UPS and FedEx, there are many others (con-
signer, 2021). As a result, they will only be able to manage a few
of them, which is why there are companies that specialize in rec-
onciling the different APl interfaces of the logistics carriers with a
universal interface for the shipping software/MIS (Figure 2.15 - @).
A distribution software/MIS producer can then license the logistics
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Figure 2.15: MIS/Shipping software with 3rd party module for data exchange
using Web services

carrier software as some kind of middleware between it and the
actual logistics carriers.

The interface between the shipping software/MIS and a specif-
ic logistics carrier module can be very simple. For example, the
communication channel might consist of just two hot folders (one
for each direction) in which text files are transferred. The text will

be structured, of course. For example, CSV, XML or JSON files are

used. If the MIS does not incorporate the shipping software and an "3 C oyt based. struc-

external software is deployed instead, a similar interface is need- e ckie fermme

ed between the two. The data exchange @ in Figure 2.15 is often ¢ JavaScript Object No-

based on web services.  tation (JSON) is similar
i to XML.

The logistics carrier module may or may not provide an automat- ——
ic calculation to determine which carrier is the most reasonable

company for sending a particular shipment. However, individual

rules can be set up for choosing the carrier. Particularly if the ship-

ments involves multiple countries, it becomes time-consuming

and error-prone to work out the optimal delivery method for each

shipment yourself.

2.6 Subsidiaries, Print Brokers, Subcontractors

Managing orders from subsidiaries of a print shop, forwarding

orders from print shop to print shop, or communicating with sub-
contractors and print brokers have one thing in common: There is
a need for forwarding job tickets or parts of them from one stake-
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holder to another. Often, this also includes content data. Technical
descriptions of the services and certain production data must be
communicated, for example, if a print shop orders from a subcon-
tractor embossing dies and die cutting tools or even complete pro-
duction steps such as exposing plates, laminating, or bookbinding.

© Fulljob ticket
@ Parts of Job ticket

Theoretically, the concept is simple. A subsidiary, print broker or
some other print shop sends a full job ticket with the description
of the product details (e.g., PrintTalk with XJDF or simply CSV) to
the print provider (Figure 2.16 - @). In a different scenario, a print
provider sends parts of a job ticket containing product information
as well as necessary production details to a service provider (Fig-
ure 2.16 - ®). The PP in the first case respectively the service pro-
vider in the second case will ideally import the data automatically
into his own system, produce the product or some component of
the product or a production tool, and then might send (parts of)
the updated data back.

Please note that there might be two different independent soft-
ware systems involved, namely the MIS of the sender and the MIS
of the receiver. Even if they are using the same software, it might
not be trivial to connect the two. Only if a subsidiary and the head
office both make use of a single instance of an MIS in the cloud can
they share data easily by using a common database as long as MIS
has been programmed to support multiple print shops.

In most cases, it not too hard to implement sending/receiving en-
tire job tickets between A and B automatically in a secure way. This
is especially true if the complete job ticket data exchange between
branch offices or between a print broker and a print provider in-
volves large companies, which can set up these connections. We
already mentioned in 2.1.3 that these big (online) print shops de-
velop their own MIS in some circumstances using the functionality
of some commercially available MIS as a base (via API).

Things become much more difficult if a PP must extract some parts
of a job ticket for a service provider and forward the data to him
automatically. It is even more complex for the service provider to
automatically import those job ticket parts from different print
providers. Therefore, such data exchanges are still mostly done via
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e-mail, phone, ftp and the like in the graphic arts industry. In some
cases, there might be customized solutions between two partners,
for example via self-written scripts.

Since the job tickets are forwarded electronically, it is important
to encrypt the transmission, whereas the data is often physically
stored in a virtual private cloud (VPC).

Thus, the industry uses human-readable data (e-mails, etc.) and
machine-readable data (CSV, XML, JSON, JDF, XJDF, PrintTalk) for
the job ticket transmissions between stakeholders. However, even
machine-readable data can have different levels of automation.
For example, a CSV file could be assembled manually. Even if the
exchange file is created automatically, for example by an MIS, the
question remains whether

a) the datais automatically forwarded to the recipient (and not
through an e-mail attachment) and

b)  whether the recipient can automatically import the data
back into his system.

Lately, online platforms have emerged which connect participants
such as print buyers, print providers, and partners, e.g., suppliers
of consumables, machine manufacturers, and service providers.
To achieve this, any software connected to the platform can store
product and production data on it. The platform will pass this data
on to suitable partners, who will then receive a notification of it.
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