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Abstract - The purpose of this blog is to demonstrate how SAP Digital Manufacturing and SAP
Manufacturing Integration and Intelligence (SAP MII) can integrate diverse manufacturing processes,
machines, and shop-floor systems to bring the principles of Industry 4.0 and smart manufacturing into
reality.
Approximately 80% of manufacturing data is generated at the shop-floor level. By systematically capturing,
integrating, and contextualizing this data with business knowledge, organizations can transform raw operational
data into actionable insights that help achieve:

e Higher manufacturing yield

e Reduced non-conformities

e Improved Overall Equipment Effectiveness (OEE)

e Early prediction of potential disruptions and their downstream impacts
Because every organization has different technologies, systems, and levels of digital maturity, this white paper
proposes a practical, maturity-based framework for integrating manufacturing processes, machines, and shop-
floor systems. The framework enables organizations to capture and contextualize operational data, convert it into
meaningful decision-support information, and progressively transform a responsive supply chain into an
intelligent, orchestrated supply chain.

Keyword: OEE -overall Equipment Efficiency, Non-Conformity, PP-Production Planning, QM-Quality
Management, Batch Management, Active Pharmaceutical Ingredients, PLC-Programable Logic Control, SAP-
System Application and Products, MIl -Manufacturing Intelligence Integration, ERP-Enterprise Resource
Planning .

1. INTRODUCTION:

Evolution of Manufacturing Automation: From the Invention of the Wheel to Rockets and Robotics. The
manufacturing industry has undergone a remarkable transformation—from the invention of the wheel and basic
mechanical tools to today’s highly automated systems involving robotics, artificial intelligence, advanced
manufacturing, and space technology. Each stage of this evolution has fundamentally changed how products
are designed, manufactured, and delivered.

In today’s globalized and highly competitive marketplace, another significant paradigm shift has taken place:
industries are increasingly becoming customer-driven rather than producer-driven.

A simple equation illustrates this transformation:

Past — Cost-Plus Approach:
Sales Price = Cost of Goods Manufactured + Profit.

Today — Market-Driven Approach:
Profit = Sales Price — Manufacturing Cost

The key difference is that the sales price is no longer determined solely by the manufacturer. Instead, it is
largely dictated by market conditions, customer expectations, competition, and perceived value.

As aresult, manufacturers must continuously improve productivity, quality, innovation, and operational efficiency
to reduce manufacturing costs and remain profitable. In this environment, automation, robotics, digital
technologies, and intelligent manufacturing have become essential enablers of competitiveness.
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1.1 Industrial 1.0

The First Industrial Revolution began in the 18th century with the introduction of steam power and the
mechanization of production. Processes that were previously performed manually, such as spinning thread on
simple spinning wheels, were transformed by mechanized systems that could produce up to eight times the output
in the same amount of time.

Although steam power was already known, its application to industrial processes represented a major
breakthrough in increasing human productivity. Instead of relying on human muscle power to operate weaving
looms and other machinery, steam engines provided a reliable and powerful source of mechanical energy.
Innovations such as the steamship and, about a century later, the steam-powered locomotive brought about
further profound changes. These technologies dramatically reduced the time required to transport people and
goods over long distances, accelerating trade, commerce, and industrial development.

1.2 Industrial 2.0

The Second Industrial Revolution, which emerged during the late nineteenth century, was characterized by
major advances in electricity, mechanization, and mass-production methods. A defining development was the
introduction of assembly-line production, most notably associated with Henry Ford (1863-1947) and the early
automobile industry. Ford adapted the principles of task specialization and continuous-flow production observed
in industrial slaughterhouses, where individual workers performed specific operations along a conveyor system.
He applied and refined these principles for automobile manufacturing, transforming production from a process in
which a single station assembled an entire vehicle into a sequence of standardized, specialized operations. This
approach substantially reduced production time and manufacturing costs while enabling large-scale, consistent
production.

1.3 Industry 3.0

The Third Industrial Revolution began in the 1970s with the introduction of partial automation through
programmable logic controls, memory-based control systems, and computers. These technologies gave
machines not only mechanical strength or “muscle,” but also a certain level of intelligence, enabling them to
perform tasks with greater precision, consistency, and speed.

With the advancement of these technologies, it became possible to automate entire production processes with
minimal or, in some cases, no direct human intervention. A well-known example is Toyota, which incorporated
the Takt Time philosophy into its manufacturing practices to synchronize production with customer demand and
improve process efficiency.

Another example is the use of industrial robots and automated manufacturing lines, which can execute
predefined sequences of operations accurately and repeatedly without continuous human intervention.

As automation evolved, manufacturing systems also began to collect and analyze shop-floor production data.
Theory of Constraints (TOC) had started becoming popular. These systems can establish performance
benchmarks, monitor processes in real time, identify anomalies or deviations from expected conditions, and
generate alerts when abnormalities are detected. This progression laid the foundation for the transition toward
more connected, intelligent, and data-driven manufacturing systems characteristic of Industry 4.0.

1.4 Industry 4.0

We are currently witnessing the implementation of the Fourth Industrial Revolution, commonly referred to as
Industry 4.0 across the Globe. This revolution is characterized by the integration of information and
communication technologies into manufacturing and engineering processes, building upon the advancements of
the Third Industrial Revolution.

Industry 4.0 enhances existing computer-based production systems by connecting them through networks and
creating digital twins that represent physical assets in the digital environment. These connected systems can
communicate with other machines and facilities while continuously generating and sharing operational
information. This represents the next major step in production automation.

The interconnection of machines, systems, components, and people enables the development of cyber-physical
production systems and smart factories, where production processes become increasingly intelligent,
interconnected, and autonomous.

In such an environment, systems continuously capture and analyze data from the shop floor, establish performance
benchmarks, and identify anomalies or deviations from expected conditions. When issues are detected, the system
can automatically generate alerts. A responsive supply chain system can then recommend corrective actions
while providing visibility into potential downstream impacts, enabling faster and more informed decision-making
across the organization.
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2. COMPREHENSIVE IMPLEMENTATION METHODOLOGY FOR INDUSTRY 4.0

The industry has a dearth need of expert tools/solutions based on Data science and computer algorithms to
FastTrack corrective medicine production & market launch as well as preventive vaccines development. SAP
Manufacturing Integration and Intelligence (SAP -Mll) and SAP-DM is an SAP application for synchronizing
manufacturing operations with both back-office business processes and standardized data. This is the enabler of
the implementation of centralized procedural controls in distributed manufacturing and execution facilities.

It functions as a data hub between central SAP ERP and satellite systems of operational applications. Moreover,
SAP MII can be leveraged to contextualize the data to prescribe appropriate intelligent responses to Shopfloor
machines/applications.

SAP Manufacturing Integration and Intelligence (SAP MII) connects your plant operations and enterprise systems,
so employees, materials, processes and machines work seamlessly together. The on-premises solution enables
access to the data and analytics needed to make critical business decisions. This greater visibility into your
operations supports improving productivity and overall equipment effectiveness.

. Ability to see all progress of Shop orders

. Ability to report actual time of consumption of component materials

. Ability to see nonconformities and open CAPA

. Ability to see batches on hold with reason code

. Ability to see downstream Impact on batches on hold

. Ability to enter/view data related to Imperfection Tracking

. Ability to see environment exposure and remaining environmental life

. Ability to create end to end electronic batch records

. Ability to Integrate with all satellite execution systems/applications such as

OCoOoO~NOoO Ul WN P

PLC based machines / SCADA
Environment tracking system
Laboratory Information System (LIMS)
Compliance System TrackWise

O O O O

Refer Figurel- To see integrated shop floor monitoring and control needs

Integrated Shop Floor Monitoring and Control
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Sample ID Test Result Status Date/Time
LIMS (Test Results) SMPOO1 Purity 99.8% v 2024-06-01 10:21
. SMP002 Potency 98.6% v 2024-06-01 11:03
J TraCkW|$e SMP003 pPH 72 v 2024-06-01 12:45
SMP004 Moisture 0.3% v 2024-06-01 14:12

Figure 1- Manufacturing Cockpit
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Every product that reaches an end customer represents the cumulative effort of the entire manufacturing
ecosystem. Unless all the systems are integrated seamlessly and overall efficiency and total quality will be

ensured.
Please refer to Figure 2 to understand the implementation framework.
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Figure 2: Central ERP system connected with satellite system
1. SAP S/4 will send the control recipes to SAP MII when the order is released.
2. SAP Ml receiving the messages from SAP S/4 will buffer them in the system database and subsequently run
a pre-defined rule to process the messages to create the work center task-list. SAP S/4 System or S/4 HANA must

be the source of truth for master data.

3. Operators can log in to the SAP MII portal and view the resource schedule in the Production Dashboard. This
can happen in offline mode to SAP-S/4, as the data are already available in SAP MII.

4. The operator can create order confirmations, quality inspections, and other relevant tasks from the dashboard
which will be updated in SAP

S/4. SAP MII can provide guaranteed delivery for asynchronous messages.

5. The dashboard will also provide real-time information about machine status, early warnings for machine
failures or quality issues and shall provide the user with possible options.

6. Production Supervisor and Shift Supervisors can have a real-time view of the production process and monitor
and analyze different KPIs such as OEE.
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Figure 3: Application Architecture

Refer Figure-4: SAP S/4 Sends Manufacturing Order Information to Execution system Via SAP -Ml|
o Use control recipe (process order) to send the order data from S/4 to MII.
o If the control recipe is considered what will be the PI categories used.

ERP Mil MIl Database Comment
Send Real time Get Data
Control Recipe (Master data and
Transactional Data) and

from central ERP system
to SAF

Get Order/ |,
Inspection
Details

Figure 4: Get Data Function

Quality Inspection schedule to shop floor supervisor. If quality Phases are in place in the master recipe in Case
03 inspection type (We must capture QA11 transaction in Dashboard). Resource task list will display the list of
control recipes along with order number, material, start, and end date, status.

Refer Figure 5 & 6: To understand how does SAP Digital Manufacturing Suite buffers message and create

Work center, Task List and provides order schedule.
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Figure 5: Bidirectional Information Exchange

The success of technology-driven business transformation depends on achieving the appropriate alignment and
maturity of Man, Machine, Material, and Method (4M). Because these factors continuously evolve, the digital
transformation roadmap for manufacturing and supply chain processes should likewise be viewed as a
continuous, progressive improvement cycle rather than a one-time implementation.

A closed-loop feedback mechanism should continuously evaluate operational performance, redefine process
benchmarks, and enable the system to adapt to the next level of maturity, as illustrated in Figure 6. The ultimate
objective is to progress toward a smart factory characterized by:

o Data-driven, self-service decision-making based on real-time operational information.

e Systematic and embedded process controls that ensure adherence to established procedures.

o Early detection of deviations, enabling corrective action before they result in product nonconformity
or quality failures.

e Proactive identification of bottlenecks and self-service remediation, guided by the principles of the
Theory of Constraints.

This continuous feedback and adaptation mechanism enables manufacturing and supply chain operations to
evolve from reactive process management toward predictive, adaptive, and increasingly autonomous
operations.
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Figure 6: Responsive and Orchestic Supply Chain.

3. RESULT:
This framework will meet functional all common functional requirements

3.1 Functional requirement

Ability to perform component and batch validation for Slitting and Coating
Ability to report actual time of consumption of component materials for Coating
Ability to Report Component Scrap for Slitting

Ability to Report Header Scrap for Slitting

Ability to enter/view data related to Imperfection Tracking for Coating and Slitting
Ability to enter/view data related to Imperfection Tracking for Coating and Slitting
Report Environmental Tracking relevant data to ERP

Ability to enter multiple hold codes for batches for quality events

O O O O O O O O

All about integrating shop floor systems involve in manufacturing lifesaving medical diagnostic slides used for
sampling using SAP Digital Manufacturing Suite as shown in Figure-7

- Operators equipped with all the information, he needs to perform his/her job:

- What is the information displayed in the Production Dashboard (e.g. Phase list, material list)?

- What are the operations performed from the production dashboard (e.g. order confirmation — Time
Ticket or Time Event, QA inspection, batch creation/Update, etc...)?

- What are the plant systems integrated to retrieve relevant data (e.g. Historian, LIMS, etc.)?

- Phase confirmation (time-event) and accountability through electronic signature.

- Confirmation cancellation (Transaction code: CORS should be considered from dashboard).

- Gl (Inventory manage).

- Batch Derivative for Expiry date calculation.

- Quality check as per quality plan (Inspection lot)

- GR (digital signature) with batch creation : Batch Creation Should be at or before order release.

- PM natification (phase confirmation — Yield & Operational loss)

- Material Rejection (final or material/component)

1JERTV15I S080379 Page 7
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (IJERT)

https://lwww.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 08, August - 2026
Operator
Dashboard -
BLS_GetPhaseList
P Read | Search PPPI_PHASE
PhaseList (iGrid) o "] Message = in APHASE_1
>
ﬁ CRID, MsglD l o
s BLS_GetMaterialList
Workcenter v o
TaskList TN R m Read o| Search PPPI_MATERIAL
MaterialList (iGrid) = > Message gl in AMAT_1
BLS_GetPhaselnputList
v Read | Search PPPI_REQUESTED_VALUE
»|  Message £ in ACRST_1/READDette
>
Phase Input (HTML) E ¥
< XSLT e
& Transformation | ReEere RME

Figure 7 Operational Dashboard

3.2 Value proposition
1. Integrated disconnected shop-floor systems with SAP and Non-SAP systems across the plant.
2. Gotrid of complex old R2 based S/4 transactions for entering production execution result.
3. Avoid erroneous manual calculation of manufacturing data causing delay and financial impacts.
4. Improved operator efficiency by providing easy-to-use reporting screens and shortening data
reporting time.
Timely plan and organize manufacturing operations to satisfy customer demand.
Track down and report real-time product expiration information in the system and avoid paper-
based tracking.

2L

4. DISCUSSION:

This business case study is all about integrating shop floor systems involved in manufacturing of lifesaving
medical diagnostic slides using SAP -MII and SAP Digital Manufacturing Suite.

One of world’s largest medical diagnostic manufacturers serving the transfusion medicine community and
laboratories around the world. The client is the leading provider of diagnostic slides for screening, diagnosing
chemicals, monitoring, confirming diseases early with presence across the world in laboratories.

Clients wants to build to real-time production execution system along with integration of all shop floor systems
including ODS, Machine SQL databases and environment tracking system called Spider, Laboratory testing
System (LIMS) and compliance system (TrackWise) with centralized SAP S/4 using SAP-MII/SAP-DM.
One of the largest pharmaceutical and Med Tech company wants to build to real-time production execution system
along with integration of all shop floor systems including ODS, Machine SQL databases and environment tracking
system with SAP with digital Manufacturing suites.

1. Shop floor processes for Slide Manufacturing runs on Process Orders created in S/4 based on
production planning, demand from customer sales orders and available material stock.
Download released process order from S/4 and stage to ODS staging database.

Download relevant process order and operational data to automated work center database.
Report process order execution result(Goods Issue, Goods Receipt, Waste) through MII.
Calculate and validate critical business data accurately based on reported result.

arwn
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6. Post process order confirmation to SAP S/4 via Spider and display real time response.
successful Implementation of Manufacturing Automation for a Major Medical Devices & Diagnostics Client
using SAP — Digital Manufacturing and Integration of Complex Processes and Various Systems on a single
portal-based platform as Illustrated in Figure -8

SAPS/4_ ] SAPDM  J = Machine |

Created Order based on
demand and supply

{

Process Order released and

Process order released from SAP S/4
is received in SAP DM as Idoc

¥

Idoc data is processed and downloaded
to ODS database using SAP DM scheduler

¥

Send acknowledgement to SAP S/4 for

Operation data for assembly line,
packaging line and slit machine is
downloaded from ODS to machine via
SAP DM schedulers

]

Production result like Legacy Barcode,
Lot expiry date is downloaded from
machine to ODS via SAP DM scheduler

Once manufacturing is over operator
reports production result in shop floor
work stations

pushed to SAP DM each idoc receive in SAP DM

E 3
e e = ; _________ : Automated SAP DM scheduler further downloads
! ; I process order/operation data to |
: Print Ordgr for fhop floor : Macliine database !
| execution (via SAP I - W
: background job) | i | Printed Order
: ) ‘ : Report production execution result in SAP DM || wo: 1234567850
: | screen (Gl, GR, Waste data) [y

I
|| Create Transfer requirement |I R 2 i ol
: to warehouse : Save production execution result to ‘
] I ODS (on Save)
| || | s
I I Post production execution to Spider first
: Stage material to production : (on Post)
I supply area I ¥
I I
f SR e - B C 8 ) Post production execution to SAP S/4
(on Post)

Figure 8: Process Steps

4.1 Manufacturing and Testing running on multiple standalone systems
o These were not well integrated with each other.
o Manual interventions in the process resulted in human error and subsequently caused product non-

conformance.

o Outdated systems with scalability, product support, and compliance issues.

o High losses and long elapsed time due to standalone system and application.
o High nonconformities and low quality and regulatory confidence.
This solution framework removing the boundaries of functional system silos.

4.2 Manufacturing starts with a complex Formulation of Diagnostics Pharmaceutical Ingredients as

shown in Figure 9.

Formulation Process - for Coating Solution manufacturing

Calculation chemical quantities based on Potency of active ingredients
Coating Process — for coating the Solution on film rolls

Imperfection Tracking Process — for recording non-conformity imperfection tracking across the entire

@)
@)
@)
@)
roll
o Slitting Process — to cut coated rolls into slits
o Slide Assembly Process — to cut slits into slides
o Packaging Process - packing of slides
o Manufacturing of Analyzer Equipment.
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Figure 9 Drug Formulation Screen

4.2 Primary Packaging and Labelling Medical Device

o Sends process Instruction from transaction system to machine and
o Receives labelled and packaged Bottle/Vial/Syringes information from Machine and main transaction

system of records.

o  Consumption of correct label and Legibility of Labels
o Labelling 100% accountabilities as per FDA-USA 21 CFR 211 Subpart F

4.3 Imperfection/non-conformance tracking and Alert Mechanism

A configurable, custom-logic-based functionality enables systematic tracking of imperfections identified across
production batches and supports downstream manufacturing operations in their effective removal or disposition.
The functionality provides a geometrical representation of imperfections and nonconformities in both the
lengthwise and widthwise directions, enabling manufacturing personnel to accurately identify their location and
facilitate appropriate alerts and corrective actions, as illustrated in Figure 10. Imperfection Tracking.

This functionality supports compliance with applicable FDA and ISO quality requirements by ensuring that
nonconforming material is identified, appropriately segregated or flagged for removal, and prevented from
progressing to subsequent manufacturing stages or being released for further processing. The associated
monitoring and visualization capabilities are presented through the Imperfection Tracking Dashboard, as
illustrated in Figure 11. Imperfection Tracking Dashboard.
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Figure 11 Imperfection Tracking Dashboard

5. CONCLUSION:

The pharmaceutical manufacturing industry is undergoing a fundamental transition toward resilient, and digitally
enabled manufacturing systems. This transformation is strongly supported by the U.S. Food and Drug
Administration (FDA), which has emphasized the adoption of advanced manufacturing technologies to strengthen
the resilience of the U.S. medical supply chain and expand domestic pharmaceutical manufacturing capabilities.
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In January 2021, the FDA and the National Institute of Standards and Technology (NIST) further reinforced this
direction through a Memorandum of Understanding (MOU) aimed at promoting smart manufacturing
technologies, emerging manufacturing processes, and the application of artificial intelligence (Al) and machine
learning (ML).

The approach presented in this paper demonstrates how enterprise platforms such as SAP can serve as a foundation
for conerting strategic objectives into practical Industry 4.0 capabilities in manufacturing. By integrating
manufacturing execution, enterprise resource planning, real-time data, and intelligent decision-making,
organizations can progressively evolve from conventional automation toward adaptive manufacturing,
intelligent automation, Al-enabled operations, digital twins, and digital threads. Such integration creates a
connected manufacturing ecosystem in which information can flow seamlessly across planning, production,
quality, and supply-chain processes, enabling greater visibility, traceability, agility, and operational resilience.

Ultimately, the convergence of SAP-based enterprise integration with advanced manufacturing technologies
provides a scalable pathway for realizing the vision of Pharma 4.0. It enables manufacturers not only to automate
existing processes but also to establish intelligent, data-driven operations capable of continuously adapting to
changing production conditions and quality requirements. This transformation has the potential to improve
manufacturing efficiency and product quality while strengthening supply-chain resilience and accelerating the
transition toward a more autonomous, responsive, and sustainable pharmaceutical manufacturing paradigm.
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