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Executive summary 

D6.5 report includes the first sessions of business assessment (M15) complemented 

by a further analysis for lessons learned and recommendations. In particular, the 

experimentations performed at John Deere are reported and the final achieved results 

are assessed and measured according to specific Key Performance Indicators (KPIs). 

Finally, key lessons learnt and useful recommendations for a CPS adoption in SMEs 

are compiled. 

The experiments take place in the Final Tractor Assembly Line at John Deere Works 

Mannheim. The workcenter under consideration takes care about a wire rope fixture 

assembly at the Tractor Frame. Introducing the pick by light system, designed as CPS 

for the experimentations, will enhance the first pass yield in the workcenter that has 

been chosen as KPI. 

With the chosen CPS design, the effort in adopting the setup on any shop floor that 

is focused on manual assembly work is reduced. Furthermore, by choosing an 

integration layer between the software and hardware components the overall system is 

open to new supportive hardware as well as other MES and ERP software. 
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1 Introduction 

1.1 Introduction 

This document provides the assessment of results achieved in the Champion 

experimentation, including a description of the defined key performance indicators 

measured. The lessons learned during the process, the results achieved and 

recommendations for the implementation of CPPS are documented, too.  

In particular, after a description of the pursued methodology in section 1, the Baden 

Wuerttemberg Champion is described in section 2. The experimentation plan is 

described to detail in section 3, while section 4 is dedicated to the results of the 

experiments and the lessons learnt. 

1.2 Contributions to other WPs 

At the current state, there are no contributions to other deliverables than feedback 

during general assembly meetings. 

1.3 Contributions to other deliverables 

At the current state, there are no contributions to other deliverables than reviewing 

work. 

1.4 Methodology 

To gather BEinCPPS champions’ business requirements, the project follows the 

well-known spiral development approach, described in Figure 1. This approach 

essentially parallelizes the development activities of the classical ‘waterfall’ approach, 

from requirements to system design to verification and validation. Indeed, the spiral 

approach allows a continuous review of the development results and user requirements 

in order deliver more Added Value to the users and the stakeholders of the system. 
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In particular, BEinCPPS business requirements refer to the scenarios involved in the 

area of intervention of each champion, which have been studied and specified by the 

analysis of the correspondent business processes and sub processes. 

The main phases of BEinCPPS requirement engineering cycle are presented in 

Figure 2. 

Figure 1 Boehm, B. (2000) Spiral Development: Experience, Principles, and Refinements, SPECIAL REPORT 

CMU/SEI-2000-SR-008 
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Figure 2 BEinCPPS business engineering (adapted from Sommerville, 2007) 

The first phase is related to the “Scenario analysis”, where each champion identifies 

the relevant CPS-ization scenarios, by building up the weakness and bottlenecks of the 

“As is” situations, taking into account their business objectives and impacts. 

The second phase concerns the “Business requirements elicitation and analysis”. 

During this phase the business processes that support the identified scenarios are 

analyzed by means of state of the art methods (use case models, BPMN, extended 

actigrams, UML, etc.) with the BEinCPPS available design tools. Business 

requirements are organized in a database, for further processing, integration and 

classification.  

In the third phase, “Requirements specification”, IT requirements are devised by the 

technical partners based on the business requirements. Architecture design occurs in a 

way that IT requirements are matched by the IT artifacts (software and hardware) that 

build up the BEinCPPS architecture, with the support of proper customized activities 

for the non-standard components and interfaces with legacy systems.  

The last phase is the “Requirements Verification and Validation”.  

Verification and Validation (V&V) is the process of providing evidence that the 

software and its associated products satisfy system requirements allocated to software 

at the end of each life cycle activity, solve the right problem and satisfy intended use 

and user needs. This methodology aims at verifying, validating and evaluating a 

software product from its conception to final release and implementation in real-life, 

trial settings. In general, Verification ensures that the product is being built according 

to the requirements and design specifications, while Validation makes certain that the 

product actually meets the user’s needs, the specifications were correct in the first place 
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and the product fulfils its intended use when placed in its intended environment. In this 

specific case verification is enacted with test case development and testing (matching 

system functionalities to IT requirements) where validation covers how and how much 

the system functionalities match the user/stakeholders needs identified in the first 

phases of the project. 

General understanding of V&V process: 

 Verification: do the IT artifacts deployed match the technical specification 

and expectations? 

 Validation: do (and to what extent) the solution deployed matches the 

user/business requirements and expectations? 

Figure 3. shows how the BEinCPPS approach is specifically enacted in the 

aforementioned spiral approach. The figure presents the first half of the project, with 

the final requirements documentation being one of the inputs of the project second half 

that will begin with a second scenario analysis, built on the previous outcomes (the 

requirement database and requirement document, which contains the verification and 

validation results).  

 

Figure 3 Spiral approach of BEinCPPS reqs. engineering method 

Figure 4 shows the data structure supporting the project, especially the scenario 

analysis, requirements elicitation and requirement specification. The model includes as 

well the repositories, such as Github, which are used in the project to share the related 

information.  
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Figure 4 BEinCPPS requirement eng. data structure 

Each champion has identified one business scenario or area of intervention, with its 

specific business objectives and KPIs, and industry 4.0 impacts. Recount of these 

activities, building up the ‘Scenario analysis’ has been included in the five champions 

Deliverables Dx.1 due M3.  

After this phase, the scenarios, studied as a chain of business processes that make up 

the whole business process of the intervention area, have been linked with specific 

objectives and indicators: the most effective way for this is also to assign specific 

business objectives and indicators for each business process. Then, for each business 

process, a list of business requirements has been identified, in order to identify precisely 

how the system/solution deployed will support the transformation of the old “As Is” 

processes to the new “To Be” situation. This is essentially the ‘business requirement 

elicitation and analysis’ phase. A requirement database has been shared among the 

champion partners.  

In the third phase, the ‘requirement specification’ phase, the business requirements 

are matched with IT requirements devised to enable technical partners to design the 

specific architecture and the set of interfaces and IT artifacts to be deployed in each 

champion. A core set of IT artifacts has been identified as a common ground as well 

(see Deliverable D2.1). This allows consortium partners to identify, by backtracking 

the logical links of the data structure, what is the Added Value of each specific IT 

artifact and to what common needs it may contribute to satisfy. 
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2 Baden Wuerrtemberg Champion description 

2.1 Company description 

With approx.  2,900 employees, John Deere Works Mannheim has been Germany’s 

largest manufacturer and exporter of agricultural tractors for more than 50 years. The 

production program for the worldwide market includes 25 different basic models with 

rated power outputs of 70 to 184 kW (95 to 250 hp), in different versions and with 

numerous options. The Mannheim factory accounts for two thirds of Germany’s tractor 

production. The European Regional Office is also located on the ground of the 

Mannheim factory. This unit includes the John Deere Mannheim Regional Center and 

John Deere Region 2 Sales & Marketing Centre and is the regional headquarter in 

Mannheim for Europe, the CIS, North Africa and the Near and Middle East. From here, 

region-wide services are provided to support John Deere’s sales organizations and the 

parts business, as well as manufacturing and administrative units. 

2.2 Use case description/intervention performed 

The use case, selected for the business experiments in the Baden Wuerttemberg 

ecosystem is provided by John Deere and is focused on supporting workers on the shop 

floor performing assembly work in the tractor main assembly line. Because of the high 

number of models, configurations and variations of the tractors in the portfolio of John 

Deere, it is important to give the workers a guidance for their assembly work in order 

to avoid errors that cause rework costs. Furthermore, the work instructions help to 

ensure the quality for which the brand John Deere stands for. 

 

Figure 5 Visualization of use case at fixture assembly station in main assembly line of John Deere’s tractor 

factory in Mannheim 

Latter statement especially holds for the selected station, which from an operational 

viewpoint, is used as a compensating reservoir for workforce. This is why the work is 

not always the one the workers are most familiar with. The use case is focusing on a 

fixture assembly station at which the worker is attaching a fixture to the frame of the 

tractor (see Figure 5). In order to fulfill the task of that station, the worker has to attach 

0 to 2 out of 6 available parts to the frame. These numbers allow to estimate the 
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maximum number of possible permutations with 37. The worker attaches 0 to 2 parts 

to the frame that are not identical in case it is two. Indeed, at the current state there are 

just 26 out of 37 variations relevant for production. The limited variation of tasks/errors 

at the work station eases performing the experiments. On one hand it speeds up the time 

to gather statistically significant data, on the other hand it’s limiting limiting the set of 

confounding factors for the evaluation of the different measures of support. 

For a long time, paper based work instructions were the only assistance available to 

the worker at the station. Those instructions show the desired status of the frame for all 

variations by means of graphical figures that are derived from CAD models. Those 

figures are annotated with additional comments and indications of which material 

(identified by material numbers) is needed for the respective task. 

In order to reduce the amount of errors a so-called Visu Station that shows the 

instruction of the current order has been introduced at the assembly station by John 

Deere. In order to make the station show the instruction for the current tractor 

frame/order, the worker has to scan the bar code printed on the build tag that is attached 

to each chassis on the main assembly line. The bar code represents the order number, 

which is used to identify the required material as well as the instruction for the relevant 

tasks. 

In order to provide additional support for the workers at the assembly station, a “Pick 

by X” system has been introduced. “Pick by X” means that the system has to be 

designed in a manner, which enables production engineers to easily exchange the 

technology which supports the worker on the shop floor. Possible technologies may be: 

 Pick by light 

 Pick by vision 

 Pick by voice 

To achieve the goal of a “Pick by X” system, the backbone of the system is located 

in the cloud level of the BEinCPPS architecture, while the hardware (e.g. the pick by 

light system) that is located on the field level, is connected to the cloud level via a 

message based middleware on the factory level (see Figure 6). By placing the backbone 

in the cloud each system connected to the middleware is able to connect to the same 

backbone and vice versa. 

For the business experiments, ELVs commercial Pick-by-Light system “Speedy 

Pick Air” has been selected and implemented on the shop floor. The system provides 

an XML-RPC interface, which enables the user to connect it to each software system 
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and to control it. Furthermore, it is a based on a wireless technology, providing the 

flexibility to use the system at other areas on the shop floor easily. 

 

Figure 6 Software architecture consisting of message based middleware as link between physical devices and 

BEinCPPS Task orchestration for CPPS 
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3 Experiment plan 

3.1 List of Experiments (JD) 

 

Table 1 Experiment plan 

Exp. 

 Number 

Experiment 

Name  

Experiment Description 

Objective  Time Location Involved 

stakeholders 

Involved 

resources  

 List all 

performed 

experiments  

For each 

experiment 

highlight 

which is the 

objective 

From MM/YY- 

To MM/YY 

Where the 

experiments 

took place 

The main 

responsible person 

and other people 

involved (number 

and role)  

Devices, Tools, 

Machines, 

Products and 

other resources  

1 Component 

Experiments 

Reliability of 

single 

components 

 Mannheim, 

Stuttgart, 

Lugano 

Benjamin Götz 

(Fhg IPA), Florian 

Föhlisch (JD), 

Giacomo Inches 

(FIN) 

BEinCPPS 

OpenIoT 

Middleware, 

Oracle Database, 

Virtual Machine 

in John Deere 

Network 

BEinCPPS 

Activiti BPMN 

BEinCPPSTask 

orchestration 

SpeedyPickAir, 

SpeedyPickAir 

Bridge, 

BEinCPPS 

OpenIoT 

Middleware 

2 Assembly 

w/ PbL 

w/o training 

Assembly 

performance 

w/ PbL 

w/o training 

 Mannheim Florian Föhlisch 

(JD), Benjamin 

Götz (Fhg IPA), 

Giacomo Inches 

(FIN) 

SpeedyPickAir, 

SpeedyPickAir 

Bridge, 

BEinCPPS 

OpenIoT 

Middleware, 

BEinCPPS Task 

orchestration 
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3 Assembly 

w/ PbL 

w/ training 

Assembly 

performance 

w/ PbL 

w/ training 

 Mannheim Florian Föhlisch 

(JD), Benjamin 

Götz (Fhg IPA), 

Giacomo Inches 

(FIN) 

SpeedyPickAir, 

SpeedyPickAir 

Bridge, 

BEinCPPS 

OpenIoT 

Middleware, 

BEinCPPS Task 

orchestration 

 

 

Table 2 Business Process and Business Requirements 

Exp. 

 Number 

Experiment 

Name 

 

Business Process Business Requirements (BR) 

1  Line Tool 

Commissioning 

BR77 - A unified standard protocol to higher level Systems 

should be implemented for the transport of Line Tool data. 

BR71 - The Manufacturing Engineer should be enabled to 

implement and connect of the shelf Line Tools with little effort 

(Plug & Produce) 

2,3  Assembly 

Quality Assurance 

BR67 - The worker should confirm the picking of each 

component(s) to be mounted on the tractor structure for a given 

order. By confirming the component picking, mispick or wrong 

pick can be immediately signaled and the quantity of errors 

decreases 

BR65 - The Information provided by the System should allow 

unexperienced workers to be trained faster or experienced 

worker to be trained faster during the introduction of a novel 

product variant, respectively. 

BR63 - The operator should automatically receive information 

about the component(s) to be mounted on the tractor structure 

for a given order. This will reduce the "looking for 

components" times 

 

Table 3 Business Objectives and KPIs 

Exp. 

 Number 

Experiment 

Name 

 

Business 

Process 

Business 

Objective 

BPI BPI 

“AS IS” value 

BPI Target 

”TO BE” value 
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  Business 

process 

addressed in 

the experiment 

 For each BO, 

describe the 

related KPI 

(formula and 

explanation) 

  

2,3  Assembly 

Quality 

Assurance 

Decrease Time 

for assembly 

Enhance Error 

Detection Rate 

First Pass Yield 

(rate of 

products 

produced 

without errors) 

 100% 
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4 Experiment Results and Business Assessment 

4.1 Business requirements (JD) 

 

Table 4 Business Requirements Assessment 

Exp. 

 Number 

Experiment 

Name 

Business 

Requirements (BR) 

BR 

Fulfilled 

(Yes/No) 

Comments 

 List all 

experiments 

performed  

For each experiment, 

list the BR to be 

addressed 

 If No, explain the main reasons 

1 Component 

Experiments 

BR77, BR71 YES  

2 Assembly 

w/ PbL 

w/o training 

BR63, BR65, BR67 YES  

3 Assembly 

w/ PbL 

w/ training 

BR63, BR65, BR67 YES  
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4.2 Business KPIs (JD) 

Table 5 Business Objectives Assessment 

  Business Assessment 

Exp. 

Number 

Experiment 

Name 

Business 

Objectives 

BPI. BPIs   

“As is” 

value 

BPIs   

Target 

”To be” 

value 

BPIs  

Actual 

value 

Comments 

 List all 

experiments 

performed  

For each 

experiment, 

list the BO 

addressed 

KPIs 

measured 

  Value 

measured 

If Actual 

value is 

different 

from Target 

“To Be” 

value 

explain the 

main 

reasons 

7  Decrease 

Time for 

assembly 

Enhance 

Error 

Detection 

Rate 

First Pass 

Yield 

99,91% 100% 100%  

8  Decrease 

Time for 

assembly 

Enhance 

Error 

Detection 

Rate 

First Pass 

Yield 

99,91% 100% 100%  

 

4.3 Questionnaire results 

Besides KPIs that are quantitative indicators for the effectiveness of the introduced 

CPPS, also a questionnaire has been filled out to collect qualitative indicators, too. 

Please see section 7 ANNEX 1 to see the results of the questionnaire. The results of the 

questionnaire are also included in section 5 and 6. 
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5 Overall lessons learned & recommendations 

Discussion on key lesson learnt during the Champion experimentations and 

recommendations for the implementation of CPPS (“especially targeting SMEs”): 

The implementation of the CPPS needed the involvement of several departments of 

John Deere as well as associated companies of John Deere and WP6 Partners which 

caused a lot of effort in coordination. As a consequence, it was crucial to agree on a 

common understanding of the case, agree on technologies to be used and to assign a 

task to each partner. Furthermore, interfaces between all applications had to be defined. 

After the definition of the interfaces and an agreement on the sequence of the use case, 

a turning point was reached and the implementation could be carried out in parallel. 

After finishing the individual implementation task, the results of every partner have 

been linked. At this point, minor coordination issues occurred because using the 

productive software components could not be simulated and the procedure of 

connecting to the middleware and exchanging data between software based on different 

programming languages was not tested during the development phase. 

Furthermore, it was not possible to estimate the overall duration time from sender to 

receiver of data through all software and hardware components involved in the use case. 

Even if the use case has no real time constraints, the overall time from scanning an 

order to indicating the material to be picked has to meet the working speed of the 

workers on the shop floor. At current state, it takes too long to forward the information 

to the order which might cause acceptance problems of the worker as well as the 

production engineers on the shop floor. This means additional investigations have to 

done in order to detect the bottleneck of the current process and to introduce measures 

to reduce the sending time. 
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6 Conclusion 

The integration of all partners as well as the implementation of a Pick by Light based 

guidance system has been successful. The second iteration will be used to improve the 

current state as well as introduce addition measures for supporting the workers in their 

assembly work.  
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7 ANNEX 1 

Lessons Learnt Questionnaire 

1. What worked well during the experimentations? Why? 

Implementation of commercial Pick by light system because of well documented 

API. 

2. What did not work well during the experimentations? Why? 

Reaction time of commercial pick by light system, because of implementation 

errors or limitations of used wireless transmission protocol 

3. What unexpected issues occurred and how did you fix them? Did you 

develop any useful solutions? 

Moving implementation from test environment to production environment caused 

unexpected errors which were solved by introducing configurable parameters. 

4. Did any opportunity emerge during the experimentation? Which kind? 

Potential of introduce multiple Pick by X systems in workforce centric production 

in order to reduce human forced errors 

5. Were the project goals attained? If not, what changes would help to meet 

goals in the future? 

The introduced measures encounter acceptance issues because of the slow 

responsiveness of commercial Pick by light system. Response tests will be introduced 

to derive measures to enhance responsiveness. 

6. What are the three most important lessons learned on the experiments? 

Introduced human-centric CPPS need acceptance of worker and production 

engineers. 

7. What recommendations would you make to others doing similar projects? 

Involve workers and engineers close to production as early as possible to the 

project. 
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Strengths Weaknesses 

What worked well during the experimentation? 

Why? 

Connection of different hard- and software 

components by using message based middleware 

because of self-contained concept of middleware 

as well as good accessibility to interfaces of all 

network participants. 

Modelling of business processes and deriving 

program sequences. 

 

 

 

 

 

What did not work well during the 

experimentations? Why? 

Acceptance of CPPS by workers and production 

engineers because of weak responsiveness of 

commercial pick by light system. 

Potential of introduce multiple Pick by X 

systems in workforce centric production in order 

to reduce human forced errors 

 

 

 

Moving implementation from test environment to 

production environment caused unexpected 

errors which were solved by introducing 

configurable parameters. 

Opportunities Threats 

Lessons Learnt 

 The introduced measures encounter acceptance issues because of the slow responsiveness of 

commercial Pick by light system. Response tests will be introduced to derive measures to 

enhance responsiveness. 

 Introduced human-centric CPPS need acceptance of worker and production engineers. 

 Involve workers and engineers close to production as early as possible to the project. 
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