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Dear readers, 


This proceeding encompasses selected presentations from the 
3rd travelling conference to Asia at the beginning of 2017. 
Travelling conferences are networking and exploration trips for 
German scientists to Asia, funded almost annually by the German 
Federal Ministry of Education and Research. In 2016 the German 
Federal Ministry of Science and Research opened the call for 
proposals to launch travelling conferences to China, South Korea 
and Southeast Asia. The reason for the interest is due to rapid 
development of significance of China, South Korea and Southeast 
Asia for German research and educational institutions. Before the third travelling conference 
in 2017 the AGKN e.V. organised travelling conferences in 2014 to Vietnam, China and 
Hong Kong and in 2015 to Vietnam, the Philippines and Indonesia. 


The 3rd travelling conference to Asia was hosted by four institutions: Zhongyuan University 
of Technology in Zhengzhou, PR China, the Korean Maritime Institute in Busan, South 
Korea, the Ateneo de Manila and De La Salle Universities in Manila, the Philippines. The 
selected topic of energy efficiency and environmentally friendly management of 
transportation networks in urban areas received great interest at all three sites due to the 
newest developments like the One Belt - One Road Strategy and latest challenges in urban 
areas like megacities, experienced especially well by the travelling conference participants 
in Manila. 


After the exchange of expertise the Asian-German Knowledge Network on Transport and 
Logistics e.V. has further contributed to strengthening the dialogue on how integrate  
energy efficiency and climate change mitigation strategies into transportation management 
by launching joint scientific projects together with the University of Bremen, the Hamburg 
University of Technology, the Zhongyuan University of Technology, and the University of 
Muhammdiyah. 


The AGKN e.V. thanks all participants, host institutions and supporters who have 
contributed to the fulfilment of the 3rd travelling conference. A special thank is to Ms. Marie 
Danielle Guillen, giz Manila for her support and advise.  


Finally, the AGKN e.V. invites all interested stakeholders to join the 4th travelling conference 
to Hanoi, Kuala Lumpur and Chiang Rai in October 9-13, 2017 devoted to the topic of 
„Green freight & climate-friendly traffic management: Experiences from Germany, Thailand, 
Vietnam and Malaysia“. 


Yours sincerely,


Dr. Irina Dovbischuk

Managing director of AGKN e.V.


ISBN 978-3-00-055485-8 AGKN e.V., 2017 �2



Content 

Load Securing in the Intermodal Transport Chain 4 

Smart City Design and Climate Friendly Business Models 9 

Optimization of PID Controller for DC Motor Based on Multi-Objective Artificial Bee 
Colony Algorithm 16 

Digitalization in Sea Ports - Key Driver to Increase Efficiency 29 

Vehicle Routing Problems with Time Windows and Multiple Dumping Sites in Waste 
Collection 38 

How to Combine Sustainability and Efficiency in the Design of Logistics Processes 50 

Networked Refrigeration Control Actuated by Peltier in Logistics 60 

Requirements on SCM 4.0-readiness 75

ISBN 978-3-00-055485-8 AGKN e.V., 2017 �3



Load Securing in the Intermodal Transport Chain 

Prof. Dr.-Ing. Carsten Dorn, University of Applied Sciences Bremerhaven, 
Bremerhaven, Germany 

Abstract 

There are always a number of damages to national and international transports because the 
goods are not properly secured. The transport insurances pay high damages every year. In 
order to prevent high payments there is a variety of regulations and rules. But they are not 
always applicable because the boundary conditions changed. On the one hand, we wants 
security on the transport modes, on the other hand it must also be economically viable. This 
topic is presented by some exemplary problems. It shows how these questions are 
addressed in Europe and which developments are being devised. In particular, the questions 
regarding future research in this area. 

Keywords: Inadequate load securing, regulations in Europe, Insurances and risk 
management, Incorrect load distributions for trucks. 

Inadequate load securing often results in the loss of load, for example squared lumber, 
fridges, paper rolls and steel sheet on the roads, resulting in delays and, at worst, accidents. 
Many drivers and forwarders are not aware of their responsibilities and often make 
statements such as:  

“It’s so heavy, it won’t be able to shift.” 

“That will be strong enough.” 

“I’m not given any time for this during loading.” 

“I’ve been driving for 20 years and nothing like that has ever happened before.” 

The planning, evaluation and execution of goods transport between the place of departure 
and the destination, especially in the case of worldwide transport, requires a lot of 
information. It provides information on the goods to be transported and a variety of 
knowledge about the components of the corresponding transport relations. 

In intermodal transport, the relationships between the parties are often not very clear. Who 
packed the container? , Who is responsible for the advance to the port? , Which transport 
routes does the container send? Does the packer have all the necessary information about 
the transport route and the expected stresses? 
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Information on the duration of transport, climate influences, type and condition of traffic 
routes, handling frequencies and -techniques, short interim storage, storage, import 
regulations, international liability agreements of the different modes of transport, political 
conditions and others influence the transport route, the choice of the modes of transport, 
development of packaging, damage prevention measures and risk assessment in respect of 
the transport insurance. All these factors ultimately influence the quality of the transport 
processing. 

Correct selection, design and construction of the packaging is just as important for loss-free 
transport as the requirements placed on the product itself. Savings are often made on 
packaging in order to reduce total costs. These packages often do not fulfill the requirements 
placed upon them, such that they cannot withstand the mechanical, climatic, biotik and 
chemical stresses to  which they are exposed during transport, storage and cargo handling. 
Simply because packaging is incapable of withstanding such stresses does of course not 
mean that a loss will inevitably occur, but the risk will in some cases be greatly increased. 

The insurance companies examine goods damages and often introduce measures to 
mitigate damage at the place of the loss. The so-called emergency commissions assess the 
extent of the damage taking into account the applicable laws and standards. They contribute 
to recourse protection. In addition, suggestions for improvement are often developed which, 
in turn, contribute to standardization. In addition to packaging, the loading controls are also 
included. 

Today there are many recommendations and guidelines for the loading of goods on 
commercial vehicles in Europe. For example, in Europe, we have the EN 12195-1 June 
2011. This standard was initially controversial in the development, because it had been 
developed by a body where the experts were not at all in agreement. In particular, it was 
criticized that there were no scientific studies to establish some factors. In Germany, one 
decided to continue to control according to the German VDI 2700 recommendation. The VDI 
2700 from July 2014 is currently valid here. 

A new directive will soon be applied in Europe. This is the technical inspection of commercial 
vehicles. Accordingly, the control bodies are to perform the vehicle inspections according to 
such a set of rules. In addition to the technology, the loadings are also to be examined. 

The physical connections with regard to load securing are the same everywhere in the 
world. However, the rule is interpreted differently, because many aspects are not really 
explored. Which friction coefficients must be applied. What are the safety factors? Do we 
have to apply static or dynamic friction coefficients? What are the acceleration factors? How 
long does acceleration have to be? 

There are many questions. Furthermore, the rules for calculation are usually based on static 
assumptions. As a rule, however, the vehicle floors are not static, but are twisted. Also the 
packagings are not usually static systems, but are generally correspondingly deformable and 
dynamic. 

ISBN 978-3-00-055485-8 AGKN e.V., 2017 �5



The Institute for Transportation and Logistics of the Steinbeis Foundation in Bremerhaven 
(ITL-Bremeraven), has been working on load securing for commercial vehicles for years. An 
example will show how important the correct loading and securing is on commercial 
vehicles. 

Repeatedly, there are serious rear-end collisions on motorways. That's why the industry has 
developed a so-called emergency brake assistant. If the driver does not trigger the 
emergency braking system, this system is to intervene and trigger a forced braking so that 
the vehicle is stopped. This assumes, however, that the vehicle is also properly loaded. 

However, the real conditions in practice show that many commercial vehicles are incorrectly 
loaded from the load distribution. Often front or rear axles of the driving train are overloaded. 
In particular, the question needs to be clarified is: Which extension of the emergency braking 
route results in an incorrect loading? 

On a test ground, corresponding braking distance measurements were carried out. First, the 
vehicle was fully loaded with lattice boxes. The grid boxes were filled with steel plates. The 
grid boxes with the respective steel plates had previously been weighed. Thus the 
respective load distribution could be provided according to the requirements. The following 
Figure 1 shows the truck with normal loading. It is loaded with the lattice boxes. 

Figure 1: Truck with grid boxes loaded with steel plates and the center of gravity 

The calculation is carried out using a mathematical program for calculating the total center of 
gravity as shown in Figure 1. The center of gravity is in the middle of the truck. The truck is 
overloaded. The overloading of commercial trucks frequently occurs in practice. That is why 
we have chosen a practical example for the examinations. 
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A series of full brakes were then carried out with the vehicle and the braking distances 
measured. The path is measured by a so-called Preisler wheel with a rotary encoder. The 
time of actuation of the brake pedal was measured exactly by an implus. In this way, the 
exact braking distances were determined. The measurements were repeated several times 
in order to be able to make corresponding statements. 

After the braking distances for a properly loaded truck were determined, the vehicle was 
overloaded. Figure 2 shows the front loaded truck. The rear axle of the vehicle is now 
overloaded 

Figure 2: Truck with front overloading 

In the case of full braking, the rear axle now transmits a part of the load; the other axles of 
the trailer transmit less braking forces. 

It is not allowed to load a vehicle like this. But this is very often the case in practice. The load 
distribution on a truck is not considered when loading. Many truck drivers are not aware of 
this. 

Many trials were carried out with the various loading conditions. From different speeds full 
emergency braking was tested. The respective braking distances were measured.  As a 
result of these investigations, it was found that the load affects the braking distance. As a 
rule, an extension of the braking distance by 10% could be determined. This would mean 
extending the breaking distance by 3 to 4 meters when the truck is fully braking. 
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Figure 3: Truck with loading grid boxes with the center of gravity at the end 

The shipper is therefore also obliged to pay attention to the correct loading. In particular, the 
automatic brake assist system is used in Europe. This system is intended to reduce the 
number of serious rear-end collisions with commercial vehicles. However, this cannot work if 
the vehicles were previously loaded incorrectly. Thus, in future, in the case of serious traffic 
accidents, the shipper will also be complicit. The courts will investigate whether the accident 
would have been less difficult with proper loading. These findings are new in transport. In 
particular, this is also to be asked for containers. Are they always properly loaded according 
to a load distribution? Often this is not the case. 

Since July 2016 it has only been established in the praxis that the container weights must 
be known. The shipowners around the world took the initiative because there were heavy 
shipments, which were probably due to faulty container weights. In Europe, containers are 
transported by intermodal transport mainly by road and by rail, but incorrect weight and 
weight distributions on the vehicles can lead to serious accidents. This is why this situation 
must be viewed more strongly in the future. Secured cargo and the correct load distribution 
physically guarantee safe and economical transport. There are also a number of 
uncertainties, because vehicle constructions are getting lighter and the forces are not 
known in detail.


If one is too heavy, one is no longer efficient, one is too light and the stresses are not 
known, there is a risk of serious accidents. There is still a long way to go before these 
things are all well known. The author of this article will gladly accept suggestions. 
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Smart City Design and Climate Friendly Business Models 

Prof. Dr. Hans-Dietrich Haasis, University of Bremen, Bremen, Germany 

Abstract 

In line with the design of a city region of the future, increasingly, the range of digital services 
offered are discussed. Hence, the objective is to integrate a networked, worth living, 
resource and energy efficient, climate friendly, innovative, and productive urban 
development, to a so-called smart service city region. In this regard, smart can be seen as a 
synonym for the implementation and the use of digital service innovations. In this 
connection, new business models, cooperative models as well, may be developed, solving 
the questions on who is the provider and what are the conditions. These innovations are 
also related to the discussions on a sharing economy, on the supply of services on demand 
in line with a digital service mall, as well as customer-focused demand chain management 
models. However, their efficient and attractive realization is also subject to the provision of a 
digital infrastructure as well as a smart-compliant urban development. In this paper these 
relationships are described and illustrated on the basis of different mobility and transport 
oriented needs and the requirements of citizens. 

Keywords: Services on demand; smart city; business models; mobility; logistics 

1 Smart cities: A concept for urban development of cities of the future 

Nowadays, everyone is discussing smart solutions, new apps, the power of digital clouds 
and the potentials and consequences of the so-called Internet of things and industry 4.0. As 
we know, this is mainly related to the magnitude of present and future information and 
communication technologies and the availability of a high volume of data, so-called big data. 
The necessity of digital infrastructure is obvious. Also, the need for rules and directives to 
organize data management in a secure and human centric environment are indispensable. 

In our digital age, data are especially seen as the major resource for creating economic 
value and welfare. These data are used by new digital and smart services. The smart 
services could be restricted to special user groups; however, opening the services to society 
and by interconnecting people and institutions can generate highest economic impact. The 
Federal Ministry for Economics Affairs and Energy supports the development of applications 
for digital services and platforms, as one part of the Digitization Action Program. By the way, 
the corresponding program is called Smart Service World. The market for such solutions has 
grown in recent years and this will continue within the next years. Due to this, digitalization 
and digital business is not only hype, but also a challenge for all of us. Digitalization and 
smart services will rapidly change our daily live. 
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In line with this, smart cities will also be developed. Smart cities are a concept for the urban 
development of cities of the future. Special focus is given to mobility, ecological 
sustainability, digital connectivity, security, and climate-neutral energy supply. 

Smart cities can be characterized by the following attributes: digital, data driven, integrated, 
productive, human centric, intelligent, resource-efficient and sustainable. When elaborating 
concepts for smart cities, we have to distinguish between new cities or city areas as well as 
old, pre-existing cities with all the limitations of infrastructures and buildings. Smart city 
strategies already are developed, for example, in Berlin and Hamburg. 

By implementing smart cities, the residents are more connected according to their own 
needs. Areas of needs are include housing, mobility, health, security, shopping, and 
recreation. For all these needs smart services are already (more or less) available. However, 
in future they will be more connected, digital and big data driven. For example, as we 
discuss about e-health by interconnection of an individual apartment with a clinic nearby or 
far away, providing the best service, e-housing characterized by new control features, e-
mobility based on zero-emission self-driving cars and car-sharing concepts, smart grids 
considering decentralized production of energy for private and commercial use, and e-
administration focusing on efficient public administrative processes, organized via digital 
platforms, online applications, and an interactive dialogue with residents. 

2 Smart business models pushed by digital innovations 

Digital innovations are motivated by new capabilities of information and communication 
technologies, and by this, by a changing environment for business and living characterized 
by self-controlled processes and on demand control logics as well as by the power of big 
data solutions and customer-centric demand chain organizations. In line with this it is 
possible to differentiate between  

• Product innovations like smart parking services,


• Process innovations like smart gate drive-through solutions,


• Structural innovations like smart self-driving cars. 

Thus, digital innovations are the engines for a digital transformation of our life, focusing on 
the customer and their data and on networking and integration. Examples can be seen in 
smart home solutions, smart factories, smart logistics, smart mobility, smart health and smart 
energy supply grids. 

For the organization of data, new platform solutions can be implemented, like a digital 
logistics mall as one part of cloud logistics, as proposed by IML.  
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Due to the integration and networking, for various human needs, new cooperation models 
and new business models with different arrangements of supply and demand will be 
invented and applied in the near future. For example, new mobility services based on 
sharing concepts and self-driving autonomous cars will be provided. Here, the questions are: 
Who provides which service under which conditions? Who is the data owner? Who is the 
winner of the game: the mobility industry, the energy supply business, the communication 
economy, the information and data providers or the digital infrastructure providers? Maybe 
future mobility supply will be provided by shopping malls, information providers, or 
municipalities. In line with this, market changes will occur, and consequences on biased 
market influences and market controls have to be regarded and analyzed carefully, ready for 
reaction. 

3 Selected examples of different types of smart cities 

3.1 Characteristics of the examples 

If we discuss about smart cities, why should we not distinguish between the different focus 
areas of a city, which are characterized by their own attributes. Like this, it is possible to 
discuss and design a smart inner city, a smart airport city, as well as a smart seaport cluster. 
According to the attributes of these cities, special digital service innovations can be 
developed, engineered and implemented. For the officials in the city, they can learn from the 
different application domains and can transfer from one example to the other example. In 
line with this, we need data scientists and knowledge engineers as well as smart service 
engineers. 

According to the overall objective of the travelling conference, special consideration should 
be given on energy efficiency and climate change mitigation, in line with urban mobility and 
its interconnection with transportation networks. Digital service innovations could provide 
special energy and climate related services. 

Common for all examples are the design methodology, the engineering approach, the 
objectives of the smart city design, and the development of climate friendly business models. 
The following objectives should be achieved: 

• Attractiveness

• Living quality

• Working quality

• Process efficiency

• Performance

• Innovation

• Integration

• Sustainability

• Energy efficiency

• Visibility, etc.  
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Moreover, in connection with smart service engineering we have to distinguish between 
different categories of needs, for example: 

• Logistics

• Mobility

• Tourism

• Working environment

• Living environment

• Shopping environment

• Entertainment environment. 

For all of these examples, at present one-year students project are ongoing. The 
background of these master students is industrial engineering. Due to this they are able to 
elaborate future-oriented services, improving the process efficiency, the customer 
satisfaction, as well as the climate and environmental performances. Most importantly, 
young students are able, vision driven and highly motivated to jointly develop smart solutions 
for the future. As soon as the projects are finalized, information on the results is given on 
www.mlog.uni-bremen.de. 

3.2 Example 1: Smart inner city 

A smart inner city can be seen as a city that is connected with its urban hinterland. The city 
members try to provide services for their own use as well as services for members of the 
urban surroundings. By this, they are still connected, at least virtually, with the inner city 
activities and offers. One example of an inner city in Germany is shown in Figure 1. 

For this example selected smart services could be: 

• Mobility request

• Neighborly help

• Parking lot management

• 3D printing stations

• Mobility and shopping vouchers

• Special offers list, etc. 


In line with the implementation of these smart services the following conditions have to be 
fulfilled and the mentioned challenges have to be mastered: 

• Data management and data owner

• Road infrastructure for self-driving cars and buses

• Parking lot infrastructure

• Decentralized supply of renewable energy

• Charging stations for e-mobility

• Business model development, etc. 
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Figure 1: Selected smart inner city 

3.3 Example 2: Smart airport city 

A smart airport city can be seen as a business area around an airport, which is connected 
with its airport city hinterland and the inner city itself. One example of an airport city area in 
Germany is shown in Figure 2. 

For this example smart services could be: 

• Self-driving hotel shuttles

• Customized offers during stop-over and delay

• Taxi and luggage handling on arrival

• Special offers list for shopping and entertainment

• Parking lot management

• Organization of meetings at trade fairs


In line with the implementation of these smart services the following conditions have to be 
fulfilled and the outlined challenges have to be mastered: 

• New railway infrastructure

• Increasing traffic

• Anonymity of passengers

• Refinancing of digital infrastructure

• B2B2C-environment

• Decentralized supply of renewable energy 
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Figure 2: Selected smart airport city 

3.4 Example 3: Smart seaport cluster 

A smart seaport cluster can be seen as a maritime cluster, which is connected with its 
seaport hinterland and the smart city itself. One example of a seaport cluster in Germany is 
shown in Figure 3. This seaport cluster is developed as a smart seaport cluster within the 
next year. By corresponding with the vision on digital solutions defined by the e-initiative of 
the European Commission, e.g. e-customs, e-freight and e-maritime. 

For this example smart services could be: 

• Yard and container lot management

• Ship announcement and terminal preparation

• Gate drive-through management

• Special offers list for shopping and entertainment at cruise liner arrival

• Flexible and conditional supply chain management

• Car transshipment and parking lot management

• Empty container management


In line with the implementation of these smart services the following conditions have to be 
fulfilled and the mentioned challenges have to be mastered: 

• Road infrastructure for self-driving trucks

• Container lot infrastructure

• Data management and data owner

• Decentralized supply of renewable energy

• Charging stations for e-mobility
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• Digital gate infrastructure

• Business model development


!  

Figure 3: Selected smart seaport cluster 

4 Conclusions and recommendations


This paper outlines aspects of developing digital services for the design of smart cities. 
These services contribute to a networked, attractive for living, resource and energy efficient, 
climate friendly, innovative, and productive urban development. This directly relates smart to 
digital innovations, their engineering as well as their implementation. However, for their 
realization they need the provision of high-efficiency digital infrastructure as well as a smart-
compliant urban development.  

Nowadays, everyone is discussing about smart solutions due to the magnitude of 
information and communication technologies, and the availability of big data. In line with this, 
amongst others, we have to solve privacy issues as well as new governance concepts. 
Especially the governance concepts are related to the smart city. Maybe they are different 
according to the industrial environment, the culture and the economic situation.  

Nevertheless, digital innovations, either technologically- or organization-orientated are the 
engines for a digital transformation of our life, focusing on the customer and their data, as 
well as networking and integration. They provide opportunity for new governance concepts 
and public participation, in line with digital service engineering and smart city design. Of 
course, isn’t it great to live in this century and to take part in the changes? Let’s start 
engineering and designing new smart services related to climate friendly business models. 
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Optimization of PID Controller for DC Motor Based on 
Multi-Objective Artificial Bee Colony Algorithm 

Prof. Wang Haiquan, Zhongyuan University of Technology, Zhengzhou, China 
Prof. Dongyun Wang, Zhongyuan University of Technology/Huanghuai Univeritsy, 
Zhengzhou, China 
Prof. Shengjun Weng, Zhongyuan University of Technology, Zhengzhou, China 

Fanbing Zhu, Zhongyuan University of Technology, Zhengzhou, China 

Abstract 

As a multi-objective problem, the design of the PID controller has attracted attention. In this 
paper, an improved multi-objective artificial bee colony algorithm is applied to optimize the 
parameters of the Proportional-Integral-Derivative (PID) controller for a DC motor system. In 
the improved algorithm, an archive set maintained based on crowding-distance to store non-
dominated solutions and the elite strategy with the purpose of avoiding premature 
convergence used. Based on them, the elite solutions are selected in the external archive 
set and used to generate new food sources. Solutions located at the most crowded region 
will be removed when the archive overflows the simulation and experiment of the PID 
parameter optimization for DC motor system has finished. The results show that MOABC 
can be used as a promising alternative algorithm to solve multi-objective problems, with the 
advantage of being simple and effective. 

Keywords: DC motor; PID controller; multi-objective optimization; artificial bee colony; elite 
strategy 

1 Introduction 

The PID controller has been used widely for processes and motion control systems in 
industry and agriculture and great attention has been paid to improving the performance of 
the controller. In general, the traditional PID controller design problem has been formulated 
as a single objective optimization problem where the parameters of the controller could be 
optimally selected based on the tradeoffs between several conflicting design criteria, such as 
settling time and maximum overshoot. 

Actually, the controller design problem is a multi-objective optimization (MO) problem which 
has several objectives that must be satisfied at the same time. The MO techniques offer 
advantages when compared with single objective optimization techniques because they may 
produce a solution with different tradeoffs among different individual objectives, so that the 
designer can select the best final solution [1]. 

Generally speaking, MO does not restrict by finding a unique single solution of a given 
problem, but rather funds a set of solutions called non-dominated solutions. Obtaining non-
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dominated solutions of a given MO problem is the main goal of multi-objective optimization. 
Several methods, especially the swarm intelligence algorithm, have been devised for solving 
multi-objective optimization problems [2, 3]. 

Swarm intelligence, inspired by social insects, was developed for solving combinatorial and 
numerical optimization problems. In recent years, these algorithms have attracted much 
attention. The swarm intelligence is defined as “...any attempt to design algorithms or 
distributed problem-solving devices inspired by the collective behavior of social insect 
colonies and other animal societies...” by Bonabeau et al. [4]. However, the term swarm is 
used in a general manner to refer to any restrained collection of interacting agents or 
individuals. The classical example of a swarm is bees swarming around their hive; 
nevertheless the metaphor can easily be extended to other systems with a similar 
architecture. For instance, an ant colony can be thought of as a swarm whose individual 
agents are ants; a flock of birds is a swarm of birds; an immune system [5] is a swarm of 
cells as well as a crowd is a swarm of people. The artificial bee colony algorithm, which has 
become quite popular recently, models the social behavior of honey bees foraging. The ABC 
algorithm is a population based stochastic optimization technique and well adapted 
optimization of nonlinear functions in multi-dimensional space. 

The first framework of the ABC algorithm mimicking the foraging behavior of honey bee 
swarm in finding good solutions to optimize multi-variable and multi-modal continuous 
functions was presented by D.Karaboga [6]. Numerical comparisons demonstrated that the 
performance of the ABC algorithm is competitive with other population based algorithms with 
an advantage of employing fewer control parameters [6-8]. The basic version of the ABC 
algorithm has only one control parameter “limit”, apart from the common control parameters 
of the population based algorithms such as population size or colony size (SN) and 
maximum generation number or maximum cycle number (MCN). Due to its simplicity and 
ease of implementation, the ABC algorithm has captured much attention and has been 
applied to solve many practical optimization problems. Singh [9] used the ABC algorithm for 
the least-constrained minimum spanning tree problem. Feng et.al [10] proposed a hybrid 
simplex ABC algorithm which combines the Nelder-Mead simplex method to solve inverse 
analysis problems. Rao et al. [11] applied the ABC algorithm to a network reconfiguration 
problem in a radial distribution system in order to minimize to the real power loss, improve 
voltage profile and balance feeder load. The flexibility and efficiency of the ABC provides the 
ability to design multi-objective optimization algorithms. Zou et al. presented a multi-
objective optimization method based on the artificial bee colony [12] which uses the concept 
of Pareto dominance to determine the flight direction of a bee. The vector evaluated artificial 
bee colony (VEABC) [13] classifies the bee colonies based on the number of optimized 
objectives. A Pareto-based discrete artificial bee colony algorithm was proposed for solving 
multi-objective flexible job shop scheduling problems [14]. The hybrid multi-objective artificial 
bee colony (HMOABC) algorithm [15] is proposed for solving the burdening process 
optimization. Currently, some studies have employed the ABC algorithm for solving multi-
objective optimization problems, such as the MOABC algorithm [16-19] combing the ABC 
algorithm with the non-dominated sorting of NSGA-II [20]. However, in local searching 
strategy of above the MOABC algorithms, any one dimension of the feasible solution 
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changes based on the information of neighbor solutions. These relatively random changes 
cannot ensure that the new candidate solution is better than the previous one. In order to 
improve the quality of the solution, the information of best current solution will be used to 
guide the local searching in this paper. 

The rest of the paper is organized as follows: Section 2 describes the multi-objective 
optimization and details of the proposed MOABC algorithm. Section 3 deals with the model 
and design of the PID controller for DC motors with the MOABC algorithm. Next, the 
simulation and experiment results are presented and discussed in Section 4, and Section 5 
is the conclusion. 

2 Multi-Objective Artificial Bee Colony Algorithm 

2.1.  Fundamental of Multi-Objective Optimization 

The presence of multiple objectives in an optimization problem gives rise to a set of optimal 
solutions (known as Pareto-optimal solutions), instead of a single optimal solution. In the 
absence of any further information, one of these Pareto-optimal solutions cannot be said to 
be better than the other. It requires as many Pareto-optimal solutions as possible [21]. The 
suitability of one solution depends on a number of factors including user’s choice and the 
problem environment, hence finding the entire set of optimal solutions may be desired.  

Mathematically, a general multi-objective optimization problem contains a number of 
objectives to be minimized and (optional) constraints to be satisfied. In this case, a multi-
objective optimization problem consists of optimizing a vector of functions:   

min	f(X)	=	(	f1(X),	f2(X),...,	.k(X))		X	∈	Ω 
s.t.	gi(X)	≥	0	i	=	1,2,...,l																															(1)  
hi(X)	=	0	i	=	1,2,...,n	

where X ∈ Ω is the decision vector; gi(X) ≥ 0 is the inequality constraints and hi(X) = 0 is the 
equality constraints; Ω is the feasible region. 

2.2.  Artificial Bee Colony Algorithm 

The ABC algorithm is a recently introduced optimization algorithm proposed by Karaboga, 
which is inspired by the intelligent foraging behavior of the honey bee swarm [23]. In the real 
word, bees foraging for food in a honeybee colony can be divided into three groups: 
employed bees, onlooker bees and scout bees [24, 25]. Employed bees are responsible for 
exploiting the neighborhood of the food source and sharing their information with bees 
waiting in the hive. Onlooker bees wait in the hive and choose a food source to exploit 
depending on the information. When they find a better food source, they will notify the 
appropriate employed bee to update its position. When there is no update after several 
iterations, which means the algorithm has fallen into the local optimum, the employed bee 
will become a scout and randomly find a new food source to start a new search. 
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From the above explanation, the ABC algorithm tends to converge gradually through 
collaboration of these three kinds of bees, and obtains the optimal or near-optimal solution in 
the feasible space. The main steps of the algorithm will be presented in the following 
section. 

2.3.  Multi-Objective Artificial Bee Colony Algorithm 

Similar to the basic ABC algorithm, the schematic diagram of the proposed multi-objective 
artificial bee colony algorithm is given in Figure 1. Different from the traditional ABC, there 
are five parts in the proposed algorithm: initialization, employed bees, onlooker bees, scouts 
bees and update the archive. 

Figure 1 The flowchart of MOABC algorithm 

2.3.1 Initialization 

Let the number of the food source (solution) be SN. The population is P = {Y1,Y2,...,YSN}, in 
which i is the index of the solution, i ∈ {1,2,...,SN}. Yk is a n-dimensional vector of the 
decision variables, Yk = (Yk,1,Yk,2,...,Yk,n). Yi,k denotes the dimension k of Yi, which is 
limited between lower bound Mini,k and upper bound Maxi,k, Mini,k ≤ Yi,k ≤ Maxi,k. In the 
initialization phase of the MOABC algorithm, the initial feasible solutions are generated 
randomly by Eq. (2). 
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Yi,K = Mini,k + rand(0,1)(Maxi,k - Mini,k)               (2) 

2.3.2 Employed bees 

After the initialization, each employed bee will produce a new position within its 
neighborhood. In our MOABC algorithm, to optimize the food source by employed bees, the 
algorithm also introduce the archive, which contains the best solutions found so far, to 
update the new solution. For this reason, each employed bee i would select an archive 
member randomly to calculate a candidate position called Zi,k. Therefore, in order to 
produce a new candidate food position Zi,k from the old one in memory, the MOABC 
algorithm uses the following expression


Zi,k = Yi,k + rand(0,1)(Gbest -Yi,k)+rand(0,1)(Pi,k -Yi,k)       (3) 

where i represents the food sources which are going to be optimized, k ∈ {1,2,...,D} are 
randomly chosen indexes. Gbest is the global optimal solution which is selected in the 
archive randomly, it will guide the evolution direction of the solution to the global optimal. Pi,k 
is the individual best position of the ith bee, it represents the influence of best precious 
solution for the candidate solution. 

After Zi,k has been updated, the value of the objective functions will be calculated. If the 
result could dominate the result of related food source, it will be replaced by the food source’s 
vector. If not, the update was unsuccessful and the trial value of the food source will be 
incremented by one. 

2.3.3 Onlooker bees 

After all the employed bees have optimized their food source by considering the information 
provided by the external archive, they will share the information about nectar amounts and 
positions of food sources with onlooker bees. Hence, each onlooker bee needs a decision 
making process to choose one of the food sources advertised by the employed bees. The 
probability for each food source i could be calculated as follows: 

!                        (4) 

fit is the fitness value of solution Zi which is proportional to the quality of the food source ith. 
Obviously, the probability will increase when the quality of food source improves. In the 
MOABC algorithm, the fitness value of the the food source is calculated with the following 
equation: 

1.0
)(max

)(
9.0

1

+∗=
= i
SN
i

i
i Yfit

YfitP
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!                                     (5)

where -i is the objective function. 

After that, each onlooker bee evaluates the information received from employed bees and 
uses the roulette wheel algorithm to choose a food source, based on its probability. After 
that, the food sources will be updated. 

2.3.4 Scout bees 

If a position cannot be improved further for a predetermined number of cycles, then the food 
source will be abandoned and the corresponding bee will become a scout. Then the scout 
conducts a random search, and generates a new food source following the initialization of 
population. 

2.3.5 Archive updating 

A fixed size archive is adopted to hold the best solutions found. At the end of each iteration, 
the new generated solutions are compared to the existing solutions in the archive. It will be 
added to the archive if the candidate solutions are not dominated by the existing solutions. 
Otherwise, it will be abandoned. Considering the finite capacity of the archive, crowding 
distance is adopted to maintain the diversity and applied to remove the extra ones. 

The definition of crowding distance is first addressed by Deb [26] for keeping a uniformly 
spread-out of the Pateto Front. The Crowding Distance value of the ith individual is 
calculated as follows: 

  !                                                         (6) 

and 

    !             (7)

where -k max and -k min are the maximum and minimum value of the kth objective; f(i+1),k 
and f(i−1),k are the kth objective value of the nearest neighbors to the ith individual in the 
population. 

In order to obtain a good distribution of Pareto Front, the method proposed in Ref. [21] is 
adopted to remove the extra solutions. The extra ones with the smallest crowding distance 
values are removed one by one, and the crowding distance values for the remaining 
members of the set are updated after each removal. 
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3 Optimal Design of PID Controller 

3.1 Modelling of DC motor 

For control analysis, a DC permanent magnet motor which is simple in structure and more 
reliable is adopted in this paper and tachometer generator are connected to the same shaft 
with the motor. As mentioned in [27], the mechanical rotational speed can be converted to 
voltage signal with the help of a tachometer generator. The transfer function of the motor 
could be simplified as a first-order system as Eq.8: 

!                                    (8)

where Km is the mechanical gain and Tm is the mechanical time constant.  

In order to obtain the parameters of the system, a step voltage signal is added, based on the 
measured voltage values. The system could be identified as [28]: 

!                            (9)

3.2 The theory of the PID controller 

PID controllers are being extensively used for process and motion control systems in 
industry. It could be described as: 

  �              (10)

where kp is the proportional coefficient, ki is the integral coefficient and kd is the differential 
coefficient. The key issue of PID controller design is how to configure a suitable set of 
parameters to meet a variety of performance, such as minimum steady state errors, 
minimum setting time and minimum overshoot of the response. 

3.3 Optimization of the PID controller for a DC motor 

The control problem which is to minimize the setting time ts, overshoot Mp and steady state 
error ess of closed loop system could be converted to a multi-objective optimization problem. 
Considering the advantages of the ABC algorithm, a multi-objective ABC algorithm is 
proposed to optimize the parameters of the PID controller in this paper. For the multi-
objective optimization problems, the fitness functions which are related to setting time ts, 
maximum overshoot Mp, and steady state error eSS, corresponding to the performance of 
control system, could be expressed as follows: 
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         �                                             (11) 

where ts is the setting time of the control system; Mp is overshoot which reflects the stability 
of the transition process of the DC motor system; eSS is the steady state error which reflects 
the deviation of the actual output and the expected output of the system. 

4 Simulation and Experiment 

4.1 Simulation and analysis 

For the multi-objective artificial bee colony algorithm based optimized PID control design 
problem, the search range of Kp, Ki, Kd are set as follows: 0 ≤ kp ≤ 10, 0 ≤ ki ≤ 1, 0 ≤ kd ≤ 1. 
A population size with 40 individuals is selected and the maximum number of cycles is 100. 
Plenty of Pareto optimal solutions are achieved with the MOABC algorithm, and only five 
groups of the parameters are listed in Table 1. The optimal sets of the three indices: ts, Mp, 
ess are presented in Figure 2-4 respectively. 

Table 1: Optimized PID controller 

Figure 2: The optimal sets of setting time
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Solutions kp ki kd ts Mp ess

The first solution of  MOABC 7.3553 0.3642 0.5097 0.0153 0 0

The second solution of  MOABC 8.7054 0.3883 0.6562 0.0153 0 0

The first solution of  MOABC 9.3524 0.4981 0.6350 0.0153 0 0

The first solution of  MOABC 9.5829 0.1526 0.5692 0.0153 0 0

The first solution of  MOABC 9.9336 0.1290 0.5764 0.0153 0 0
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Figure 3: The optimal sets of maximum overshoot


�  

Figure 4: The optimal sets of steady state error


�  

Figure 5: Step response based on MOABC algorithm  

In order to verify the validity of the PID parameters, the selected five groups of PID 
parameters have been applied to motor control, simulation time is T = 10s and the reference 
input is unit step signal. 

Step response curves of the five groups of the parameters are shown in Figure 5.  There is 
little difference between the outputs of the control system corresponding to the five group 
parameters. It also shows that the parameters of the controller have the characteristics of 
uncertainty and non-uniqueness. Some perturbations of the object or model could be 
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tolerated by different sets of reasonable parameters. From Figure 5 and Table 1, the setting 
time, overshoot and steady state error of the step response based on MOABC are as 
follows: 0.153sec, 0, 0. 

4.2 Experiment result 

In order to test the performance of the MOABC algorithm, the experiment using Real-Time 
Workshop (RTW), which could generates compact C or C++ source code based on Matlab, 
has been constructed. The fifth solution of the MOABC has been brought into the motor 
controller after discretization. Figure 6 shows the speed response, where the desired output 
is 1v, which is represented the speed of the motor. The setting time, overshoot and steady 
state error of the DC motor are as follows: 0.04sec, 0, 0. The results show that the speed’s 
stability and the fast response of the DC motor are guaranteed and the control performance 
is satisfied by using the proposed method.


5 Conclusion 

In this paper, the multi-objective artificial bee colony algorithm used for solving multi-
objective PID parameter optimization in a DC motor system is presented. In our algorithm, 
an external archive strategy is introduced to store the nondominated solutions. Global and 
individual optimal is also used to update solutions and ensure the quality of solutions in the 
archive set. Finally, based on the simulation and experiment results, the validity of the multi-
objective ABC algorithm which can be effectively applied to multiobjective PID parameters in 
a DC motor system is proved. The experiments results are shown in Figure 6. 

�  

Figure 6: Experiment results on output response 
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Digitalization in Sea Ports - Key Driver to Increase Efficiency 

Prof. Dr.-Ing. Carlos Jahn, Hamburg University of Technology, Hamburg, Germany 

Abstract 

Seaports are important nodes in the global transport system. Port operations affect the 
efficiency, reliability and environmental impact of transports to and from ports as well as in 
the vicinity of ports. The paper demonstrates how digitalization enables efficiency 
improvements of transports and logistics operations in ports. The paper is structured into 5 
parts. After introducing major challenges of seaports in part 1 the basic idea of the ongoing 
digitalization and its importance for seaports is described in part 2. Then different 
approaches and efficiency potentials are illustrated based on project examples: ship arrival 
time forecasts (part 3) and truck arrival rate forecast (part 4). The main points are 
summarized in a conclusion (part 5). 

Keywords: Digitalization; Maritime Logistics; Big Data Analytics; Decision Support; 
Forecasts 

1 Challenges


Transport chains have changed over the last decades due to the global division of labor, low 
logistics costs, and emerging new markets. BRIC countries have increased their global trade 
volume. Southeast-Asia has become the most important manufacturing location worldwide. 
Eastern Europe has entered the market economy, and the service industry in Europe and 
North America has grown substantially. Furthermore, manufacturing emerges in additional 
locations and returns sometimes to the developed economies. 

Seaports are complex logistics nodes, where different stakeholders must collaborate to 
maximize the transport chain’s efficiency and to minimize the environmental impact. 
Therefore, the stakeholders strive to optimize processes and operations in ports by 
coordinating all aspects of port operations, including vessel approaches, handling of load 
units and cargo, and transport to hinterland destinations, and vice versa. Seaports are facing 
numerous challenges in order to improve their processes and systems. Four major 
challenges are illustrated in Figure 1. 

Globalization is a key enabler for the increase of international trade and transport volumes 
and one of the challenges mentioned above. Global trade and transport volumes have 
increased over many years and are expected to grow further. The International Transport 
Forum (ITF) expects the geographical structure of trade to evolve towards emerging 
economies. From 2015 to 2030 the freight transport demand is estimated to grow by 4.2% 
per year, and by 3.3% after 2030. The traditional routes between developed economies will 
grow at a slower pace than corridors between emerging economies. [7].  
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Figure 1: Major challenges of seaports 

The demographic change is a second major challenge. In industrial countries the population 
is aging and shrinking. People get older and birth rates are not compensating mortality rates. 
As a result, in almost all industrial countries, people have to remain in the workforce for 
longer before reaching retirement age. In general, an experienced workforce is a gift. 
Nevertheless, employees require suitable working conditions that account for physical 
limitations and need sufficient training to use the new technologies. Seaports as employers 
must be attractive for employees. The competition of employers in the labor markets is 
increasing and structures have changed completely the young, well-educated professional. 

Beginning with the industrial revolution a trend towards urbanization as the third major 
challenge can be observed. This trend continues on a higher level, especially in growing 
populations in Africa and Asia. The global share of people living in urban areas is expected 
to rise from 54% in 2014 to 66% in 2050 [9]. In developed countries the urbanization rate is 
already high. In North America 82% of the population is living in urban centres, and in 
Europe 73% [9]. 50% of the major cities are located at the shore with ports in the city area or 
nearby. Ports play a major role for supplying the cities with goods, raw materials, and 
passenger transportation services.  

The fourth major challenge is the sustainability. The vicinity of growing ports and increasing 
cities is leading to land use conflicts. The emissions of port operations (e.g. CO2, NOX, 
particular matters, noise, light) are leading to conflicts with the population living near the port 
areas. Therefore ports are, increasingly, forced to improve the landside and seaside 
operations to reduce emissions and energy consumption and to increase the real 
productivity. 
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2 Digitalization  

Digitalization is a megatrend challenging and transforming business processes and models 
all over the world. Digitalization has developed from its original definition “… the action or 
process of digitizing; the conversion of analogue data (esp. in later use images, video, and 
text) into digital form.” (Oxford English Dictionary) to a significantly more comprehensive 
definition„ is the use of digital technologies to change a business model and provide new 
revenue and value-producing opportunities; it is the process of moving to a digital 
business.”(Gardner Group), see Figure 2. Digitalization enables process optimization and 
the development of new business models. Digitalization encompasses various features. A 
selection is illustrated in Figure 2. 

!  

Figure 2: Definitions and features of Digitalization	  

New hard- and software technologies enable an enhanced level of connectivity, 
communication and data exchange among heterogeneous partners in logistics networks. A 
major role play, so-called „clouds“. “A Cloud is a type of parallel and distributed system 
consisting of a collection of inter-connected and virtualized computers that are dynamically 
provisioned and presented as one or more unified computing resource(s) based on service-
level agreements established through negotiation between the service provider and 
consumers.” [2, p. 601]. Clouds provide services to users without reference to the 
infrastructure on which they are hosted. The services and applications can be accessed by 
businesses and users from all over the world on demand.  Cloud Computing includes three 
services: Software as a Service (SaaS), Platform as a Service (PaaS), and Infrastructure as 
a Service (IaaS) [5].


Smart devices and mobile applications provide value to the users by enabling the use of 
Internet services anywhere and by offering a wide range of functionalities, like mobile 
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communication and real time data exchange, GPS navigation, location-based services and 
QR-code scan product searches.  

The main components of cyber-physical systems are sensors and actuators, components for 
data processing and connectivity, as well as human-machine interfaces [3]. Cyber-physical 
systems represent a combination of virtual and real world, and sensors and actuators are 
the link. A comprehensive definition for cyber-physical systems is given by acatech [1]: 
“Cyber-physical systems are systems with embedded software (as part of devices, buildings, 
means of transport, transport routes, production systems, medical processes, logistic 
processes, coordination processes and management processes), which 

▪ directly record physical data using sensors and affect physical processes using 
actuators;


▪ evaluate and save recorded data, and actively or reactively interact both with the 
physical and digital world;


▪ are connected with one another and in global networks via digital communication 
facilities (wireless and/ or wired, local and/or global);


▪ use globally available data and services;


▪ have a series of dedicated, multimodal human-machine interfaces.”


The Internet of Things is characterized by (1) the global network interconnecting smart 
objects by means of extended Internet technologies, (2) the set of supporting technologies 
such as Radio Frequency Identification (RFID), sensor/ actuators, machine-to-machine 
communication devices, etc. and (3) the combination of applications and services leveraging 
such technologies to open new business and market opportunities (Miorandi et al., 2012). 
Through the Internet of Things the workforce, sensors, and applications cooperate and 
communicate in real-time with each other. 

The development of autonomous, self-driving vehicles (AV) is accelerating. In the 
automotive industry AVs represent a major innovation. The use of AVs is not restricted to the 
automotive sector. Driven by the need to increase safety and service quality of maritime 
transport [8], and to reduce vessel operating costs, several research and development 
projects on autonomous vessels are ongoing. The automation of vessels contributes to 
economic, ecological and social sustainability [4]. 

Big Data Analytics refers to Big Data and Business Analytics. Business Analytics comprises 
“skills, technologies, and practices used to evaluate organization-wide strategies and 
operations continuously to obtain insights and guide the business planning of an 
organization.” [10, p. 100]. Big Data Analytics creates an opportunity for economically, 
environmentally and socially efficient, safe, secure and sustainable transport. Big Data 
Analytics can help to forecast expected times of arrivals (ETA) or departures of vessels 
(ETD) in seaports, and enables a better utilization of suprastructures in port terminals.  
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Decision support and automation of knowledge comprise the use of Big Data, algorithms 
and computers to perform tasks that rely on complex analyses, subtle judgments, and 
creative problem solving (McKinsey on Automation, 2014). Several computer components 
work together: the processor dictates speed and efficiency of calculations, the memory 
stores information like previous experiences and trends to predict the future. 

3 Example 1: Ship Arrival Time Forecast 

With the ship arrival in a seaport many services and logistics processes are linked, like pilot, 
tug and linemen operations, cargo handling operations in terminals, ship supply, 
administrative processes and cargo transport operations to and from the ship berth. The 
knowledge of a ship arrival in advance is beneficial to plan these operations and to 
synchronize the use of resources in ports. Currently, reliable information on ship arrivals for 
the above mentioned factors are available for a short time or must be calculated manually 
and with effort using ship position, estimations and forecasts of ship speed, sailing lists and 
additional information, such as weather and tides. 

The ship position information can be obtained by service providers using the Automated 
Information System (AIS) – Information. Through AIS every merchant ship is sending 
information continuously, e.g. on position, course, speed, route, ship type, ETAs (Estimated 
time of arrival), ETDs (Estimated time of departure). In many cases the information on ETA 
are incomplete and inaccurate. Therefore, a research and development project is ongoing in 
cooperation between the IT-company Trenz AG and the research center Fraunhofer CML in 
Hamburg in order to develop reliable and independent forecasts for ship arrival times for all 
german seaports. Later it is planned to extend this forecast solution to more regions and 
ports.  

Figure 3: Traffic density chart (parts of the North Sea and the Baltic Sea) 
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The project approach represents a combination of Big Data analytics, automation of 
knowledge work and decision support. In order to generate the reliable forecast a Big Data 
approach is applied, which combines the AIS-Data from ships, weather information, 
information on tides, locks and traffic density. Figure 3 shows a traffic density chart of parts 
of the North Sea and the Baltic Sea. A goal of this project is the development of an 
automated, realtime calculation of ship ETA up to 72 hours in advance, with a certain degree 
of customer-oriented adaptability. This can be understood as an automation of knowledge 
work approach. The solution will be offered to customers (e.g.  pilots, tug operators, shipping 
agents, transport companies) as a webservice that provides decision support. 

Providing reliable forecasts will provide several benefits for seaport operations  as shown in  
Figure 4 below.  

� 


Figure 4: Benefits of ETA forecasting 

4 Example 2: Truck Waiting Time and Arrival Rate Forecasts 

In major seaports big container terminals are commonly equipped with truck appointment 
systems, which smooth the incoming and outgoing truck traffic by mitigating peak loads and 
truck waiting times. In addition to the big terminals, various smaller logistics hubs, like empty 
container depots, container freight stations and warehouses are in operation. A significant 
truck traffic share in ports takes place linking these logistics hubs with each other and with 
the big terminals. The logistics hubs are generally not equipped with truck appoint systems. 
Frequent peak loads in ports and stochastic operational and environmental influences lead 
to fluctuating truck arrivals at the logistical hubs. A negative impact on forwarder and trucking 
companies is often a significant share of unproductive operational time. The trucks must wait 
at the ingates of the empty depots or the container freight stations. Negative aspects for the 
logistics hubs can be a more expensive use of personnel and equipment.
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�  

Figure 5: Truck arrival rate and waiting time forecasts: Project approach


In order to reduce the above mentioned negative aspects for trucking companies and 
logistics hubs a research and development project is ongoing at the Institute of Maritime 
Logistics at the Hamburg University of Technology. The goal of this project is to design a 
prototype solution to forecast truck waiting times and arrival rates at logistics hubs in 
seaports (see Figure 5). The aimed benefits for forwarders are less truck waiting times 
through improved truck route scheduling, based on reliable truck waiting time forecasts. 
Target benefits for logistics hubs are less peak loads and improved personnel and 
equipment scheduling.   

In order to prepare the forecasts time series approaches for truck arrival times and truck 
waiting times are applied (see Figure 6).  

� 


Figure 6: Time series approaches fort ruck arrival rates and waiting times 

The project approach is a combination of Big Data analytics and decision support. The data 
base to forecast the arrival rates and waiting times consists of real data gained at the in- and 
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outgates of several logistics hubs, calendar information (day of the week, holidays, 
seasons), ship arrival data and weather information. The core of the forecasting algorithm is 
a neural network. Result samples for one logistics hub (see Figure 7) give an impression of 
the high quality of the forecasts. Furthermore a webservice prototype is designed as a 
decision support tool for trucking companies and logistics hubs. 


�  

Figure 7: Sample results: real data (blue lines) vs. forecasted data (red lines) 

5 Conclusion 

Seaports are crucial nodes in global maritime transport. They are challenged by various 
trends, in particular by globalization, demographic change in industrial countries, 
urbanization and striving for sustainability. Numerous stakeholders in seaports, e.g. terminal 
operators, shipping companies, logistics service provider, and port authorities, must 
collaborate to maximize the transport chain’s efficiency and to minimize the environmental 
impact.  

A key driver to improve efficiency in seaports is the Digitalization. Digitalization 
encompasses various features. With a focus on the Big Data analytics, automation of 
knowledge work and decision support, potential benefits are illustrated based on two 
ongoing research and development projects: (1) ship arrival time forecasts and (2) truck 
arrival rate and waiting time forecasts. To exploit the huge potentials to optimize the 
interlinked processes and systems in seaports further research is needed. Seaports in Asia 
and Germany are facing similar challenges. They can benefit from Digitalization to master 
these challenges. Therefore, multinational cooperation in research on Digitalization in 
seaports appears promising. 
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Vehicle Routing Problems with Time Windows and Multiple 
Dumping Sites in Waste Collection 

Prof. Dr. Dirk Sackmann, University of Applied Sciences Merseburg, Merseburg, 
Germany 

Abstract  

Municipalities have to collect the waste of households at least once a week. Households 
place their generated waste, which is stored in either bins or bags, on the designated days in 
front of their properties where waste collection vehicles can then collect the waste. This 
process is highly repetitive and performed throughout the year, therefore even a small 
improvement in waste collection and vehicle routing can lead to significant savings. The 
waste collection vehicle routing problem with time windows (WCVRPTW) differs from the 
traditional VRPTW by that the waste collecting vehicles must empty their load at disposal 
sites. 

We present a solution to a real world WCVRPTW in a residential waste collection 
environment. In our application private homes are partitioned into disjoint clusters with a 
known capacity afterwards. During clustering, the items with the shortest assigning paths 
from centroids are grouped together. The summation of grouped items should not exceed 
the capacity of each cluster. In addition, we suggest a heuristic that solves the routing 
problem. Each vehicle can, and typically does, make multiple disposal trips per day. A 
constructive heuristic that is capable of solving the problem is developed and tested, created 
to improve waste collection in residential areas. 

Keywords: Capacitated Clustering; Extended Savings Algorithm; Municipal Waste 
Management 

1 Introduction 

The waste collection business is divided into three major areas: commercial, residential and 
roll-on roll-off. The residential waste collection generally involves servicing private homes. In 
this paper, we mainly focus on the daily residential waste collection problem. The vehicles 
leave the depot at the start of the day and must return there before the end of the day. At the 
end of the day or in between, the vehicle is unloaded at a waste disposal site or at the depot. 
There are a limited number of identical vehicles available with a given capacity to collect the 
waste, and each tour is served by one vehicle [7]. Private homes are merged to street 
segments. Those have given time windows in which they must be visited. 

This paper is organized as follows. After we briefly review the waste collection problem in 
section 2, a cluster algorithm and an extended savings algorithm is presented in section 3. 
Section 4 shows the experimental results. Section 5 provides the concluding remarks and 
directions for further research. 
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2 Problem Statement 

In vehicle routing problems, the demand occurs at the nodes of the defined graph. However, 
waste management problems are typically modeled as Arc Routing Problems (ARPs). In 
ARPs, the aim is to determine a least cost traversal of the defined edges or arcs of a graph, 
subject to some side constraints. The ARP is a natural way to model waste collection 
problems in cases where most or all bins along a given street segment must be collected at 
the same time, and most of the street segments must be traversed by the collection vehicle, 
as is the case in densely populated city areas. The problem more closely resembling the one 
at hand is the capacitated arc routing problem (CARP) introduced by Golden and Wong [8]. 
In this problem, demand occurs along the arcs, some arcs in the network may not require 
service (i.e., have no demand along them) and the vehicles have a capacity for the total 
demand that they can serve. Nevertheless we consider the waste management problem as 
a node oriented capacitated Vehicle Routing Problem, because the demands of the 
customers are merged to street segments (requestors) in our real world problem. The 
problem is known as the (capacitated) Waste Collection Vehicle Routing Problem with Time 
Windows (WCVRPTW). WCVRPTW differs from the traditional VRPTW [17] by that the 
waste collecting vehicles must empty their load at disposal sites [4, 9, 15]. Since the VRP 
itself is well-known to be NP-hard [6], the WCVRPTW as a more detailed and complex 
version of it is even harder to compute. Thus, it cannot be solved by optimal (exact) methods 
in practice and heuristics and metaheuristics are used for the purpose of computing good 
solutions in acceptable time [2, 9]. Among the most applied solution methods are 
constructions and clustering/partitioning heuristics [13, 16] along with tabu search [1, 3, 11], 
genetic algorithms [14], ant colony optimization [10], local search heuristics [12] and 
neighborhood heuristics [3, 4]. In our approach a k-means algorithm is used to cluster the 
demand nodes. Other clustering techniques include metaheuristics like iterated local search 
or unified hybrid genetic search [18]. The routing is done afterwards with a savings 
algorithm. Mostly there appear two objectives in the literature: minimize the distance 
travelled by the collection vehicle and minimize the number of collection vehicles [2].  

Our real world problem is determined by the following issues: 

• multiple dumping sites 
• one depot 
• a given shift duration 
• a given uniform vehicle capacity and 
• given time windows for the requestors. 

The symbols used to describe the problem and the solution algorithm are shown in Table 1. 
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Table 1: List of symbols 

Total number of clusters,

Total number of demand nodes,

Cluster index / centroid node index,

Subtour index,

Waste bin index,

Depot and dumping site indices,

Total number of waste bin types,

Capacity of the vehicles (maximum weight),

Change in waiting time for a subtour,

Maximum total waiting time in one cluster,

!k

!h

!r

!R

!nhp

!di

!Cr

!sij

!∆ w

!W max

!t
s
i

!T WS
i

!xi

Total number of demand nodes in subtour !  of cluster ! ,p h

Demand at node ! ,i

Maximum number bins of type ! , which can be served of a 
vehicle per day, if just type !  bins are loaded,

r
r

Saving of connecting the nodes !  and ! ,i j

Service time at node ! ,i

Start of the time window at node ! ,i

Longitude of node ! ,i

!N

! p

�0, 0′�, 0′�′�

!nh

!i ,  j

!bir

!q

!wi

!w
max
i

!tij

!Si

!T WE
i

!yi

Total number of demand nodes in cluster ! ,h

Node indices, ! ,i , j = 1,…, n

Number of bins type !  at node !r i

Waiting time at node ! ,i

Maximum waiting time at node ! ,i

Travel time between node !  and ! ,i j

Arrival time at node ! ,i

End of the time window at node ! ,i

Latitude of node ! .i
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Some of the symbols may need further explanations. The considered problem deals with 
different bin sizes and four different kinds of waste (paper, other recyclable waste, residual 
waste and organic waste) leading to R different bin types. The routings of vehicles are 
determined separately for each type of waste. Two different capacity limits are used to 
describe the vehicles. Cr is the maximum amount of bins of type r a vehicle can serve per 
day. This value is used to calculate the number of clusters and to limit the cluster capacity. 
The second capacity q is the maximum weight of waste a vehicle is able to collect without 
unloading at a disposal site. This value differs from waste type to waste, since different types 
of waste have different densities. The demands values di at each node are calculated by 
multiplying the bin volume with the mean density of the waste type. 

3 A Cluster First – Route Second Approach 

There are two main approaches of determining the numbers of used vehicles and the routing 
of these vehicles. Beside a route first and cluster second approach in vehicle routing 
problems, there is also a cluster first, route second approach. In the following the amounts of 
waste at a certain address are called demands. A requester with a certain demand can also 
be called a demand node. A cluster is a subset of demand nodes, which should be served by 
one vehicle. The route is the sequence of demand nodes within the cluster. The approach 
suggested in this paper determines the clusters first and the route second. The clusters are 
calculated first, because of the practical requirements of the real world problem, of dividing 
the waste collection area into cohesive subareas. The demands are already assigned to 
certain dates. Therefore the calculation of clusters and routes considers serving the 
demands of a single day. The described computation of vehicle routing needs to be 
performed for each day separately.   

3.1 A Capcitated K-Means Algorithm 

The selected capacitated k-means algorithm is based on the approach of Geetha, Poonthalir 
and Vanathi [7]. It assigns all nodes representing the waste, which needs to be collected, to 
k clusters. The central points of the clusters are called centroids.  Each cluster has a certain 
capacity Cr, specifying the maximum amount of bins, which can be collected by one vehicle 
within one day. 

The algorithm can be represented by six iterative steps. Step (1) determines the initial 
number of clusters as well as centroids. The k centroids get the coordinates of the k biggest 
demand points in step (2).  The next step is to find the nearest cluster by calculating the 
shortest linear distance to the centroids. The demand is assigned to this cluster, if the 
assignment does not lead to an infringement of the cluster capacity. The cluster with the 
second shortest distance to the demand is selected, if the first cluster is full and so on. Step 
(4) checks whether all demands could be assigned to clusters. The number of clusters 
needs to be increased by one and the algorithm starts again with the second step, if it is not 
possible to assign all demands. In the other case the centroid coordinates are recalculated, 
based on the demands in the cluster. The algorithm terminates, if the centroid coordinates 
do not change anymore after recalculation or if the steps (3) to (5) are performed 100 times. 
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(1) Calculate the minimum number of clusters � 


(2) Select the �  nodes with highest demands as initial centroids


(3) Assign customers in non-ascending order of their demand size to the nearest cluster 
centroid, without exceeding the cluster capacity until no assignment is possible 
anymore.


(4) If (all demands are assigned to clusters): go to step (5), else: set � , and 
return to (2).


(5) Calculate the new longitude and latitude coordinates of the centroids of each 

cluster: � and �  � 


(6) If (cluster centroids did not change compared to the previous iteration or 100 
iterations are performed): end, else: return to step (3).


The number of clusters determines the minimum number of vehicles, since at least one 
vehicle serves one cluster.  

3.2 A capacitated savings algorithm with time windows 

The savings algorithm's basic mechanism is to choose the valid combination of two subtours 
out of a set of subtours, which lead to the highest saving of travel distance. A subtour is a 
sequence of demand nodes that does not include all the demand nodes of a cluster. The 
step of connecting two subtours is called a merge. The presence of time windows in the 
considered problems causes the necessity to perform the algorithm based on time and not 
only on distance. The time calculations are necessary to check whether a node is served 
within a time window. The saving of travel time by connecting two subtours is equivalent to 
the saving of travel distance.  

The suggested savings algorithm consists of three phases: 

(1) Creating initial subtours

(2) Merging subtours until the capacity limit of the vehicle is reached

(3) Connecting the complete subtours via the nearest disposal sites.


The steps (1) and (2) are part of the classical savings algorithm [5].  Step (3) is an extension 
of the algorithm to fit the requirements of waste collection. All of the steps are performed for 
each cluster and each day of the schedule. The following section describes the routing for 
one cluster. 

k = ∑
R

r=1 ∑
n

i=1
br

i /Cr

k

k ← k + 1

xh = ∑
nh

i=1
xi /nh  yh = ∑

nh

i=1
yi /nh  ∀ h = 1,…, nh
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Phase 1 

The initial subtours are created for each requester of the cluster separately. The tour starts 
at the depot, goes on with a certain requester, to serve the node, i.e. collect the waste at the 
node and going on to the nearest disposal site or depot. 

Phase 2 

In the next stage the subtours are merged until any additional merge would lead to a 
violation of the vehicle capacity constraint.  

Such a merge is valid if no time windows are violated, the shift duration is not exceeded and 
the capacity constraint of the vehicle is not exceeded. Additional constraints may be 
restrictions regarding waiting time. Waiting time occurs if a vehicle arrives at a node before 
the service time window starts. A detailed explanation of these constraints follows below. 

The first constraint limits the maximum vehicle load. The loaded quantity of waste collected 
after the vehicle visited the disposal site or depot the last time ( ) is not allowed to 

exceed the maximum weight of waste ( ). 

The second constraint ensures that a demand node  is served before the corresponding 

time window ends. Therefore, the sum of arrival time at node , the waiting time before 

starting to load the waste and the actual service time for collecting the waste must be lower 
or equal to the end of the time window.  

The service at node  needs to start after the start of the corresponding time window. A 

waiting time  is necessary, if the vehicle arrives before the time window starts. 

The shift duration is assigned to nodes, which do not have an individual time window. The 
earliest starting time of the shift and the latest end time include all individual time windows. 
Therefore the shift duration is not violated, if the time window constraints hold. 

The algorithm compares the savings of all valid merge combinations and chooses one of the 
combinations with the highest saving. The starting time of the vehicle can be postponed to 

∑
nhp

i=1
di

q

!∑
nhp

i=1
di ≤ q         ∀p ( ! )1

i
i

(2)!Si + wi + tS
i ≤ TWE

i          ∀i

i
wi

(3)!TWS
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avoid waiting times, as long as the time windows of the other nodes are not infringed. The 
next iteration starts with the then existing new set of subtours. The valid merge combinations 
are again calculated and compared. 

Two possibilities to calculate the saving are presented in this article. The first way of 
computation is to include the changes in waiting time in the savings calculation. As it can 
be seen in Figure 1 and 2, the travel times from node  to node  ( ), as well as from  to  

( ) are eliminated. 


� � 


Figure 1: Number of vehicles for residual waste in k-means clusters  

� � 


Figure 2: Number of vehicles for organic waste in k-means clusters 

i 0 ti0 0 j
t0j

0

4

7

11

14

Day 1 Day 2 Day 3 Day 4 Day 5

Algorithm 1 Algorithm 2 Without TW
Real data

Total 	
number	
of	
vehicles

0

1

3

4

5

Day 1 Day 2 Day 3 Day 4 Day 5

Algorithm 1 Algorithm 2 Without TW
Real data

Total 	
number	
of	
vehicles

ISBN 978-3-00-055485-8 AGKN e.V., 2017 �44



The travel time between the node  and  ( ) needs to be included into the computation of 

total time of the tour, instead of the two excluded travel times. Also, a change of waiting 
time ( ) on every node of the new tour influences the saving. The saving increases, if the 

waiting time is reduced. 


The change in waiting time is calculated by equation (5). is negative, if the sum of 

waiting times ( ) in the merged tour  is lower than previously occurring total 

waiting times in the subtours  and . It is equal to zero, if both values are the same. An 

increase in waiting time leads to a positive value of . 

The second possible specification of savings by using equation (6) does not consider waiting 
times and just concentrates on travel time.  

Not including waiting times in the savings calculation urges additional constraints to be 
added to prevent extraordinary high waiting times on a single node, as well as in total for the 
whole tour. 

The optional restrictions concern waiting times. Each single waiting time at every node is 
limited to a certain node specific value.  

The total waiting time in a merged tour is not allowed to exceed a value . 

The subtours are called complete, if no more merges are possible anymore without violating 
the capacity constraints. During this step negative savings would be also accepted as long 
as merges do not violate any of the constraints.  

i j tij

∆ w

(4)!sij = ti0 + t0j − tij − ∆ w        ∀i, j
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Phase 3 

The algorithm enters the third phase, when the subtours are complete. This phase consists 
of connecting the complete subtours via the closest dumping side. Again, the eight 
combinations mentioned in phase 2 are possible for the merges of any two complete 
subtours. The time window constraints still need to hold. Additionally the waiting time 
constraints are required, if the savings are calculated without time windows. The vehicle 
capacity constraint does not need to be considered anymore since the vehicle is emptied at 
the connecting dumping site. 

The savings in this phase are calculated by equation (9).  represents the travel time from 

node  to depot or dumping site . The travel time from the dumping site or depot  to node 

 is given by . The index  stands for the dumping site, which is chosen to connect the 

two subtours.  

Time window constraints may prevent the algorithm from merging all subtours of a cluster 
into one tour. In such a case, additional vehicles are required for the cluster.  

4 Computational results 

The tests are performed with two different cluster types. The first clusters are real life 
clusters used by a waste management company before applying the cluster algorithm, called 
predefined clusters in the following section. The second set of clusters is calculated by the k-
means algorithm presented in this paper.  

The savings algorithm is tested with configurations: (a) including waiting times in savings 
(algorithm 1), (b) savings without waiting time (algorithm 2), (c) without time windows 
(without TW). Each configuration is run on the newly calculated clusters, because the cluster 
algorithm is evaluated in the first step. Algorithms 1 and 2 deliver the same results for tests 
without time windows, since there are no waiting times, if time windows do not exist. This 
problem class is tested because it may be possible to influence the time windows 
strategically in order to obtain a better routing. Algorithm 1 and 2 are compared 
hierarchically. The first priority is to minimize the number of vehicles used to serve all 
demands of a day. The second one is to minimize the total time. The total time includes the 
time spent to collect the waste bins (service time), travel between different nodes, emptying 
the vehicles at the dumping sites and waiting times. 

The evaluation considers the total number of vehicles computed by the savings algorithm on 
the clusters obtained with the k-means algorithm. This comparison is shown in the Figures 1 
and 2.  

ti0
i 0 0′�

j t0′ �j 0′�′�

(9)!sij = ti0 + t0′�j − ti0′ �′ �− t0′ �′ �j − ∆ w        ∀i, j,  0′ �′�
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The real data line represents the current number of vehicles in practical use. Only one 
vehicle is used in each cluster for this data line. It is seen that the figures for algorithm 1 and 
2 deliver the same results for all days except for day 1. Then, 13 vehicles are used with 
algorithm 2 whereas twelve vehicles are used in the solution provided by algorithm 1. 
Without time windows, it is not necessary to use more than one vehicle in one cluster 
showing the potential for improvement, if time windows could be influenced. The algorithmic 
calculation without time windows provided better or equal results for four days compared to 
the real data, which also does not consider time windows. 

The differences between the numbers of used vehicles for organic waste are presented in 
figure 6. The number of vehicles for the configuration without time windows again equals the 
number of clusters. Algorithm 2 delivers weaker results for the days 1 and 2, since the 
solution contains one vehicle more.  

The result of the cluster algorithm mainly influences the number of vehicles necessary to 
serve all demands. Also the use or possible adjustment of time windows influences the 
results regarding the total number of vehicles obtained by the savings algorithm. Algorithm 1 
seems to be more promising than algorithm 2, since it computes in none of ten cases a 
higher number of vehicles than algorithm 2 does. At the same time it delivers a lower 
number of vehicles than algorithm 2 does for three cases. 

5 Conclusion


In this paper a cluster first, route second approach is proposed for the vehicle routing 
problem with time windows and multiple dumping sites in waste collection. The algorithm 
consists of a capacitated k-means algorithm and an extended savings. The algorithm tests 
for five days of waste collection and two types of waste in cohesive subareas for the 
collection of waste calculated by the cluster algorithm. The higher the number of requesters, 
which need to be served, the better the obtained solutions are compared to the existing 
manually defined clusters. The routing of vehicles computed by the savings algorithm 
including waiting time delivers better results in the number of vehicles used and regarding 
total time than the configuration without waiting time. Further research should examine 
improvement methods for the cluster algorithm, e.g. a lower limit for the waste in every 
cluster to smooth the capacity usage and to avoid the use of additional vehicles in the 
solution of the savings algorithm. An improvement of the savings algorithm may be the 
combination of savings including waiting time and waiting time constraints, since it showed 
promising results for a few selected problem instances. Another point is to examine whether 
additional criteria are useful to decide on a merge of subtours, if the saving of two 
combinations equals another. Furthermore the algorithm provides the opportunity to examine 
the influence of the changes of time windows on total time and the number of necessary 
vehicles. 

The cluster algorithm is already in practical use. The assignment of demands to clusters is 
now performed in several seconds instead of several days of manual assignment. Future 
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extensions to the planning tool may be a rescheduling option, in case of disruptions while 
the vehicles are on tour. These disruption events include blocked streets, vehicle 
breakdowns, deviations in service time or the amount of collected waste. 
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How to Combine Sustainability and Efficiency in the 
Design of Logistics Processes 

Prof. Dr. Holger Schütt, ISL - Institute for Shipping Economics and Logistics, Bremen, 
Germany 

Abstract  

Ports and terminals as important parts of the logistic chains worldwide have to increase 
efficiency of their operations to fit to the demands of their customers, e.g. shipping lines and 
forwarders. 

� 


Figure 1: Increase in container transportation worldwide (2008-2016) 

Bigger vessels and increasing package sizes of cargo per arrival require higher productivity 
to guarantee a short vessel service time. In former times, mainly productivity and costs have 
been the focus of the planners and researchers, however the environmental impact is 
becoming interesting as well. The paper describes how simulation technologies may be 
used to balance out the impacts of productivity, costs and environmental impacts in 
analyzing new concepts, new logistic terminals or control strategies. Examples will be given 
as follows: 

• evaluating the pollutant emission caused by vessel traffic in ports 

• terminal optimization strategies combined with ecological impacts 

• carbon footprint calculation of ports and terminals.


Keywords: Terminal Operation; Sustainability; Carbon Footprint 

ISBN 978-3-00-055485-8 AGKN e.V., 2017 �50



1 Port Traffic System regarding Ecological Impacts 

The Port Traffic System “PorTS” simulates the vessel traffic in the port for the current 
situation as well as for future scenarios. Regarding the forecast of future goods, throughput 
in the port and the development of the fleet the traffic volume of the port is predicted. Based 
on this static calculation a dynamic view using means of traffic simulation is generated. 
Therefore, volume distributions to model seasonality (with yearly /monthly/ weekly peaks) 
and vessels using a defined traffic network in the port are regarded. Traffic regulations as 
well as tide restrictions are implemented within the system. For forecasting future traffic 
vessel, schedules are generated and the movement of these vessels is modeled. 

In this way, the dependency between the forecasted vessel volume and planned port 
expansion and development may be analyzed. 

PorTS has been extended by a dust and exhaust emissions module, which is based on  a 
single vessel’s pollution emission. Besides carbon-dioxide, particulate matter as well as 
sulphur- and nitrogen-oxids are predicted. 

�  

Figure 2: Structure of ECO-PorTS 

Based on each vessel’s movement through the port area, the state of the vessel, its position 
and average speed is known in each interval. Combined with ISL’s vessel engine database, 
which contains vessel specific information about its engines and their parameters, the 
pollutant emission may be calculated in a very detailed manner. 
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Figure 3: Selected view from ISL's Engine Database


The evaluation is based on port areas, which may be defined by the user. Not only the 
current state of the emissions may be depicted, but the impacts of reduction technologies as 
well as legal regulations may be analyzed and compared in the scenario without these 
measures. 

Reference 

The system is implemented at Hamburg Port Authority (HPA) in the Port of Hamburg and is 
used for evaluating infrastructure modification activities, for example to find the best site for 
new facilities. The Elbe model does regard influences from the tide and control strategies 
within the harbour (driving bans, impacts of turning circles and more) and therefore 
congestion. Furthermore, the Port of Bremen and Bremerhaven uses this system to evaluate 
environmental impacts of the maritime traffic in their port areas. 

Container terminal planning regarding acoustic noise analysis 

The usage of simulation programs as assistance for planning new container terminals or 
redesigning existing terminals is seen today as state of the art (Boll & Brunckhorst, 2000) [1, 
4]. Stahlbock and Voß [6] give an overview of simulation approaches (chapter 3.4.2) and 
multi-agent-systems (chapter 3.4.3), Schütt and Hartmann introduce the usage of simulation 
in planning, implementation and operation [3], and Saanen describes an approach for 
automated terminals [5]. 

Due to the demand for high productivity and automation, as well as increasing vessel sizes, 
special computer systems for simulation and emulation have been developed for container 
terminals. The whole planning, developing and installation process nowadays is 
accompanied by simulation. In the case of the reorganization resp. development of complex 
systems it provides the opportunity to improve planning procedures. 
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The system "container terminal" is relatively complex. It is characterized by numerous 
parameters and interactions between technical, operational and economical components. 
Further, some of the influencing quantities have a random character, e.g. arrival times, daily 
no. of boxes, loading and discharging times of vessels, container movement and time of a 
crane. 

�  

Figure 4: Phases and tasks in container terminal planning 

With the aid of simulation technology it is possible to reproduce the system "container 
terminal" as a virtual system, in order to analyze an existing or planned terminal in detail.  

Acoustic Examination in the planning system SCUSY 

The aim of including an acoustical part into the simulation system SCUSY is to provide the 
planner of a container terminal with noise-relating evaluations. It is important that the planner 
still works within the same environment, using his well-known tools, and that any noise-
relating facts are reduced to a minimum.  1

Generating sound emission in the simulation model 

Inside the simulation system all devices used are included with their technical parameters, 
as far as they are required for the task of productivity- and cost-evaluation. Some of these 
parameters are acceleration- and speed values, pick-up and drop-off times as well as fixed 
and variable cost-parameters. 

 The project was funded by BIS Bremerhaven1
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A database was created containing known devices and their noise values for different state 
of operation (driving fast, driving slowly, pick-up, drop-off, lift, lower etc.). Afterward these 
values will be used to calculate the emission from the terminal by allocating these devices 
with the devices being used in the simulation. 

Noise emission is created when a device moves around, is in an operating state or even 
when it is standing still with a running engine. The first step to get emission values is to find 
out where the device operates. Although the simulation knows at which location the device is 
working, collecting values relating to the whole terminal would be too undifferentiated. 

To get more differentiated values, the terminal is divided into sectors using a fixed raster 
value of 50 meters. 

Each action generated by the simulation will be recorded in a given time pattern (1 hour) and 
assigned to the corresponding sector(s). After the simulation is finished there will be 
information for each sector on which device type has worked in each time slot for how long 
in which operating state.


!  

Figure 5: Evaluating time per device per sector per state 

Noise transmission in Terminal Simulation


While generating the emission values is part of the main simulation module, the noise 
propagation calculation is part of an additional module. The formulas being used correspond 
to the norm DIN ISO 9613-2 [2]. 
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Figure 6: Evaluating time per device per sector per state


The calculated emission values can be shown as one overall value and as a value for each 
sector. The figure shows the graphical output, which allows a fast overview. 

A planner using these diagrams can see noise sources that have a great impact on the 
target locations allowing them to modify the planning. Relocating areas with a strong noise 
impact or implementing noise protection packages may help to reduce the noise impact at 
the target location. 

This tool gives the planner the possibility to make noise-related decisions at a point in time 
long before the beginning of the licensing procedure, which may avoid long and therefore 
expensive amendments. 

Results 

The objective of the project is to provide a tool to the planner of container terminals, which 
will extend his planning – normally focused on terminal productivity – with noise-relating 
considerations. The increasingly growing sensitization of environment-related aspects in the 
licensing procedures demands an earlier inclusion of these aspects in the planning phase. 

By using a planning tool which is accepted in the planning sector and the allocation of a 
database containing emission data for typical container terminal devices, the planner can 
implement this new task into his working area without the need for building up specialized 
knowledge. 

ISBN 978-3-00-055485-8 AGKN e.V., 2017 �55



�  

Figure 7: Interaction between planning system and acoustic analyze


The Figure 7 shows the interaction between the simulation system and the acoustic analysis 
based on acoustic parameters and the formulas for noise propagation. 

With further expansion it would be possible to examine pollutant emissions additional to the 
noise emissions, in a similar way. With this, it is more necessary to take a closer look at the 
meteorological influences which play a major role, so it will be necessary to collect local 
differentiated data. 

CFT – The Carbon Footprint Tool 

Whilst both systems described so far are looking at the processes in very detailed 
(microscopic) manner, the CFT is looking at the environmental impacts of whole areas or 
regions (e.g. ports), i.e. in macroscopic view. 

Scope 1, 2 and 3 

According to the GHG Protocol it is mandatory to report the direct (scope 1) and indirect 
(scope 2) activities of the region to be evaluated. Whilst the direct activities are the ones 
which are fulfilled by the organization itself, the indirect ones are mainly the power 
purchased from power suppliers.   

Reporting and selecting other indirect emissions (scope 3), which includes the traffic to and 
from the ground of the company (by suppliers or even employees), is voluntary. 
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Figure 8: Scope 1, 2 and 3


The port area is divided (if required) into various subareas. In these subareas many 
companies and organizations may be located. 

For each of these objects one may calculate the Carbon Footprint emission per year. If the 
company already provides this data, it may directly applied to the overall calculation. 

Otherwise, the Carbon Footprint will be calculated out of the data available. Every 
organization will have at least the information about the fuel and other energy consumption 
of its processes. E.g. the amount of gasoline purchased in the year. Out of these numbers 
the carbon emission may be calculated using some formulas and given factors and 
parameters. 

�  

Figure 9: Conversion factors from energy source to carbon emission 
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Some organizations may also be able to deliver some more detailed information about the 
energy consumption of their equipment in use. Together with the working hours of these 
devices the carbon emission may be calculated again. 

The Carbon Footprint Tool collects all this data reported by the companies and organizations 
in the different levels of detail. It sums up the emission of the organizations to the areas and 
furthermore the emissions of the areas to calculate the emission of the whole port: 

�  

Figure 10: Summing up the Carbon emissions for a holistic view


Thus the Carbon Footprint Tools allows to aggregate information of all participants, delivered 
in different levels of detail, in a port and with this to give a global view of the overall 
emissions.  

Conclusions 

The paper describes how simulation technologies may be used to balance out the impacts of 
productivity, costs and environmental impacts in analyzing new concepts, new logistic 
terminals or control strategies. 
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Networked Refrigeration Control Actuated by Peltier in 
Logistics 

Prof. Wen Shengjun, Zhongyuan University of Technology, Zhengzhou, China 

Abstract  

In this paper, operator based networked control is presented for a refrigeration process 
actuated by Peltier, where radiation compensation is considered. For the Peltier actuated 
refrigeration process, the heat radiation is related to fourth power of temperature so that it is 
affected evidently by the temperature when it is high and temperature difference between 
two sides of the Peltier actuator is large. Therefore, a compensation operator based on a 
SVM (Support Vector Machine) predictive model is given to compensate the heat radiation. 
Then, an operator based robust right coprime factorization approach is used to guarantee 
the robust stability of the system. Also, in order to eliminate the effect of the network time-
varying delays in the networked process, a feed-forward tracking technology is proposed. 
Simulation and experimental results are given to show the effectiveness. 

Keywords: Networked refrigeration control; operator based feed-forward control; radiation 
compensation; SVM 

1 Introduction 

In recent years, thermoelectric coolers are widely used for some applications that require 
heat removal, ranging from milliwatts to several thousand watts. They can be made for 
applications as small as a beverage refrigerator or as large as a submarine or railroad car. 
Peltier elements are commonly used in consumer products, such as camping, portable 
refrigerators, refrigerating electronic components and small instruments. In particular, Peltier 
refrigerators can be used in logistics because of some advantages compared to a vapor-
compression refrigerator, such as its lack of moving parts or circulating liquid, very long life, 
invulnerability to leaks, small size, and flexible shape. Also, it is usually accompanied with 
the emergence of the network. Therefore, networked control needs to be considered for a 
Peltier actuated refrigeration process in a logistical refrigeration system. 

The conception of Local Area Network (LAN) began in the late 1960s. The LAN standards 
committee was constructed by IEEE in 1980, and IEEE 802 standards were built. A 
networked control system is an integration of computer technology, communication 
technology and control theory. It is a new and hot research area and a main developing 
direction of the modern industrial production. It has some advantages, such as resource 
sharing, low-cost system, flexibility in use, easy to maintain, etc. However, it also has some 
difficult questions, such as time delay and data packet dropout [1]. In this paper, just network 
time delay is considered. 

Until now, some effective results have been obtained by some researchers, such as the 
Ricatti equations based approach, the linear matrix inequalities based approach, and so on 
[1]. Especially, the operator based robust right coprime factorization approach has been 
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considered for a networked control system due to its convenience with robust stability 
analysis [2-4]. Operator-based nonlinear feedback control theory was proposed by Chen and 
Han in 1988, which is based on the theory of robust right coprime factorization [5]. 
Furthermore, it is easy to ensure stability of nonlinear control systems by using a Bezout 
identity, and robust stability against uncertainties can be guaranteed under an inequality 
condition [6, 7]. In particular, operator based feed-forward tracking control is presented to 
eliminate the network time-varying delays for a networked aluminum plate thermal process 
and ensure the tracking performance in [4].  

However, the heat radiation will affect the temperature of the refrigeration process when the 
temperature is high and temperature difference between the system and environment is 
large. In order to cancel the effect of the heat radiation, a compensation operator based on a 
predictive model is investigated, where the model is considered by using the radial basis 
kernel function based SVM method [8]. SVM is a type of machine learning algorithm which is 
based on statistical learning theory and raised in recent years [9, 10]. Therefore, operator 
based robust nonlinear control with a radiation compensation is put forward for the 
networked aluminum plate refrigeration process in this paper, where operator based feed-
forward control is given to solve the time-varying delays and a compensation operator is 
designed to cancel the effect of the heat radiation. 

The remainder of the paper is organized as follows. In Section 2, problem statement is 
given, where the system model is built, the properties of time-varying delays are analyzed 
and SVM based modeling on the heat radiation part is described. In Section 3, a new robust 
nonlinear control is proposed, where the feed-forward control method is presented to realize 
tracking control and compensation operator is designed to cancel the effect of the heat 
radiation.  After that, a MATLAB based simulation result and experimental result are given in 
Section 4. The conclusion is drawn in Section 5. 

2 Problem statement 

2.1 Modeling on the Peltier actuated refrigeration process 

The networked control system (shown as Figure 1) is composed of computers (PC1 and 
PC2), a Peltier actuated device, a serial communication (RS232C) interface part and 
conditioning circuit. In this system, PC1 is the controller and server, PC2 is the field 
controller. The role of PC1 is to control the PCI1760 to produce the required PWM wave. At 
the same time, it receives the signal of temperature sensor via PCL812PG and sends it to 
PC2. PC2 transfers the control signal to the controlled plant and gets the temperature signal 
from the temperature sensor for the controller.  

The model is built by using some physical theorems, such as Fourier’s law concerning 
thermal conduction, Newton’s cooling law, the specific heat capacity equation, 
electrothermal amount by Peltier effect, Thermal conduction by temperature difference and 
Joule heat by current. A differential equation based on the above laws is obtained for the 
refrigeration process: 
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                (1) 

� 


Figure 1: Networked control system 

� 


Figure 2: The aluminium plate refrigeration process 

Where T0 is the environmental temperature, Tx is the temperature, and ud denotes the heat 
absorbed by the Peltier device. The refrigeration process is shown in Figure 2 and some 
parameters of the refrigeration process are given in Table 1. 

In the model, ! denotes the energy produced by thermal convection between 

the middle aluminum plate and the air. !  is the conducted energy from the other 

two parts to the middle part. And !  is the energy 

produced by the thermal radiation. The endothermic amount of the Peltier device !  is 
shown in Equation (2). 
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Table 2: Parameters of the aluminium plate refrigeration process 

where  is the temperature of endothermic side,  is the temperature of radiation side, and 

 is the current flow.  denotes the amount heat that moves from the endothermic side 

to the radiation side by Peltier effect,  shows the movement heat caused by 

temperature difference between the two sides of the device, and  is Joule heat which 

is generated by the input current through the device. 

2.2 The property of networked time-varying delays 

In the Peltier actuated refrigeration process, PC2 communicates the signal of the controller 
to the controlled plant, and communicates the temperature signal to the controller. The 
Peltier device, temperature sensor and aluminum plate form the Peltier actuated device. 
During this process, two parts of time delays are produced. They are recorded as ! and 
! . The relationship between signal before time delay and after that is as followds: 

! ,    �                                                          (3) 

where !  and !  are signals of process input and output before time delay, !  and !  
are signals after time delay. The relationship between them is shown in Figure 3. 
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Figure 3: Fundamental relationship between the delays 

2.3 SVM based Modeling on the heat radiation part 

In the above model, the heat radiation part contains the fourth power of the temperature, and 
it is not easy to be solved directly. Also, the heat radiation affects the temperature of the 
Peltier actuated system when the temperature is high and temperature difference is large 
between the system and environment. In order to cancel the affect of the heat radiation, a 
compensation operator on the heat radiation is designed, which is based on a predictive 
model of the heat radiation. In this paper, the predictive model is setup by using the SVM 
method and used to estimate the heat radiation. That is, the SVM based predictive model on 
the heat radiation needs to be built. 

Firstly, we define 

! 


�  

then Equation (1) is transformed as the following form. 

!                                                 (4) 

It shows that the term  denotes the heat radiation part, which contains the fourth power 

of the temperature. Therefore, the SVM method is considered to setup the model of  in 

this paper, and it is used to estimate the heat radiation in real time. SVM concerning the 
estimation of a real-valued function can be described as follows: 

!                                                        (5) 

The model is based on a finite number set of independent and distributed data  where 

 and  denote input and output respectively,  is weight vector and  is offset. In this 
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paper, we make  and  as the input and the as the output when we build the SVM 

modeling, and  and  are identification model parameters after training. In Vapnik’s -

insensitive support vector regression, the aim is to find a function  which allows error of 

 is no more than , and makes  flat for all the training data. Considering more 

interferential error, non-negative slack variables  and  are introduced. Then, the 

optimization problem on the modeling can be described as the following form 

!                                                              (6) 

                                                       

 

where  is a positive constant used to control the punishment to the samples beyond the 

error ! . Generalizing to kernel function based regression estimation by introducing 
Lagrange multipliers, we can arrive at the following optimization problem [9]. 

!                               (7) 

!  

Ultimately, the regression estimation takes the form 

!  !                                   (8) 

where   is kernel function that returns the dot product in feature space by 

using a nonlinear mapping  when two vectors are given in input space. There are many 

kernel functions used in SVM, such as linear kernel function, polynomial function, radial 
basis function and sigmoid function. In the radial basis function case, the support vector 
algorithm automatically determines centers, weights and thresholds such that radial basis 
kernel function is used in this paper, which is shown as follows. 
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!                                                                 (9) 

Therefore, by selecting the appropriate parameters ! , !  and ! , the predictive model of the 
heat radiation part  can be obtained and the heat radiation can be estimated real time 

by the built predictive model. 

3 Robust nonlinear control 

Nonlinear system is always regarded as an input-output mapping (shown as Fig.4), 
where U and Y are the input function space and the output function space with 

vector's norms respectively. For any element !  in the function space 

, we define the norm as following:  . 

� 


Figure 4: Nonlinear operator 

3.1 Robust right coprime factorization design 

Stable subspace is defined as the following: 

!       

! . 

Obviously,! , ! . The operator P is called BIBO stable operator (shown as 
Fig.5), if! . 

An operator P is called right factorization-able, if there exist two stable operators 
! ，� ，� is invertible in the space ! ，such that! or! . If P 
has right coprime factorization ! ,  and two operators N and D together satisfy 
Bezout identity SN + RD = L for some operators S and R, where L is unimodular 
operator, then the right factorization is said to be coprime. 
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� 


Figure 5: Stable operator 

� 


Figure 6: Nonlinear feedback system 

When the system !  is disturbed by a perturbation ! , if !  has a right coprime 
factorization and satisfies some conditions, it shows that the system ! has robust 
right coprime factorization shown as Figure 7. 

� 


Figure 7: Robust right coprime factorization 

The system !  without disturbance has the decomposition ! . We define a 
disturbance operator as !  while !  is disturbed by ! .So, for the stable operator 

! , !  can be factorized into ! . Therefore, the system !  has the 

P PΔ PP Δ+

P

P 1−= NDP

PDN Δ=Δ P PΔ

NN Δ+ PP Δ+ ( ) 1−Δ+=Δ+ DNNPP P

ISBN 978-3-00-055485-8 AGKN e.V., 2017 �67



robust right coprime factorizations when the following conditions of robust stability are 
satisfied [2]. 

! , where !  is unimodular operator 

!  

3.2 Robust right coprime factorization design with compensation operator 

For the Peltier system shown in Equation (1), we define ! . The model can be re-
expressed as 

!                                                                  (10) 

where the term  denotes the heat radiation part which can be estimated real time by 

using the SVM based predictive model. In a word, the  can be regarded as a predictive 

operator of the heat radiation part. 

Considering the heat radiation as the perturbation, the Peltier actuated system can be 
expressed by Equation (11). 

!                                                               (11) 

In order to cancel the affection of the heat radiation, a compensation operator  is 

designed according to the predictive operator  and the transformer operator . Robust 

right coprime factorization with the compensation operator is shown in Figure 4 for the 
Peltier system. 

In the Fig.8, ,  and  are the input space, output space, quasi-state space, respectively. 

The operator  is designed by using the SVM based predictive model and  is designed 

to transform the signal  from output space  to input space . 


Assume that !  is stable, where !  denotes ! . Let 

!  be stable and invertible operator ! . The robust stability of the 
Peltier system considering heat radiation is ensured if the following equations and inequality 
are satisfied.  

LRDSN =+ L

1))(( 1 <−Δ+ −LSNNNS

( ) xTTty −= 0

svm
d MAy
cm
u

dt
dy

−−=

svmM

svmM

( ) dtetue
cm

y At
d

At ∫Δ+= − )(1

svmP

svmM T

U Y W

svmM T

svmy Y U

),(~ 1 NDTMSN −=Δ ),( NDM ))(),(( ωω NDMsvm

SNNNNS −Δ−Δ+ )~( )( UW →

ISBN 978-3-00-055485-8 AGKN e.V., 2017 �68



!                                                                           (12) 

!                                                             (13) 

!                                                           (14) 

� 


Figure 8: Robust nonlinear control scheme with compensation operator 

� 


Figure 9: The equivalent diagram of Fig. 8


The nominal Peltier system is right divided into two parts !  and !  satisfying ! . 

!                                                                      (15) 

!                                                           (16) 

Considering the perturbation! caused by the heat radiation, the corresponding perturbed 

operator! can be obtained as! .  

which is bounded and stable. The uncertain term! is related to the heat radiation. 
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For the nonlinear system, nonlinear operator controllers !  and !  are designed to satisfy the 
Bezout identity (12) and inequality (14). It is worth to mention that the initial state should also 

be considered, that is, !  should be satisfied. In this paper, we 

select the initial time !  and ! . By considering the structure of ! , the controller!
is designed as 

!                                                              (17) 

where !  is a constant.  

Then we can get!  which shows the expression of the !  is  

simple. After that, it will be easy to get the expression of controller . From Fig.9, we  

know that !  

Based on , we can get the following operator 

!                                                     (18) 

The predictive operator  is realized by using the SVM based predictive model 

introduced in Section 2. The transformer operator !  is  

!                                                           (19) 

3.3  Feed-forward tracking control 

In this section, in order to eliminate the effects of network time delay, feed-forward tracking 
control is proposed. Figure 10 describes the structure of a feed-forward tracking system, 
where ! is the refrigeration process with radiation compensation. 
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Figure 10: Feed-forward tracking control system 

When feed-forward tracking operator is designed as ! ,! , Fig.10 can be 
equivalent to Fig.11 and the system tracking can be satisfied. ! is a mismatch prediction 
structure, which equals to the perturbation! , and it satisfies right coprime factorization

! . !  is unimodular and! ,! . So the process output!   is: 

!               (20) 

In other words, system output can track the reference input when the feed-forward operator 
is used.


� 


Figure 11: Equivalent system of Fig. 10


4 Simulation and experiment result 

4.1 Simulation result 

The simulation result is shown in Figure 12. The initial temperature is 14.3℃, reference input 
is 3, and the desired temperature is 11.3℃. The MATLAB simulation result proved the 
feasibility of this control method. 
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Figure 12: Simulation result 

4.2 Experimental result 

The communication program of the experimental system is written by HORB, and the 
programming language is Java. The Java program is compiled once and run many times. It 
also has the advantage, that it does not need to write the bottom program. The local 
procedures can control the run-time client remotely and it can call the method of object. 
However, the transfer and handling of data will be more complex and network delays will be 
longer. For the industrial control, several computers are usually in one communicating 
network. In order to ensure the safety of the network and that it is easy to control, server-
side is added. 

Before the experiment, the computer in the network needs to be installed with JDK (Java 
Development Kit), allocation the JAVA-HOME, PATH, CLASSPATH. The JAVA-HOME 
indicates the installation path of JDK, PATH is the path way of java order. Adding “;
%JAVA_HOME%\bin”to the end of PATH. CLASSPATH set as “;%JAVA_HOME%\lib”. 

It shows the experimental result in Fig.13. The initial temperature is 14.36℃, reference input 
is 3, and the expected ultimate temperature is 11.31℃.The error of the temperature output is 
0.05 ℃. It is clear that the desired temperature control result has been obtained. 

� 


Figure 13: Experimental result


5 Conclusion 
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In this article, operator based feed-forward tracking control was considered by using an 
operator based robust right coprime factorization approach for the networked refrigeration 
process with radiation compensation. A tracking controller with two feed-forward tracking 
operator and radiation compensation was used. Based on the proposed design scheme, the 
output tracking performance was realized. Further, simulation and experimental result can 
be meet requirement. 
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Requirements on SCM 4.0-readiness 

Prof. Dr. Gudio Siestrup, Hochschule Furtwangen University, Furtwangen im 
Schwarzwald, Germany 

Abstract 

Technological and organizational innovations in the field of Industry 4.0 are expected to 
result in a disruptive change. Companies have to rethink their business models and to check 
the readiness of the processes and systems. In research and practice, maturity models are 
used in different contexts (e.g. IT, logistics and SCM) to evaluate the status of the targeted 
processes and systems. In this paper different existing maturity models are described, 
compared and put in context with the Industry 4.0-readiness approach. Based on this 
methodological background, the potential benefits are discussed, which might result from the 
usage of an adapted maturity model for specifying the requirements for SCM 4.0. The aim is 
to provide a framework and to establish a procedure supporting the transformation towards 
SCM 4.0-ready systems and processes. 

Keywords: Industry 4.0, SCM 4.0, Maturity Models 

1 Introduction 

According to a recent study of DHL, trends in the area of supply chain management can be 
divided into the categories (1) social and business trends and (2) technology trends [1]. 
Concerning the social and business trends, changes in customers’ expectations are obvious 
(e.g. short delivery times, customized products) and companies establish systems, such as 
on-demand delivery or omni-channel distribution in order to fulfil these requirements. 
Important technological trends in this context are internet of things, big data applications and 
cloud logistics. Both types of trends are related to each other and especially technological 
trends can be considered as key enablers. Companies meeting these challenges have to 
enhance their organisation towards agile processes within and across companies, including 
linked suppliers and customers. 

The difference compared to other innovation cycles in the past is, that the effect resulting 
from the combination of the new technologies is expected to lead to a disruptive change. As 
a consequence, this may even concern the whole company and its business model. 
Therefore, the digitalisation of business activities is of high interest for companies. 

Industry 4.0 can be seen as one important component of digitalisation. Information 
technologies play an important role in this concept, enabling increasing communication 
exchange and interaction between the different systems and objects within the factory as 
well as in the connected supply chain under consideration of the involved partners. This 
includes the infrastructural systems (e.g. production machines and equipment, tools, 
warehouses) as well as the flow of objects (e.g. workpieces, products, loading equipment) 
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which may be equipped as well with electronic devices (including embedded actor and 
sensor systems). 

Concerning the term Industry 4.0, it can be stated that there is no generally accepted 
definition. But it is widely acknowledged that Industry 4.0 comprises current technologies of 
automation and applied data science with a focus on manufacturing. It includes the following 
components: cyber physical systems, internet of things and cloud computing [2].  

A systematic description of Industry 4.0 systems is offered with the reference model “RAMI 
4.0” (Reference Architectural Model for Industry 4.0). The objective of this model (see figure 
1) is to provide a platform for classifying existing standards and to position these standards 
within the reference model. Moreover, the integration of use cases, the positioning of 
relationships and the definition of superior rules is taken into consideration [3]. 

!  

Figure 1: RAMI 4.0 - Reference Architectural Moral Industry 4.0, adapted from [3]


The hierarchical levels of the reference model RAMI 4.0 represent the different 
functionalities within the factory, factory unit or machine. The functionalities are completed by 
“product” and “connected world” in order to consider the connection to the Industry 4.0 
environment. The second dimension “life cycle and value stream” comprises the life cycle 
models of machines and products. The third dimension is composed of six different layers 
describing the digital representation of machinery equipment. This dimension comprises 
asset, integration, communication, information, function and business. 

Due to the fact that Industry 4.0 is mainly focusing on production issues, the additional 
requirements for supply chain processes have to be reviewed. Hence, it is necessary to 
check, whether the surrounding supply chain is prepared with regard to digital requirements 
and other criteria (e.g. performance, agility, responsiveness, robustness).  

ISBN 978-3-00-055485-8 AGKN e.V., 2017 �76



2 Maturity Models 

Maturity models are used to assess business operations of companies or projects. The 
defined maturity levels represent benchmarks for the maturity of the respective company 
operations or projects. Methodically, maturity models contain different indicators for 
measuring purposes where questionnaires are normally used for the assessment. The better 
the criteria are met, the higher the maturity level reached. In matters of application for 
companies, maturity models are used in different contexts and on different levels: e.g. 
enterprise level, business units, specific business functions and processes [4]. An overview 
of the different maturity models usable for the analysis of Supply Chains is given in Lahti et 
al. [5]. In this paper maturity models which are applicable for the analysis of SCM systems in 
line with Industry 4.0 developments are of special interest.  

Figure 2 illustrates the idea to complement the approach of existing SCM related maturity 
models with the Industry 4.0-readiness model. Considered maturity models for SCM 
systems are shown in Figure 2: 

• CMMI-ACQ [6]: “Capability Maturity Model Integration for Acquisition”. CMMI-ACQ 
can be considered as a precursor of maturity models but the scope of application is 
restricted to acquisition processes.   


• SCM-PMM [7]: “Supply Chain Management Process Maturity Model”. In contrast to 
CMMI ACQ, this maturity model incorporates analytics for the entire supply chain.


• SCPM3 [8]: “Supply Chain Process Management Maturity Model” is a refinement of 
SCM-PMM. Methods are based on statistical analytics and best practice 
approaches. 


In line with Industry 4.0 developments Lichtblau et al. propose the following approach, which 
is not explicitly focusing on SCM issues: 

• Industry 4.0 readiness model [9]: the maturity model contains the following 
dimensions: smart factory, smart operations, smart products, data-driven services, 
strategy/organization and human resources. Within these dimensions, the degree to 
which the Industry 4.0 ideas are realized, is assessed using six levels representing 
the maturity levels which are hereinafter referred to as: (1) outsider, (2) beginner, (3) 
advanced (4), experienced (5), expert and (6) excellence.
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!  

Figure 2: Related work – maturity models and SCM-MM4.0


The objective is to set up a maturity model, which is usable to evaluate the 4.0 readiness of 
logistics and SCM systems. Our approach is based on merging the SCPM3 model with the 
Industry 4.0 readiness model. The created Supply Chain Management Maturity Model 4.0 
(SCM-MM4.0) can be based on the questionnaires of the models described above. In order 
to maintain the comparability, the metrics and the classification logic for the levels of maturity 
are derived from the Industry 4.0 readiness model. 

3 SCM 4.0 Readiness 

How can we integrate this assessment in a systematic planning and controlling procedure? 
The objective is to establish a procedure, which can be used to continuously assess the 4.0 
readiness of SCM systems and to take appropriate action if required.  

Figure 3 gives an overview on the life cycle process for achieving SCM 4.0 compatibility. 
This process model consists of five different phases. Assuming that Industry 4.0 initiatives 
are primary production-driven, the considered production system is the initial starting point. 
In order to get a systematic understanding of the considered system, in a next step the 
mapping with the reference model (RAMI 4.0) is conducted. This forms the basis for 
identifying the requirements for the surrounding and connected supply chain processes and 
activities. The described maturity model can be used in a next step to analyse the matching 
of the as-is situation of the supply chain in terms of digital requirements as well as e.g. 
performance and robustness. After identifying a potential gap, measures have to be 
designed, so that Industry 4.0 compatibility is achieved. 
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!  

Figure 3: Life cycle model for SCM 4.0 compatibility


4 Conclusion and Outlook 

Maturity models can be classified as commonly used tools in applied research and practice. 
The main focus lies on the assessment of processes providing relevant information for 
decisions within the as-is analysis as well as during the (re-)design phase (to-be). 
Determining the maturity level in line with Industry 4.0 initiatives may lead to considerable 
need for action. The adjustment of the maturity levels of corresponding production and SCM 
systems is important: the reason is the high degree of interconnectedness between 
production and SCM systems in line with the required exchange of information between 
smart logistics objects (e.g. workpieces, products, loading equipment) and relevant 
infrastructures (e.g. production machines, machinery equipment, warehouses). Adaptations 
of SCM systems toward 4.0 readiness have to be considered as a continuous process. 
Because of the short innovation cycles in IT, it is not possible to reach steady state. Instead 
of that, companies have to deal with moving targets in this context and they have to update 
the assessments frequently. 
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