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7.1  Introduction—Automation in Production 
Logistics

In general, logistics management can be seen as one of the major  
success factors increasing the competitive advantage of small- and 
medium-sized enterprises (SME) and industrial enterprises. During 
recent years, logistics-related technologies have fundamentally changed.  
They have become more affordable and therefore within reach of 
SMEs. These technologies assist them in improving their efficiency by  
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using transport management systems (TMS), warehouse management 
systems (WMS), enterprise resource planning systems (ERP), product 
lifecycle management solutions, inventory management software, etc. 
(Inboundlogistics 2018). In this context, a multitude of empirical stud-
ies were able to demonstrate significant positive effects of improvement 
initiatives in logistics on various performance measures (e.g., costs, 
delivery times, quality, and/or flexibility).

Significant positive effects were investigated by Agus and Hajinoor 
(2012) on product quality performance and business performance, by 
Birou et al. (2011) on financial performance, by Chen et al. (2007) on 
firm performance, by Danese and Kalchschmidt (2011) on operational 
performance, by Juga et al. (2010) on service quality and loyalty, and by 
Spillan et al. (2013) on firm competitiveness.

Thereby, logistics management research and practical applications 
have isolated a multitude of success factors, which can be used to design 
and improve a logistics system. Besides basic principles, e.g., organiza-
tional measures, improved planning heuristics, flow orientation, process 
alignment, and product design, automation can be identified as one of 
the major opportunities for logistics to improve overall performance 
and competitiveness.

In this context, automation and robotics in logistics systems was 
ranked as one of the most important megatrends for logistics, among 
others, e.g., data analytics and artificial intelligence, autonomous trucks, 
unmanned aerial vehicles, cloud computing, and blockchain technol-
ogy (SCI Verkehr 2018). Moreover, Tractica (2012) has forecast that the 
potential sales of service robots in logistics will rise to US$31,910 bil-
lion in 2020. This will also increase the necessity for a redesign of jobs 
in production and logistics (LivePerson 2018) and a realignment of the 
professional working environment.
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Center of Excellence in Logistics and Supply Chain Management, Chiang 
Mai University, Chiang Mai, Thailand
e-mail: warisa.w@cmu.ac.th
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In conclusion, automation in logistics holds considerable poten-
tial and great opportunities for performance-enhancing incentives. 
According to Groover (2008), the reasons for implementing automated 
processes can be summarized as follows:

• Increased labor productivity
• Lower labor costs
• Mitigation of the effects of labor shortage
• Reduction and/or elimination of routine manual and clerical tasks
• Improved workplace safety
• Improved product quality
• Reduced lead time
• The accomplishment of processes that cannot be done manually, and
• The avoidance of high costs in comparison to manual processes.

Thereby, the automation of material flow processes in logistics systems 
depends on the integration of information and communication technol-
ogies, the compatibility of hardware and software, standardized inter-
faces, modular designed systems, consistent storage of information, and 
interoperable hardware and software (Krämer 2002). Moreover, modern 
automation is highly dependent on state-of-the-art identification tech-
nologies and technological concepts, which will be briefly outlined in 
the next section.

7.2  Problem Formulation and Methods/
Methodology

The importance of automation approaches in logistics systems is mostly 
recognized by larger companies, mainly in the industrial environment. 
Unfortunately, small- and medium-sized companies still lack knowledge 
regarding the effects, state-of-the-art technologies, and the implementa-
tion of automation concepts.

Therefore, this chapter systematically discusses studies that investigate 
the effects of automation in logistics systems on various performance 
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measures. The authors present a structured analysis of enablers of auto-
mation in logistics systems by focusing on both, identification technol-
ogies and technological concepts for automation. Moreover, the authors 
present recent developments in automation (e.g., agent-based automa-
tion through enhanced process control, automated guided vehicles and 
robots in logistics systems, conveyor belts and sorting systems, auto-
mation through augmented reality [AR]) and introduce a case study of 
automation by using conveyor belts and sorting systems in an SME in 
Thailand.

7.3  Enablers of Automation in Logistics

The successful implementation of automation in logistics is dependent 
on a variety of organizational, procedural, technological, and socio-eco-
nomic success factors. In this context, recent literature has developed a 
multitude of partial and divergent frameworks, models, and conceptual-
izations which should be used to support the efficient implementation, 
continuous operation, and further development of digitalization strat-
egies of Industry 4.0 initiatives. However, existing conceptualizations 
can still be regarded as unspecific, because of a missing holistic approach 
and/or a missing unambiguous classification (Zsifkovits and Woschank 
2019).

In this context, the authors will further discuss identification tech-
nologies and technological concepts for automation as one of the main 
prerequisites for enhanced material and information flow processes in 
logistics.

7.3.1  Identification Technologies for Automation

The successful implementation of automated logistics processes depends 
on the consistent identification, tracking and tracing of raw materials, 
semi-finished components, and finalized goods.

One prerequisite of automation is that the products in logis-
tics systems constantly contain all necessary information. Therefore, 
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state-of-the-art identification technologies should be used to ensure 
clear identification and constant tracking within the entire supply, pro-
duction, and distribution process.

Moreover, modern enterprises try to implement smarter products 
which are based on product-enabled information devices (PEID), such 
as RFID, sensors, actors which allow the interoperability of systems by 
dynamically exchanging product data and additional in-depth informa-
tion regarding the lifecycle management (Kiritsis 2011) and further pro-
cess-relevant, real-time information.

Another often-recognized trend is the shifting from identification 
on batch level to identification on product level. This is forced by mar-
ket requirements (e.g., product liability laws), efficiency initiatives 
(e.g., lower number of recalls in case of possible product errors), and 
enhanced planning strategies (e.g., lower quality management incentives 
based on a better understanding and control of the production process).

Furthermore, environmental conditions in production facilities (e.g., 
changes in temperature, heat, dust, changes due to surface treatments) 
lead to enhanced requirements for new identification technologies. In 
most cases, the identification on product level will require a combina-
tion of different identification technologies because the surface con-
dition of the products will constantly change during the production 
process.

In the next section, the authors outline the most important identi-
fication technologies as enabling factors for automation in logistics. 
Direct labeling technology identifies the material directly without any 
additional tools. Indirect labeling uses additional code carriers, e.g., var-
ious labeling technologies or RFID tags (ten Hompel et al. 2008).

Direct labeling can be realized by using lasers (McKee 2004), lasers 
on painted ground layers (InfoSight Corporation 2017), direct print-
ing with inkjet technology (ten Hompel and Schmidt 2005), marking 
by needle printing (Seegert 2011), and labeling by stamping devices 
(Henning and Müller 2001).

Indirect labeling is established by using thermal-printed labels 
(Drews 2008; ten Hompel et al. 2008), sheet metal labels (Henning 
and Müller 2001), and/or radio-frequency identification (RFID) devices 
(Finkenzeller 2015).
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It is important to note that research into automation tries to fur-
ther develop both direct and indirect labeling technologies, in order 
to ensure better identification, particularly in harsh industrial environ-
ments. For example, printed labels nowadays are able to resist tempera-
tures up to 1100 °C (Alpine Metal Tech GmbH 2019) and RFID tags 
can now be used on metallic materials without interferences (Feinbier 
et al. 2011).

An RFID tag for metals can be used without interference of the 
RFID signal. Furthermore, research is constantly developing new tech-
nologies for the identification and the continuous tracking and tracing 
of bulk material (Weichbold and Schuster 2017). For further elabora-
tion of identification and traceability, we refer to Sect. 7.3.

7.3.2  Technological Concepts for Automation

Moreover, automation depends on the implementation of new techno-
logical concepts. In this section, the most advanced concepts of CPS, 
IoT, and PI will be briefly outlined and their potential application in 
automation will be discussed (Zsifkovits and Woschank 2019).

Cyber-Physical Systems (CPS) are physical objects or structures, 
such as products, devices, buildings, means of transport, production 
facilities, and/or logistics components, that include embedded sys-
tems in order to ensure interactive communication (Bauernhansl et al. 
2014). The systems are connected through local and global digital net-
works (Broy 2010) by using sensors and actors in closed control loops 
(Lee 2010). CPS detect, analyze, and capture their surrounding envi-
ronment by using sensors combined with available information and 
services. Moreover, actors are used to interact with physical objects. 
CPS act autonomously, in a decentralized way, can easily build up net-
works among themselves, and can independently optimize themselves 
according to the principles of self-similar fractal production systems. 
The Smart Factory interacts with human resources and/or machines and 
is able to organize itself in a decentralized, real-time way (Bauernhansl 
et al. 2014). A virtual image of the real production environment is per-
manently analyzed and updated with real-time information. Therefore, 
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the virtual environment, often entitled the “digital twin” is always syn-
chronized with information from the real environment. This can be 
seen as the starting point in order to connect the Internet of Mankind 
to the IoT and to the Internet of Services (IoS) (Padovano et al. 2018).

Internet of Things (IoT) can be seen as an essential and important 
part of the CPS which is often associated with RFID technologies. 
Thereby, the IoT is used to identify and track objects (e.g., products, 
container, machines, vehicles) in logistics systems and supply chains. 
The objects are constantly processing information from their surround-
ing environment and can be unambiguously allocated, which increases 
the effectiveness and efficiency of all related monitoring and control 
processes (Boyes et al. 2018; Borgmeier 2017).

Physical Internet (PI) is an open, standardized, worldwide freight 
transport system based on physical, digital, and operative intercon-
nectivity by using protocols, interfaces, and modularization. A provid-
er-free, industry-neutral, and border-free standardization is one of the 
basic requirements for the usage of the PI which connects and virtu-
alizes material flows, in analogy to the concept of the digital internet. 
Moreover, standardized containers and carriers are used to ensure maxi-
mum utilization of transport vehicles and a better usage of spare capaci-
ties. These principles can be applied to internal logistics systems, as well 
as transportation networks by using self-controlling, autonomous sys-
tems in transport and storage processes as one of the central elements 
of the PI. The usage of shared transport capacities, storage locations, 
hubs, and delivery points will have a positive effect on both economic  
(e.g., short transportation times, lower costs of human resources) and 
ecological (e.g., reduction of traffic and emissions) effects (Montreuil 
2011; Pan et al. 2017).

7.4  Discussion of Automation Approaches

In general, there is a multitude of opportunities for implementing auto-
mation concepts in logistics systems in order to improve the overall effi-
ciency. In this context, based on a systematic literature review, Granlund 
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(2014) has clustered and summarized the most commonly occurring 
applications and types of mechanized automation as follows:

• Automated loading and unloading systems
• Automated guided vehicles (AGVs)
• Automated storage and retrieval systems (AS/RS)
• Automatic fork-lift trucks for mechanized handling
• Various types of carousels, conveyor belts, and conveyor-based sort-

ing systems
• Industrial robots/robotics
• Item-picking devices
• Lift and turntables/aids
• Linear actuators
• Mechanized palletizing
• Moving decks and screening and/or sorting systems.

In the next section, we will discuss the most promising developments 
for automation, namely, agent-based automation through enhanced 
process control, automated guided vehicles and robots in logistics sys-
tems, conveyor belts and sorting systems, automation through AR, and 
automation through modularization strategies in SME.

7.4.1  Agent-Based Automation Through Enhanced 
Process Control

In logistics systems, agent-based automation strategies can be used for 
the self-organization of the material flow process. Thereby, agents com-
municate autonomously by constantly transferring information about 
targets, system conditions, and occurring restrictions (Gudehus 2012). 
For example, agent-based-controlled AGVs resulted in 25.5% lower 
processing times, 7.9% reduced traveled distances, and 2.4 2% lower 
empty runs, which leads to a more robust and more flexible logistics 
system (Ullman and Sauer 2013).
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7.4.2  Automated Guided Vehicles (AGVs) and Robots 
in Logistics Systems

In general, AGVs are becoming more and more important for indus-
trial companies and for SME. Thereby, Mehami et al. (2018) have 
identified the ability of reconfiguration, flexibility, and customizability, 
as the main success factors for effective AGV implementation. In addi-
tion, warehousing processes are optimized by the usage of autonomous 
robots, intelligent carriers, and advanced assistance systems for man–
machine interaction (Glock and Grosse 2017).

7.4.3  Conveyor Belts and Sorting Systems

Nowadays, conveyor systems are quite easy to implement. The selection 
of the conveyor system is dependent on the product that needs to be 
moved, on the available space, and the space needed for further opera-
tions. Conveyors can be located on the ground and/or positioned over-
head and can be integrated by using sensors and actors.

Thereby, the machines, devices, systems, and products have the capa-
bility to connect with each other without any human intervention 
(McGuire 2009; Jeschke et al. 2017). Conveyor systems are not as flex-
ible as AGVs, but with frequent transport tasks, the conveyor system 
is a good solution for automation due to their mechanical simplicity, 
reliability, and ability to transfer materials very efficiently and flexibility 
(Greenwood 1988).

7.4.4  Automation Through Augmented Reality (AR)

In the automation of logistics processes, AR is used to enable man–ma-
chine interactions through the integration of real and virtual infor-
mation by using cameras, smartphones, tablets, AR helmets, and data 
glasses (Jost et al. 2017).

AR is often used to support picking operations. In this context, the 
pick-by-vision technology can lead to an enhanced picking efficiency 
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(of up to 25%) by simultaneously eliminating almost all picking errors 
(Deutsche Post AG 2015). This approach was also transferred to pack-
aging operations leading to higher usage of packaging space (up to 19% 
more) and lower costs (−30%) (Mättig et al. 2016).

Figure 7.1 displays pilot implementation of a picking process using 
an AR device (AR helmet) which could also be transferred to the envi-
ronment of SME.

7.4.5  Automation Through Modularization Strategies

The automation of packaging processes will gain enormously in impor-
tance. In this context, researchers are developing modular load carrier 
strategies to support automation in logistics systems.

In this context, packaging processes are becoming more and more 
important. Various researchers are developing modular load carrier strat-
egies in order to support automation in logistics systems. Thereby ineffi-
ciencies in transport, quality control, administration, and maintenance 
should be avoided and sustainability should be increased through new 
pooling and sharing concepts (Zsifkovits and Woschank 2019).

Fig. 7.1 Picking processes by using augmented reality devices (Reproduced with 
permission from University of Leoben, Chair of Industrial Logistics)
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7.5  A Case—Conveyor Belts and Sorting 
Systems Case Study: Medium-Sized 
Logistics Service Provider in Thailand

The case study company is a local logistics service provider (LSP) in 
Northern Thailand. The company provides port-to-door services for 
customers in Northern Thailand and in the Bangkok metropolitan 
area. The company uses semi-trailer trucks to deliver goods from their 
drop-point distribution center (DC) to the destination DC. Then the 
goods are cross-docked and delivered to the consignees’ door by small 
trucks. Thereby, the range of goods includes construction materials, tex-
tile and garment, paper, automotive parts, food and snacks, vegetables, 
and flowers. Most of the customer’s requirements are lesser than a full 
truckload.

The size, weight, and dimension of goods can vary in a wide range. 
The packaging also comes in different sizes due to the nature of the 
products. For examples, snacks come in light boxes. Fabric rolls are 
often heavy and long. Tyres are individually wrapped up in plastics or 
packing paper (Fig. 7.2).

The investigated logistics operation is cross-docking where the goods 
must be unloaded from trucks to the cross-dock area in DC. Today, 
DC operators manually pick up the goods by hand from the delivery 
truck and put them on the vertical conveyor belt. Then the goods will 

Fig. 7.2 Example of delivered goods (DG) (Reproduced with permission from 
University of Chiang Mai, Department of Industrial Engineering)
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be sorted aligned to their designated destination. The conveyor belts are 
straight and approximately 20 meters long. There are 14 destinations of 
last-mile delivery aligned along the belt (Fig. 7.3).

If the good, which belongs to destination X, arrives at the picking 
area of destination X, the last-mile operator of destination X will pick 
up the good from the belt and transfer to destination X staging area, 
where the last-mile delivery will be arranged.

At this picking area, with 14 possible destinations, the goods are 
identified by the packing label where the picker must recognize the 
address and determine if it belongs to his/her destination. The identi-
fication is manual and requires experiences of picker in order to accu-
rately pick the right goods according to their designated destination.

Today, at this case study DC only, there are more than 30 trucks 
hauling from 6 Bangkok DCs with more than 10,000 pieces of goods 
per normal working day. At present, Barcode is embedded with the 
parcel label. However, it is used only to cross-check the goods with the 
database once staged. It is not used for AutoID sorting.

Fig. 7.3 Cross-docking operation
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The process requires one picker per destination and 2 more DC 
operators to stage and manage the last-mile delivery per destination. 
Therefore, at the conveyor belt, there are 42 workers, excluding the DC 
manager and 3 more unloading workers at the truck. The process is 
labor-intensive and hence expensive.

The company is now suffering with the labor cost and productivity. 
Moreover, operator turnover is high due to the hard work and work-
ing condition. Staffing becomes more difficult. Thus, the concept of 
Industry 4.0 of using conveyor belts and sorting systems is considered.

According to expert consultancy under Industry 4.0 scheme, the 
company was suggested the following potential improvements:

(a) To use inclining conveyor belt to assist truck unloading. This will 
increase the speed of unloading and reduce the labor cost in loading. 
The initial investigation suggests that the Payback Period is less than 
6 months on the equipment investment (Fig. 7.4).

Fig. 7.4 Truck Loading/unloading conveyor systems (Reproduced with permis-
sion from University of Chiang Mai, Department of Industrial Engineering)
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(b) To use closed-loop conveyor. This will help any bottleneck when 
picking and unloading from the belt. Often, there are many items to 
be picked at one destination. Then the conveyor belt must be shut to 
allow picker to pick all items (Fig. 7.5).

(c) To use cross belt auto sorting system and the declined roller belt. 
Where barcode is already embedded with the database, the item 
can be transferred using closed-loop conveyor. They can be auto-
sorted. This will reduce picker load. The (b) and (c) proposals yield 
the Payback Period of 20–24 months. The cross-docking capacity is 
expected to increase by 20–30%. Labor productivity should increase 
by 33%. The accuracy should also increase (Fig. 7.6).

The suggestion is only preliminary. Further investigation must be made 
in terms of item compatibility (extra-large or out-of-shape items), 
equipment maintenance, facility layout, etc. The company now requests 
for quotation from the equipment providers for exact equipment speci-
fication and cost.

Fig. 7.5 Cross belt sorter (Reproduced with permission from University of 
Chiang Mai, Department of Industrial Engineering)
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7.6  Discussion, Suggestions, and Implications

Logistics is among those areas strongly affected by the upcoming tech-
nologies associated with Industry 4.0, both as an opportunity and a 
risk. Above all, logistics is still the imperative for providing a superior 
service level at feasible costs.

Automation and IT are not applied for their own sake, to be con-
sistent with market trends, or to satisfy expectations. Automation can 
help to increase productivity, to lower costs, to gain flexibility, to make 
routine tasks more efficient, to provide workplace safety, to reduce lead 
times and time to market, and to improve product and service quality.

In particular, there is a huge challenge for SME to keep up with this 
development. They often lack the resources, and the competences, to 
make use of opportunities.

The authors investigated numerous literature sources on automation 
and information technology in logistics. The approaches and frame-
works mostly focus on selected, limited aspects and research is frag-
mented and inhomogeneous.

Fig. 7.6 Improved cross-docking operation
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A number of basic concepts can be identified which define smart 
logistics within the framework of Industry 4.0. CPS, IoT, and the PI 
are high-level, sophisticated concepts that cannot be implemented by 
just buying some service or software. A step-by-step approach has to be 
applied, for every enterprise, much more so for SME.

Existing CNC machine tools can be connected and the majority of 
machines support open communication standards, such as MTConnect 
or OPC UA, as standards for communication and information mod-
eling in automation. There are constraints to observe, legacy systems, 
technical, organizational, and financial restrictions.

Further research will be needed, with a focus on SMEs, to further 
investigate lower-level approaches, and technical as well as organiza-
tional solutions to satisfy the functional requirements.
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