
Current Trends in Robotics Development 
Hamied Nabizada*, Marcel Lewke, Moein Azizpour, Raphael Höfer, Luis Miguel Vieira da Silva, Pezhman Pourabdollah, Philip Topalis, 

Omar Ismail, Alice Kirchheim, Alexander Fay 
Institute of Automation Technology  

Helmut Schmidt University / University of the Federal Armed Forces Hamburg 
Hamburg, Germany 

*hamied.nabizada@hsu-hh.de 
 
 
 
 

Abstract – Nowadays, companies are facing several 
challenges, such as changing market demands and labor 
shortages. To cope with these challenges, the demand for the use 
of robots is steadily growing as robots are indispensable parts of 
industrial automation. Robots can increase productivity and 
quality for a specific application. This paper presents current 
trends in robotics that are being used and researched in different 
dtec.bw projects. In addition to the well-known industrial robots, 
lightweight and mobile robots are introduced and further trends 
are summarized. 
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I. INTRODUCTION 
Robots typically help humans perform repetitive, 

dangerous or unergonomic tasks and have become an integral 
part of today's industrial environment [1]. Depending on the 
robot, they offer a range of advantages that a human being 
cannot provide to such an extent [2]. They can move with great 
speed and precision and perform their tasks with consistently 
high quality.  

With today’s challenges, such as the shortage of 
specialized workers and changing market demands, robotics is 
becoming an increasingly important factor influencing 
business success. This is where various research projects 
within the scope of the “Center for Digitization and 
Technology Research of the German Armed Forces” 
(dtec.bw) come in and attempt to facilitate the integration of 
robots in the industrial domain. 

This paper intends to provide insights into the robotics 
trends being pursued in the involved dtec.bw research 
projects.  

The paper is structured as follows. In the next section, 
current trends in robotics are described, which are examined 
in more detail in the dtec.bw research projects, and their 
advantages and disadvantages are discussed. The trends 
considered in this paper include established industrial robots, 
lightweight robots, and mobile robots. In addition, other trends 
that include drones and modular robotics are summarized. The 
paper concludes with a summary and outlook. 

II. CURRENT TRENDS IN ROBOTICS 
The term "robot" originally comes from the Slavic word 

"robota" and means drudgery (forced labor). The term was 
created in 1920 by the theater play Rossum's Universal Robots 
by Josef Čapek, in which human-like figures take over human 

work and ultimately rebel against it [2]. According to ISO 
8373:2021, the term robot is defined as "programmed actuated 
mechanism with a degree of autonomy to perform locomotion, 
manipulation or positioning" [3]. Within robotics, different 
disciplines have developed over time, and the category of 
industrial robots is discussed in the following subsection. 

A. Standard Industrial Robots 
Industrial robots represent a subfield of automation 

technology and, as universally programmable motion 
machines, enable the handling and processing of workpieces. 
Regarding kinematics, industrial robots can be divided into 
serial and parallel kinematics. In serial kinematics, the 
structure is serial, to an open kinematic chain. However, 
parallel kinematics involves a parallel, closed kinematic chain 
that couples axes of motion together. In the following, we will 
focus on serial kinematics, which is most represented in 
industrial robots.  

The structure of an industrial robot consists of the 
manipulator (links and joints), which includes motors, gears, 
and sensors, the end effector, where various tools can be 
attached to the flange, and the controller to regulate the serial 
kinematics [4]. FIGURE 1 shows exemplary the industrial robot 
"KR 1000 titan" from the manufacturer KUKA. 

 
FIGURE 1: KUKA KR 1000 TITAN AS AN EXAMPLE OF INDUSTRIAL 
ROBOTS [5]. 

Industrial robots have made the development of many 
processes in the industry much more efficient. Industrial 
robots have developed significantly since the invention of the 
jointed-arm robot in the early 1950s and have steadily gained 
new applications since their first industrial use in 1961 with 
"Unimate 1900" [6]. They are most frequently used in 

- 242 -

https://doi.org/10.24405/14558
mailto:*hamied.nabizada@hsu-hh.de


production lines of the automotive industry, but they are also 
strongly represented in other industries such as the electronics 
industry. They support or perform various tasks such as 
joining, assembling, packaging, painting, measuring, 
grinding, cutting, milling, welding, etc. In most cases, the only 
difference between the robot systems is the end effector. The 
selection of different end effectors allows the robot to adjust 
to performing various tasks with different requirements.  

The advantage of industrial robots is the high degree of 
automation, which combines high time utilization with 
consistent work quality, leading to increased efficiency. The 
high repeatability and flexibility are further advantages of 
industrial robots. Furthermore, industrial robots enable safe 
working in areas that are potentially dangerous for humans. 
However, industrial robots have disadvantages, such as high 
acquisition, operating costs, and expertise required for proper 
setup and programming. Due to high forces and possible 
injury risks from the end effector, protective devices (e. g., 
fences) are required. In addition, the advantage of high 
flexibility includes the disadvantage of low specialization. For 
example, absolute accuracies are always a disadvantage 
compared to specialized machine tools. 

Due to the high flexibility of the kinematics and the 
possible end effectors, industrial robots are used in many 
research projects to improve existing applications and enable 
novel applications. 

One research field using industrial robots is Additive 
Manufacturing (AM) [7]. Conventional 3D printers are limited 
in their build space and the three linear axes. With respect to 
AM, the industrial robot creates more complex components 
due to its large workspace and degrees of freedom through a 
controlled material deposition. The dtec.bw research project 
LaiLa (Labor für intelligente Leichtbauproduktion) 
investigates automated fiber placement in this context. This 
research project aims to produce load-path optimized 
components by automating the process chain. Here, 
composites are manufactured by depositing unidirectional pre-
pregs using Automated Fiber Placement (AFP). By aligning 
the fibers along complex load paths, the lightweight potential 
can be exploited more efficiently, which, in addition to cost 
and resource savings, also contributes to emission reductions 
in aerospace. To produce components, AM can also be used 
as a repair process. The dtec.bw research project CORE 
(Computergesteuerte Bauteilaufarbeitung) deals with robot-
guided material deposition by cold spray to repair local 
damages, considering the example of aerospace components 
[8]. By using an industrial robot, the guidance of different 
tools is enabled to repair damages in a specific way. 

Other research approaches for using industrial robots deal 
with the digitalization and networking of the industrial robot. 
This digitalization can take place as a digital twin (DT) to 
exchange data between reality and the simulation. In this 
respect, the DT enables a wide range of applications, such as 
value chain optimization or predictive maintenance [9–11]. In 
the dtec.bw research project iMOD (Intelligente modulare 
Robotik und integrierte Produktionsgestaltung im 
Flugzeugbau), a DT of a robot is used in the approach to 
reduce the commissioning time of the robot system [12]. 

Artificial intelligence (AI) also enables many possible 
applications for industrial robots to increase autonomy and 
further optimize processes through AI-based learning [13, 14]. 
Further digitalization up to Industry 4.0 also offers potential 

for the application of industrial robots [15]. With complete, 
intelligent networking, machines such as industrial robots 
could perform planning in factories and optimize processes 
adapted to the requirements. The dtec.bw research project EKI 
(Engineering für die KI-basierte Automation in virtuellen und 
realen Produktionsumgebungen) deals with the automated 
foaming of glass panes with polyurethane. To do this, the 
panes must first be cleaned and pretreated with primer. The 
primer is an adhesion promoter and must cover the glass 
wherever PUR is to be foamed later. The robot-guided primer 
application is monitored by an AI-based visual inspection 
system and thus enables an increase in product quality. 

Overall, the relevance of industrial robots for research and 
industry is evident from their versatile applications. A future 
development direction includes cooperation with humans, 
which is not applicable to industrial robots due to the required 
protective devices. This collaboration between humans and 
robots is explored by collaborative robots (Cobots) and 
presented in the next section. 

B. Lightweight Robots 
Unlike industrial robots, which are designed to move 

larger loads, work in isolation from humans, and have minimal 
physical contact with them, lightweight robots tend to be 
smaller and designed for lighter loads [16]. They are 
characterized by high flexibility, as well as the minimum ratio 
between their weight and maximum payload [17].  

Because of these characteristics, they can be used to work 
collaboratively with humans on the same task and are 
therefore referred to as collaborative robots, or Cobots. In 
general, all Cobots are lightweight robots. A lightweight robot, 
however, is only a Cobot if it is in collaborative service with a 
human. The first-time collaborative robots were described 
through a patent by J. Edward Colgate and Michael Peshkin at 
Northwestern University in 1996. The two authors described 
a machine that can work in direct physical contact with 
humans and collaborate with them [18]. However, 
collaboration should not be confused with cooperation. 
Although both terms describe an interaction between parties 
trying to reach a common goal, there is a significant 
difference: In cooperation, humans and robots work on 
different subtasks to achieve the common goal, whereas in 
collaboration, humans, and robots work on the same task 
together to achieve the goal [19]. 

Because of the direct contact with humans, they are easy 
to program compared to industrial robots. For example, the 
operator can manually guide the robot and thus teach it a 
certain sequence of movements. In addition, lightweight 
robots or Cobots are relatively cost-effective and usually do 
not require as much investment as conventional industrial 
robots [20]. 

Especially in today's world and Industry 4.0, where the 
human factor still plays a major role in the system [21], Cobots 
are becoming increasingly important. There is a growing 
demand for more flexibility and mass customization to remain 
competitive in the market [22]. Collaborative robots precisely 
address these requirements. The use of Cobots is not intended 
to displace or substitute humans. Instead, both parties benefit 
from the joint work, in which the weaknesses of one are the 
strengths of the other [20]. 

The control methods are significant when Human-Robot 
Collaboration (HRC) is used in industrial scenarios. The 
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control methods can be categorized into safety, ergonomics, 
and efficiency [23]. The safety aspect is of great importance, 
as the health of the humans collaborating with the robots is of 
major importance. Therefore, much research is being done in 
this field to ensure that working with robots is as safe as 
possible. The ergonomics aspect concentrates on the psycho-
physical well-being of the humans collaborating with the 
robot. The efficiency aims at increasing productivity which is 
the main goal in industrial applications.  

The scientific community favors learning-based control 
systems, and it is anticipated that they will continue to be 
researched in the coming future [23]. Therefore, the remainder 
of this section will be focusing on how learning-based 
techniques could be used in developing an adequate controller 
that can be used in HRC for the safety aspect. The safety 
aspect in HRC is considered to be of great importance 
followed by efficiency and ergonomics. 

For robots to obtain cognitive capabilities to provide a 
truly safe environment for human interaction, the 
unpredictable behavior of humans needs to be understood and 
recognized by the robot [22]. AI, or a subfield called machine 
learning, can be used to adapt unpredictable patterns of human 
behavior based on past actions. In this field, researchers see 
great potential to further develop Cobots. This is supported by 
the findings of the authors in [24]. They have been able to 
register an increased growth in works with human-robot 
collaboration and the use of machine learning. 

The authors of [25] have investigated five different 
machine learning-based approaches for robot-human contact 
detection. Here, the authors used a dataset of a real robot arm 
performing asymmetric motions in a collaborative 
environment. The different approaches classified the data into 
three types: no contact, intentional, and non-intentional. The 
authors determined that the ensemble bagging trees approach 
was superior in classifying the data, with a performance of 
97 %. Thus, the authors showed that the developed model 
could reliably and accurately detect contact between humans 
and robots to initiate possible countermeasures for human 
safety. 

Through this trend, collaborative work with robots is 
constantly improving and becoming safer. Contacts with 
humans can be predicted with increasing reliability and can 
thus be prevented or intentional contacts, for example through 
the robot’s guidance by the operator, can be differentiated 
from unintentional ones. 

Similarly, several approaches based on machine learning 
have been used to develop control methods that focus on 
cognitive ergonomics and physical ergonomics of the human 
worker as well as increasing the overall efficiency of the 
industrial applications by minimizing the time needed to 
complete a task and/or improving the task allocation [23]. 
Shah [26] claims that HRC can reduce cycle times by about 
half when compared to using only human workers; it has also 
been demonstrated that when human workers collaborate with 
a human-aware robot as opposed to working in human teams 
alone, idle time can be reduced by 85 %. 

Recently, robot manufacturers started to realize the 
importance of AI in HRC, hence, cognitive capabilities are 
being implemented within the robot’s control systems. For 
example, Neura Robotics GmbH started producing 
lightweight robotic arms integrated with AI in its control 
system which enables safe and intelligent HRC. 

With these improvements, Cobots can enter yet unmet 
fields of application. So far, lightweight robots have mainly 
found their way into production and medical applications. 
Here, the robots take over tasks ranging from placing 
components or product inspections for quality assurance to 
support in medical procedures. Here, the Cobots help to reach 
medical equipment or even perform complex surgical 
procedures [20]. 

With an expected Compound Annual Growth Rate of 
60.85 % and 55.2 % from 2019 to 2024 and 2026, respectively, 
the full potential of lightweight robots and Cobots today is far 
from being fully tapped [27, 28]. Through further 
development, especially in HRC and safety, it is quite 
conceivable that Cobots will be capable of being used not only 
in industrial but also in personal environments soon. 

In the dtec.bw projects LaiLa and iMOD, lightweight 
robots are employed. In LaiLa, a lightweight robot is placed 
on a linear axis to work flexibly on composite parts. This 
includes tasks such as the automated measuring and sanding 
of shell structures as well as the application of adhesive to ties. 
While in iMOD, a lightweight robot placed on rails is used to 
perform inspection activities on the lower part of the aircraft 
fuselage. 

C. Mobile Robotic 
One important advantage is missing from the previously 

described Industrial Robots and Lightweight Robots. They are 
not mobile and therefore have only a limited range for their 
end effectors, depending on their current location [1]. 
Therefore, in recent decades, more and more mobile robots 
have been successfully deployed in diverse industrial 
applications, military and security sectors to perform 
important unmanned missions [29]. 

Today, mobile robotics is one of the fastest-growing areas 
of scientific research [30]. They are characterized by the fact 
that they can move autonomously in their environment and 
perform tasks independently at their target location without 
human intervention [30]. In this field, challenges in 
locomotion, perception, and navigation must be overcome, 
which form the basis for such a mobile robotic system [31]. 

 

 
FIGURE 2: MOBILE ROBOT USED IN AULOKOMP. 
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In the dtec.bw research project iMOD, mobile robots 
perform various tasks inside and outside the aircraft fuselage. 
In this context, the transport into the aircraft fuselage, in 
particular, is a major challenge that needs to be solved [12]. In 
addition, different use cases are being researched in which 
mobile robots adhere to the aircraft’s outer skin and perform 
various tasks there, such as inspecting the aircraft’s fuselage 
for any kind of damage. 

Robotic manipulation is one of the key challenges in 
mobile robotics and refers to the interaction of robots with 
objects. Within this category, pick-and-place is any 
application where a part is picked up at one location, moved, 
and placed at another location. Based on the use cases, pick-
and-place robots are classified into different categories, and 
active research is being conducted to improve the existing 
solutions and develop new alternatives. These categories and 
some of the recent advances are summarized below. 

Robotic Arm: Robotic arms are the most common type of 
robot for pick-and-place applications. There are various types 
of end effectors that are attached to the end of a robotic arm to 
interact with the environment. The authors of [32] provide a 
list of parameters to help choose an appropriate gripper for 
industrial applications, while the focus in [33] is only on 
selection criteria for soft manipulators. Bio-inspired robotic 
grippers such as the RBO Hand were developed at TU Berlin 
by [35] and are used for industrial pick-and-place applications 
at Ocado, the world’s largest online grocery retailer.    

In 2021, the German supermarket chain REWE invested in 
its first automated food fulfillment center by adopting the 
Pick-it-Easy Robotic arm developed by KNAPP, one of the 
recent fully automatic picking solutions. 

Solving the pick-and-place problem in warehouse’s 
picking stations is one of the goals of the dtec.bw project 
AuLoKomp (Autonomes, flexibles IntraLogistik-
Kompaktlager). For this purpose, a softgripper end effector 
[34] mounted on a mobile robot (see FIGURE 2) is being used, 
which has the flexibility of the RBO Hand by [35] and can be 
configured to meet the requirements of picking objects of 
different shapes. The softgripper was developed at Helmut 
Schmidt University and has been used in several areas of the 
food industry. 

 Delta: The most common configuration of Delta robots 
has three arms attached to a universal joint and is often used 
where items need to be picked in groups and placed in 
assembly patterns. Delta robots have high motion speeds and 
therefore require fast image processing. Recently [36] 
combined the use of the modern deep learning approach which 
works in tandem with the mechanical structure of Delta robots 
for automatic tea plucking. 

 Cartesian: Cartesian robots operate in multiple planes. 
They move in X, Y, and Z axes according to Cartesian 
coordinates and are widely used for CNC machines and 3D 
printing. Similar to [36, 37] have equipped a Cartesian robot 
with a deep-learning-based vision system along with a suction 
tool end effector. It won the Amazon Robotic Challenge by 
picking and stowing the most items faster than its competitors. 

D. Further Trends 
Further trends are concerned with developing simple 

solutions to shift the focus from an all-encompassing robot to 
easily expandable robots or to cooperating simple robots. 
Therefore, modular robotic systems that are part of such 

considerations are considered below. So are drones, which add 
an extra dimension to mobile robots and are finding increasing 
use, especially in teams of robots. 

Modular Robotic System: With the increasing desire for 
customized products, the need for modular workflows is 
growing. This also affects the use of cost-intensive robots.  
Conventional robot systems have the disadvantage that the 
entire application must be re-evaluated and calibrated even for 
small production adjustments.  In contrast, modular robot 
systems can be adapted to many different tasks, reducing 
costs.  

To ensure adaptation to many different tasks, these 
systems are modular manipulators with a finite set of modules 
of different functions. Industrial robots already often have 
automatic tool changers at the robot’s flange. This is the 
simplest manifestation of a modular manipulator. However, as 
the variability of the tasks to be handled increases, so does the 
number of modules.   

The modularization of industrial robots is based on the 
decomposition of their components into their basic functions. 
The first prototypes of such modular robot systems have 
existed since the 1980s [38]. As a result of globalization, 
modular manipulators have become more and more important, 
so they have evolved over time. The main components of 
modular manipulators are actuator modules and connection 
modules, and the end effector module. The actuator modules 
are responsible for the movement of the robot system and, 
depending on the requirements, can be pronounced as rotary 
or pivot joint modules as well as linear modules. The 
connection modules between the actuators are used to extend 
the workspace and can also be adapted to any application 
requirements [39]. In order for the modular robot system to be 
used for a specific task, a set of robot modules must be found 
to accomplish that task based on an existing inventory of 
modules. The criteria for selecting the optimal configuration 
depend largely on the task requirements. These may include 
kinematic, dynamic, and obstacle constraints, in addition to 
performance metrics such as cycle time and energy efficiency 
[40]. A number of solutions have been developed to solve 
task-based optimization of robot configuration. These range 
from using hierarchical elimination in combination with 
kinematic constraints [40]. On genetic algorithms [41], 
heuristic search [42] to machine learning [43, 44]. 

Unmanned Aerial Vehicles: Unmanned aerial vehicles 
(UAVs) or drones are considered to be a type of autonomous 
mobile robots that are gaining increasing attention and 
application, such as in surveillance, transportation, security, 
and disaster management [45]. The advantage of UAVs over 
other robots is their ability to fly over terrain or obstacles that 
are difficult to navigate. In this regard, UAVs can be remotely 
controlled as well as perform onboard control operations using 
an autopilot. To do so, they have perceptual capabilities and 
decision-making autonomy to handle complex tasks without 
direct human intervention. The demands on these capabilities 
are increasing, so challenges lie in their cognitive abilities. 
Another difficulty is limited battery life and, consequently, 
limited flight time [39]. UAVs differ in various parameters 
such as configuration, size, range, and weight or even in their 
equipment such as communication devices, navigation 
equipment, sensors, and cameras. FIGURE 3 shows an example 
of a drone with a hexacopter structure that has applications in 
the dtec.bw research project RIVA (Rechtskonforme IT-
Konzepte und -Lösungen für Verbünde autonomer Land-, 
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Wasser- und Luftfahrzeuge). In this project, UAVs are 
designed to handle various use cases in cooperation with other 
autonomous mobile robots.  

 
FIGURE 3: UAV USED IN RIVA. 

The use of cooperating autonomous mobile robots with 
different complementary capabilities enables the 
implementation of complex scenarios such as search & rescue. 
The robots work together, for example, with UAVs scouting 
the disaster area and navigating the mobile robots to the 
appropriate locations. A single robot is not suitable for such a 
complex scenario.   Additionally, tasks can be performed 
faster, safer, and cheaper than with a highly complex robot that 
meets all requirements but is not necessarily efficient or 
robust. Another way to replace expensive and very complex 
robots is to use modular robotic systems. 

III. SUMMARY AND OUTLOOK 
In today's world, robots are indispensable machines for 

handling a wide variety of processes and tasks. This paper 
presents current trends in robotics that are being used and 
researched in different dtec.bw projects. Industrial robots offer 
advantages through high automation and repeatability. The 
possibility of attaching different end effectors offers the 
application of different processes, as presented in the example 
of the project CORE. However, industrial robots do not enable 
collaborative work with humans due to the high forces 
involved. Lightweight robots offer the potential to be used in 
collaboration with humans. This paper described, among other 
things, their use in the dtec.bw research project LaiLa. Unlike 
industrial robots, however, they generally cannot handle such 
large payloads. Mobile robots are characterized by their high 
degree of flexibility. Their use in the dtec.bw research projects 
iMOD and AuLoKomp was described in this paper. In 
particular, the use case of pick-and-place, which is realized by 
mobile robotics, was addressed. Here, however, there are still 
challenges in the exact positioning of the robots. Drones used 
as part of the multimodal approach in the dtec.bw research 
project RIVA were also presented. The broader topic of 
modular robotics was also briefly described in this paper. 

In the future, more papers will be published that present 
the research and the use of robots in various research projects 
in a more intensive way. This article is intended to provide an 
initial overview. In addition, the concepts and software 
realization will be discussed in more detail in the future. 
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