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1. EXECUTIVE SUMMARY 

Overall, LIAA achieved its objectives, as listed in section 2. The LIAA Framework is explained 

in great detail in section 3.1. Overall, LIAA developed 12 key exploitable results (KERs): 

• Drag&Bot: A software tool for easy and intuitive robot programming. (See section 3.2) 

• Computer-Aided Risk Assessment: A software tool for analysing workplace design with 

regard to safety. (See section ) 

• Pitasc: The software package pitasc serves as a general add-on for industrial robotic control 

software. It is specialized on complex robotic motion in combination with force driven 

contact situations. (See section 3.4) 

• Uniform Task Description and Assignment of Resources: A tool that allows the 

description of the product, tasks and resources through an intuitive web user interface. It 

then uses that information to balance the workload between worker and robot. (See section 

3.5) 

• UR+ / URCaps; UR Capabilities or URCaps is a platform for developing new hardware 

and/or software extensions for the Universal Robot system, designed to seamlessly extend 

any Universal Robot with customized functionality. (See section 3.6) 

• Simulation for HRC: New simulation solution for end users, system integrators and 

robotics providers to easily and effectively simulate automation and robotics systems in 

cooperation with human workers. (See section 3.7) 

• CAD-Based Programming: Tool for extracting assembly information, e.g. location of 

screw holes, etc. from CAD system and use it to initialize a skill-based robot programm. 

(See section 3.8)  

• Mobile Robot Unit: The Mobile Robot Unit (component of Pilot Case FISCHER and 

DDE) is a symbiotic, stand-alone, movable robot cell, supplied with replaceable process 

tools and safety devices. (See section 3.9) 

• World model and Human-IoT Gateway: The World Model is a runtime module that 

combines static and dynamic information for calculating the status of the resources 

(human/machinery/robot) and calculates the task progress execution. It communicates that 

information to possible wearable devices via the Human-IoT Gateway (See section 3.10) 

• Robot CoWorker: This is a system creation platform consisting of various technical 

components such as a capability modelling framework, an execution engine and 

customisation interfaces. (See section 3.11) 

• C-Wear Glasses: Next Generation of PENNY Augmented Reality Glasses (See section 

3.12) 

• AR-Visualization: Software Framework for generating, editing and visualizing assembly 

instructions and other useful information for the worker (See section 3.13) 

The 5 LIAA Demonstrators are shown in section 3.14. 

The solutions developed within LIAA will enable the implementation of symbiotic robot 

applications for flexible small scale manufacturing resulting in 

• increased productivity of European manufacturing companies resulting in higher 

employment because of the gained competitive advantage 

• new market opportunities for the robotic industry 

• an improved safety certification workflow 

• promotion of equal opportunities on the shop-floor by letting robots take over the 

monotonous, physical demanding work thus removing one of the main reasons for 

inequality 
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2. PROJECT CONTEXT AND THE MAIN OBJECTIVES 

The 

importance 

of assembly 

in Europe  

Manufacturing is the backbone of the European economy, generating an added-

value of 1,630 billion Euros performed by 2.1 million enterprises. Assembly is 

the most labour-intensive part of manufacturing because many challenges that 

prohibit the use of available automation solutions clash. To name just a few: order-

related small batch sizes, many variants due to assembly being the last step in the 

manufacturing chain, lots of different parts and assembly processes. Therefore, 

many manufacturing companies decided – and still decide - to shift their assembly 

lines to low wage countries such as China, India and Vietnam causing the loss of 

many jobs in Europe. To stop this job drain it is crucial to support European 

manufacturing industries with automation solutions aligned to the requirements 

of assembly.   

The 

limitations 

of assembly 

automation 

Automatic assembly systems are used when large batch sizes over a long time 

justify high investment costs. In contrast, manual solutions are applied when batch 

sizes are small or circumstances unpredictable. Hybrid assembly systems try to 

bridge the gap by combining manual and automatic stations to achieve a balance 

between investment costs, batch size and flexibility. Hybrid systems can be 

adapted to changing batch sizes in the medium and long term, e.g. during ramp-

up of a new product, by either adding or removing automatic stations. But hybrid 

systems cannot be adapted on a daily basis e.g. on changing order volumes. 

Robots, as highly flexible machines (in terms of motions and programmability), 

would be very valuable here, but today’s robot setup have been developed mainly 

for large scale production where the setup phase is negligible compared to the 

operation phase which typically lasts several years. Therefore, today’s robot 

installations are part of automatic or hybrid assembly systems but offer no 

flexibility gain. LIAA will overcome this automation barrier by developing means 

to use robots in assembly workshops in symbiotic cooperation with human 

workers. 

Symbiotic 

human-

robot-

cooperation 

as enabler 

for assembly 

automation 

 

Symbiotic human-robot-cooperation aims at combining the advantages of robots 

for achieving high productivity in structured environments and the capability of 

humans to adapt quickly in unstructured environments. Humans do the ambitious 

jobs requiring advanced sensing and reasoning capabilities to adapt to unplanned 

or unforeseeable situations while robots make use of their ability to handle high 

loads with high precision without depletion. To make the most of these respective 

strengths human and robot will work in close cooperation using the same 

workplaces, tools and fixtures. Robots and humans in the same loop reduces the 

need to invest in expensive equipment to help the robot cope with an unstructured 

environment, and at the same time avoids strenuous and repetitive work that 

wastes the human capabilities and damages the human body. 

The LIAA 

scenario 

Today’s manual assembly areas consist of different workplaces. Each workplace 

contains part supply areas, tools and fixtures to conduct specific assembly steps 

on a set of predefined products. Depending on the current order situation workers 

use these workplaces to assemble products in varying sequences and batch sizes 

applying many different assembly skills. Some of these are complex and require 

superior human sensing capabilities; others are simple and purely repetitive. In 
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today’s manual assembly areas all of them are conducted by humans. Therefore, 

layout, workplaces, part supply, tools and fixtures are optimized for human 

utilization. This constitutes a big obstacle for the introduction and utilization of 

robots even for the simple and repetitive jobs. LIAA overcomes this obstacle with 

a holistic approach that considers all aspects relevant to enabling human-robot 

symbiotic assembly: the LIAA framework. 

LIAA use-

cases 

The LIAA framework addresses the following use cases in an assembly workshop 

with changing work load and different assembly workplaces: 

Human OR robot work consecutively at a common workplace: depending on 

the current work load either a human is assembling small quantities of one product 

at a workplace or a robot is manually put into place if the product is required in 

high numbers. Human and robot use the same tools and fixtures. 

Human AND robot share a common workplace: depending on the current work 

load, either a human is assembling small quantities of one product at a workplace 

or a robot is additionally put into place to support the human if high numbers are 

required. Human and robot then divide the required assembly steps according to 

their respective strengths: the robot does the simple and repetitive jobs while the 

human takes over the demanding steps requiring advanced sensing and reasoning 

capabilities. 

The LIAA 

framework 

at a glance 

The LIAA framework constitutes a holistic approach that covers all aspects 

required to allow symbiotic human-robot assembly to come true: 

 

Symbiotic Workplace Design: assembly workplaces must be designed such that 

they can be used by robots and humans likewise. Based on a Computer-Aided 

Risk Assessment process that measure a workplace’s suitability for symbiotic 

assembly, safety concepts, design principles for symbiotic workplaces are 

derived. A Computer-Aided Symbiotic Workplace Design Tool integartes all 

results and support the user in the design of symbiotic workplaces. 

Task Assignment and Dynamic Scheduling takes care of assigning job to 

humans and robots in a way such that the assembly workshop is operating most 

productive. Using a Uniform Task Description that can be translated into 

instructions for humans as well as robot programs, resource models for humans 

Symbiotic
Safe Robot 
Execution

Symbiotic
Work Place 

Design

Robotic
Assembly

Skills

Task Assignment
and Dynamic 
Scheduling

AR-enhanced
Human Robot 

Interaction

Symbiotic
Human Robot 
Cooperation

LIAA Framework
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and robots; algorithms assign tasks to resaources based on capabilities and 

scheduling constraints taking into account current work load. An Assembly 

Workshop Symbiotic Planning Tool integrates all results with the aim of using the 

available resources (humans, robots, workplaces) as productively as possible. 

Symbiotic Robot Execution: to be productive when applied to a workplace the 

robot must adapt its behavior instantaneously based on situation awareness and 

prediction. This is done based on models describing the current state of a 

symbiotic workplace; sensor based human activity recognition algorithms; human 

activity prediction algorithms; instantaneous program adaptation strategies to 

avoid unsafe situations; exception handling and error recovery. All results are 

integrated into a Symbiotic Robot Execution System that controls the low-level 

functions of the robot during assembly execution. 

Human-Robot Interaction: Augmented Reality (AR) devices in combination 

with an AR visualization and simulation environment give the human worker all 

relevant information about the current situation during operation; AR-based 

Human-Robot-Interfaces and natural 6DoF interaction allows the user to interact 

with the robot in every situation in an intuitive and productive way. 

Robotic Assembly Skills: a skill formalism and skill instances based on this 

formalism are the basis for robotic assembly, special skills for local referencing 

and calibration and a work flow to generate robot programs automatically based 

on a task description and skill instances is key to deploying robots into symbiotic 

workplaces in short time and without expert knowledge. 

LIAA vision LIAA wants to provide solutions that enable the use of robots on assembly shop 

floors in close cooperation with human workers. The use of robots will 

• increase the productivity of currently manual shop floors, 

• improve the ability of assembly workshops to adapt to changing work load, 

• improve the working conditions of humans by relieving them of jobs that are 

repetitive and non-ergonomic, 

• increase the degree of automation in assembly workshops without the need for 

high investments to cope with unstructured situations because of the human 

in the loop. 

Ultimately, robots will become common tools for human workers on assembly 

shop floors. 

Lean LIAA aimed at the development of low-cost, low-complexity robot systems. Low-

cost robot systems are enabled by the availability of low-cost robots for about 

20.000 € (e.g. Universal Robot UR5, Rethink Robotics Baxter), low cost sensor 

systems for about 200 € (e.g. Kinect-like sensors), by tool sharing between human 

and robot and by integrating the human in the loop ( symbiotic assembly). The 

human in the loop eliminates complex and costly application-specific robot tools 

and fixtures otherwise required by the robot system to cope with the types of 

unstructured environments that are easy for humans. 

Intelligent The LIAA robot systems require advanced software functionality to be productive 

in close cooperation with a human worker. Therefore, an intelligent programming 
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and control system is the core of a LIAA robot system. Of course, this complexity 

is hidden from the worker interacting with a LIAA robot system. 

LIAA and 

safety 

LIAA was dedicated to developing a framework that can be applied in industrial 

settings. Certifiable safety is the most important precondition for a robot system 

to be applied to an industrial setting. Available solutions that fulfill the 

requirements imposed by current safety standardization have either limited 

performance or very limited human-robot-cooperation, probably because 3D 

sensors are not yet available that allow for a dynamic AND safe determination of 

the distance between human and robot. The LIAA consortium believes that this 

technology will be available within the next few years (e.g. a new version of the 

Pilz Safety Eye) because there are heavily financed developments under way that 

are driven e.g. by the automotive industries need for such sensors as part of 

driverless cars.  LIAA operated under the working assumption that safe dynamic 

3D sensing will be available soon (in fact several new inexpensive safe sensors 

are scheduled to be offered on the market in 2013) and therefore, LIAA dedicated 

its efforts to applying these sensors for symbiotic human-robot assembly. 

The overall objectives of LIAA were:  

1. enabling safe symbiotic cooperation between worker and robot in a production 

environment  

2. enabling lean automation solutions for SMEs and SME-like production environments 

Those were broken down to a set of scientific objectives: 

No. S&T Objective Description 

Obj.01 
Symbiotic workplace 

evaluation 

Criteria and metrics (including safety) for the evaluation of 

symbiotic workplace designs, integrated in a Computer-Aided 

Symbiotic Workplace Design Tool 

Obj.02 
Symbiotic workplace 

design 

Planning and design methodology for hybrid assembly 

workplaces, integrated in Computer-Aided Symbiotic 

Workplace Design Tool 

Obj.03 
Uniform task 

description 

A formalism for describing the assembly task in the problem 

space; independent of the resources (human/robot) used for 

execution. 

Obj.04 
Dynamic online 

scheduling 

Scheduling algorithm for assembly jobs, that is able to 

reassign jobs and/or adapt to the progress of the robot/worker 

during online execution. 

Obj.05 
Formal skill 

description 

Formalism for describing the capabilities of resources in the 

solution space; either as single capabilities or as a network of 

different primitive capabilities. 

Obj.06 
Automatic program 

generation 

Based on a uniform task description and available skill 

descriptions a robot program should be generated 

automatically 

Obj.07 
Local referencing and 

calibration 

A methodology for local referencing and calibration for 

displaceable robots. 
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No. S&T Objective Description 

Obj.08 
AR-enhanced worker 

interface 

The dynamic generation of AR-enhanced manufacturing 

information for workers based on the current manufacturing 

task, the progress of the human and the robot status. 

Obj.09 
AR-enhanced robot 

controls 

Intuitive AR-enhanced robot/machine controls for instructing 

the robot. 

Obj.10 
Human activity 

recognition 

Inferring the current human activity based on motion and tool 

tracking 

Obj.11 Situation Awareness 

The ability of the LIAA system to monitor the execution of the 

assembly operations and avoid production failures and stops, 

by extracting context information from the sensor data streams 

in order to predict potential disturbances and adapt 

proactively. 

Obj.12 
Safe execution 

environment 

A skill-based execution controller for robot programs with a 

hierarchy of control/monitor loops, which implement safety 

strategies based on 3D workspace surveillance at different 

levels in the hierarchy with different reaction times. 
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3. SCIENTIFIC AND TECHNICAL RESULTS/FOREGROUNDS 

The general workflow for designing, implementing, configuring and running a hybrid 

workplace is presented in Figure 3-1. 

 

Figure 3-1: The LIAA Workflow 

In the following the key results of the LIAA project are presented. 

3.1 The LIAA Framework 

Over the years several architectures have been proposed to enable flexible robotic control.  

Many robotics architectures are created with a single purpose in mind, either for a specific 

process, a specific platform, a specific environment or for a specific user group. Specific 

problems are thereby tackled through clever systems engineering.  

We propose an architecture which is suitable for many different tasks, applicable on many 

different robots and in many different environments and usable by experts as well as non-

technical users. This enables the exploitation of the architecture in a vast number of scenarios. 

The three main requirements (usability, flexibility and reusability) must be addressed for all 

identified user roles to successfully create cost-effective systems. Thus, the enabling software 

architecture must enforce this as well. The challenges of creating such an architecture are 

manifold. To strengthen the competitiveness of SMEs, the creation of agile robots, which can 

easily be reconfigured for new tasks and operated by existing personnel, is needed and therefore 

system architectures supporting this are also needed, so that flexible and assistive robotic 

installations will become viable in SMEs. To meet the demands from SMEs in flexible 

production scenarios, new systems for automation and robotics must facilitate easy integration 

of existing off-the-shelf functionality (hardware and software), while enabling flexible 

operation through dynamic (re-)configuration.  

• Workplace Design:
– Define Bill of Materials

– Define Bill of Processes

– Define Bill of Resources

– Design Workplace Concept

– Design Workplace

– Simulate Workplace

– …

– Export Workplace Design and 

Documentation

• Workplace Construction (not part of LIAA)
– Purchase/manufacture components

– Integrate components 

• Mechanical

• Electrical 

• Pneumatic

• Hydraulic

• Workplace Configuration:
– Finalize Skill Network

– Map Skills to Hardware

– Set Skill Parameter 

– Finalize Worker Instructions

– Configure World Model and Visualization

– …

– Start Runtime

• Workplace Runtime:

– Execute Skills

– Track Human

– Visualize Information

– Identify anomaly 

– Recover and continue

– …

Workplace Design
Workplace

Construction
Workplace

Configuration
Workplace
Runtime
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3.1.1 Principles 

To separate the functionality as sketched above we follow the principle of separation of 

concerns. To minimize the required integration efforts, we have enabled extensibility and 

dynamic reconfigurability through a Service-Oriented Architecture (SOA)-inspired action 

registration process. Process Modellers are able to focus on the process, as all low-level 

technicalities have been abstracted away using the AF, which also results in process models 

being hardware independent. To facilitate the execution of such hardware-independent models 

we use what we call a Robot Virtual Machine (RVM). This makes an online interpretation of 

the skills to be executed (remember, process models are skills) and handles the management of 

the data-flow and the control-flow. When executing a primitive the RVM makes a just-in-time 

translation to the required primitive implementation. Finally, to enable intuitive interaction for 

end-users (and other roles as well) we have implemented multi-modal interaction by exploiting 

the Model View Control (MVC) design pattern. 

3.1.2 Conceptual Architectural Details 

An overview of the architecture is given in Error! Reference source not found., from which i

t is evident that the four layers of the architecture are Computation, Configuration, 

Coordination and User Interaction.  

 

Figure 3-2: Conceptual Architecture 

A top-down hierarchical dependency exists between the layers such that the user interaction 

layer is dependent on the Coordination layer (and this layer alone), the coordination layer is 

dependent on the Configuration layer which in turn is dependent only on the Computation layer. 

This ensures division of responsibilities, and enables easy updates and extensions of individual 

layers, thus provides easy maintainability. In addition to the four separated layers a Knowledge 
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Base is present which is directly accessible from the Configuration and coordination layers. 

User interaction and Computation have access through these, to sustain separation. 

In the following an outline of the layers and their concerns is presented: 

3.1.2.1 Knowledge Base 

The Knowledge Base (KB) is the central information storage and interpretation module. All 

persistent information generated within the system is stored in the central KB, which handles 

the translation between raw data and semantic data, ensuring that all modules have a common 

interpretation of raw data. The type of information stored within the KB includes all the known 

types of actions (both primitives and skills), the known types of parameters, the currently 

connected computational units as well as currently inactive units and various logging 

information. 

The KB stores the mapping between raw data and semantic values, but the computational units 

perform the actual interpretation—the KB simply stores it. A vision algorithm in a 

computational unit, for example, interprets raw RGB data and creates a semantic understanding 

of these—this interpretation is stored in the KB—not the raw RGB data. 

3.1.2.2 Computation Layer 

The Computational layer encapsulates aspects of controlling units such as actuators, sensors 

and algorithms, thereby serving as the interface to the physical world and units performing 

actual work. We refer to all units providing such functionality as Computational Units. This 

layer is where the architecture is extensible from a functionality perspective. Integrating 

hardware and software requires computational units simply to provide an action description and 

an appertaining implementation. An action description includes information on required and 

optional input parameters and expected output parameters. The registration of the actions is 

handled within the configuration layer. 

3.1.2.3 Configuration Layer 

This layer handles registration and configuration of external modules and runtime adaptation to 

configuration changes by using a service-oriented approach. It also enables the remaining 

system to use the actions provided by computational units. The Action Registry registers actions 

from connected computational units, and shares this information with the remaining system 

through the KB. The KB therefore holds information on all currently available actions. The 

mapping between a primitive model and the component providing said primitive 

implementation is maintained in the Primitive Mapper. If at some point a primitive becomes 

unavailable, the skills requiring this primitive will no longer be available, hence plug’n’play 

adaptability is provided by the system from a capability perspective. 

3.1.2.4 Coordination Layer 

The architecture employs a hybrid control scheme by combining symbolic control and low-

level continuous control. The symbolic control is handled in the coordination layer, while low-

level continuous execution is handled within the individual computational units providing 

implementations of primitives. The symbolic control includes the execution of the hardware-

independent skills, coordination of error recovery and general system state coordination. A 

System Manager manages the internal state of the layer, ensuring the state is synchronized 

with the rest of the system. Coordination is problem-domain agnostic and refers only to the 

temporal and organizational dependencies of the individual units performing actual 

computation, and determines in which order they should be activated. Thus it serves as a simple 

high-level scheduler. This is were support for asynchronous execution, in its current form, is 

provided. 
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3.1.2.5 User Interaction Layer 

In this layer, the interaction between users and the system is encapsulated and facilitated. The 

interaction interface serves multiple purposes, such as facilitating instruction and configuration, 

runtime monitoring and interaction and interactive error recovery. 

Interaction interfaces are developed following the MVC architecture pattern. The original 

intentions of the MVC pattern are to separate ‘(1) the parts that represent the model of the 

underlying application domain from (2) the way the model is presented to the user and (3) the 

way the user interacts with it. ’ (Krasner and Pope, 1988). By following this we are able to 

enable multi-modal interaction all operating with the same underlying model. Likewise we are 

able to create different views of the same data for different scenarios. This helps to increase the 

flexibility and reusability. 

3.1.3 LIAA Framework Architecture 

The LIAA Framework Architecture is a more specific realization of the conceptual robot 

architecture outlined in Section 3.1.2. The LIAA modules have been mapped to the different 

layers of the conceptual architecture as shown on Figure 3-3. 

 

Figure 3-3: LIAA Framework realized upon conceptual architecture 

3.2 Drag&Bot (IPA)  

drag&bot is a robot framework to setup, configure & program industrial robot cells easier then 

currently possible. The drag&bot goal is to help factories to cost-efficiently automate even 

small lot sizes and customized products by making industrial robots more flexible and easy to 

use. 
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Figure 3-4: Results of an evaluation of programming time and required skill level at an automotive supplier 

production site. drag&bot reduces the programming time by a factor of 6 and allows non-experts to program 

robot applications. 

The cloud-based, graphical interface helps non-experts to use industrial robots on-the-fly. After 

setup and programming, the robot can execute a pre-defined task independently offline. 

 

Figure 3-5: drag&bot allows intuitive programming and program execution 

The framework can support all relevant hardware and can easily be extended by external 

software modules: Wizards are small GUIs for parametrizsation, Guides help a user to create 

applications by asking stepwise for all relevant information, Plug-Ins integrate additional 

hardware and Modules enhance drag&bot with additional software functionality like computer 

vision or force control. 
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Figure 3-6: drag&bot is easy to extend thanks to a modular software architecture 

3.3 Computer-Aided Risk Assessment (IPA) 

The objective of the Computer-Aided Risk Assessment Tool is to support system-integrators in 

the identification of potential hazards in their robot cell design and to suggest appropriate safety 

measures to integrate. 

 

Figure 3-7: Computer Aided Risk Assessement 

The tool offers the possibility to import an existing robot cell design. It contains a set of IF-

THEN rules for the identification of hazards. The precondition of the rule can be either a 
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resource type, a set of resource configuration, certain process capabilities or all of the before. 

The post-condition is the identified hazard. 

It lists the identified hazards for a given cell design in a table view and allows the user to do a 

risk analysis by evaluating each hazard w.r.t. severity of the injury scenario, frequency of 

exposure, probability of injury and possibility of avoidance.   

A second set of IF-THEN rules is used to identify potential safety measures and estimate the 

necessary change cost. The preconditions of those rules may be a resource type, a set of resource 

configuration, certain safety capabilities or all of the before that need to be available in the cell 

design. The post-condition is a new risk assessment of the hazard, with a “safe” risk level. 

3.4 pitasc (IPA)  

The software package pitasc serves as a general add-on for industrial robotic control software. 

It is specialized on complex robotic motion in combination with force driven contact situations. 

Thereby, pitasc enhances industrial robots to perform assembly operations which are not 

covered by conventional robot controllers. Furthermore, pitasc skills, i.e. robot capabilities, are 

easily created based on existing skills and can be reused for a wide variety of industrial robot 

vendors or setups, making pitasc superior over vendor-specific force-control products.  

The received opinion suggests that the assembly of commercial products is widely performed 

by automation, implying that state-of-the-art robots are capable of performing common 

assembly tasks. However, actual data argue the converse.  

 
 

Figure 3-8: Various industrial robots performing force driven assembly tasks 

Although, e.g. in the automotive sector, the pressing plant or the bodywork are close to fully 

automation, only very expensive special purpose machines and hardly any robot at all can be 

found in the final assembly line. Concerning small and medium enterprises (SMEs), typically 

no robots at all are involved in product assembly. 

It is the goal of pitasc to enhance current industrial robots to perform product assembly. For 

this matter, pitasc supports system integrators by enabling the creation of new automation 

solutions for the industry. 

Support is highly appreciated, because creating an assembly automation solution is very risky 

with state-of-the-art robots. Typical requirements for assembly automation systems involve 

many different product variants, often with analogous processes but little product similarities. 

Assembly automation aims to make a robot perform complex tasks with the light-fingerness of 

a skilled human worker. Only few experts with special expertise for state-of-the-art robots are 

available, making assembly automation difficult and expensive. 
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On the other hand, pitasc enables system integrators to add assembly automation services to 

their current portfolio. As a result, producing enterprises can purchase assembly automation 

systems without high investment in process and product depending special purpose machines. 

The pitasc core component is based on a general formalism iTaSC from robotic research. Its 

main advantage comes from its generality in respect to the used robot or performed task. This 

makes pitasc a vendor neutral add-on for every industrial robot. 

By means of this formalism, every single assembly step can be formulated as a pitasc skill. A 

robot operator can configure and combine several assembly steps to complete assembly 

programs. Assembly programs are directly executable, controlling the motion of the industrial 

robot.  

 

 

Figure 3-9: Examplary configuration GUI to configure and 

combine assembly steps 

Figure 3-10: pitasc software architecture for 

reusable reactive robot control 

pitasc makes it easy to modify or rearrange steps based upon an existing assembly program, 

efficiently and effectively creating a new assembly program for other product variants. Due to 

vendor independence, assembly programs can be easily transferred to new machines or new 

product lines, developing on top of outcomes of other projects. 

The accomplishment of pitasc is the creation of a software tool which fully utilizes all 

advantages of a general robotic formalism while hiding all complexities to the user.  

In other words, pitasc offers a building kit to enable industrial robots to perform assembly tasks. 

pitasc offers extensible and reusable building blocks. Building blocks can be configured, 

rearranged and composed to complete assembly programs without being a robotic expert, 

enabling process experts to create assembly automation solutions. 

3.5 Uniform Task Description and Assignment of Resources (LMS) 

The Uniform Task Description is the tool that allows the description of the product, tasks and 

resources through an intuitive web user interface. UTD structure allows the reuse of information 

for generating Augmented Reality instructions and monitoring the state of the cell form legacy 

systems (MES, ERP, and SCADA). 
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Most importantly, the balancer uses the UTD file content in order to balance the workload 

between human and robots, implementing ALB techniques. Specifically, the system 

automatically generates the suitable resources for each task, based on the resource capability 

models and the capability validation rules. The alternative Resource-Task configurations are 

evaluated using multiple criteria and the schedule, which better fulfils the desired criteria, is 

selected. The selected alternative signifies how each task is assigned to a specific resource and 

the sequence of the process. 

At the early stages of the project integrators are working for free for preparing a first conceptual 

layout, which takes usually up to two months where they have a hit rate around 20%( see 

Section 3). The Uniform Task Description and Balancing speeds up the lead time between each 

iteration with the client, minimizing the design time to 2-3 weeks, since the optimization 

module allows the extraction of vital information for drafting the assembly layouts. The tool 

provides flexibility to the designer to have more iterations with the end user, so as to better 

fulfil its requirement, while this process does not require many resources (designers, planners 

CAD and simulation engineers.  

 

Figure 3-11: WP04 summarized approach diagram 

The value of the tool lies in the lack of a commercial decision-making tool that will allow the 

automatic selection of resources of Human Robot Collaborative assembly stations. The 

Uniform Task Description and Balancing tool provides the necessary information for 

minimizing the design of HRC workplace. 

3.6 UR+ / URCaps (UR)  

Nowadays robotic assembly solutions are becoming easier to put together due to standardized 

hardware interfaces and specific “designed for” add-ons. However, on a software level, the 

configuration and operation of these extensions is becoming more complex, due to the greater 

number of configuration options and extensions leaning more and more on software for their 

functionality (e.g. vision systems).  

UR Capabilities or URCaps are hardware and/or software extensions for the Universal Robot 

system, designed to seamlessly extend any Universal Robot with customized functionality. 

Using the URCap software platform, third parties can define graphical user interfaces that 

seamlessly integrate with the UR workflow. These interfaces can, for example, be used to 

encapsulate complex new robot programming concepts, or provide a friendly hardware 

configuration interfaces. 
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The following features are currently available in the URCaps software platform: 

• Workflow integration – Third-party developers can provide custom installation and 

program node contributions. 

 

Figure 3-12 Installation contribution 

The installation stores 

information and provides an 

interface for a specific 

hardware setup, i.e. settings 

that are valid for any program 

made with this hardware 

configuration. Error! R

eference source not found. 

shows the conveyor tracking 

setup for the robot. 

 

Figure 3-13 Program node contribution 

Program node contributions 

can be used to hide 

complicated behavior and 

provide a convenient graphical 

user interface for the end-

customer. Error! Reference s

ource not found. shows the 

conveyor tracking program 

node, which provides 

additional information 

regarding its functionality. 

• Device drivers – Hardware extensions often require device drivers for the robot program to 

communicate with their electronics or an extension might require a daemon process to run 

on the robot. The URCaps software platform provides a generic way to install and run a 

daemon process.  
• Real-Time Data Exchange (RTDE) – Reliably exchange data between the UR Controller 

and a third-party process running on the robot itself or over a network connection. The 

RTDE can for instance be used to implement hierarchical control loops or monitoring 

software. One can request the UR Controller to output specific robot state data and/or 

registers at a desired rate. One can also send setpoints (through registers) and use them in a 

program or set specific robot states directly (e.g. digital outputs). The RTDE streaming is 

setup on a per connection basis. Watchdogs are available to guard against connection loss. 

• XML-RPC – Make XML encoded Remote Procedure Calls directly from URScript. The 

RPCs appear almost like calling normal URScript functions, e.g. 

camera.get_object_coordinates(“bolt”,”M8”). However, the RPCs are send to and executed 
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by a remote process, which might be on a different computer and might have different 

capabilities (e.g. image processing) than the UR controller. Any type available in URScript 

can be transmitted as an argument or received as return value. RPCs are great for 

configuration and service calls, e.g. to setup a device, do a computationally intensive 

calculation or combine URScript with other software packages. 

• Script function contributions – Additional script functions (including parameter hints) can 

now be listed in the “Expression Editor” screen. For many extensions it is useful to provide 

specialized function w.r.t. their provided functionality, e.g. “close_gripper()”. If these 

specialized functions are shown directly with other general-purpose (UR) functions it will 

be an advantage, because the need for consulting manuals will be less. 

• Program sub-tree creation – 3rd party extensions can provide proven solutions, i.e. program 

templates, and insert them as a regular program node. Industry experts are regularly 

involved with creating new successful extensions for the UR robots. These experts have 

often created, over many years, a good generic approach to solving a particular problem. 

Sharing these approaches through URCaps will make sure that end-customers use their 

extensions efficiently and correctly. 

The Universal Robots+ (http://www.universal-robots.com/plus) online showroom provides 

end-customers an overview of the available cutting-edge hardware and URCap software 

extensions. One can find everything needed in one place – from end-effectors and accessories 

to vision cameras and software. All products are tested and approved to perfectly integrate with 

UR robots, to ensure simple setup, reliable operation, smooth user experience and easy 

programming. The result is fast, smooth and low-risk integration. 

To summarize, the main UR+ / URCaps benefits for end-customers and integrators are: 

• Faster installation time – By providing easy-to-use graphical user interfaces the technical 

expertise required to install hardware is lowered. Furthermore, less time is needed for 

installation & setup, since the graphical interface can guide one through to process and 

provide real-time feedback. 

• Faster programming – By lowering the threshold for configuring and programming robots 

URCaps create a potential for highly reconfigurable solutions in the production 

environment. The robot becomes a general-purpose tool rather than a highly specialized 

setup. 

• Lower project risk – URCaps featured on the Universal Robots+ website have run 

successfully at end users and are dedicated to UR robots.  

• Shorter lead time to implement robot applications – Access to well-proven technology will 

help to realize new automation solutions quicker. 

The main UR+ / URCaps benefits for third-party developers are: 

• Easy integration & standardization – Seamless integration with the “normal” PolyScope 

workflow. No more “hacking” around to integrate software. 

• Better support possibilities – The URCaps software platform provides among others explicit 

interfaces and versioning. Configuration mistakes can be detected during programming time 

and simple coding errors are eliminated. 

• Sales / Marketing platform – Well-made URCaps can be featured on the Universal Robots+ 

website. Distributors and integrators can present accessories, which run successfully at end 

users, to each other.  

• New opportunities – New opportunities for integrating products and services, and tapping 

into new information sources from the UR software stack. 

 

http://www.universal-robots.com/plus
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3.7 Simulation for HRC (VIS)  

The introduction of the latest 3D simulation and visualization technologies in the manufacturing 

domain has considerably increased the productivity. The digital twin created in the digital world 

is a realistic twin which mirrors the real system and allows to test the functionalities even before 

the real model has started to be constructed. The advantages of the digital twin starts from the 

conceptualization phase where the system can be tested in different scenarios and evaluate 

performance and modifications even before the real system has started to be built. Changes can 

be tested in the virtual world first once the system has been defined and manufacturing 

processes can be improved accordingly. 

Current market demands require high adaptability to new products and variations, 3D 

simulation allows to validate new production demands in manufacturing systems without 

stopping production, reducing configuration and ramp up times and minimizing bottlenecks. 

The increasing automatization and the introduction of robotic systems next to human operators 

has opened new challenges to the 3D simulation and visualization domain which have been 

studied and new solutions have been developed during the LIAA project.  

Visual Components during the development of LIAA has created new tools which provide 

solutions to a wide variety of end users, system integrators and robotics providers to easily and 

effectively integrate automation and robotics systems in cooperation with human workers. The 

extended library for human-robot cooperation allows to the simulation user easily define and 

create any manufacturing layouts, following the Product-Process-Resource perspective. 

Depending on the product to be manufactured, the processes tasks are easily defined in the 

simulation and required resources allocated creating the simulation in easy steps, using the 

intuitive user interface. The library incorporates the realistic human model, which allows to 

easily define the human tasks, process times and reuse of MTM data if available. 

 

Figure 3-14: Detail of the eCat libary and the configuration of a Human Robot cooperation layout (left). New 

realistic human model (right) 

Once the work cell is created different configurations can be evaluated and validated in the 

Visual Components simulation world. Collisions between the mobile parts, robots and humans 

can be checked and security working areas1 around them can be verified using the new auxiliary 

volumes generator developed in LIAA. Once the layout is configured can be exported to other 

tools using the exporter/importer add on and engineering documentation and visualization pdf 

can be exported to share the designed layout. During LIAA new communication add ons have 

been developed to communicate the simulation world with ROS, sharing robot poses and 

messages. In addition, a new communication add-on with the UR controller and UR script 

                                                 

1 Requires a proper risk assessment by a security specialist  
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exporter have been integrated to obtain realistic visualization of robot movements and reuse of 

the information created in the simulation reducing ramp up times and improving productivity. 

The user can visualize and validate the final configuration in a AR/VR system. The utilization 

of AR/VR systems provides a realistic visualization of the final configuration that in addition 

to visualization purposes can be used for training of the workers and validation environment. 

 

Figure 3-15: Detail of the layout in a VR system. 

3.8 CAD-Based Programming (TECNALIA) 

The aim of CAD based programming is to help to create the robot program. The robot program 

is based in skills, and using this application is possible set automatically the values of some 

parameters of the skills. This information is extracted from CAD, such as holes coordinates for 

screw insertion, for drilling, etc. depends on the process. This information is extracted and 

written in XML files, and these files are used in ROS to complete the necessary architecture 

that allows the robot will be able to perform the process. 

A lot of companies design their products with information into the CAD models. Using this 

technology, it is possible use this information to create the robot program. The lead users are 

integrators and manufacturers. This technology allows reduce time for robot program 

development, it is easy to program and reprogram and it is independent of the robot. Any market 

where robots are used, are potential application areas: automotive, aeronautics, pharmacy, food, 

etc. 
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Figure 3-16: CAD-based Programming 

 

Figure 3-17: Different robots programmed using this technology  

 

Figure 3-18: Other application areas 

3.9 Mobile Robot Unit (LP/INSYSTEMS)  

The Mobile Robot Unit (component of Pilot Case FISCHER and DDE) is a symbiotic, stand-

alone, movable robot cell, supplied with replaceable process tools and safety devices (e.g. 2D 

cameras). The control of the robot and process tools, as well as the industrial PC containing the 

LIAA software, is stored underneath the working space. 

The use of a Mobile Robot Unit allows worker and robot to cooperate on multiple tasks in 

changing workstations and assembly processes (i.e. screwing, crimping, bonding or micro 

fitting of very small parts). 

Auto-generate the assembly 
sequence
Auto-generate an optimized 
cell layout
Automatic referentiation
Robot independent

CAD

SKILLS

TOWARDS
AUTOMATIC
WORKCELL
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Figure 3-19: 3D-Model of Mobile Robot Unit 

The demonstrator addresses the flexible nature of FISCHER and DDE production by creating 

a transportable robot with all required safety appliances “on-board” attachable to different work 

places. An example workplace layout is shown in the following figure.  

 

Figure 3-20:  pilot demonstrator workplace (concept)  

The Mobile Robot Unit (MRU) can be adapted at almost any workplace. After connection to 

power supply and short teaching of the new tasks the unit will be able to support the worker by 

his manual jobs. The teaching of the new tasks will happen with the LIAA development 

environment. The benefits for the customers are a quick adaption to altered circumstances and 

parameters with low expenditure as variable quantities and batches, diversity of variants or 

shortage of capabilities. 

 

Figure 3-21  Housing of process  tool (Source: Fraunhofer IPA, Stuttgart, GER) 

In case of soldering process – demonstrator of DDE – a automated soldering device is fixed on 

a light-weight robot UR 10. The system needs no surrounding protection shield. The whole 
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process is secured by protecting and isolating the soldering tool on the robot, thus preventing 

the human from reaching the hot iron tip.  

A distance sensor detects the safety gap to the work piece. The position of the work piece on 

the table will be monitored by 2D-camera SICK PIM 60. Also incorrect alignment or the 

location to one another will be recognized and errors will be avoided. 

 

Figure 3-22: Detection of Hall Sensor with SICK PIM60, Source: SICK 

The Mobile Robot Unit was developed within the context of WP09 primarily by INSYSTEMS 

and LP, with contributions from IPA. 

The significance of modular structured assembly systems will increase in the future. 

Considering the demographic change of the population and employees, similar process modules 

will play a vital role on the way to age appropriate workstations, which can be replaced, 

integrated or decoupled in an assembly flow systems. 

3.10 World model and Human-IoT Gateway (LMS) 

 

Figure 3-23: World model and the H-IoT Gateway communication architecture 
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The synergy of the Human-IoT Gateway(H-IoT Gateway) and the World model(WM) 

constitutes the context of this technology that allows the systems to connect to existing legacy 

systems such MES and the ERP. The WM is a runtime module that combines static and dynamic 

information for calculating the status of the resources(human/machinery/robot) and calculates 

the task progress execution. Specifically, the WM fuses data from various sensors, the 

component that controls the robot (DTI Robot Co-worker) and the input of the H-IoT Gateway 

that captures the activity of the worker through a smartwatch. Besides metrics of human activity 

the H-IoT Gateway is able receive the progress of the process plan while there is an 

acknowledge button in order to allow the human to interact with the robot. The H-IoT Gateway 

enable the worker to move between workstations and control the process remotely.  

The value of the WM lies in the lack of a tool that is able to calculate the progress of the task 

taking into consideration both the actions of the operators and the robots. The system is able to 

trigger re-scheduling and load automatically the new schedule. In addition, human metrics can 

be monitored, through the H-IoT Gateway, so as to invoke job rotation when the operator reach 

a significant level of stress. Moreover, the interaction UIs of modern MES are not mobile and 

the operator usually has to move to a specific location so as to provide feedback to the system. 

 

Figure 3-24: World Model and IoT application in OPEL pilot case 

3.11 Robot CoWorker (DTI) 

This section introduces the Robot CoWorker (RCW) Platform. This is a system creation 

platform consisting of various technical components such as a capability modelling framework, 

an execution engine and customisation interfaces. It embodies a space of systems in potentia (a 

wedge) that can be customized to specific instances by the various actors using the tools 

appropriate to their role. 

From a capability perspective, the platform supports methods for encapsulating functionality in 

self-contained units, and for allowing easy integration into systems. Components can, therefore, 

easily be integrated and composed to form the technical parts of a system. Component 

developers focus on creating these units and components, thus provide specific capabilities. 

Capabilities are modelled through a hardware-independent capability modelling framework, 
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which we call the Action Framework (AF). This allows components to represent capabilities 

independently of the implementation, and thereby serves to encapsulate many intrinsic 

component-specific complexities—which are not relevant from the outside of the 

components—in abstract models. 

Some of the main features of the RCW Platform are discussed briefly in the following 

paragraphs. 

Operable by Non-Technical Users 

Enabling instruction and operation for non-technical users increases the usability for end-users, 

as experts are no longer needed to perform modifications and updates to existing processes. 

New processes can be instructed by end-users, and only complicated scenarios require robotic 

experts to perform specific customization. To facilitate this an intuitive interaction interface is 

needed, as well as an intuitive grounding of system capabilities. 

The proposed platform is based on the hierarchical AF, where system capabilities are grounded 

by means of a hierarchy of actions such that low-level complexities are hidden from the end-

users. 

To enable intuitive end-user interaction we use Visual Programming (VP) as one of the 

interaction modalities. The main advantage of VP is its ease of use, which is achieved at the 

cost of flexibility provided by classical programming. By providing an adequate graphical 

instruction interface, the user can be provided with the necessary flexibility without 

compromising the intuitiveness. 

For the system to be operable by non-technical end-users it is important that error handling is 

present within the system, so that recovery from runtime errors can be automated (as far as 

possible) to facilitate easy error recovery. Our approach to error detection and recovery is 

presented by Beck et al. (2015) 2. 

Applicable in Multiple Hardware Configurations 

A hardware-independent platform greatly increases applicability and thereby expands the areas 

of potential impact, as it is retargetable to a variety of hardware configurations, and extends its 

use beyond the original one envisioned by the designers. To ensure that the platform can be 

used with a variety of hardware configurations without modifying its core, it rely on the 

aforementioned AF to abstract low-level complexities. The system itself is unaware of which 

hardware is connected but is focused on the capabilities provided by connected units. 

The benefits of having a hardware-independent system are evident when desiring to use 

different robots for different types of tasks. A company might want to use a Universal Robots 

(UR) robot for one kind of task as the specifications are sufficient while, for a different task, 

they require more speed and power, and so buy a new robot. The hardware-independent system 

allows the operators in this company to use the same system to control and instruct both robots, 

hence a unified interface is naturally available within the entire company for robot-related 

instruction and control. 

                                                 

2 Beck, A. B., Schwartz, A. D., Fugl, A. R., Naumann, M., & Kahl, B. (2015). Skill-based Exception Handling 

and Error Recovery for Collaborative Industrial Robots. In The Path to Success: Failures in rEal Robots (FinE-

R 2015) (pp. 5--10). 
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Easy Extensibility 

Extensibility is a key feature of most robotic architectures, where the core aim is to provide for 

change while minimizing impact to the existing system. If the architecture can only solve 

problems explicitly foreseen by the designers, then it is very likely to fail, or at least only be 

valid for a short period of time or in a very narrow scope. Allowing the system to integrate and 

exploit external functionality serves as a way to ensure continuous adaptability of the system. 

The approach to extensibility is inspired by Service-Oriented Architecture (SOA), in that 

external resources registers themselves within the system so that the capabilities of a newly 

added entity become available to the system as a whole. In this way external components can 

add whatever functionality is desired, from hardware drivers to interfaces for software packages 

to specific algorithms or a combination of those possibilities. 

Summary: 

In summary, the RCW Platform enables rapid creation of bespoke systems, targeted at Small 

and Medium Enterprises (SMEs), by enabling flexibility, usability and reusability and by 

separating the responsibilities of key roles. 

This separation enables the individual roles to exploit their main expertise: 

• Component Developers can focus on writing self-contained components. 

• System Developers can focus on creating systems through integration and configuration of 

available components. 

3.12 C-Wear Glasses (PENNY)  

 

C Wear 40 includes the following features 

1. Binocular see through projection, +60 degrees 

FOV 

2. Motion tracking and hands free click commands. 

3. Button and RF-ID reader Bracelet as an option  

4. Powered by a Intel M Core 5 Compute Stick  

5. Integrated MIPI Camera in the front  

6. Supports Windows 10 and Linux Ubuntu 

 

Problems solved with the AR Glasses: 

C Wear 40 AR Glasses from Penny is the latest product in development based on the findings 

in the LIAA project.  With support of real time positioning objects in an armlength of a user the 

AR glasses this is a system for users working with their hands in an industry environment. The 

complete system (hardware and software) is designed to be integrated with Atlas Compo 

Nutrunners enabling high end smart assembly for Industry 4.0. 

C Wear 40 AR Glasses gives the user the ability to always have support and instructions in 

assembly just in front of the nose. As C Wear 40 AR glasses is powered by a battery driven 

Core M5 Compute Stick the system support assembly in high phases.  

As the optics is see through graphics can be placed direct on the tools used. The glasses are a 

binocular system which enables a fully Field of View of +60 degrees. The integrated MIPI 

camera in the front supported by a camera vision system (i.e. National Instruments Vision 

Builder) and works as a pattern matching software. 
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Figure 3-25: Example of AR-Information displayed on the PENNY glasses 

Software system design 

C Wear 40 is the first system from Penny with an Web based software support including 

1. Web based Client 

2. Integration software 

3. Server software 

4. Administration software 

We found that there are big advantages of web based client as it can run on almost all devices 

with modern browsers. No compilation required, changes can be implemented directly if 

desired. ARToolKit JS for ”marker” recognition. Three.js is used as 3D engine, Tracking.js for 

vision i.e gesture recognition and ROS support using mjpegcanvasJS. The software support for 

C Wear 40 AR Glasses is a web based solution enable users to simply update and create new 

instructions for the user. The movement forward in the assembly process should be done 

automatically according to actions from integrations done either by the user or by a robot or 

assembly tools (i.e. nutrunners).  

 

Figure 3-26: Architectural Overview of the PENNY Software System 

Integration Software 

The integration software is a Module based software supporting integration with common 

interfaces such as: OPC Classic, OPC UA, Socket, REST, RS232, Modus etc. It has Automatic 

 



Doc-Ref: R04 PUBLIC 

 

LIAA Page 29 of 36 

 

progress of instructions with use of Assembly tools and existing assembly applications (if 

integration is possible). 

Web based software and Demo scenarios 

The software has been tested and runs smoothly on both windows standard browsers as well as 

on Android Chrome. 

   
Demo Windows 10 - Edge Demo Android Chrome Instructions have been tested 

with static images with a grid as 

support. 

3.13 AR-Visualization (EON)  

The AR Visualization is a high performance help for the worker to see instructions for any 

assembly task. The instructions used are of three types: 

1. Text – A short text message describing what shall be done 

2. Image – An image of the assembly task 

3. Arrows – One or more arrows pointing to key points for the assembly task 

EON Studio software is used for the AR Visualization and support for MS HoloLens has been 

developed for EON Studio. There are also other features added into EON Studio like ROS 

nodes for the communication with the rest of the system in runtime. 

The HoloLens tracking is very stable, thus the instructions are as well at very fixed position. 

This is important both for the user experience but as well it is important for the arrows – it must 

be very clear where the arrows point. 

The image below shall the three types of instructions that can be used. 

 

Figure 3-27: AR Assembly Instructions 

In order to know exact positions for the HoloLens device we have a simple setup phase where 

a virtual fixture is used and moved to match the position of the real fixture. Once this step is 

completed, the model in the HoloLens device is stable when the worker move around. 
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3.14 The LIAA Demonstrators: 

3.14.1 OPEL 

 

Figure 3-28: OPEL Demonstrator 

3.14.2 DDE 

 

Figure 3-29: DDE Soldering Demonstrator 
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3.14.3 SPINEA 

 

Figure 3-30: SPINEA Demonstrator (real demo cell and rendering) 

3.14.4 FISCHER 

 

Figure 3-31: FISCHER Demonstrator (real demo cell and rendering) 
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3.14.5 TELNET 

 

Figure 3-32: TELNET Dual Arm Robot Demonstrator 
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4. SOCIO-ECONOMIC IMPACT AND THE WIDER SOCIETAL 

IMPLICATIONS 

The solutions developed within LIAA will enable the implementation of symbiotic robot 

applications for flexible small-scale manufacturing resulting in: 

• increased productivity of European manufacturing companies resulting in higher 

employment because of the gained competitive advantage 

• new market opportunities for the robotic industry 

• an improved safety certification workflow 

• promotion of equal opportunities on the shop-floor by letting robots take over the 

monotonous, physical demanding work thus removing one of the main reasons for 

inequality 

 

4.1 Increased use of robot installations in SME-like production 

environments 

The International federation of Robotics (IFR) estimates that in 2017 around 2 million industrial 

robots are in operation, most of which are utilized in the automotive industry. Other industries, 

which heavily utilize robots are, electrical/electronics industry, rubber and plastics industry and 

metal industry. All of these industries are characterized by high production volumes. 

New emerging market opportunities for the application of industrial robots in SME-like 

production environment is still hampered by the rigidity, inflexibly and complexity of 

traditional automation solution. 

By developing a lean automation approach, LIAA did contribute to enable robot applications 

for flexible small scale manufacturing, thus opening up new market opportunities for the 

robotic industry. Based on the number of persons employed by SMEs in the manufacturing 

sector for the EU-27 - approx. 18.7 Mio - and the average robot density encountered in the 

automotive industry  ~ 1,100 per 10,000 employees, there is a market potential for approx. 2 

million robots as opposed to the current 500,000. Granted that those robots will rather be in 

the low-cost category (<5Kg payload and <25,000 €); this still represents a potential market 

of 40 billion €. Based on the cost ratio of robot to peripherals, it is estimated that there is at 

least another 40 billion € market potential for peripherals and system integration. The LIAA 

approach makes robotic automation more cost-effective, thus increasing robot penetration into 

small-batch production. 

Taking into account that robots for about 20,000 € are already available (UR, Sawyer…) and 

that Kinect-like 3D sensors are available for about 200 € a cost estimation of 50,000 € for a 

LIAA robot system (robot + peripherals + LIAA framework + installation) is rather conservative, 

with a high potential for additional savings regarding installation cost. But even then, the 

payback period for a LIAA robot system is 3.08 years under the following conservative 

assumptions: 

• One-shift production (220 days/year, 8 hours/day), 

• Labor costs are 40 €/hour ( 70,400 €/year), 

• Robot is as productive as half a worker, needs to be setup by an operator for one hour per 

shift and requires 3,000 € maintenance costs per year 
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The payback period can be even shorter in a two-shift production (1.44 years) or when the 

assigned task allows the robot to be as productive as a human (1.15 years). 

 

4.2 Higher employment through better robot exploitation  

The only viable option of European manufacturing companies in the competition with low wage 

countries in traditional manufacturing processes is the increased productivity resulting from the 

wide-spread adaption of robots in the manufacturing process. LIAA did develop solutions to 

overcome the obstacles inherent in traditional automation (e.g. investment cost, 

complexity, etc.) through a lean automation approach, integrating robots as co-workers/ 

production assistants in manual workplaces.  This will enhance the competitiveness of 

European manufacturing companies and will support the retention of manufacturing jobs (more 

than 30 million jobs directly and double that number in related services) in Europe. This will 

in turn stabilize employment figures  

In addition to stabilizing the employment figures, new high-tech jobs will be created in 

European automation companies and especially in the robotics industry, which currently has 

more than 55.000 employees. 

4.3 Increased adaptability of advanced factories by combining the 

flexibility inherent to humans with the enhanced potential of 

cooperative production systems 

Existing automation technologies have been developed for capital-intensive large-volume 

manufacturing processes, with the explicit aim of replacing human operators through 

automation, resulting in costly and complex systems, with a strict – even physical -- separation 

between robot and human tasks.  

LIAA on the other hand did develop solutions to incorporate the human operator in the 

automation loop, in order to avoid the complex and expensive workarounds involving 

several sensor-control-loops necessary for emulating the cognitive capabilities of a human 

operator. Thus taking full advantage of a robot’s ability to achieve high productivity in 

structured environments while retaining the ability of humans to adapt quickly in 

unstructured environments.  

Robot and human in the same loop reduces the need to invest in expensive equipment to 

cope with uncertainties and at the same time avoids strenuous and repetitive manual work 

that strains the human body and is a waste of human capabilities. 

The inherent flexibility of a lean automation solution as developed by LIAA, enables its 

deployment in different SME-like production environments, as LIAA did demonstrate 

through its five end-user demonstrators. 

4.4 Improved safety certification of human robot symbiotic production 

systems  

The developed LIAA solutions are based on the relevant standards (ISO 10218 and others) 

concerning safety. Further, a classification of symbiotic workplaces according to safety 

levels is conducted, using a risk assessment methodology. 

A Computer-Aided Risk Assessment Tool has been developed to support system-integrators 

in the identification of potential hazards in their robot cell design and to suggest appropriate 

safety measures. The tool reduces the effort for the safety certification of human robot 

symbiotic production systems significantly. 
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The LIAA-findings regarding safety levels, concepts and strategies have been communictated 

to the appropriate work groups of the standardization bodies by the submission of 

appropriate reports (see D10.40) and the participation of LIAA partners in the relevant Working 

Groups. 

4.5 Promotion of equal opportunities on the shop-floor 

Having robots take over the monotonous, physical demanding work will remove the key 

argument for gender inequality in the manufacturing sector.  

Improved working conditions should also extend the average retirement age in 

manufacturing. Since LIAA solutions will allow older workers to maintain the same 

productivity levels - even higher levels due to their experience - as younger workers, this will 

make the hiring of experienced older workers more attractive to companies and so lower 

age discrimination. This will be a necessity, as it is projected that by 2030 a quarter of the 

working force in Europe will be between the ages of 55-64. 

The impact of improved working conditions may not be predictable in monetary terms, they 

are however clearly crucial to business competitiveness and public perceptions/acceptability, 

e.g. making manufacturing jobs more attractive to women – and men – alike. 

LIAA solutions will also contribute to a reduction in work-related injuries (~1.3 million/year 

in manufacturing)  by eliminating some relevant risk factors, e.g. repetitive hand or arm 

movements, difficult work postures, work movements or handling of heavy loads. 

The intuitive programming solutions developed within LIAA will enable workers to use the 

robot as a simple tool without requiring expert programming skills; by offering support and 

several different convenient modalities and interfaces for programming the robot. 
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