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1 EXECUTIVE SUMMARY 

 
The main objective of the MEGAROB project is to develop a flexible autonomous platform, based on 
robotics and mechatronics, to perform high accuracy manufacturing tasks on large components (>10 
meters long) which can be found in different industrial sectors such as aeronautic, wind mills, civil 
engineering, railway and ships manufacturers, achieving a long-range and high-accuracy robotic system 

adaptable to all types, sizes, quantity and complexity of parts, extensive to any other kind of sector or industry, 
as logistic, automotive or big machinery manufacturing. 
 
The project, with a duration of 3 years has been developed successfully, achieving the most important 
objectives so far. Anyway, several important unexpected issues appeared as on any R&D project that were 
covered and solved with as much diligence as possible. 
 
Technically, the project developed two different prototypes at different scales: a miniMEGAROB placed on 
Switzerland, where the core software and the correction algorithm was tested, and the full-sized final 
demonstrator (20m x 6m x 5m), that is placed on the facilities of AITIIP in Spain where the demonstration 
activities in a composite beam and a wind mill blade took place. The error compensation estimated as an 
objective was achieved on all zones of the part (accuracy of +-0.3mm on 10-12m parts). All of this integrated 
on a system: Software with CAM trajectories, Error compensation based on online Laser Tracker measuring 
(1000 times per second), Industrial Robot and Crane: 
 

 
 
On the Management side, one partner leaving on the first months of the project, replaced successfully and 
another closing its activity and being assumed its activity by the coordinator are the only relevant points that it 
is necessary to mention. 
 
Regarding Dissemination, a webpage that was (and will) updated constantly can be accessed on 
www.megarob.eu a youtube channel where all videos of MEGAROB operating can be seen and dozens of 

actions (Workshops,Scientific speeches, Press Notes, Articles in Press, etc) have been carried out during the 
project. 
 
Finally, regarding the exploitation of the results, It was decided to exploit the main result (the demonstrator) 
through the coordinator with the support of the rest of members for two years after the project. All the income 
produced using this demonstrator on industrial services will be saved in order to create an spin-off based on 
MEGAROB in the future if it really profitable. Replication of the demonstrator is also another direct result of the 
project that can be exploited through the collaboration of the partners. 
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2 DESCRIPTION OF THE PROJECT CONTEXT AND THE MAIN OBJECTIVES 
 

One of the main problems facing the industry today is the manufacturing and repairing tasks of large 
components (10 meters long and above). Indeed, manufacturing processes, such as machining, milling, 
grinding, polishing, deburring, welding, riveting, screwing or painting, on this type of components and 

structures, are still carried out manually mainly because of the problems related to the kinematics structure of 
the machines. That is the reason why there is no automated system that can achieve the tolerances required 
by the industry. 

With the current State of Art it is very difficult to develop a robust system accurate enough for such operations, 
mainly because the positioning error grows exponentially when the size of the machine increases, the accuracy 
results from the accumulation of different errors, starting with the error in the manufacturing process of the 
machine itself. 

There is an important gap between the accuracy that is currently achieved on small products and components 
and the precision achieved on large structures. As a result, it was increasingly necessary to develop a system 
capable of extrapolating the tolerances achieved in small components to large parts. 

That is why the idea of developing MEGAROB as a research and development project appeared. Within the 
industrial sectors mentioned above, the MEGAROB project is more precisely dedicated to the manufacturing of 
large components such as airplanes and container-ships body parts or generator blades and masts for wind 
mills. 
 
The main problems encountered when manufacturing large components are related to: 

- The difficulty to maintain a high level of accuracy 

- The need to move the parts from one site of the factory to the other in order to realise the different 
manufacturing operations 

- The necessity to realise at least part of the manufacturing operations manually 
 

Ultimately, these drawbacks have a negative impact on the competitiveness of the industry because of the 
increased processing time and the necessary investments in manufacturing equipments. 

As a solution to this, MEGAROB system offer consists in a platform for the realization of such operations 
automatically with a high accuracy rate in positioning of ±0.216mm+0.5μm/m. This supposes a 

tolerance of ±0.4mm in a 100 meters long part. The targeted system is composed by a spherical robot, 

mounted on a conventional simple structure, such as a crane. This robot can cover a very large area, thanks 

to the capacity of the overhead crane. 

The main problem to overcome for such a system is to work accurately enough to fulfil the requirements of the 
products to be manufactured. 

Indeed, a robot by itself has a limited accuracy. If it is also mounted on a translation system, such errors 

theoretically should increase exponentially, by simply adding more axes of movement, and especially to 

dramatically increased kinematics size of the system. 

The solution developed is to split the working area of the full crane, into three-dimensional sectors, with a 
particular shape. Each sector becomes a working sector where the robot is located to perform the 

manufacturing or repairing tasks in that area. Once located, the exact position of the robot is acquired using 

laser tracker systems. 

Several targets are placed at the base of the robot, with a setting of 3 spheres, whose position allows 

unambiguous definition of a coordinates system. 

The tracker points in real time the main target, and once set in position searches the other two targets. With the 
information of the spatial coordinates of the targets, the mathematic algorithm will be developed to create the 
changing matrix between the relative and the absolute origin. 
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Once the robot is located, the information about its position is sent to the High level control system that adapts 
the CAM paths to the actual position. This way positioning errors are corrected and MEGAROB adapt its 

behaviour and manufacturing plan for the new situation. 

As a consequence, the proposed system has an industrial robot working in vast areas without increasing 
its intrinsic positioning error. 

Positioning deviations errors are very important in the industrial manufacture of small parts. If the scale of these 
deviations is maintained for large parts, the parts processed with this system will easily pass the quality 
requirements. With this concept, the MEGAROB system will be able to manufacture and to repair parts or tools 
whose dimensions are above 10 meters long by performing milling, drilling, deburring, grinding, polishing, 
riveting, screwing, welding, painting, or quality dimensional control tasks, with applications in industrial sectors 
such as aeronautics, marine, renewable energy, construction and civil engineering, etc 

OBJECTIVES 

The final aim for MEGAROB was to develop an innovative multifunctional manufacturing system based on robot 
capable of achieving accuracy in positioning of ±0.216mm+0.5μm/m which implies a tolerance of .±0.4mm in a 
100meters long part (position acquisition system located in the middle of the part) and to demonstrate its 
efficiency through.  

In order to reach the above mentioned target, the MEGAROB consortium set, and achieved the following 
scientific and technical objectives which are twofold: 

- To develop a high level control system whose components are: 

 
o A specific accuracy correction algorithm. This system combine mechanics and optics to 

analyse position. The use of laser tracker technology compensate accuracy deviations. The 

compensating algorithm was conceptually designed first and later on developed to monitor in 
real time movements of MEGAROB 
 

o A dedicated Computer Aided Manufacturing. Manufacturing tasks are controlled by 
computer. The CAM system for MEGAROB, is able to work in discrete zones, and optimize 
the movement sequence to reduce processing time.  

 
o An alignment and centering algorithm. Using the possibilities of laser tracker technology, 

an alignment and centering algorithm was programmed in order to exactly locate the position 
of the part to be processed. This takes place in the step preceding the manufacturing tasks. 
This system feeds CAM in order to set the references in the virtual CAD system. In parallel 
another algorithm was programmed based on the use of the robot to assure the aligning and 

centring processes. 
 

o A virtual simulation environment. A virtual simulator was used, included into MEGAROB 

hardware configuration, part to process, finished part, manufacturing plan, in order to assure 
safety of all the elements involved in the manufacturing process, including operators, if it is the 
case. With the virtual simulator MEGAROB behaviour and movements can be analyzed or even 
changed before they are executed. 

 

- To demonstrate the feasibility, the efficiency and the real performances of the MEGAROB 
concept by building a complete full scale prototype, which was sucessfully tested on two different 

industrial applications: a wind mills blade and a composite beam. 
 
 
Some pictures can be seen below, showing the manufacturing operations on the final demonstration parts: 
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3 DESCRIPTION OF THE MAIN S & T RESULTS/FOREGROUNDS 

 
During the 3 years of life of this project, several S&T results have been obtained and will be explained below: 
 
WP1 
 
For instance, on the first months of the project the consortium fixed the requirements for the different 

Hardware elements conforming MEGAROB: 

In the case of the robot, the necessary parameters for its selection, performing a benchmarking of different 

industrial robots existing in the market. Also, starting requirements were established for the crane, and more 

precisely for the crane that will be developed and manufactured for the MEGAROB scale prototype, as well as 

the necessary characteristics for the laser tracker. 

Moreover, an exhaustive study related to the manufacturing working blocks where the robot will work to cover 

the necessary working field was performed. It was defined the maximum size of those working blocks, and 

depending on different parameters that will be obtained during the development of the project, those working 

blocks will reduce its size, optimizing the manufacturing processes execution times. This optimization will be 

done keeping in mind the geometrical parameters analyzed in WP1 and calculation of the transition times 

between blocks that will be derived from the definition of crane in further steps. An initial definition of the 2 

demonstrators that were implemented during the project, defining the requirements that will affect was carried 

out, both from the related manufacturing process point of view and from the geometries and precise applications 

that will be faced. 

This allowed developing a first draft of the MEGAROB scale prototype hardware that will be used as a basis for 

its development, and will be the resource used for the real implementation of the demonstrators.  

Regarding the software, it was defined first the high level MEGAROB concept that was developed and 

implemented accordingly in the next phases of the project, providing the details on the concept of the interface 

between the user and the system, the software modules and their implicit instructions set as well as the 

interfaces between MEGAROB components taking into consideration the architectural and implementation 

phases. 

Finally, the last introductory development was the main LCA methodologies to be used in the project, as well 

as the representative impacts and indicators which were considered in the last period of the project, during the 

demonstrator assessment in WP6, where a complete Life Cycle Analysis was also carried out to test the 

performance on MEGAROB activities, under a real scenario.  

General emissions, emissions to air, inorganic emissions to air (CO2) as well as several indicators measured 

by EI99 and CML 2001 have been defined as a reference, in order to be assessed during the life cycle analysis 

of MEGAROB demonstrators. 

More detailed information about these indicators was extended during the last phase of the project, once the 

final scenario was totally defined. 

WP2 

Some research was done also on structural and process design optimisation.  

In relation to high force requirements processes tests, the manufacturing forces were measured for milling 
processes on soft materials, performed by a spherical robot. With this base, a mathematical model was 
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developed in order to predict maximum and average process in function of typical manufacturing parameters 
as tool rotational speed, tool translational speed, cut depth. 

With this model new parameters can be programmed for new potential manufacturing tasks with a prediction of 
the forces that are going to be involved prior to the actual execution. 

Forces obtained in the range of parameters used during the tests are always inferior to 300 N, so a 30kg pay 
load robot should be able to perform manufacturing tasks on the materials studied with the roughest parameters 
of the trials. 

In case of the use of a different pay load range robot, the use of the mathematical models developed would be 
able to determine the maximum parameters to perform a potential manufacturing task. Although the robot is 
able to support these manufacturing efforts (with the parameters programmed), the tracking trials of the end 
effector of the robot shows a deviation from the theoretical programmed path. 

Even without manufacturing forces, robot paths present an error that in the research developed is around 
0.2mm. This is an intrinsic machine error that doesn't depend on the efforts supported. 

When manufacturing, typical forces as the trials shows, produces a really large path deviation error that, with 
the parameters used, can reach 2.5mm. This is a large error that in a real actual manufacturing process would 
imply large geometrical deviation from the desired theoretical CAD shape. 

With the results obtained, the conclusion is that the use of a spherical robot is not feasible with the materials in 
the research for industrial sectors that require high accuracy in the manufacturing process.  It is absolutely 
necessary to develop a system able to analyze in real time the actual position of the end effector of the 
robot and change the robot path to reach the theoretical position, during manufacturing task when 
robot kinematic is exposed to the manufacturing loads, which in fact is one of the aims of the WP4. 

In relation to low force requirements processes tests, studies conclude that grinding, deburring and polishing 
process, using the methodology developed, and the tool based on Aitiip background, are manufacturing process 
that are not very aggressive, even with hard materials, such as steel, resulting on forces lower than 80 N. Force 
is not close depending on parameters as rpm, feed rate, even abrasive size, and the only one that really affects 
is the cut depth. The reason why is that cut depth affects pressure that the tool makes against the workpiece. 
Material used to develop the tool has a pressure-deformation graph very flat, so the compression force is mainly 
constant when compression rate goes between 20% and 50%, this is a feasible process in MEGAROB 
environment, because for a 5 mm foam layer, it admits 1.5mm of positioning error, to maintain process results. 
 
The values of the average and maximum loads obtained for polishing and grinding tasks, reveal that 
miniMEGAROB can perform finishing processes on all the materials tested during WP2, using the methodology 
developed.  In the case of milling processes, results obtained show that miniMEGAROB is not the suitable 
hardware configuration to perform milling, cutting, drilling process on high performance material, such as 
aluminium or composites (Regarding the composite used for the tests, only milling tasks with less than 1mm 
cutting depth, and high rotational speed of the tool are admissible).  In the case of aluminium is even less 
possible to be affordable in miniMEGAROB environment because load values obtained are even higher than 
with composites. Cutting thicknesses less than 1mm are also possible, but with small tool feed rate 1000mm/min 
and high tool rotational speed (12000rpm).  

In addition to this, several processes and its adaptation to the robots and demonstrators were studied, and we 

can say that all the manufacturing process analysed are possible to be executed in MEGAROB environment. 

MEGAROB prototype and miniMEGAROB will be configured to perform milling, drilling, polishing and deburring 

activities mainly, but the rest of operations can be performed more or less easily, as there is no hardware barrier 

for the processes listed on D2.3. Both prototypes could be modified, once the industrial demonstration activities 

are finished, and integrating the tools, and consumables described, MEGAROB could increase the list of 

manufacturing task performed. From a further potential exploitation view, the most interesting of the processes 

described apart from the MEGAROB basics is MIG welding: with a low investment, and some efforts on software 

development, it could be applied to rapid manufacturing (additive manufacturing) of large components. 
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WP2/3 

In parallel to the devlopments regarding the crane in WP3, in the WP2 also was studied through FEM 
simulations the feasibility of the crane design. On this regard, it was performed a very detailed FEM mechanical 
analysis to validate the full MEGAROB structure, with all subassemblies related (rail way structure, crab, trolley 
and vertical axis). 
 
It was concluded that the structure is strong enough to bear the loads in the normal use of MEGAROB, and 
even during special situations, like emergency brake of the robot. Otherwise  reaction forces are very high 
and it was recommended to implement additional clamping systems to fix subassemblies when the crane is 

stopped in a work block, to avoid reaction forces make guides go out of the rails (suggestion followed by GH 
on its developments on the crane) 
 
Frequency analysis showed natural frequency modes very low, that are no going to occur during normal working 
of MEGAROB. Only in acceleration phase of the spindle system will go through these frequencies. The 
overpass will be only during a little time instant, and will be damped by the structure. No problems previewed 
for this issue. Structure has also been verified in some of these frequencies with FEM dynamic studies and 
damping performance is well acting. Also a simulation of real working path was done to have a range of the 
displacements that real time correction algorithm is going to face. 
 
WP3 
 
If we summarize the developments related to the crane, after analysing all the product range of cranes, it was 
concluded that the best option for MEGAROB project demonstrator from the point of view of the crane concept 
is to use an overhead bridge crane configuration instead of using any other crane configuration because of the 
following reasons:  
 

- The overhead bridge crane configuration is considerably more common in the general industry 
than the rest of cranes configurations.  Inside of the factories this is the more common configuration 
and the MEGAROB system is design to be installed inside, in a workshop. 
 
- The stiffness and the resistance to the deflections is better in a bridge crane configuration than 
in the rest of configurations, because in this configuration there is not any legs so there are 
consequently less articulations which result in less mechanical clearances.  
 
- The deflection in this configuration is considerably less than in a Console Crane type 
configuration because it has two supports.  

 
 
From the other hand, related with the trolley concept it was decided to use a double girder crane configuration 
instead of a single girder one. The main reason is the installation of the third axle for the robot in the trolley. 
While in the double girder trolley option the third linear axle structure can be positioned just in the center of the 
4 wheels, in the case of a single girder trolley the third linear axle structure has to be positioned in one side, not 
centered between the wheels, which involves worst stability and bigger dimensioning in order to reach the same 
solution than in a double girder crane.  Summarizing, the characteristics for the MEGAROB prototype will be 
the following ones:  
 
TECHNICAL FEATURES FOR THE BRIDGE CRANE 
Crane Type: Bridge Crane  
Number of girders: 2 girders 
Span: 6 meters 
Structure Capacity: 3,2 Tonnes 
Camber of the Girder: 4,192 mm-s 
Structure FEM Group: M6 
Long Travel Length: 20 meters 
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And generally it can be set that the main characteristics for a crane to be possible the installation of the 
MEGAROB system, are the following ones:  
 
TECHNICAL FEATURES FOR THE BRIDGE CRANE 
Number of girders 2 girders 
Structure Capacity More than 3,2 Tonnes 
Structure FEM Group A6 
Long Travel Length  * 
Span * 
 
*The span and the Long travel length are limited by the maximum length of the robot control cables 
 
Nevertheless, It was also studied the adaptation of MEGAROB to other types of cranes or configurations: the 
steps or tasks for the adaptation of a standard existing overhead crane in a MEGAROB System are the following 
ones:  
 

- To obtain the complete drawings package of the existing crane, including manufacturing drawings.  

- To obtain the complete drawing package of the building where the existing crane is installed. 

- In the case that some of the previous drawings packages are not available a complete measurement 
of the existing crane and building has to be taken.  

- It has to be checked if the crane and the building are dimensionally suitable for installing MEGAROB 
system. 

- The crane has to be modeled in 3D in order to perform a finite element analysis, statically and 
dynamically and check if the structure is suitable for installing MEGAROB system.  

- Once, that it is confirmed that the crane is suitable for installing the MEGAROB system,  a whole 
engineering project has to be done in order to design, manufacture and install the different components 
and solutions to transform the standard crane in a crane suitable for MEGAROB system.  

- Install the laser tracker and all the required control hardware in the working area.  

- The whole system including the building and all the obstacles in the working area have to be modeled 
in order to transfer them to the CAM of the system.  

- The control software has to be updated to the geometry of the new installation.  

- Installation of safety devices for the system depending on the whole configuration of the system.  

- Commissioning and functional tests of the whole system.  

 
Although the previous methodology to install MEGAROB in standard cranes is described, and as the conclusion 
the installation is possible with some developments and validation for the particular cases, there is another 
possibility to build MEGAROB as a whole product with all the elements that are not standard in the 
cranes. MEGAROB then will not change an existing crane, it will be assembled on. This MEGAROB concept 

should include: 
 

- Double girder structure. 

- Trolley with the described clamping system. 

- Third linear axis with the brake systems. 

- Industrial robot. 
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In this version all elements describe above would be delivered as a pack, and directly assembled in the new 
facilities, on the rails of the main crane, such a way that all the original functionalities of the destination crane 
would remain, and the functionality of MEGAROB will run in a separate girder system. 

To avoid problems with the length of the cables, that as it was established, would be a problem, over 40 meters 
length. Robot controller would be installed on top of the girder. This way not further installation should be done 
in the original crane, and MEGAROB could be installed at a first time right approach. 

In this case the only parameters to take into account is the width of the workshop (distance between rails), and 
the height of the ceiling. 

To adapt MEGAROB to any crane a variable length double girder system should be previewed for the system, 
in order to be shortened or extended to fit with the new crane structure. 

To overcome the problem with the ceiling height several options could be applied. For example a redesign of 
the trolley in order to lower the main attachment (sliding) point with the vertical axis, or even to make the design 
that could permit a flexible adaptation of the attachment point in function of the ceiling height. 

 
WP4 

The work package devoted to the software was the longest and also one of the most critical. Several 

developments on this regard were carried out, with some important achievements. On the one hand, the real 

time position correction Algorithm: There are two different concepts for correction of the tool path in 

Megarob. They are based in different principles and are independent one from the other. Both can work isolated 

as well as combined, accumulating their benefits. We can call these corrections parking correction and realtime 

correction. 

Parking Correction: The parking correction aims to eliminate the error due to the positioning error of the crane. 

When the crane is moved to a new park position, there is an ideal theoretical value for this position. However, 

due to the several difficulties to accurately position the crane, there will intrinsically be an error in the achieved 

position (when compared with the theoretical). The magnitude of this error is not yet known, it might be several 

centimeters.  

 
Illustration of the crane park position error 

 
The parking correction is performed in the level of the robot trajectory planning. After the crane is parked in a 
position, the robot base in the object frame is accurately measured through a metrology procedure using the 
laser tracker. This is done by measuring the robot position in a number of reference points using the laser. 
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Then, a mathematical optimization algorithm finds the best transformation between robot base and laser. Since 
the position of the laser in the user (object) frame is known, the current position of robot base in the user (object) 
frame can be calculated. The result of this calculation is set in the robot controller as the position of the base of 
the robot in the user (object) frame. Then, since a robot program is defined by the position of the tool in the user 
frame, the robot will take into consideration the deviation of the positioning of the crane when planning the robot 
trajectory of a robot program. Therefore, the crane positioning error will be automatically eliminated in the 
trajectory that the robot will perform, resulting in a robot tool motion that matches the motion planned in CAM.  
 

 
Illustration of the procedure to correct the park position error. A number of reference points of the robot 

is measured using the laser and this is used to identify the current robot base. 
 
Realtime Correction : The realtime correction aims to eliminate both the intrinsic robot positioning error as 

well as dynamic errors of the system. Off-the-shelf industrial robots today present high repeatability, but low 
absolute accuracy. This means that the robot will have a variable positioning error in a fixed reference frame, 
which depends on the pose of the robot. Furthermore, robots have low stiffness, which results in an inability to 
reject disturbances in terms of processes forces. Machining processes require the robot to exert a process 
specific force, which, however, can vary during the process. As the robot present low stiffness, it will comply 
with the forces and deviate from the programmed path, intensifying the low accuracy of the robot (resulting in 
poor geometrical tolerance and quality surface in case of milling) as well as lead to damage of the machine, 
workpiece, reduced tool lifetime, among other effects. This will ultimately inhibit the robot to comply with the 
design tolerances of a part. In Megarob case, since the robot is mounted in a crane, this dynamic effect is 
intensified. In addition, other effects might appear, such as, dynamic deformation of the crane (due to, for 
example, thermical and mechanical effects) and unwanted dislocation of the position of the crane.  

 
The realtime correction is performed in the level of robot motion control. Traditionally, an industrial robot controls 
its position by controlling the position of its joints. In such approach, all sources of positioning error in the system 
will have cumulative effect. Furthermore, such scheme does not allow the robot to take into account the 
structural flexibility of the kinematic chain nor the intrinsic positioning error of the robot structure. A form to 
overcome this problem is to control the position of the robot with an absolute position of the tool of the robot. 
This can be done using the absolute position measuring system (in case of Megarob, the laser tracker) to read 
the real position of the robot and on realtime correct the robot position to the planned position. The 
compensation is performed continuously in a closed loop at a frequency of 1ms and, although it is performed 
in the level of the robot motors, the controlled variable is the robot cartesian position. 
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In order to implement such concept, it was used only commercial off-the-shelf hardware. Leica supplied a laser 
tracker system, which provides absolute 3D position and orientation of a tracked object, with accuracy better 
than 35µm. Using the Ethercat interface of the tracker, measurements can be read every millisecond. It was 
employed an industrial robot with an open interface to the motor control of the robot. Through this interface, it 
is possible to complement or completely replace the commands of the proprietary motor control of the robot 
using an external controller. This interface works over RTNet at a frequency of 1ms. As controller, it was utilized 
a regular desktop PC, installed with Linux and patched with RTAI extension, in order to ensure that the 
deadlines of hard realtime tasks are met.. 
 

 
Deployment of the realtime external controller of the robot position 

 
 
The software developed to implement the external controller of the robot was developed by CSEM. It was 
developed a software framework for hard realtime applications under RTAI. It offers a number of abstractions 
to facilitate and increase reliability of software applications with realtime requirements.  
 
The external controller implements the robot correction. This controller continuously read the current robot 
position from the laser tracker and the desired position from the robot. It filters out outliers measurements as 
well as calculates a complementary command for the position control of the motors, controlling the robot 
cartesian position in closed loop. 
 

 
Control loop schema that implements the realtime correction of the robot position 

 
The realtime correction improves the accuracy of the robot. Anyhow, the accuracy of the robot, with or without 
realtime correction, will depend on a number of variables, such as trajectory, speed, acceleration, to name few. 
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Figure below shows the accuracy of the robot in static situation as well as when the robot is moving in a straight 
line. In static situations, the accuracy of the robot with realtime correction is better 0.05mm and in this dynamic 
situation, it is around 0.1mm. 
 

 
Comparison of the robot accuracy with and without realtime correction in static situations as well as 

straight line motion in free space. 
 
The external controller that implements the realtime correction extends the planned features of Megarob. This 
controller continuously estimates the current position of the robot and automatically adapts the trajectory of the 
robot. This concept results in a tool trajectory in a fixed user (object) frame that matches the planned one, even 
in situations when the robot base is moving. Initially, this features was implemented to auxiliate the rejection of 
disturbance in robot base. However, this worked well enough to allow the crane to move while the robot is 
working (for example, machining), while still ensuring an accuracy better than normally found in industrial robots. 
A comparison of the part produced by the system with and without correction when the robot base is submitted 
to an external disturbance in its base is seen in Figure 6. In this example, the robot base is moving back and 
forth on top of a linear rail.  
 
 

 
Circle milled with the robot when its base is submitted to an external disturbance: with no realtime 

correction (left) and with realtime correction (right). 
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Combination Park Correction and Realtime Correction 
As it was mentioned in the beginning of this section, park correction and realtime correction can work separately 
as well as combined. It was performed an experiment in the mini Megarob prototype installed at CSEM. In this 
experiment, it was milled the contour of a square in two parts. For each part of the contour, the robot was in a 
different position. Firstly, we did it without realtime correction, only with parking correction. It was noticeable an 
error of about 0.5mm in the region where the path of the parking position overlap. Then, the same experiment 
was repeated using realtime correction. It was not possible to neither see nor feel any deviation in the overlap. 
 

 
Milling the contour of the square in two robot positions using only parking correction: overview (left) 

and closed loop at the overlap point (right) 
 

 
Milling the contour of the square in two robot positions using parking and realtime corrections: 

overview (left) and closed loop at the overlap point (right) 
 
 
On the other hand we have the virtual simulator and the graphic user interface. 

 
Regarding the virtual simulator, Megarob Project execution will pass through all the described steps to ensure 
that a part is machined with the highest precision as possible. First, the virtual simulator will position the robot 
and external axes in every point of the toolpath in such way that collisions and singularity positions are avoided. 
When a successful simulation is performed, the PDL2 files can be generated and imported into the robot. When 
a PDL2 program is ran, the Realtime Correction Algorithm ensures that the part is machined as close to the 
simulated toolpath as possible. During the test runs we did with the Virtual Simulator we were able to write 
PDL2 programs for a combined toolpath and then run both programs with the Realtime Correction Algorithm. 
The realtime correction algorithm showed clear improvements to the robot toolpath when the robot was 
repositioned. 
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The MegaRob System works on a CAM Software which integrates a 
Delcam PowerMILL1 license. The MegaRob Plugin Teamnet 
developed is responsible for the creation of a MegaRob Program that 
will be uploaded in the MegaRob Monitor application which runs the 
program by commanding the included equipment while permanently 
monitoring each one. The CAM Software is also be responsible of 
dividing the part into working blocks with a default parking point and for 
the simulation of the Robot Movements in each block. 

The monitoring application is also responsible of manual controlling the 
equipment. This includes the manual control of the Robot arm 
movements using the Robot Comau API and the manual movement of 
the Crane. Furthermore the initial System alignment can be manually 
done in the MegaRob Monitor interface by using the laser tracker API 
methods and the manual robot control.  

The MegaRob program will be ran after all the equipment have been 
connected to the application and checked for any malfunctions. During 
the running of a MegaRob Program the EXU will be responsible of the 
Real-Time correction of the Robot Movements and the MegaRob 
Monitor will ensure the correct alignment after the Crane Movement 
between parking points. 

Furthermore, an alignment and centering methodology was developed by ESPACE and implemented in the 
software and, together with GH, a crane movement algorithm control. 

Last but not least, during the development of WP4 the miniMEGAROB prototype was set up, and used to 
validate the operations shown previously regarding the control of the robot, alignment and centering and 
positioning correction algorithm. 

 
miniMEGAROB prototype cell 

                                                
1 http://www.powermill.com 
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Screenshot of the main software 

WP5 

On the next steps of the project the integration of all the R&D developments so far were implemented into the 
final MEGAROB demonstrator. Despite the fact that several issues, mainly problems with delivery of third party 
elements for the system elements, that implied months of delay, the system set up was a real success, and the 
system works fine now. At the end of September the system could perform the operations expected on free 
space and during the last months, on the final demonstrators. 

 



Contract 314015 

MEGAROB Final Publishable Report (M19-M36) 

 

18 
 

  

In addition to the hardware of the demonstrator, the Software developed for large scale MEGAROB prototype 
can be described briefly. Software in MEGAROB, is divided in two main systems, PSU (Planning and 
Supervising Unit), and EXU (Execution Unit) 
 
EXECUTION UNIT 

In execution Unit, the software running, and fully developed for MEGAROB project, is the real time Controller 

software. This software communicates with PSU, robot control, Laser tracker controller, and is in charge to 

monitor in real time the accuracy of MEGAROB and also execute the real time correction of the robot to achieve 

the high accuracy. 
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PLANNING AND SUPERVISION UNIT 

High level software in MEGAROB prototype are: 

- MEGAROB Monitor 

- MEGAROB CAM 

 
Monitor 

MEGAROB monitor software is making several functions. First is the interface for the User, but it is also the 

control panel for all MEGAROB task implementation and programming.  It is divided in several parts, robot, 

crane, laser tracker, MEGAROB Program, Configuration and Alarms. 

Robot Interface 
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Connection screen 

Robot interface is also divided in several screens. The function is to connect MEGAROB software with the 

Robot, by setting a IP address and port. Connection can be stablished directly with the robot control or with the 

external controller software when real time, or correction is going to be used. Through this window also 

connection with the error monitoring server is stablished. 

 

Robot monitoring window shows the error graphs, when real time is used. This screen shows positioning errors 

in cartesian frame, and information is updated 10 times per second. 
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Robot Control window allow to work with the robot in manual or automatic mode. In manual mode it is possible 

to move the different axis of the robot with a defined angular step, or move in Cartesian coordinates in the 

different frames in the system. It is also possible to set coordinates or joint angles so send the robot to a defined 

pose. In the automatic mode this interface window permits to upload a new robot program, to run the program, 

and to hold, o stop the program running if any problem is detected. It shows also some of the parameters 

programmed in each moment as linear speed, flags, and robot motors enabling. 

 

In the robot tab there is a last screen to control inputs and outputs through the robot controller. At the same 

time ios status can be monitored. 
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Crane Interface 

Crane interface is also divided in several tabs to control it. 

 

First tab permits to connect to the crane plc through Ethernet connection, if in the automatic mode. 

 

Second tab is labelled as Monitoring, and will show the status of the outputs and alarms coming from the crane 

plc. It allows also to activate and deactivate the inputs for the crane that manages the movements in all axis. 

So it is possible to move the crane directly from this tab. 
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Crane control tab is going to be the interface for a full automatic mode. To enable this screen the laser tracker 

must be measuring in 6DoF continuous mode. This screen will monitor the 3D position of the crane, and a 

defined position can be set, to make the crane travel an automatic way. 

The travel to this programmed position will be monitored, and crane positioning algorithm will start the iteration 

in the 3 axis, in order to position the crane in the targeted placement, with the accuracy set. With this tab is also 

possible to move the crane in separate axis in cabin frame, by selecting x, y or z, while up or down buttons are 

selected. 

Laser tracker interface 

 
 

This interface permits the ethercat connection to the laser tracker controller. Measurement 3D or 6D can be 

selected, and also a discrete or continuous measurement.  
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This screen shows also the measured values coming from the tracker. Set up buttons are also implemented to 

inizialize the laser controller, enable ethercat, and functions to send the laser beam to known positions as “go 

to location” or “go birdbath” 

 

MEGAROB Program tab 

 

 
 

This tab permits to execute direct CAM generated paths. Each path from the CAM is composed by several 

parking points for the crane, and several paths for each working block. 

 

This MEGAROB program tab will manage this process, to control the crane when a new parking point, and then 

execute the correspondent robot trajectory. 

 

This methodology is used also to perform the robot base identification procedure. 
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Configuration tab 

Permits to define or check all the frames needed for the work in MEGAROB: 

• Cabin frame 

• Laser frame 

• User frames 

• Tool frames 

• T-Mac frame 

• Robot base 

• Robot tool frames. 

 
 

Alarms tab 
 

Monitor and check all the possible alarms in MEGAROB, generating a database of the events in the working 

process. 
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Finally, regarding the behaviour of the control system and the real time position correction algorithm in the big 

demonstrator on real environment, it could not be better. The improvement on the control parameters shows 

values as the graph below:  

 

Final error on MEGAROB 
 

In the graph we can observe that even when MEGAROB is moving, and executing a trajectory, the position is 

corrected, and then the deviation of the point in the space between where robot tool should be, and where in 

fact it is, is reduced below 0.3mm. 

One of the advantages of MEGAROB, is that this position correction, and then the error compensation, is used 

in the full workspace, so this high accuracies are obtained in the full MEGAROB workspace. 

WP6 

In order to finalise with the main S&T results achieved, the final tests and validations on the demonstrators were 
completely successful. 

On the composite beam, the innovative solutions proposed in megarob have improved the quality of finishes 
and the speed with which the demonstrator’s beam has been mechanized. The following table quantifies the 
improvement achieved with the prototype: 
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Operation Time of operation Accuracy over design 

 Traditional 
methods 

Innovative 
methods 

Traditional 
methods 

Innovative 
methods 

Drilling 180’ 150’ 80% 99% 

Longitudinal cutting 120’ 120’ 85% 99% 

Transversal cutting 60’ 45’ 90% 99% 

Traditional method vs Megarob 
 
Even new geometries that till the moment could not being done with the current manual process, now are 
available with Megarob technology. 
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The results obtained in the wind mill blade process were also successful. In this case tolerance of the contour 

definition was improved from the previous 4mm in the traditional process, to 0.3mm in Megarob, and although 

there is no data about the time involved in the traditional process, Megarob could do this task in only 18min. 

A full polishing of the surface of the blade was done with a speed below 15min/m2. 

 

Finally, Life Cycle Assessment of the two different manufacturing processes has been carried out by ACCIONA. 
The traditional (manual) and the innovative (automatized) final finishing have been compared using the LCA 
methodology. Main differences in emissions and environmental impacts have been associated to the difference 
in energy consumption during this final stage. 
 
Thanks to the LCA methodology as well as its supporting tool, Gabi software, it can be concluded that in general 
terms, the automatized process has a lower environmental impact than the manual process because of 
the required energy for the robotic arm is slightly lower than the radial arm. 
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4  DESCRIPTION OF THE POTENTIAL IMPACT AND THE MAIN DISSEMINATION 

ACTIVITIES AND THE EXPLOITATION OF RESULTS 

 
The Potential Impact of the Project results are very relevant. For instance: 
 
Reduction of manufacturing and repairing times 
 

· MEGAROB incorporates different manufacturing technologies, potentially milling, drilling, deburring, 
grinding, polishing, riveting, screwing, welding, coating, painting and even dimensional control. 

 
Competitiveness improvement 
 

· With MEGAROB developments, companies of a number of industrial sectors, such as aeronautics, rail, 
marine, renewable energies, can increase their competitiveness. This objective will be tested with the 
demonstration tasks for the industrial partners involved in the project. 

 
Reduction of the investment in production machines: 
 

· The multifunctionality of the system allows eliminating the investment in unitary machines that usually 
perform the production sequence step by step. In the same way, specific tools used to mount the part 
to produce in the traditional unitary production machine system will be suppressed  

· The system will be designed with the possibility to be easily changed from one to another facility, using 
a new crane, without floor space consumption. 

· By re-utilizing typical infrastructure in general production shops as its main hardware, such as an 
overhead crane 

 
Finally, several application sectors will be influenced by the results coming from MEGAROB: 

· Construction & Civil Engineering (Demo in the project) 
· Wind Energy (Demo in the project) 
· Aeronautic & Aerospace 
· Other sectors (Ship building, railway, logistics, automotive or in general big parts manufacturers) 

 
Regarding the dissemination actions, below a list of all of them with pictures where available. 
 

Dissemination activities done by the partners: 

- Video: several videos showing the results obtained from external controller in the mini Megarob prototype 

and also the complete prototype were recorded. This video was edited so that it can be shown also for 
non-technical audience. They are currently in the website of the project, linked to the MEGAROB youtube 
channel. 

 
- The brochure has been updated with the current developments and pictures of the final demonstrators 

have been included.  
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MATIC (& MoldExpo) – Annual automation fair of Zaragoza, with scientific workshops where Megarob was 

invited: 

 
 
ROBOCITY 13 – Leganés, Madrid (Universidad Carlos III) – Workshop European Initiatives on Robotics 

 
 

INDUSTRIAL TECHNOLOGIES 2014 – 9-11 April 2014 Athens: Poster presentation 
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Other minor Events, where MEGAROB was mentioned and explained inside a more general dissemination 

activity or another project presentation similar to MEGAROB: 
 
MESIC 5 (Manufacturing Engineering Society International Conference 2013), Zaragoza 
 

 

 
 

CMH 19 – Tool-Machine Congress 19, San Sebastián 
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CSEM explained the project and/or showed mini Megarob prototype for the following institutions: 

 

Organization Place Date 

Jossi Systems CSEM Alpnach 23.04.2014 

Delcam CSEM Alpnach 15.04.2014 

Fraunhofer-Gesellschaft CSEM Alpnach 27.03.2014 

Güdel CSEM Alpnach 19.02.2014 

Comau Comau Turin 06.09.2013 

Synthes CSEM Alpnach 2013 

Dissemination Activities were done also by ESPACE: 

 
ZeMA – “Montagetechnik und Montageorganisation”  2-3/04/2014 

 

 
 

• Vision for Robotics: A BMVA Meeting" (London, 03.12.2014) 

• "Austrian Robotics Workshop 2015" (Klagenfurt, from 02 to 03.05.2015). 

• “CMH20” (San Sebastián, 10 to 12.06.2015) > together with a dedicated poster 

In all conferences, the presentation received a very good feedback. 

- Fairs: Megarob was presented also on: 
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• Equiplast (Sept.2014 – see picture) on the AITIIP stand,  

 

on the Robotics fair IROS Hamburg 2015, ACCIONA present MEGAROB among other robotic projects 

and also in the Aerospace fairs: 

• Feria Aeronáutica de Sevilla June 2014 and 

• Feria Aeroadur, at Pau (France) on Sept. 2014. 

Furthermore, it is prepared the presence of MEGAROB on the event ICT 2015 Innovate, Connect, Transform 

on Lisbon, the 20-22 of October. 

- Workshops:  

Workshop “Automation Seminar”. Hexagon Metrology (group to which Leica Geosystems belongs to) 
organized a workshop for around 15 ateendees in the CSEM facilities on 15.04.2015. The atendees consisted 
of customers, commercial representants and integrators of the Leica Laser Tracker. Apart from presentations 
about the laser tracker and the Megarob concept, two demos were performed in the mini Megarob cell. They 
showed to the atendees the benefits of the Megarob solution over the state-of-the-art in machining with 
industrial robots. 

Workshop “Efficient production– With laser trackers and robots to high precision”: with more than 30 
attendees, it comprised two technical talks, a technology demonstration and a networking apéro. Organized 
by CSEM in its facilities in Alpnach Dorf (Switzerland) on September 15th, 2014, with support of Leica 
Geosystems / Hexagon Metrology. 

- Seminars: 

o Automation/Integration seminar October 2015, presentation of megarob to several customers  
http://www.hexagonmetrology.ch/veranstaltungen_85.htm?id=10446#.VhKh0vmqpBc  

o Aerospace Seminar Sevilla  
http://www.hexagonmetrology.es/Eventos_85.htm?id=10783#.VhKiz_mqpBd 

- Media: 
o Interempresas industrial magazine on 10/04/2015. Desarrollo de una plataforma flexible y 

sostenible para fabricación de gran precisión en piezas complejas de medio y gran tamaño. 
o Internal note on “el mensajero” de ACCIONA Infraestructuras, trimestral magazine for all 

ACCIONA workers. 
o Press Notes about MEGAROB installation starting on El Periódico de Aragón, Metalmecánica 

and Mundoplast. 
o Press Notes by HEXAGON: Metrology supports EU research Project, October 12 2015: 

http://www.hexagonmetrology.com/News_86.htm?id=6190#.Vh9K537hA-U 
o Press Notes about MEGAROB on Romanian language by TEAMNET (07/08/15): 

http://news.portal-start.com/post/teamnet-dezvolta-tehnologii-/ 
https://www.roportal.ro/articole/despre/teamnet_dezvolta_tehnologii_in_domeniul_roboticii_indus
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triale_pentru_proiectul_european_megarob/ 
http://index-stiri.ro/150807/teamnet-dezvolta-tehnologii-in-domeniul-roboticii-industriale-pentru-
proiectul-european-megarob-2611697 
http://www.diacaf.com/stiri/economic/proiectul-megarob/ 
https://www.agerpres.ro/sci-tech/2015/08/06/grupul-teamnet-integrator-roman-de-it-c-participa-
la-proiectul-megarob-inventie-unica-prin-tehnologiile-folosite-15-17-02 
http://www.ordineazilei.ro/it-telecomunicatii/p/proiectul-european-megarobromanii-de-la-teamnet-
dezvolta-tehnologii-inovatoare-in-domeniul-roboticii-industriale 
http://www.e-stireazilei.ro/stire.aspx?id=37334639&titlu=Grupul-Teamnet-integrator-roman-de-
ITC-participa-la-proiectul-Megarob-inventie-unica-prin-tehnologiile-folosite 
http://infoziare.ro/stire/3995184/Grupul+Teamnet+integrator+rom%C3%A2n+de+IT+C+particip%
C4%83+la+proiectul+Megarob+inven%C8%9Bie+unic%C4%83+prin+tehnologiile+folosite 
http://www.radiointact.ro/grupul-teamnet-integrator-romn-de-itc-particip-la-proiectul-megarob-
invenie-unic-prin-tehnologiile-folosite_461499.phtml 

o Press Article on HERALDO de Aragón (05/10/15) 

 

o TV Appearance on TVE News (starting installation) 
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o Social Media messages and information through Partners’ channels, mainly AITIIP, GH, and 

Hexagon/Leica 

The final event on the 20th October had 93 attendees, the media was informed and the impact through the 
media and social network was impressive, as it can be section 5 of the Periodic Report, in the ANNEX I. (not 
possible to be included here due to space limitations) 

 
Finally, regarding the Exploitation Strategy, the public information regarding this that the consortium wants to 

reveal is that the Industrial exploitable results directly coming out of the project are two: 
 
MEGAROB as a service: providing this service using the cell installed in the AITIIP facilities, with the help of 
the other partners if necessary for maintenance. During the next two years, the benefits obtained using this 
service will be saved in order to at the end of these two years, evaluate if it is feasible to create the start up. If 
it is, the creation will be done with this savings, if not they will be divided by the partners. 
 
MEGAROB as a product: it can be replicated on any place and sell as a product. It will be priced by the partners 
but not big developments should be done (easy to replicate) 
 
MEGAROB new developments and especial adaptations could be done in the future if the benefits and the 
inquiries are enough to support them as a business apart. 
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5 PUBLIC WEBSITE ADDRESS AS WELL AS RELEVANT CONTACT DETAILS 

 
Public website: 
 
www.megarob.eu 
 
Youtube channel 
 
https://www.youtube.com/channel/UC2YIutshG8aNlv0sEBXZ9LQ 
 
Contact Details 
 
COORDINATOR and EXPLOITATION MANAGER: 
AITIIP 
Scientific Coordinator: joseantonio.dieste@aitiip.com 
Technical coordinator: victor.peinado@aitiip.com 
R&D Manager: berta.gonzalvo@aitiip.com 
AITIIP Tel: +34 976 46 45 44 
 
 
PARTNERS 
 
ACCIONA 
David Herrador: david.herrador.munoz@acciona.com 
Tel. +34 917912020 
 
CSEM 
Diego F. Boesel diego.boesel@csem.ch 
Tel. +41 416727512 
 
GH 
Jose Antonio Guerra jag@ghsa.com 
Tel. +34 943 805 660 
 
TEAMNET 
Silvestru Pican silvestru.pican@teamnet.ro  
Tel. +40 723305420 
 
LEICA 
Markus Steiner markus.steiner@leica-geosystems.com 
Tel. +41 627376763 
 
ESPACE 2001 
Michael Kleinkes kleinkes@espace2001.lu 
 
 
 
 
 
 


