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ABSTRACT 

The European Robotic Arm is a robotic servicing 

system, which is going to be used to service the Russian 

Segment of the International Space Station. During most 

of development and qualification activities, hardware 

tests of ERA were conducted on the Engineering 

Qualification Model. A new, reduced configuration is 

designed to replace the EQM as a reduced test bench 

setup. In this paper, we present the design for the ERA 

Iron Bird CLU Hardware Simulator, which will be used 

for hardware-in-the-loop testing of the Camera and 

Lighting Unit, during the Proximity Motion procedure. 

This procedure moves the arm’s end effector from 

approximately 1 m from the points on the ISS which can 

be grabbed by the arm, to 25 mm, using visual feedback 

from the camera system.  

 

1. INTRODUCTION 

This paper aims to present the idea and design of the 

ERA Iron Bird CLU Hardware Simulator (ERICA). The 

device will be used as a robotic test bench for the 

Camera and Lighting Unit of the European Robotic Arm 

(ERA). Requirements to the system are presented as 

well as the final design of the device. Mechanical, 

electrical and software structures are discussed in later 

chapters. This chapter gives the general context to 

ERICA, providing a short description of ERA and the 

operating mode, which will be tested.  

Chapter 2 lists general requirements for the system. 

Chapter 3 discusses the mechanical concept of the 

device. Chapter 4 unveils the electrical part of the 

system. Chapter 5 describes the software architecture of 

ERICA and chapter 6 provides a short conclusion and 

describes future plans regarding this project. 

 

1.1. ERA overview 

The European Robotic Arm (Figure 1) is an 11 meter 

long, 7 degree of freedom robotic servicing tool, which 

is to be used on the Russian Segment of the 

International Space Station [1], [2].  

The arm is symmetrical, meaning that either one of its 

end effectors can serve the purpose of the wrist or 

shoulder. It allows the arm to traverse over the ISS by 

moving from one basepoint (a grappling interface 

supplying power and communication) to another.  

The arm is capable of moving payloads up to 8000 kg, 

has positioning precision of +/- 40 mm for open loop 

control and +/- 5 mm for closed loop control and 

maximum movement speed is 100 mm/s [1]. 

One of the ground facilities of ERA is the Mission 

Preparation and Training Equipment (MPTE) [3]. The 

main purpose of MPTE is to provide mission 

preparation facilities, train ERA operators, provide 

online mission support and evaluate completed ERA 

missions. To fulfil the mission preparation and operator 

training functionalities, MPTE utilizes a EuroSim 

simulation platform [4], which is capable of simulating 

the whole arm, including on-board software, hardware 

and its dynamics. 

 

 

Figure 1. 3D model of the European Robotic Arm 

 

Up to date, most hardware and qualification tests were 

run on the Engineering Qualification Model (EQM), 

which is a full scale copy of ERA, stored and operated 

in the clean room facilities of Airbus Defence & Space, 

The Netherlands. It has been used for both development 

and qualification of systems. But since most of the tests 

and development, which would require the complete 



 

model of the arm, have been done [5] and the EQM 

hardware is beyond its designed operating life time [6], 

an idea has emerged to replace the EQM, with a reduced 

test bench setup supplementing the MPTE (located in 

ESTEC). This test setup, named Iron Bird, will contain 

an ERA Control Computer, an End Effector, one of the 

units of the Manipulator Joint Subsystem and a Camera 

and Lighting Unit. ERICA extends the testing 

capabilities of the original Iron Bird design, regarding 

ERA’s camera. 

 

1.2. Proximity motion 

Normal operations of ERA require a set of movements 

of the arm with a set of grappling and ungrappling 

procedures. Unlike the Canadarm2 [7], which is mostly 

manually operated by the astronaut, ERA is designed to 

operate mostly autonomously, following 

a preprogramed scheme, only with supervision of the 

operating astronaut [2]. During normal operations, ERA 

will ungrapple the wrist from one basepoint or grappling 

fixture, move its end effector across the ISS and grapple 

a different one.  

Proximity Motion of ERA is one of the parts of the 

grappling procedure. During it, the arm moves its end 

effector from a Safe Approach Point, placed 

approximately 1 m above the structure, to which the arm 

is grappling, to 25 mm above it. It’s followed by a 

Compliant Motion procedure, during which the arm’s 

end effector is inserted and grappled. 

During Proximity Motion, the Camera and Lighting 

Unit (CLU) installed on the end effector, detects the 

position and orientation of a visual target structure, 

placed at a fixed position, relative to the basepoint of 

grappling fixture, as shown on Figure 2. During on-orbit 

operations, the camera will be moved closer and closer 

to the target (schematic drawing on Figure 3). It feeds 

the ERA Control Computer with the target’s pose (3 

axis translation and 3 axis rotation), obtained due to 

visual processing algorithms. This derived pose is used 

to correct misalignments and position the arm with 

greater precision above the grappled structure.  

 

 

Figure 2. ERA BP with the visual target (on the left) 

 

ERICA aims to simulate in hardware the motion of the 

CLU, relative to the target. Since the CLU is a delicate 

and heavy piece of equipment and since the motion is 

relative, the target is moved instead, allowing the CLU 

to be fixed and stationary. Both the CLU and ERICA 

will be connected to the software simulator, running in 

the Mission Preparation and Training Equipment 

facility.  

 

 

Figure 3. Schematic drawing of the EE during 

Proximity Motion 

 

2. GENERAL REQUIREMENTS 

Analysis of ERA motion have proved that a working 

envelope of 2100 x 400 x 400 mm for translation, ±45° 

of roll rotation and ±20° for pitch and yaw rotation 

defines the area and poses in which the target can be 

positioned, relative to the CLU, during Proximity 

Motion. Required movement precision is 0.5 mm in 

translation and 0.1 degree in rotation. The speeds during 

translation are between 2.5 mm/s and 30 mm/s. In 

rotation, the speeds range from 0.045 degree/s to 

1.15 degree/s.  

ERICA will connect to the MPTE EuroSim simulation, 

using the External Simulator API [8], from which it will 

extract the current position of the CLU relative to the 

target. Based on this information, ERICA will move the 

target to simulate the arm’s approach. The CLU will be 

connected to the simulation and its image analysis will 

feed the simulated (or hardware) ERA Control 

Computer, which will use this data to navigate 

simulated ERA.  

It has also been stated that ERICA will operate in office 

environment. The Iron Bird facility of ERA is planned 

to be placed in the clean room in ESTEC and operated 

from the MPTE. The device can not produce excessive 

noise or other disturbances and should require as little 

maintenance as possible. ERICA shall also implement 

self-test and fault detection procedures to verify that it 

operates properly. The device should be as autonomous 

as possible, allowing the operators to focus on their 

primary goals and tests instead of operating ERICA. 

Simplified architecture of the system has been shown on 



 

Figure 4. Components marked with green round 

cornered rectangles are existing systems, with which 

ERICA has to interface, components marked with blue 

rectangles are to be developed. 
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Figure 4. Simplified architecture of ERICA 

 

3. MECHANICAL DESIGN 

To fulfil the requirements mentioned in section 2, 

a Cartesian robot structure, with a gimbal-like end 

effector, on which the target is mounted, has been 

proposed. Such configuration has been chosen mostly 

due to the simplicity of the resulting kinematic chain 

and ease of development. Other ideas were to use a 

Stewart platform [9] hybrid with a single linear axis 

(sine the x axis is the only one which has long 

movement requirement) or a complex mirror system, 

which would project the target to a correct position, 

without actually moving it. Performed analysis have 

shown, that to fulfil the given requirements, the Stewart 

platform would have to be enormous in size. The mirror 

system has proven to require too much positioning 

precision, with every vibration of the floor strongly 

influencing the projection. Thus a Cartesian robot with a 

gimbal on its end effector was chosen. 

Each joint of the system, represents only a single axis of 

translation or rotation, thus a general solution to inverse 

kinematics can be easily derived. An overview of the 

Cartesian robot and the gimbal have been shown on 

Figure 5 and Figure 6 respectively.  

The Cartesian robot is assembled from mostly 

commercially available components including motors 

(described in detail in section 4), limit switches and 

linear axes. Two axes are needed, in a configuration 

shown on Figure 5, to support the weight of the rest of 

the parts. Other designs, utilizing e.g. a single, centred 

axis, would affect higher torques on the table when the 

y axis would have been in an extreme position. To 

overcome this excessive torque, either an additional or a 

bigger axis was required. From given options, an 

additional axis has proven to be the best solution. 

For y and z axes, a custom connection, rigidly coupling 

the z axis to the y axis has been designed and will be 

manufactured at the TEC-MXE workshop in ESTEC.  

 

 

 

Figure 5. The Cartesian robot with marked axes of 

translation 

 

Figure 6. The gimbal with the target, with marked axes 

of rotation 

 

Any wires, required by the electrical devices, will be 

placed inside energy chains, mounted to the axes with 

custom manufactured adapters. Also motor to axis 

adapters have to be custom made, because usually this 

kind of linear axes are used with bigger motors than 

required in presented application. So the supplier does 

not have adapters for smaller motors, like the ones 

introduced in section 4. 

The gimbal has been fully designed with fitting to the 

shape of the visual target and minimizing both mass and 

required space in mind. The axes of rotation intersect in 

a point, which has been defined as the centre of the 

target reference frame in the MPTE simulation. The 

Cartesian robot, together with the gimbal, fulfil the role 

of the target actuation subsystem from Figure 4. 

The Cartesian robot will be attached to an aluminium 

frame, which will be also the attachment point of the 

CLU. The CLU is mounted to ERA using specially 

Z axis 

X axis 

Y axis 

X axis 

Y axis 

Z axis 
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designed interface plates. ERICA will also utilize those 

interface plates and provide a mounting frame for the 

CLU, which will secure it in a stable pose, relative to 

ERICA. 

 

4. ELECTRIC DESIGN 

This section describes the electric design of ERICA. It 

provides information about used motors, motor drivers, 

main computer. General electronic schematic has been 

shown on Figure 7.  

The ERICA Main Computer (EMC) is going to run 

most of the control software. An Intel NUC mini PC has 

been chosen to fulfil this role. It will run a 32-bit 

version of a Linux operating system. The detailed 

version will be chosen based on compatibility tests with 

interfaced software (EuroSim API [8] and EPOS 

Command Library [10]).  

To fulfil the motion requirements, specific actuators 

have to be used. Since the movement speed is relatively 

slow, high gear reduction and small motors could be 

used. Maxon Motor EC-max 22 have been chosen for 

the x and y axes, and for the gimbal, with 850:1 

reduction. To prevent the table from falling down in 

case of power supply disconnection, the z axis required 

a brake. The EC-max 32 motor, with 531:1 reduction 

was chosen for this application. The brake is a normally 

active brake, which means that when it’s not powered, 

it’s active and the motor stops. 

 

 

Figure 7. ERICA electric schematic 

 

Since the chosen ERICA Main Computer doesn’t have 

enough USB sockets to connect all of the motor drivers, 

a USB hub had to be added. An industrial 7-port USB 

hub was chosen, with internal voltage regulation, which 

can be powered with 5 – 48  V.  

The 24 V power supply, is a standard, 60 W power 

supply and the relay is a standard relay capable of 

operating with 24 V supply. Each axis of translation or 

rotation is equipped with limit switches. 

The main computer is powered through a separate 

circuit and connects with the USB to a USB hub. Motor 

drivers, the USB hub and a relay, which powers the 

brake on the z axis motor have a separate 24 V power 

supply, connected through an emergency switch. In case 

of an emergency, the operator can physically cut power 

to all of the actuation systems.  

 

5. SOFTWARE DESIGN 

This section describes the software architecture of 

ERICA, presented on Figure 8. 
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Figure 8. ERICA software architecture 

 

Most of the software will be written in C++, only with 

the User Interface frontend written in JavaScript. The 

general idea is as follows: the MPTE Connector (MC) 

implements the EuroSim external simulator API and 

connects to the MPTE simulation to extract required 

pose data. The required pose is the current relative 

position of the CLU relative to the active target. MC 

converts this relative pose into required pose for the 

Target Actuation Subsystem. The Kinematics Driver 

(KD) takes this required pose and, based on the current 

pose of the platform, calculates required speeds and 

setpoints for motors. Those speeds and setpoints are the 

input to the Motor Driver Library (implemented based 

on the EPOS Command Library [10]), which sends 

movement commands to the Motor Drivers, which 

actuate the motors. All information important for the 

operator is extracted from the modules by the User 

Interface (UI) backend module and sent via REST 

protocol to the UI frontend, which is opened as a web 

application on the operator’s computer’s browser. The 

UI can also be used to control ERICA and run 

automated tests and checks.  

Ideally, the role of the operator will be to only start 

ERICA by selecting proper options in the User 

Interface. The MC will connect to the active MPTE 

simulation and extract necessary data. As soon as the 

simulated ERA will begin Proximity Motion, ERICA 

will place the target in the correct pose relative to the 

CLU. Since ERICA will have no means to interfere with 

the simulation, for nominal operations, the operator will 

only have to check if no errors or warnings are 

occurring.  

 

6. CONCLUSIONS AND FUTURE WORK 

This paper describes the general idea for ERICA: ERA 

Iron Bird CLU Hardware Simulator. It’s a short 

summary of a half-year long design process during 

which multiple designs were evaluated and rated.  



 

The presented design has been accepted and recently the 

project has emerged from the design phase to the 

development phase. Necessary parts have been procured 

and software is being written. In parallel, the test and 

validation plans are being produced. According to the 

schedule, the project is to be completed in August 2017.  
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