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ABSTRACT

EDITH is an experimental device for in vessel handling at NET/ITER. The purpose of EDITH is:

- testing of ABS (artiéulated boom system) components

testing and validation of remote handling procedures
- testing and validation of ABS end-effectors
- testing of ABS control system features and verification of control system concepts

This document, after describing the environment in which the control system is to operate,
specifies architecture and functionality to be implemented by the EDITH motion control system
software, thereby taking full reference to the control system specification for TARM ,which was

decided to be the base for the implementation.

ZUSAMMENFASSUNG
Spezifikation des EDITH Bewegungssteuerungssystems

EDITH ist eine Experimentiereinrichtung fir Handhanbungsaufgaben im Vakuumbehilter des

NET/ATER. Ziel von EDITH istes:

- Komponenten des ABS (articulated boom system) zu testen

- Fernbediente Handhabungsvorgidnge zu testen und zu iberprifen
- ABS Endeffektoren zu testen und zu Giberpriifen

- Eigenschaften des ABS Steuerungssystems zu testen und die Konzepte des

Steuerungssystems zu verifizieren.

Nach der Beschreibung der Umgebung, in der das Steuerungssystem arbeiten soll, spezifiziert
dieser Bericht die Architektur und die Funktionalitat, die im Bewegungssteuerungssystem von
EDITH implementiert werden mulB. Dabei wird auf die Spezifikationen des TARM

Steuerungssystems Bezug genommen, die als Implementierungsbasis festgelegt wurden.
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PURPOSE

This document specifies the requirements for the EDITH Motion Control System which is basically
to be derived by adaptation of the existing TARM control system, which was built for JET.

In functional respects it shall conform to the requirements for the ABT control system. With
respect to implementation it has to fulfill some special demands concerning the needed flexibility

for experiments and the continuity of collaboration with JET
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1. Overview: EDITH as an experimental device for in vessel handling

EDITH is designed as an Experimental Device for In-Torus Handling.

Design, manufacture and testing of EDITH have been identified as a prime requirement to
demonstrate the feasibility of the ABS (Articulated Boom System) and to optimize its components
and subassemblies selection.

Testing with EDITH proceeds along two main directions:

1. Validation of the concepts chosen to solve critical issues for ABS (e. g. sensors, drive units,

kinematic model, control system)

2. Validation of operating procedures, including the test of work units in order to provide
relevant feedback for the work units engineering design and the machine components design

as well as an assessment of the operating procedures themselves.
The in vessel maintenance tasks/1/ like

replacement of divertor plates

replacement of protection tiles

replacement of RF-antennae

inspection of the first wall and the plasma chamber
replacement of plasma stabilisation coils

leak detection and repair

housekeeping

have to be carried out by means of the ABS. In order to qualify the ABS to perform these tasks,
different types of so- called work units (WU's) can be combined with the articulated boom

transporter (ABT) to form a handling system with adapted capabilities.

Three different work units have been conceived so far: a manipulator unit (MU), an antenna

handling unit (AHU) and a divertor module handling device (DHD).

Fig. 1.1 shows the ABS being equipped with the divertor module handling device. Fig. 1.2 to 1.4
show the preliminary drafts of the antenna handling unit, divertor module handling device and
manipulator unit respectivelly. They have to be updated according to the actual requirements for
NET/ITER.The above figs. are given to provide an idea of the proposed work units. This does not
mean, that all kinds will actually be built. Rearrangement of axes might also occur in the actual

designs.

A prototypical ABS, called EDITH (Experimental Device for In-Torus Handling) is the necessary
step between proof-of principle and the design of the operational equipment for NET. It must
generate all information for an optimised design of the operational equipment and be able to
demonstrate beyond any doubt that the maintenance and removal of plasma-facing componentes,

in particular the divertor plates and protection tiles can be conducted with the anticipated
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reliability and time under NET typical conditions. Therefore, the demonstrations have to be
performed in full scale related to size and weight, and in realistic mock-ups for the most
sophisticated maintenance operations (divertor plate and protection tile replacement). EDITH, as
shown in Fig. 1.5, is a full scale prototype of the last ABS links, which can be combined with each
of the above WU's by means of attachment to the end flange of the transport unit. A trolley, which
in fact is just one additional prismatic joint, is not provided with EDITH. Proper positioning of the
work units is achieved by a subset of joints of the transporter and the work unit. This subset of
joints, which is specific for each work unit, may be thought of as a virtual unit being responsible for

initial WU alignment and is thus called ”positioning unit”.

The technical data of EDITH are shown in table 1.1.

The purpose of EDITH is:

- testing of ABS (articulated boom system) components

- testing of ABS control system features and verification of control system concepts
- testing and validation of ABS end-effectors

- testing and validation of remote handling procedures

Page 2
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Articulated boom System for NET/ITER (ABS)

Fig. 1.1
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Fig. 1.3 Divertor module handling device (DHD)
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length of articulated boom 8,85 m
total weight of the boom 6,2 tonnes
maximum payload 1000 kg
admissible work unit weight 2900 kg

number of yaw joints

4 range of operation 240°

number of pitch joints (at end frame)

1 range of operation *+ 5°

number of roll joints (at end frame)

1 range of operation + 180°

gear:

yaw and pitch FR 75 Cyclo

roll FR 45 Cyclo

motors D315 ... L50 Moog Inc.
resolvers Siemens, Gerwah

servo control

ASB, FSRACS

Table 1.1 EDITH technical data
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2. Requirements for the EDITH control system

Since EDITH is a prototypical test facility, its control system has to fulfill the main requirements

of the NET/ITER ABS control system.

These requirements are presented in the following groups:

®  General requirements defining a basic framework;

® Functional requirements guaranteeing task execution;

® Operational requirements guaranteeing a good task performance;

® Implementational requirements guaranteeing the integration of the system into the

environment.

2.1 General Requirements

The control system has to control the EDITH as the central transport unit, which will at a later
stage be controllable from an EDITH Remote Workstation (ERWS). In its first implementational
stage the EDITH control system has to be operatable from a transportable interface (handbox) for
the purpose of installation and tests. This operating interface (software module) has to be
extendable to represent the basic operating interface runnable on the ERWS (c.f. "NET Remote
Workstation” [4]). The control system has to be designed for easy extendability. It should be
possible to add subsystems controlling EDITH supporting equipment. The various subsystems
have to be implementable step by step with the evolving set-up of the complete EDITH system.

Subsystems added later on are for example the camera control units.
The general ABS system requirements

® minimization of time for operation,

® minimization of time wasted due to operator errors,

® minimization of time for introducing enhancements or special solutions to unexpected events

(extendability, integration),

¢ safe operation
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have to be seen as guidelines for EDITH. With the EDITH control system implementation
solutions to obtlain these goals shall be investigated. These general guidelines lead to general

requirements for the EDITH control system as:

® integration into an hierarchical overall control system,

® computer support for manual operation,

® automation of subtasks (e.g. transport),

e excellent dynamic behaviour,

¢ modular architecture,

® standard development & maintenance tools,

® thoroughly defined internal interfaces (hardware & software),
® software implementations as far as possible.

The relationship between the general EDITH requirements and the required EDITH control
system functionality and architecture are shown in Table 2.1. The subject of this chapter is to

detlail these general requirements.

The full functionality of the control system must be accessible through the command interface as
the only access channel to the control system. This includes parameter setting and status

parameter reading.

2.2 Functional Requirements

The required generic functionality of the EDITH control system is in accordanece with that for the
ABS (Fig. 2.1). The required functions of the EDITH control system form a subset of the functions
of the ABS control.

The EDITH is a manipulator (transporter) which is functionally comparable to manipulators in
the manufacturing industry. Therefore the required control system functions should be, as far as
possible and meaningful, be oriented on standards of the manufacturing field. The most general
standard in this context is the ISO-MAP-MMS standard, which includes the following main

functions (overview):

¢ Loading and Saving of programs,

® Starting and Stopping of programs,

¢ Reading and writing of state variables

®  Triggering of functions by events,

Page 8
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EDITH system requirements

EDITH control system requirements

minimize time for operation

- integrated viewing (¥)
- excellent dynamic behaviour
- automation of transport

- computer support for manual operation
L]

safe operation

- simulation in the spatial domain (¥)
- hierarchical system structure
- motion monitoring (¥)

- reliable behaviour of position controller

minimize time for introducing
enhancements or special solutions to

unexpected events

- modular architecture

- software implementation

-standard development & maintenance tools
- thoroughly defined internal interfaces

(hardware & software)

minimize time losses due to operator

errors

- simulation for planning, programming, training in

the spatial (¥)

Table2.1. Derived EDITH Control System Requirements. Some of these general
requirements (*) have to be fulfilled in cooperation with the ERWS which is not

subject of this document.

¢ Alarm management,

¢ Storing of state variables.

The basic required functionality of the EDITH control system concerning motion control should
be in analogy to the functionality specified in [15] as a general interface description for
manipulator motion programming. However, because of the special kinematics and application

area, the EDITH control system needs in particular the following groups of functions and

commands:
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Switching between different modes of operation

" The control system has to be operatable in two modes:

® manual mode {(single command execution, immediate mode),
¢ automatic mode (program exeéution).

The z;utomatic mode is entered with the start of a program.

Motion control commands

The control system must provide single joint and resolved motion control in all modes of operation.
The special motion description means are described in Appendix A, "Coordinate systems” and
Appendix C, "Resolved-motion”. In addition to the command which allows to request single joint

motion as well as resolved motion command the following commands are required:
® Manual reconfiguration of redundant kinematic

® Detachment of the motion control device, which ends the manual motion control
® Backtracking a previously gone path to a certain extension

Kinematic commands

For motion control in cartesian coordinates as described in Appendix A, "Coordinate systems” the

following commands are needed:

® Selection of active joints for standard motion
® Selection of active joints for reconfiguration
¢  Definition of coordinate systems

Program and data list management commands

To make the automatic mode as flexible as possible programs and data lists for programs have to

be handled separately. Therefore commands are needed for:

¢ transfer of program or data list from control system memory to control system library,

® transfer of program or data list from control system library into control system memory,
® deletion program or data list from control system library.

Control system parameter commands

In addition to the command for setting acceleration, velocities, motion time, orientation, behaviour

at via-points it should be possible

®  to set control loop parameters which adapt the closed loop control to new conditions (e.g. new

load)
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® tooverride globally the velocities
® tosetaglobal path offset

Input/output commands

Input and output commands via operator ports and process ports differentiate between
input/output to the process and to the operator interfaces. Besides these input/output classes
special attention has to be given to the construction of a flexible sensor interface because with

EDITH investigations on sensoric motion control are planned.

Teaching
This functionality is known from industrial robot controls. It means on-line teaching with the
manipulator in opposition to off-line teaching which is done on the Remote Handling Workstation.

The on-line teaching is restricted to motion teaching.

Interfacing

The control system has to provide at least one virtual connection to ERWS with full functionality
("general interface”) and one virtual connection for the operating interface. In addition one serial
connection has to be available for an operating interface running on a portable host (handbox) for

installation, tests, and maintenance.

Because one basic goal for the EDITH control system is to investigate control algorithms, a special

test interface for closed loop parameter output (e.g. diagrams) during test runs has to be available.

Logging and backtracking

During operation all actions have to be recorded in a logging file in format. Especially in the
manual mode this log-file has to be usable for backtracking. In automatic mode backtracking will
be done on the basis of the program, logging is then reduced to recording the start of the program,

its interruptions and ending. Logging behaviour has to be controllable.

Program execution control

This group of commands is needed for the automatic mode where a program is executed on the
control system under supervision of the operator. If a program is started by the operator it has to be
guaranteed that the manipulator and the supporting equipment is in a acceptable start postion
and state. Automatic correction may be provided or operator help requested. The control system
only has to provide these program execution control features and to guarantee some operational

values. The whole complex of off-line programming is not part of the econtrol system development.

Monitoring commands

The complete control system state has to be accessible for the handbox system and at a later stage

for some super-ordinated workstation (ERWS). This means that data or groups of data defining the
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control system state have to be send via the corresponding interface upon request. In addition the
control system may be commanded to send selected status information continuously or in case of

status changes.

2.3 Operational Requirements

The fundamental requirements for the control system is to support minimization of the operation
time. This means in detail to guarantee a specific dynamic behaviour of the EDITH system which
allows for easy manual operation and automatic (preprogrammed) operation via the

superordinated Remote HandlingWorkstation (Table 2.2).

2.4 Closed loop control Requirements

The fundamental requirement for getting an excellent dynamic bahaviour is the implementation
of an advanced control scheme. Control system coneepts of this kind are for example: inverse model
based control or adaptive control. Implementation should be started with a standard decentralized
PID control but the systems hardware and basic software must allow for an easy extension. The
system should be layed out such that especially experiments concerning the dynamic behaviour

and control system concepts can be performed.

Special attention has to be laid on experimental provision for sensor signal computations because

especially with EDITH experiments with sensoric motion control are planned.
Requested parameters of the motion control of EDITH are listed in Table 2.2.

2.5 Implementational Requirements

The mapping of functions onto hardware is not fixed and has to be investigated for the specific

EDITH control system. The following requirements should, however, be fulfilled:

® Modularity: Modular architecture for software and hardware is required for easy
maintenance and upgrading. The architecture should be especially designed for an

implementation in subsequent stages such that advanced features can be added as needed.

¢ Implementation modules and stages: The system should be divided into an equipment
dependent and equipment independent part, to provide a certain degree of software
reusability.

® Extendability, Adaptability: The system should be designed to allow for adaption of basic

modules Lo control comparable subsystems or allow for subsystem changes with minor

modifications.

® Standardization: Usage of hardware and software standards for communications,
programming, data representation, system development and maintenance. A preliminary
table of standards is shown in Table 2.3. The standards should be in accordance with the NCS

standards, which are in discussion until now.
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Topic Limit
Repeatability (TU) 5 mm
(constant payload)
Repeatability (WU) 2 mm

(constant payload)

Hold (load difference: TBD kN) 2 mm
Minimal commanded change (motion step) 0.5mm/1.%
Absolute positioning accuracy 100 mm

(constant payload)

download/execution (20 lines of code)

Maximal overshoot zero
Time response 2s
Minimum smooth (TBD) velocity 1 % of max.
Response to single motion command 50 ms
(dead time)

Response to joystick motion command 50 ms
(dead time)

Response to first motion command in loaded IRDATA program 50 ms
after START (dead time)

Motion program loading (20 lines of code) 1s
Response to first motion command in loaded program including 2s

Table 2.2. Operational Requirements
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2.6 Safety Requirements

Malfunctions and failures have to be reported to the next higher level of the control system. On the
level of occurence a fault should be handled as far as possible to guide the system into a safe state.
In case of a loss of the motion control system it must be possible to drive EDITH in an emergency

mode directly from the drive control (see fig. 2.1).

Details have TDB.
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2.7 Maintenance Requirements

Because EDITH is an experimental device, maintenance requirements are not of special relevance

at this stage.
Topic Requirement

Hardware MULTIBUSII
operating system iRMX
programming language C
CASE-tool e.g. X-TOOLS
(Computer Aided
Software Engineering)
program management as available
(see: CASE)
communication network ETHERNET
communication protocol TCP/1P
motion data format close to IRDATA
control system close to MMS

cooperation and control

user interface

management system (¥)

TBD (at least extraction of

functions into separate module)

window system (¥)

X-WINDOW

user environment (¥)

OSF/MOTIF

Table 2.3. Requirements for implementation utilities. This hardware, software and standards
have to be used for implementation of the EDITH control system. Explanations to
these standards are given in Appendix F, "Definition of terms”
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3. Targetsystem mechanics

3.1 General aspects

The ABT-part of EDITH, as shown in Fig. 1.5, is attached to a support structure instead of a
trolley, which will be used with the ABS prototype for insertion of the ABT into the vessel.

The four rotational joints of EDITH next to the support structure (TYO08 to TY11) are yaw-joints
and allow movement of the transporter in the horizontal plane (cf. Fig. 1.5). This is the ABT-main-
joint group. A typical arrangement of the drives for these joints is sketched in Fig. 3.1. The motors
used are of the type DC brushless. Two or four motors are combined to drive a single rotational
joint; the gear being used is a cyclo. The arrangement of motors may be used by the control system
to preload the drives in order to reduce backlash and to increase stiffness.

Following the four yaw joints towards the end frame are a pitch joint TP01 and a roll joint TR02 for

adjustment of the working position of the work units (¢f. Chapter 1).

3.2 Joints and motors

The schematic diagram in Fig. 3.2 shows the arrangement of all of the joints of EDITH; the
coordinate systems attached to each joint according to the Denavit-Hartenberg conventions are

also shown in Fig. 3.2. Table 3.1 lists all of the EDITH-joints together with their identification.

identification symbolic name
group serial number according to[1] number of motors
virtual joint Z0 TLO1 not implemented
(see fig.3.2)
main joint 1 TYO08 4
main joint Z2 TY09 2
main joint Z3 TY10 2
main joint Z4 TY11 2
aux. joint 75 TPO1 2
aux. joint Z6 TRO2 2

Table 3.1 EDITH joints (ABT)
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Fig. 3.1: Drive unit scheme of EDITH
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While the number of joints being implemented with the EDITH ABT is equal to 6 joints /14 motors
for all ABT/WU combinations, the number of WU joints varies from 5 joints / 7 motors (MU
positioning unit) over 5 joints / 8 motors (AHU) to 6 joints / 10 motors (DHD).

Fig. 3.2 Denavit-Hartenberg coordinate systems for EDITH-ABT (top-view)

A S |

A Y2 Y3 Y4 BYs Y7
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X

Note 1: Z0 is a virtual prismatic axis; all real rotational axis and their corresponding coordinate
systems K1 to K4 have to be attached in such a way, that K0 is taken into account. This
measure is taken to allow for an inclusion of the real Z0 axis of the ABS without

redefintion of coordinate systems.

Note 2: The direction of the Z axis of all rotational joints may be chosen to coincide with

corresponding TARM definition
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3.3 Instrumentation

The EDITH control system must be capable to produce individual set point signals for all 10
motors of the ABT-main-joint group {(to allow for a controlled preloading) of the ABT; the number
of set point signals for the WU's is 7 for the MU positioning unit, 7 for the AHU and 9 for the DHD,;
i.e. the control system must provide the corresponding number of analog output channels (cf. tab.

9.3).

To keep the number of power cables for the motors at a minimum, it was agreed upon to limit the
number of power cables to the number which is necessary to drive the ABT/WU combination with
the maximum number of motors, i. e. the ABT/DHD combination. The same procedure is followed
to minimize the number of signal cabels from the joint position resolvers and motor resolvers. The
solution of course requires, that identical types of motors and resolvers are used for different WU's,

if they are connected to the same servo amplifier or resolver converter, respectively.

3.4 Work units

All types of work units will be attachable at the EDITH-ABT end flange. These are the
- divertor module handling device DHD

- manipulator unit MU

- and possibly an antenna handling unit AHU

First drafts of these types are given to have an idea of the proposed work units. This does not mean,

that all kinds will actually be built. Rearrangement of axis might also occur in actual designs.

The Edith motion control system must be able to control the respective axis of the work units in
addition to the EDITH-ABT. Details are depicted in fig. 3.3. w.r.t. MU only the axis for positioning
the manipulator pair must be controlled. Thus the manipulator positioning unit MU-PU, not the

whole manipulators is included in fig. 3.3.

There are force sensors included in dedicated joints. For those joints being equipped with two
sensors, there is one sensor dedicated to each direction of motion (push versus draw). Especially
the grippers of the AHU and DHD are equipped with two force sensors each. Thus for the grip force

restrictions may be posed on the respective control loops.
The meaning of the WU joint-names is symbolic

were T stands for telescopic
P stands for pitch
R stands for roll

Y stands for yaw.

Page 19



Specification of EDITH MOTION CONTROL SYSTEM

ABT joints i J(ilomff
(no. of WU of type: | no.joints } no.servos forc.es
forces sensors! forces
i
I % none 0 0 L
I o
l Y01
Z21,(2), ..., 7¢ (2)| PO1
I > RO1 45, ror, ot
|
I TO1
i
i Y01
T02 2
%01 | PHD 6 10 T02, GOl
2" 1y (@)
l RO1
| P01
i
I TO1
[
I T02
i Po1 | MU- 5 7
I P05
| (o—
i
i
ABT

end flange line

Fig. 3.3

Page 20

EDITH - Configurations (kinematic structures)



Specification of EDITH MOTION CONTROL SYSTEM

4. EDITH Control system Architecture

4.1 Implementation Aspects

In the process of designing the EDITH control system as a prototype of the ABS control system the
JET-TARM control system was investigated as a possible implementation base . It turns out that
the JET-TARM CS functions and components form a subset of the requested EDITH functions and
components. The TARM HLCS may represent the kernel of a RH-area controller, the TARM LLCS
a central equipment controller of the EDITH-area. To guarantee a higher flexibility of the LLCS,
the hardware was replaced by a MULTIBUS II hardware and the implementation of the LLCS-
software was based on an operating system (iRMX). With these changes the LLCS as well as the
HLCS are open systems using standard interfaces such that software and hardware enhancements
can be integrated easily. The disadvantage of using two different operating system (iRMX, VMS)

was accepted, the implementation language on all levels is C.

The most important argument for basing the EDITH control system on the TARM CS is to
facilitate the close cooperation with JET especially in the area of MMI (workstation development
and enhancements) and advanced control algorithms. This justifies the disadvantages of the

compromise.

4.2 Concepts and Facilities

The ABS-control system architecture, as planned for NET, reveals a hierarchical structure which
in turn fits into the concepts of an overall control system architecture for NET remote handling, cf.

Fig. 4.1 and [2).

Any EDITH control system architecture should be expandible and capable of being integrated into
this concept.

As for the time no final concept for the NRWS [4] has been defined, the basic functions of the
NRWS (man-machine interfacing, graphics based support) will be provided by an enhanced
Graphics workstation as developed for JET-Tarm control. This ERWS is not part of the EDITH
motion control system and therefore not subject of this document. Fig. 4.2 shows the EDITH
motion control system architecture including the mapping of requested functions onto hardware.

The basic TARM control system is described in [5].

Fig. 4.3 shows, how the EDITH control system architecture based on the TARM contro!l system
concept is mapped on real hardware (dashed lines indicate optional extensfons or parts not
belonging to the EDITH motion control system). The main difference between EDITH and the
TARM control system is, that the low level control system is now implemented on a MULTIBUS 11
system, running on powerful CPU-boards (INTEL 80386 and up) with an application software
being adapted to the iRMX-II-operating system.

The reasons for these modifications (migration to MULTIBUS 1I and iRMX) are the following

demands:
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- to allow for a step by step development of the final ABS control system, the EDITH control
system must be easily expandible w.r.t. hardware and software. It must be an *Open System”,

i. e. a system being open to modifications by third parties and with a high degree of

integrability

- Upgrade to higher performance should easily be possible, as the complexity of the final ABS
control system is likely to increase. A demand for higher performance could be coped with

either by distribution of functionality (thus creating “distributed applications™) or by means of

increasing the computing power.

Both of the above demands can be accommodated, if standards or defacto standards are used for

operating systems, bus systems, communication interfaces, etc.

Fig. 4.1
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Fig. 4.3 EDITH Control System: Hardware Architecture

Finally, the effort that is necessary to derive the EDITH control system from the TARM control

system is composed of two parts:

- the existing TARM control system software must be adapted to run under the operating
system iRMX-I1 on a MULTIBUS-1I system
The choice of iRMX-II over iRMX-III has the following reason:
iRMX-II is completely adequate for the required purpose and proven to be sufficiently
reliable in many installations whereas iRMX-1II is still too new. A later migration to

iRMX-1IT1 will be possible with little effort.
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- Since the target systemm EDITH is different from TARM w.r.t. its mechanics, kinematics, and

control requirements, the existing TARM control system software must be modified and

extended to take care of this. These software modifications extend on HLCS, Handbox and

LLCS and include

different coordinate transformation (LLCS)

reconfiguration of joint positions without changing the position and orientation of the End-

Frame (HLCS/LLCS)

tracing capability for evaluation of control system performance during test phases (LLCS)
Means to change control structures and parameters (LLCS)

torque control interface to servo electronics (LLCS)

guarantee of adjustable sampling time (path control and position control levels) ( LLCS)
provisions for preloading of gear and advanced centralized control algorithm (LLCS)

provisions for additional sensors

4.3 Physical Layout of Control System and Test Site

Fig. 4 4 shows the EDITH test site, which is located in the KfK Remote Handling Lab. The test site

has served formerly as a flaw which housed an experimental device for Uranium separation. The

flaw is about 15 m deep and 10 m wide; if the EDITH boom is extended it will reach out of the flaw

into the hall which is adjacent to the flaw.

The control room, as shown in fig. 4.4, is planned to be one level up. It provides space for the

cabinets which hold the LLCS, the servo and the sensor electronics, and space for the HLCS (a
VAX-Station) and the Handbox (HBX).

It should be mentioned, that the close neighbourhood of HLCS and LLCS is due to the convenience

of testing, commissioning and experimentation, 1. e. the purposes EDITH will be built for. On the

other hand the structure of the motion control