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European Foreword

This document (CEN/TR 17603-60-10:2022) has been prepared by Technical Committee
CEN/CLC/JTC 5 “Space”, the secretariat of which is held by DIN.

It is highlighted that this technical report does not contain any requirement but only collectio:: ot lata
or descriptions and guidelines about how to organize and perform the work in suppor: ot N | 5603-
60.

This Technical report (CEN/TR 17603-60-10:2022) originates from ECSS-E-HB-60-10A.

Attention is drawn to the possibility that some of the elements of this document .2ay b the subject of
patent rights. CEN shall not be held responsible for identifying any or all si:<h L atent rights.

This document has been prepared under a mandate given to CEN by the Suropean Commission and
the European Free Trade Association.

This document has been developed to cover specifically space syste.ns and has therefore precedence
over any TR covering the same scope but with a wider domain «f ar plicability (e.g.: aerospace).
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Introduction

This document focuses on the specific issues raised by managing all performance aspects of control
systems in the frame of space projects. It provides a set of practical definitions, engineerirg 1.les,
recommendations and guidelines to be used when specifying or verifying the performance of
general control system; attention was paid by the authors to keep the application field as ¢pen as
possible, and not to restrict to a specific domain — such as spacecraft attitude control for ¢ -am; <.

It is not intended to substitute to textbook material on automatic control theory. Th readers and the
users are assumed to possess general knowledge of control system engineering an.l.it. applications to
space missions. Nevertheless when required — to avoid any risks of ambiguitv fo. exarple, or for the
clearness of the presentation — some basic definitions and rules are provide.in ('esicated annexes.

This document was originally intended to focus on the specific case of puinting systems and AOCS,
starting from an existing ESA handbook [Pointing Error Handloo ', ESA-NCR-502], to be updated,
completed, and extended to be built up as an applicable ECSS a. cument. But after reviewing the
scope, this approach appeared somewhat restrictive:

. restricting performance concepts to “pointing” doe: nct allow to deal with problems such as
thermal control, position control (robotics), or 1 ore geiierally any other type of control systems,
even though these problems share the same theox o+ al framework;

. AOCS is one major contributor to the overal' system pointing performance, yet not the only
one: misalignments, thermoelastic effe-ts; payload behaviour, etc. all contribute to the final
performance. This remark can be cxenced to general systems, considering that the controlled
part is but one of the contributors.

Accounting for these remarks Jed ‘o extending the initial scope of this document. The upgraded
objective is to set up a gencia'iseq framework introducing performance definitions, performance

4

indices and budget calcula*io. s. “/Seneralised” is understood here in two directions:

. transversally, se«2 to be applicable independently on the physical nature of the control system
(not only pointi»g),

J and vertica'ly, in the sense that in many practical situations the proposed definitions and
technique= can also apply to any part of the system (basically to the controlled part, but not
restrictiely). This should assure consistency between the performances indices (error budgets)
of *he complete system and of the controlled system part. Motivation is also that dedicated but
gei. ric methods for budget breakdown can be applied on different levels i.e. on system level
«nd‘on controlled system level.

NOTE1 The idea of defining a general framework applying from
equipment level to system level is driven by a concern for technical
and conceptual consistency. In a later phase, relevant system
aspects can be transferred or copied to the appropriate System
Engineering standard - if found more convenient.
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NOTE2 The general control structure from the Control Engineering
handbook [ECSS-E-HB-60A, Figure 4-1] has been extended in
support, showing also the system performance in the output
(Figure 4-2 of this handbook)

NOTE 3 The objective of this document is not to cover the high level system
or mission performance aspects, which clearly belong to a different
category.

In addition to this will for general and generic concepts, a clause of this document covers the
performance issues which are more specific for the controlled systems themselves (mainly involving
feedback loops in practice) or which are based on well-known control methods. The need for this
clause arises as such systems call for particular technical know-how and feature specific performance
indicators that require additional insight. For example: stability and robustness properties, transient
responses (settling time, response time etc.) and frequency domain indicators.

Although this document is designed to be as general as possible, clearly in practice pointing and
AOCS issues are the most demanding space engineering disciplines in terms of control systems. They
are covered by an informative annex of the document which declines the general concepts and
illustrates how pointing issues can be managed as a special case of vector-type data on a high
resolution Earth observation mission.

Driven by a similar concern for illustration on space engineering applications of practical interest,
another annex of the document shows how to decline the general concepts to deal with the control
performance issue arisen by robotics applications.
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1
Scope

This Handbook deals with control systems developed as part of a space project. It is applicable to all
the elements of a space system, including the space segment, the ground segment and the launch
service segment.

It addresses the issue of control performance, in terms of definition, specification, verification and
validation methods and processes.

The handbook establishes a general framework for handling performance indicators, which applies to
all disciplines involving control engineering, and which can be declined as well at different levels
ranging from equipment to system level. It also focuses on the specific performance indicators
applicable to the case of closed-loop control systems.

Rules and guidelines are provided allowing to combine different error sources in order to build up a
performance budget and to assess the compliance with a requirement.

This version of the handbook does not cover control performance issues in the frame of launch
systems.
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