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INFORMATION TECHNOLOGY — SENSOR NETWORK -
GUIDELINES FOR DESIGN IN THE AERONAUTICS
INDUSTRY: ACTIVE AIR-FLOW CONTROL

FOREWORD

1) 1SO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and non-governme::tal, in
liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO and {=C \ ave
established a joint technical committee, ISO/IEC JTC 1.

2) The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as.nosshle, an
international consensus of opinion on the relevant subjects since each technical committee ha rep.=2setation
from all interested IEC National Committees and ISO member bodies.

3) IEC, ISO and ISO/IEC publications have the form of recommendations for international us» and are accepted
by IEC National Committees and ISO member bodies in that sense. While all reasonah!e eforts are made to
ensure that the technical content of IEC, ISO and ISO/IEC publications is accurate, IEZ or I D cannot be held
responsible for the way in which they are used or for any misinterpretation by any end u. =r.

4) In order to promote international uniformity, IEC National Committees and IS%< .~en._cr bodies undertake to
apply IEC, ISO and ISO/IEC publications transparently to the maximum exte t po. sible in their national and
regional publications. Any divergence between any ISO, IEC or ISO/IEC pubi.>cuon and the corresponding
national or regional publication should be clearly indicated in the lattor.

5) ISO and IEC do not provide any attestation of conformity. Independent eruiication bodies provide conformity
assessment services and, in some areas, access to IEC marks o’ confori.iity. ISO or IEC are not responsible
for any services carried out by independent certification bodies

6) All users should ensure that they have the latest edition of thi. puc'ication.

7) No liability shall attach to IEC or ISO or its directors, em| loyees, servants or agents including individual experts
and members of their technical committees and IEC N tioral Committees or ISO member bodies for any
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for
costs (including legal fees) and expenses arising (ut of the publication of, use of, or reliance upon, this ISO/IEC
publication or any other IEC, ISO or ISO/IEC pu’:lice tions.

8) Attention is drawn to the normative referencc= cited in this publication. Use of the referenced publications is
indispensable for the correct application Of t'.is publication.

9) Attention is drawn to the possibility thit sc.22 of the elements of this ISO/IEC publication may be the subject of
patent rights. ISO and IEC shall not . e h.'d responsible for identifying any or all such patent rights.

The main task of the joint tcr nicai committee is to prepare International Standards. However,
the joint technical committe = may propose the publication of a Technical Report when it has
collected data of a diffe:ent kind from that which is normally published as an International
Standard, for examrie sta.e of the art".

ISO/IEC TR 22760, which is a Technical Report, has been prepared by subcommittee 41:
Internet of Things and related technologies, of ISO/IEC joint technical committee 1:
Information (=chinology.

Tiis“T~chnical Report has been approved by vote of the member bodies, and the voting
results mey be obtained from the address given on the second title page.

I1his publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

The number of wireless connections is growing exponentially around the world. Wireless
communications are expanding to areas previously reluctant to use this type of technology. In
the field of aeronautics, wireless intra-avionics applications are just recently gaining
acceptance both in industrial and academic arenas. This late adoption is mainly because
wireless transmissions have been conventionally associated with reliability and interference
issues. Aeronautics applications on board aircraft are highly critical and therefore the inherent
randomness of wireless technologies created lots of skepticism, particularly for sensing,
monitoring and control of critical aeronautical subsystems. In addition, uncontrolled wireless
transmissions can potentially create interference to other aeronautical subsystems, thus
leading to malfunctions and unsafe operation. However, recent interference and relichility
studies with state-of-the-art wireless standards suggest safe operation and thus the fecsib/'ity
of a relatively new research area called wireless avionics intra-communications (WAICs). hi
the last few years, wireless technology has started to be used on board for systen.> that
conventionally used only wire-line infrastructure (i.e., as replacement of cable 1. 10.ic also
being used for applications which are now only possible thanks to the wireless t«omponent
(e.g., indoor localization, tracking and wireless power transfer). Exampi»s of potential
applications of wireless avionics intra-communications are the following. sicucture health
monitoring, avionics bus communications, smoke sensors, interference manitoiing, logistics,
identification, replacing of cables, fuel tank sensors, automatic rou'= control based on
optimized fuel consumption and weather monitoring, automatic tuivule. ce reduction or active
air-flow control, EMI (electromagnetic interference) monitoring, and 1.2¥ole wiring redundancy
design.

The avionics industry will experience a wireless revolution in the years to come. The concept
of “fly-by-wireless” opens several issues in desig>. ooafiguration, security, spectrum
management, and interference control. There are se.vara advantages in the use of wireless
technologies for the aeronautics industry. They pzrmit iaduction of cables in aircraft design,
thus reducing weight. Reduction of weight also lead< to increased payload capacity, longer
ranges, faster speeds, and mainly savings in fuel consumption. The reduction of cables can
also improve the flexibility of aircraft desig.: (less manpower for designing complex cabling
infrastructure). Additionally, wireless techr.oinvies can reach places of aircraft that are difficult
to reach by cables, while being relat:aiy..mmune to electrical cable malfunctions. Wireless
technology also provides improvel ‘cenfiguration and troubleshooting with over-the-air
functionalities of modern radio star.daics.

This document presents thc app.ication of wireless sensor and actuator networks for the
dynamic tracking and comp ens:.tion of turbulent flows across the surface of aircraft. Turbulent
flow formation and the associated skin drag effect are responsible for the inefficiency of
airplane design and ' us act as major factors in increased fuel consumption. The area of
active air-flow continl ri presents the convergence of several scientific fields such as: fluid
mechanics, sensor nctworks, control theory, computational fluid dynamics, and actuator
design. Due ) ti.= high speeds experienced by modern commercial aircraft, dense networks
of sensors<and actuators are necessary to accurately track the formation of turbulent flows
and for couiteracting their effects by convenient actuation policies. The use of wireless
technolcgies in this field aims to facilitate the management of the information generated by
the large number of sensors, and reduce the need for cables to interconnect all the nodes or
woups of nodes (patches) in the network. Additionally, the use of the wireless components
op 2 ns new issues in joint propagation and turbulence flow modelling. This document presents
e design principles of active air-flow control systems using dense wireless/wired sensor
networks compliant with the ISO sensor network reference architecture (SNRA). Standardized
interfaces will help developers create smart cloud avionics applications that will improve fleet
management, optimized route traffic, and computation of actuation profiles for different
moments of an aircraft mission. This also lies within the context of future technological
concepts such as Internet of things, Big Data, and cloud computing.
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INFORMATION TECHNOLOGY — SENSOR NETWORK -
GUIDELINES FOR DESIGN IN THE AERONAUTICS
INDUSTRY: ACTIVE AIR-FLOW CONTROL

1 Scope

This document describes the concepts, issues, objectives, and requirements for the design of
an active air-flow control (AFC) system for commercial aircraft based on a dense deployment
of wired/wireless sensor and actuator networks. The objective of this AFC system is to.track
gradients of pressure across the surface of the fuselage of aircraft. This collected information
will be used to activate a set of actuators that will attempt to reduce the skin drag «ffect
produced by the separation between laminar and turbulent flows. This will be translaicd nito
increased lift-off forces, higher vehicle speeds, longer ranges, and reduced fuel >znsumotion.
The document focuses on the architecture design, module definition, statement ot abjectives,
scalability analysis, system-level simulation, as well as networking and impler.entation issues
using standardized interfaces and service-oriented middleware architecturas. This document
aims to serve as guideline on how to design wireless sensor and actuator netwcrks compliant
with ISO/IEC 29182.

2 Normative references

The following documents are referred to in the text in sucn a way that some or all of their
content constitutes requirements of this document. For dat:d references, only the edition
cited applies. For undated references, the latest edition € the referenced document (including
any amendments) applies.

ISO/IEC 29182-2:2013, Information technology - Sensor networks: Sensor Network
Reference Architecture (SNRA) — Part 2: Vocabu'ary and terminology

ISO/IEC 29182-3:2014, Information=ci.=ology — Sensor networks: Sensor Network
Reference Architecture (SNRA) = Pa.:t'3: ;Reference architecture views

ISO/IEC 29182-4:2013, Informai'on technology — Sensor networks: Sensor Network
Reference Architecture (SNx+) — Part 4: Entity models

ISO/IEC 29182-5:2013. 'nformation technology — Sensor networks: Sensor Network
Reference Architectiire (SNRA) — Part 5: Interface definitions

3 Termrs and Vefinitions

For the ourposes of this document, the terms and definitions given in ISO/IEC 29182-2:2013
ard tha inllowing apply.

ISD and IEC maintain terminological databases for use in standardization at the following
«dresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org.obp


https://www.stdhive.com/standards/bs-pd-isoiec-tr-225602017-pdf/

