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The Research and Technology
Organisation (RTO) of NATO

RTO is the single focus in NATO for Defence Research and Technology activities. Its mission is to conduct and promote
co-operative research and information exchange. The objective is to support the development and effective use of
national defence research and technology and to meet the military needs of the Alliance, to maintain a technological
lead, and to provide advice to NATO and national decision makers. The RTO performs its mission with the support of an
extensive network of national experts. It also ensures effective co-ordination with other NATO bodies involved in R&T
activities.

RTO reports both to the Military Committee of NATO and to the Conference of National Armament Directors.
It comprises a Research and Technology Board (RTB) as the highest level of national representation and the Research
and Technology Agency (RTA), a dedicated staff with its headquarters in Neuilly, near Paris, France. In order to
facilitate contacts with the military users and other NATO activities, a small part of the RTA staff is located in NATO
Headquarters in Brussels. The Brussels staff also co-ordinates RTO’s co-operation with nations in Middle and Eastern
Europe, to which RTO attaches particular importance especially as working together in the field of research is one of the
more promising areas of co-operation.

The total spectrum of R&T activities is covered by the following 7 bodies:

o AVT Applied Vehicle Technology Panel

¢ HFM  Human Factors and Medicine Panel

e IST Information Systems Technology Panel

¢ NMSG NATO Modelling and Simulation Group

e SAS System Analysis and Studies Panel

e SCI Systems Concepts and Integration Panel

e SET Sensors and Electronics Technology Panel
These bodies are made up of national representatives as well as generally recognised ‘world class’ scientists. They also
provide a communication link to military users and other NATO bodies. RTO’s scientific and technological work is
carried out by Technical Teams, created for specific activities and with a specific duration. Such Technical Teams can

organise workshops, symposia, field trials, lecture series and training courses. An important function of these Technical
Teams is to ensure the continuity of the expert networks.

RTO builds upon earlier co-operation in defence research and technology as set-up under the Advisory Group for
Aerospace Research and Development (AGARD) and the Defence Research Group (DRG). AGARD and the DRG share
common roots in that they were both established at the initiative of Dr Theodore von Kérman, a leading aerospace
scientist, who early on recognised the importance of scientific support for the Allied Armed Forces. RTO is capitalising
on these common roots in order to provide the Alliance and the NATO nations with a strong scientific and technological
basis that will guarantee a solid base for the future.
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directly from material supplied by RTO or the authors.
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AGARDograph Series 160 and 300

Soon after its founding in 1952, the Advisory Group for Aerospace Research and Development (AGARD)
recognized the need for a comprehensive publication on Flight Test Techniques and the associated
instrumentation. Under the direction of the Flight Test Panel (later the Flight Vehicle Integration Panel, or
FVP) a Flight Test Manual was published in the years 1954 to 1956. This original manual was prepared as
four volumes: 1. Performance, 2. Stability and Control, 3. Instrumentation Catalog, and 4. Instrumentation
Systems.

As a result of the advances in the field of flight test instrumentation, the Flight Test Instrumentation Group
was formed in 1968 to update Volumes 3 and 4 of the Flight Test Manual by publication of the Flight Test
Instrumentation Series, AGARDograph 160. In its published volumes AGARDograph 160 has covered
recent developments in flight test instrumentation.

In 1978, it was decided that further specialist monographs should be published covering aspects of
Volumes 1 and 2 of the original Flight Test Manual, including the flight testing of aircraft systems.
In March 1981, the Flight Test Techniques Group (FTTG) was established to carry out this task and to
continue the task of producing volumes in the Flight Test Instrumentation Series. The monographs of this
new series (with the exception of AG237 which was separately numbered) are being published as
individually numbered volumes in AGARDograph 300. In 1993, the Flight Test Techniques Group was
transformed into the Flight Test Editorial Committee (FTEC), thereby better reflecting its actual status
within AGARD. Fortunately, the work on volumes could continue without being affected by this change.

An Annex at the end of each volume in both the AGARDograph 160 and AGARDograph 300 series lists
the volumes that have been published in the Flight Test Instrumentation Series (AG 160) and the Flight
Test Techniques Series (AG 300) plus the volumes that were in preparation at that time. Annex B of this
paper reproduces current such listings.
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Differential Global Positioning System
(DGPS) for Flight Testing

(RTO AG-160 Vol. 21 / SCI-135)

Executive Summary

Historically, test ranges have provided accurate time and space position information (TSPI) by using laser
tracking systems, kinetheodolite systems, tracking radars, and ground-based radio positioning systems.
These systems have a variety of limitations. In general, they provide a TSPI solution based on
measurements relative to large and costly fixed ground stations. Weather has an adverse effect on many of
these systems, and all of them are limited to minimum altitudes or confined geographic regions.

The Global Positioning System (GPS) provides a cost-effective capability that overcomes nearly all the
limitations of existing TSPI sources. GPS is a passive system using satellites, which provides universal
and accurate source of real-time position, and timing data to correlate mission events. The coverage area is
unbounded and the number of users is unlimited. The use of land-based differential GPS (DGPS)
reference stations improves accuracy to about one meter for relatively stationary platforms, and to a few
meters for high performance tactical aircraft. Further accuracy enhancement can be obtained by using GPS
carrier phase measurements, either in post-processing or in real-time. Accuracy does not degrade at low
altitudes above the earth’s surface, and loss of navigation solution does not occur as long as the antenna
has an open view of the sky. Therefore, it was important to undertake a study in order to investigate the
range of possible applications of DGPS in the flight test environment, taking also into account possible
integration (in real-time and in post-processing) with other systems.

In this AGARDograph, the potential of DGPS as a positioning datum for flight test applications is deeply
discussed. Current technology status and future trends are investigated in order to identify optimal system
architectures for both the on-board and ground station components, and to define optimal strategies for
DGPS data gathering during various flight testing tasks. Limitations of DGPS techniques are deeply
analyzed, and various possible integration schemes with other sensors are considered. Finally, the
architecture of an integrated position reference system suitable for flight test applications is identified.

The purpose of this AGARDograph is to provide comprehensive guidance on assessing the need for and
determining the characteristics of DGPS based position reference systems for flight test activities.
The specific goals are to make available to the NATO flight test community the best practices and advice
for DGPS based systems architecture definition and equipment selection. A variety of flight test
applications are examined and both real-time and post-mission DGPS data requirements are outlined.
Particularly, DGPS accuracy, continuity and integrity issues are considered, and possible improvements
achievable by means of signal augmentation strategies are identified. Possible architectures for integrating
DGPS with other airborne sensors (e.g., INS, Radalt) are presented, with particular emphasis on current
and likely future data fusion algorithms. Particular attention is devoted to simulation analysis in support of
flight test activities with DGPS. Finally, an outline of current research perspectives in the field of DGPS
technology is given.
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Global Positioning System Différentiel
(DGPS) pour les essais en vol

(RTO AG-160 Vol. 21 / SCI-135)

Syntheése

Historiquement, 1’étendue des tests a fourni une information exacte sur la position dans le temps et dans
I’espace (TSPI) en utilisant des systémes de poursuite a laser, des systémes cinéthéodolites, des radars de
poursuite, et des systémes de positionnement radio au sol. Ces systémes ont un ensemble de limitations.
En général, ils fournissent une solution TSPI basée sur des mesures données par des stations sol fixes
importantes et coliteuses. Le temps a un effet défavorable sur la plupart de ces systemes qui sont tous
limités a une altitude minimum et & des régions géographiquement restreintes.

Le Global Positioning System (GPS) fournit des moyens bons marchés qui surmontent a peu prés toutes
les limitations des sources TSPI existantes. Le GPS est un systéme passif par satellites qui fournit une
source universelle et précise de la position en temps réel, il fournit aussi des données en temps sur la
poursuite de la mission. La couverture dans I’espace est sans borne et le nombre d’utilisateurs est illimité.
L’utilisation de stations au sol de référence de différentiels GPS (DGPS) augmente la précision jusqu’a
environ un meétre pour les plateformes relativement stationnaires et de quelques métres pour les avions
tactiques hautement performants. Un accroissement supplémentaire de la précision peut étre obtenu en
utilisant les mesures de phase de transport, soit dans les opérations a venir, soit en temps réel. La précision
ne se dégrade pas a basse altitude, une perte de navigation ne peut survenir tant que I’antenne a une vue
dégagée du ciel. De ce fait, il était important d’entreprendre une étude pour enquéter sur I’étendue des
applications possibles du DGPS pour les essais en vol, en tenant compte aussi de 1’intégration possible des
autres systémes (en temps réel et a venir).

Dans cette AGARDographie, les données du DGPS sur la position des essais en vol, sont sérieusement
examinées. L’état de la technologie actuelle et les tendances futures sont étudiés de facon a identifier les
meilleurs systémes d’architectures a la fois sur le plan des équipements a bord et au sol, et aussi sur les
stratégies optimales pour récupérer les données DGPS lors des différentes taches pendant les essais en vol.
Les limitations des techniques DGPS sont profondément analysées et les différents schémas possibles
d’intégration avec les autres détecteurs sont étudiés. En définitif, I’architecture d’un systéme de référence
des positions intégrées adaptable aux essais en vol, a été identifié.

L’AGARDographie veut fournir des conseils d’ensemble sur 1’estimation des besoins et déterminer les
caractéristiques de base des systémes de référence de position DGPS pour les essais en vol. Le but spécifique
est de mettre a la disposition de la communauté des essais en vol de ’OTAN des pratiques et des conseils
afin qu’elle choisisse I’équipement et la définition architecturale des systemes DGPS. Un ensemble
d’applications pour les essais en vol est étudié et les données indispensables du DGPS en temps réel et apres
mission sont répertoriées. En particulier, les questions sur la précision, la continuité et I’intégrité du DGPS
sont déterminées et des améliorations réalisables, par ’accroissement de puissance des signaux, sont
identifiées. De possibles architectures intégrant d’autres détecteurs (ex.: INS, Radalt) sont présentées,
en insistant sur les algorithmes de données intégrant 1’actuel et le futur. L’analyse de simulation liée aux
essais en vol est particuliérement étudiée avec le DGPS. Enfin, il en ressort une vue d’ensemble sur les
perspectives de recherches actuelles dans le domaine de la technologie DGPS.
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