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Agenda Item 4: Review of AMSS validation process

4.1 INTRODUCTION

4.1.1 Considering the complex and critical nature of draft aeronautical mobile-satellite service
(AMSS) Standards and Recommended Practices (SARPs), a comprehensive validation programme has been
undertaken by many States and international organizations.  In order to effectively monitor and co-ordinate the
validation activities and their results, an Aeronautical Mobile Communications Panel (AMCP) validation
sub-group has been formed.  The objectives of the sub-group are:

a) to ensure that the draft AMSS SARPs reflect the requirements of the aeronautical safety
community;

b) to ensure that practical systems can be developed that satisfy the AMSS requirements;
and

c) to ensure that the draft AMSS SARPs are complete, correct, and unambiguous.

4.2 VALIDATION CROSS-REFERENCE MATRIX

4.2.1 Many of the SARPs requirements involve complex interrelationship between different elements
or modules of the communications protocol; accordingly, a paragraph-by-paragraph analysis has been
performed to identify all the elements requiring validation and the most appropriate methodology to perform
the task.  The elements to be validated and the methodology to be used have been organized into a validation
cross-reference matrix (VCRM).  The panel noted that aeronautical safety communications and non-safety
communications, including aeronautical passenger communications (APC), will utilize the same avionics.  Even
though non-safety communication has the lowest priority, scenarios are possible where a sudden influx of
demands could affect the AMSS system performance as a whole.  Consequently, it is important to consider
scenarios that include non-safety communications such as APC in the validation process.

4.3 VALIDATION METHODOLOGY

4.3.1 The validation of the draft SARPs is being accomplished in several ways, including hardware
testing, computer simulation and analysis and flight testing.  Whereas the performance characteristics of the
physical layer may best be verified through laboratory or flight testing, the principal technique for thoroughly
validating the SARPs protocol requirements of the link and subnetwork layers is computer simulation.  As the
SARPs protocol requirements are encoded into software implementations for the simulation, any ambiguities
that might exist in the specifications are likely to become evident to the programmer.  Furthermore, as the
simulations are run, any errors in the specifications will manifest themselves through failures in operation.
Inasmuch as the protocols largely determine system performance, the observation of acceptable performance
in the simulation under a wide range of practical operating conditions provides a strong weight of evidence that
the SARPs protocols are valid.
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4.4 VALIDATION ACTIVITIES

4.4.1 The meeting was presented with information concerning validation activities being performed
by some States and international organizations.  Some of these validation programmes are briefly described
in the following paragraphs.

4.4.2 France

4.4.2.1 France, with support from EUROCONTROL, is carrying out a draft AMSS SARPs protocol analysis
effort using the software tool Veda.  Verification of the P-channel transmission protocol, sub-band C-channel
transmission protocol, T-channel transmission protocol, T-channel reservation protocol and T-channel periodic
reservation protocol has been completed.  Current plans foresee the completion in March 1993 of the evaluation
of the R-channel transmission protocols, circuit-mode signalling protocols, and management protocols.  As a
result of these studies, a high degree of confidence in the SARPs consistency and unambiguity will be obtained
through the use of this formal verification technique.

4.4.3 Japan

4.4.3.1 Japan also plans to support the validation program.  Flight trials are scheduled to start by the end
of 1992 using bit-oriented DATA-2 equipment with a P-channel at 600 bps, and R- and T-channels at 600 and
1 200 bps.  Propagation characteristics, bit error rates, transit delays, etc., will be measured for both low and
medium elevation angles.  The performance of the subnetwork in the serving ADS and two-way
communications applications will be evaluated.

4.4.4 United Kingdom

4.4.4.1 The United Kingdom has initiated a test and demonstration programme.  Trials are based on the use
of INMARSAT DATA-2/VOICE-2 equipment which is being flown on a British Airways B747-400 aircraft.
To date, approximately 170 hours worth of data has been collected but not yet fully analysed.  The Civil
Aviation Authority (CAA) is investigating the application of satellite communication systems as part of the
North Atlantic systems planning group activities to ensure an adequate future means of surveillance and
communication to handle the anticipated growth of air traffic over the north Atlantic.  These trials are essential
to gather the data needed to refine the operational and technical requirements for oceanic communications and
automatic dependent surveillance.  Furthermore, the results from these trials will also provide some practical
experience with the physical and link layers of the draft AMSS SARPs.

4.4.5 United States

4.4.5.1 The Federal Aviation Administration Technical Center (FAATC) in Atlantic City has prepared a
laboratory with recording equipment and an aircraft earth station (AES) to monitor P-channel traffic in the
form of link-layer signal units to co-operating AESs.

4.4.5.2 The FAATC has also made available a Boeing 727 test aircraft suitable for carrying out
demonstrations and tests with AMSS AES equipment.  The data will be analysed at the FAATC after each
flight.  Results indicating throughput, delay, and SU loss rates will be developed.  Of particular interest will
be the operation of the system over a range of aircraft attitudes relative to the line of sight to the satellite.
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Position, velocity, and attitude data will be recorded in the aircraft.  Test messages will be used which
demonstrate the operation of the link layer's priority (precedence) discrimination facilities.  Circuit-mode voice
tests will also be conducted to determine call-setup delays and voice quality.

4.4.5.3 Also included in the communications laboratory at the FAATC is a set of state-of-the-art RF test
equipment which can be used for special AMSS experiments to verify basic parameters such as transmitted
and received power levels during the communications testing described above.

4.4.5.4 Furthermore, the United States simulation effort in support of the validation programme includes a
simulation of the AMSS protocols using a software package called OPNET.  The protocols for AES and
ground earth station (GES) nodes are being constructed using OPNET; the nodes are replicated to provide
scenarios of proper equipage  (e.g., 25 to 50 AESs and one GES).  Stochastic traffic models are being provided
at each node.  The data collected include statistics on message transfer delay and voice call setup delay.  The
chosen scenarios will be run for many hours of simulated time to permit the collection of data which is
statistically significant.  To date, the AMSS link layers as specified in the SARPs have been modeled in detail,
and simulation results with projected traffic models have yielded valuable preliminary validation data.  This
effort, including the simulation of link-layer, subnetwork-layer, C-channel signalling, and management function
protocols, is expected to be complete by August 1993.

4.4.6 Eurocontrol

4.4.6.1 In addition to participating with France on a number of validation tasks, Eurocontrol plans foresee
during 1993 and beyond some trials/evaluations involving the use of DATA-2 and DATA-3 AESs in
supporting a range of automatic dependent surveillance (ADS) reporting architectures and techniques.

4.4.7 INMARSAT

4.4.7.1 Additional simulation efforts by other organizations have been under way for some time.  These have
been focused on the INMARSAT System Definition Manual (SDM), rather than the SARPs, per se, but their
results will help indirectly to establish the suitability of the basic protocol designs.  Efforts are currently under
way to bring the INMARSAT access approval test requirements into agreement with the RTCA AMSS
minimum operational performance specifications (MOPS)  to meet all the requirements of the ICAO draft
AMSS SARPs.  A great deal of analysis and testing is being carried out by the industry to support the drafting
of MOPS requirements and verification procedures for the avionics.  The co-relation of test procedures with
the AMSS physical layer will produce strong evidence of AMSS AES and GES conformance to ICAO draft
AMSS SARPs.

4.4.8 Other activities

4.4.8.1 In addition to the above, Canada is conducting laboratory tests of the physical and link layers
performance.

4.4.8.2 ARINC has completed its OPNET simulation of oceanic air traffic model and resulting AMSS
end-to-end system performance in support of RTCA SC-165 and has no further plans for modelling in this area
unless further support is requested.  Currently, ARINC is participating in testing of AMSS using AES
equipment in a laboratory with an operational GES.  In mid-1993, ARINC will be participating in operational
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trials with several airlines equipped with DATA-2 AES.  The test activities, both the laboratory testing and
the operational testing, will validate the physical link layer capabilities, as well as AES/GES management
requirements.

4.5 VALIDATION SCHEDULE

4.5.1 Even though the development of draft AMSS SARPs has been completed, their acceptance
can only be envisaged once their validation has been completed.  The validation programme is the most critical
activity at the moment and is on the critical path for the completion of the work on AMSS.  In order to more
closely co-ordinate and manage the activities and integrate the results of the validations, the panel has produced
a table of validation activities and an associated schedule for their accomplishment.  The details of the
validation activities and schedule are presented in the WG-A future work under Agenda Item 9.

4.6 VOICE REQUIREMENTS FOR ADS OPERATIONS

4.6.1 On 26 November 1992, the Air Navigation Commission (131-8) reviewed the report of the
second meeting of the Automatic Dependent Surveillance Panel (ADSP/2) and requested the Aeronautical
Mobile Communications Panel (AMCP) to take into account the material contained in Appendix to this agenda
item, (Appendix F to ADSP/2 refers), when developing technical specifications for voice communications.
Considering that the development of the draft AMSS SARPs has been completed, WG-A has included in its
work programme a task to assess the degree to which the AMSS is able to meet the stated ADS requirements.
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