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Agenda Item 8:Agenda Item 8: Material on very high frequency (VHF) data link (VDL)Material on very high frequency (VHF) data link (VDL)

8.1 GGENERALENERAL

8.1.1 Under this agenda item the following main subjects were identified:

a) VHF digital link (VDL) system architecture;

b) VDL Draft Standards and Recommended Practices (SARPs);

c) operating concept of VDL;

d) VDL guidance material;

e) trials; and

f) VDL enhancement.

8.2 VDLVDL DESIGN GUIDELINES DESIGN GUIDELINES

8.2.1 The VDL system architecture was presented by Working Group C (WG-C) in the form of
VDL design guidelines.  These are contained in Appendix A.  These VDL design guidelines form the
fundamental interface between the VDL Draft SARPs (see Section 8.3 below) and other material, such as
automatic dependent surveillance (ADS) operational requirements, Aeronautical Telecommunication Network
(ATN) Manual, etc.  The panel accepted the VDL design guidelines.  Since it was also felt necessary that the
VDL design guidelines should be brought to the attention of other ICAO bodies, the panel developed the
following recommendation:

Recommendation 8/1Recommendation 8/1  ! Co-ordination of the VDL design guidelinesCo-ordination of the VDL design guidelines

That ICAO ensure that the VDL design guidelines as contained in Appendix A to
the report on Agenda Item 8 be submitted, on an urgent basis, to other relevant
ICAO bodies such as the ADSP, ATNP and GNSSP as the basic interface
document for the VHF digital link.

8.2.2 The meeting agreed once more that, since the said VDL design guidelines are a living
document, they will be revised whenever appropriate, for instance on the basis of the comments received from
other bodies, or as a result of the validation effort.

8.3 VDLVDL  DDRAFT RAFT SARPSARPSS

8.3.1 WG-C presented to the meeting the VDL Draft SARPs.  These Draft SARPs are contained
in Appendix B to this agenda item.
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8.3.2 Version 1 of the VDL Draft SARPsVersion 1 of the VDL Draft SARPs

8.3.2.1 GeneralGeneral

8.3.2.1.1 In general, the VDL Draft SARPs are organized in the following four sections (and one
appendix):

! Section 1:  Definitions and system capabilities;

! Section 2:  Physical layer;

! Section 3:  Link layer; and

! Section 4:  Subnetwork layer.

8.3.2.1.2 Section 3 is the most relevant part of the VDL Draft SARPs, not only because of its size and
complexity, but also since it contains a new protocol (i.e. AVLC = aviation VHF link control), whose features
greatly affect the functions, performances and implementation of VDL.

8.3.2.1.3 Section 3 includes three main subparagraphs, i.e. media access control protocol (MAC)
sublayer, data link service (DLS) sublayer and link management entity (LME).

8.3.2.2 Adoption of VDL Draft SARPs for validation purposesAdoption of VDL Draft SARPs for validation purposes

8.3.2.2.1 AMCP/3 felt that the VDL Draft SARPs, as defined and revised by the meeting, were
complete, stable, and mature enough to form a sound basis not only for the validation effort, but also for an
early implementation and operational use where required.

8.3.2.2.2 However, since the validation work on the SARPs is still in progress, it was concluded that it
was too early to propose inclusion of the VDL Draft SARPs in Annex 10.

8.3.2.2.3 The recognition by ICAO that the panel considers that the VDL Draft SARPs provide a
comprehensive and accepted basis for further development of the VDL at a world-wide level would, however,
be beneficial.  The meeting therefore developed the following recommendation:

RecommendationRecommendation 8/2 8/2  ! AdoptionAdoption of the VDL Draft SARPs for validation of the VDL Draft SARPs for validation

That ICAO note the progress made on the development of the VDL Draft SARPs
as contained in Appendix B and support the use of it as the basis for validation in
the further development of the VDL.
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8.4 AAMENDMENTS TO MENDMENTS TO AANNEX NNEX 1010

8.4.1 The meeting felt that it was necessary to propose a minimum set of amendments to Annex 10
in order to provide adequate protection to present users of the band and their safety-related application.
These amendments are contained in Appendix C of this agenda item.  The panel developed the following
recommendation:

RSPP Recommendation 8/3Recommendation 8/3  ! Amendments to Annex 10 on VDL RFAmendments to Annex 10 on VDL RF
characteristicscharacteristics

That Annex 10 be amended to include the VDL RF characteristics as contained
in Appendix C to the report on Agenda Item 8.  

8.4.2 The meeting noted that some members felt that a final assessment of the proposed SARPs
has to take place at the next meeting of Working Group B (10 to 22 October 1994).  Consideration of
Recommendation 8/3 by ICAO therefore should take place after this meeting.  The Secretariat will then
inform the Air Navigation Commission accordingly.

8.5 VDLVDL OPERATING CONCEPT OPERATING CONCEPT

8.5.1 The meeting noted that the VDL operating concept is still in progress within WG-C.  This
work will continue.

8.6 VDLVDL GUIDANCE MATERIAL GUIDANCE MATERIAL

8.6.1 The meeting noted a preliminary version of the guidance material for VDL.  This matter is
under further consideration by WG-C.

8.7 FFLIGHT TRIALSLIGHT TRIALS

8.7.1 Flight trials with VDL are expected in 1995.

8.8 EENHANCEMENTSNHANCEMENTS

8.8.1 GeneralGeneral

8.8.1.1 As presented in paragraph 7.2.5 in the report on Agenda Item 7, AMCP/3 felt that the
enhancement of the MAC sublayer of VDL is both necessary and feasible.  Various proposals in this respect
were put forward; for instance the use of a combined protocol or the TDMA approach, the latter already
discussed under previous Agenda Item 5.  Beyond this the meeting payed due attention to the Cellular CNS
Concept (CCC) as described below.
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8.8.2 Summary of CCC featuresSummary of CCC features

8.8.2.1 For the past thirteen years, a Swedish research and development programme has been
investigating the use of satellite navigation technology for an array of air navigation, air traffic control and
airport, surface movement control applications.

8.8.2.2 The Swedish Civil Aviation Administration (CAA) has, as a result of its work and based on
the evaluated technology and results of the programme, established a prototype “Cellular CNS Concept CCC”
for trials and demonstrations.  The Cellular CNS Concept is an example how the elements envisaged by
Special Committee for the Monitoring and Co-ordination of Development and Transition Planning for the
Future Air Navigation System (FANS Phase II) can be materialized and integrated into an operational system.

8.8.2.3 The core of the system is the global navigation satellite system (GNSS) transponder.  Such
a unit can be installed in aircrafts, vehicles and at ground base stations.  The GNSS transponder determines
its position and transmits this information on a self-allocating, time division multiple access (TDMA),
VHF data link to other users in the system.  Differential global positioning system (DGPS) corrections from
the base stations are broadcasted on the same data link.  The received data is then processed and displayed
on a digital map, enabling pilots, drivers, or controllers to view movements of all GNSS transponder-equipped
mobile platforms.  A variety of other applications have been tested, utilizing the data link of the demonstration
system.  Secondary surveillance radar (SSR) information has also been integrated and transmitted, together
with the GNSS derived positions on the data link.

8.8.2.4 A GNSS transponder-equipped aircraft or vehicle can operate in two modes.  In
“Autonomous mode”, which means that the communication is monitored and controlled internally in each unit,
transmitting and receiving information on the data link.  This will be the situation over oceans and remote land
areas.  Over land areas within the coverage of a base station “ground controlled mode” is used.  All
communication is then supervised by a base station.  By connecting base stations in a network, information
related to the integrity and functionality of the system is exchanged.

8.8.2.5 In the tested system, each minute is divided into 2 250 time slots, and each time slot, long
about 27 ms, contains a complete message.  A transmission rate of 9 600 bits per second (bits/s) (which can
be accommodated on a 25 kHz bandwidth VHF channel) has been used.  For example, ground vehicle
applications, “half-slot” messages can be implemented.  The capacity for such application would be
4 500 time slots per minute.

8.8.2.6 The modulation presently used is FM GMSK.  Other modulation methods, such as FM
“direct modulation” and AMI, have also been tested.  Alternative modulation schemes and higher transmission
rates could also be considered if proven to be more efficient, in the opinion of the Swedish experts.

8.8.3 ConsiderationsConsiderations

8.8.3.1 The meeting acknowledged the excellent work carried out in Sweden and thanked the experts
from that State that had delivered such valuable information.  In addition, the meeting noted that the work
carried out so far had demonstrated that the ICAO CNS/ATM systems lent itself to a number of different
engineering solutions or applications; in this context the Swedish experience can be assumed to be a
demonstration of practical feasibility in order to achieve real operational benefits.
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8.8.3.2 The comprehensive presentation of the system to the meeting showed that there were many
technical or operational areas involved, such for instance as the coding of ATS messages into bit streams or
the operational requirements for automatic dependent surveillance (ADS), differential global navigation
satellite system (DGNSS) or other air traffic management (ATM) applications.  Many of these features were
considered by the meeting outside the work programme of the AMCP, but instead under the responsibility of
other appropriate bodies.  Therefore, AMCP/3 concentrated on two major aspects:

a) the need to define operational requirements for various applications; and 

b) the definition of appropriate standards for the VHF data link.

8.8.3.3 With respect to the above-mentioned former aspect, AMCP/3 felt that it was necessary to
define, in particular, detailed operational requirements for the following operational applications, when
supported by a data link:

a) “non-time critical” broadcast services (e.g. automatic terminal information service
(ATIS), VOLMET);

b) “non-time critical” two-way pilot-controller data communications [e.g. pre-departure
clearance (PDC)];

c) ADS in continental airspace with associated “time-critical” pilot-controller data
communications;

d) ADS “broadcast” mode;

e) SMGCS supported by ADS;

f) local differential GNSS; and

g) ATM applications (e.g. 4D profile air-ground negotiations).

8.8.3.4 Albeit significant work had already been carried out in other fora (e.g. EUROCAE for surface
movement guidance and control systems (SMGCS), RTCA for DGNSS, etc...), AMPC/3 felt it appropriate
to suggest that world-wide agreed operational requirements be defined, and therefore, approved the following
recommendation:

Recommendation 8/4Recommendation 8/4  ! Operational requirement for ATM applicationsOperational requirement for ATM applications
supported by data linksupported by data link

That appropriate ICAO bodies be tasked to define detailed operational
requirements for ATM applications when using data link, including, but not
limited to, those listed in the above paragraph 8.8.3.3.

8.8.3.5 With respect to the communication aspects, AMCP/3 considered the Swedish solution very
interesting in terms of spectrum efficiency since the self-organizing TDMA assigned slot operation offers the
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possibility of a high quality message exchange service with low overhead.  The chosen technique also provides
the possibility of reusing the same frequency in adjacent cells.

8.8.3.6 In addition, the approach used in the Swedish development activities appeared to AMCP/3 to
be very promising, mainly for the following foreseen operational applications:

a) local area DGNSS;

b) ADS in continental airspace; and

c) SMGCS.

8.8.3.7 For these applications the VHF band is one of the bands that may be used.  In this respect
AMCP/3 considered that:

a) definition and standardization of the VHF transmission characteristics is already
included in the work programme of the panel itself; and

b) such definition and standardization relate mainly to the physical medium
(e.g. modulation) and the transmission protocols to be used.

8.8.3.8 With respect to modulation, AMCP/3 observed that the Swedish system had used an FM
scheme, achieving a channel bit rate of 9 600 bits/s.  However, changing such a scheme would not jeopardize
the over-all concept, while on the other hand, D8PSK (as selected for Mode 2 VDL) would enhance the
performance in terms of bit rate, up to 31.5 kbit/s.  In fact, such a modulation scheme had already been
considered by the RTCA for local DGNSS.  Therefore, the meeting confirmed that D8PSK was the best
known modulation scheme for digital transmission over the VHF carrier.

8.8.4 Future developmentsFuture developments

8.8.4.1 With respect to the transmission protocols, the AMCP/3 concluded that:

a) local DGNSS is a safety critical real-time broadcast service, needing protocols
optimized for such purposes, not necessarily using the protocols developed for the VDL
subnetwork or being part of the ATN; and

b) the enhancement of the VDL protocol is necessary for ADS in high density airspace and
other “time-critical” ATS data communications; both these topics will be included in
the future work of WG-C, taking into account the work already carried out in Sweden.

8.9 CCOMPARISON WITH OTHER DATA LINKSOMPARISON WITH OTHER DATA LINKS

8.9.1 The meeting examined a comparison of various data link performance characteristics
(e.g. Mode S, ACARS, AMSS).  After having reviewed this material, the panel agreed on a matrix for the
VDL.  This matrix is contained in Appendix D to this agenda item and it should be transmitted to the
appropriate ICAO bodies (e.g. ATNP).

! ! ! ! ! ! ! !


