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VDL MODE 4 DEVELOPMENT AS PART OF AN AIRCRAFT VHF MULTIMODE RADIO
(Presented by Larry Johnsson)

(Prepared by Okko Bleeker, Rockwell Collins France))
	SUMMARY

	A VHF MultiMode Radio (VMMR) development is being performed by Rockwell Collins France, on the basis of software defined radio principle. The VMMR provides co-existent Voice/ACARS/VDL Mode 2 and VDL Mode 4 functions by way of a single [ARINC 750] form factor unit, using an unchanged aircraft VHF antenna arrangement. This WP summarizes the VDL Mode 4 performance including very good co-channel and adjacent channel performance, and excellent sensitivity/dynamic range. Co-site interference on concurrent voice operations is eliminated by way of sharing the VDL Mode 4 reservation table. The VMMR will be on aircraft for full function and performance verification later in 2007.
Action by the ACP is in paragraph ‎5.


1. INTRODUCTION

1.1 Developments in air traffic management will require aircraft to be networked into air navigation service provider (ANSP) operations to facilitate increased levels of automation in support of better movement predictability and geometric flightpath (‘trajectory’) analysis. With a view to this development, Rockwell Collins has been investigating system requirements and candidate system architectures required to enable such operations. The work indicates that required enhancements in monitoring the aircraft current state may be adequately addressed by automatic dependent surveillance‑broadcasting of position, velocity and time (ADS-B, PVT), using the existing Mode‑S transponder infrastructure. In this architecture, the complementary aircraft future (i.e. planned) state is networked using dissimilar connectivity so that failures would not be ‘common’ to the current and future state loops
1.2 Given the existing ICAO VHF communication and data link provisions, focus has been on exploiting VHF functionality to realize this future state (i.e. planning) connectivity as part of the NUP program. Given the associated networking requirements, program focus has been on the use of VHF Digital Link Mode 4 (VDL Mode 4). With that objective, a development effort has been undertaken to include a VDL Mode 4 link capability into the existing VHF Voice /ACARS /VDL Mode 2 functionality in such a way as to produce co-existence and compatibility, thus enabling a VHF MultiMode Radio (VMMR). The VMMR will use existing aircraft wiring and antenna functions and use the existing ARINC 750 form factor to enable direct unit interchangeability. At the same time, state of the art ‘software defined radio’ (SDR) technology has been applied to realize VDL Mode 4 performance superior over that obtained with implementations using ‘traditional RF’ radio technology architectures, while enabling control of VHF co-site interference effects.
1.3 Successful networking of operations in this way will show considerably reduced need for voice exchanges, thus alleviating VHF comm./datalink spectrum requirements and mitigating interference issues in general. Considerable work to refine and validate this concept has been done (including approximately 1100 revenue flight operations in 2006) to demonstrate the concept described above, including reduced voice communication. The work was performed in context of the NEAN Update Program (NUP), sponsored by the European Commission and including a range of international partners.
2. Brief overall System description and rationale
Current situation

2.1.1 The overall system recognizes the aircraft flight control loops, from the outermost (planning), down to the innermost (flight control surfaces) loop.

2.1.2 The planning functions evolve from airline pre-flight planning, to the flight plan ‘as entered’ into the flight management system (FMS). Once the aircraft is “on power”, the FMS evolves this [flight plan as entered] including any constraints made available to the system, into the aircraft 4-dimensional trajectory (4DT), which becomes the forcing function to the lower control loops (position loop, velocity vector loop, attitude and acceleration loops and flight control/actuation loops).

2.1.3 In traditional air traffic control (ATC), the aircraft is monitored in the current state domain, i.e. the instantaneous position in space as measured by the primary surveillance radar (PSR), complemented with some parameters from the secondary surveillance radar (SSR). As a result, knowledge is developed about the aircraft position and its position-history. Future separation from other movements is analyzed on the basis of this history of state data, by extrapolation together with available (notional) flight plan data (oftentimes referred to as ‘prediction’). In Mode-S elementary and enhanced surveillance (ELS/EHS), some more parameters of the current state vector, notably from lower loops (airspeed, attitude, turn rate), are considered for down-linking in an attempt to enhance prediction of the future state..

Future situation

2.1.4 By recognizing the fact that the 4DT (a) is the result of the flight plan and any constraints entered and (b) it being the forcing function to the lower control loops (principally regardless whether they are executed manually or automatically), prediction of this function may be enhanced or even superseded by making 4DT data available to the ATM movement coordination function.
2.1.5 Thus, by networking the aircraft with these coordination functions, periodic FMS iteration of the 4DT may be ‘inserted’ into the traditional prediction functions, enabling much increased levels of automation with longer term validity, principally for the duration of the flight. The fact that the FMS iterates the planned trajectory as a function of real-time measured environmental variables, engine performance, fuel used, etc, indicates that the 4DT file is subject to periodic revision. Thus, the 4DT data on the network should be refreshed periodically as well, in order to retain validity and permitting strategic as well as tactical applications. In anticipation of this scheme being used on the ground (i.e. centralized air traffic management) or airborne (delegated separation assurance where appropriate), the preferred scheme of network access/communication is broadcasting. In summary, the networking requirement for 4DT data sharing indicates the need for (a) periodicity and (b) broadcasting.
2.1.6 ANSP applications on the network reviewing 4DT data from aircraft under surveillance
, analyze the data set for continued separation (lat, lon, alt, time). Any shortfalls in terms of continued future separation between movements may be rectified by interacting a revised set of constraints with the FMS, rendering a network dialogue between aircraft and ANSP operation comprising ‘4DT iterations’ and ‘constraints’. The functionality applies to airborne and surface situations, with some minor networking and dialogue differences.

2.1.7 Aircraft movements unable to participate in such a scheme would continue to be treated as they are today, while aircraft movements that would participate would gain predictability, both in time and in the sense of the geometric trajectory. As a result, these movements may be able to perform much closer to the original airline flight optimum, as interventions (vectors) are progressively less likely to occur, further improving predictability and rendering reduced burden on [VHF comms] spectrum at the same time.

System architecture

2.1.8 The complete system (see illustration) shows current state (position) monitoring, exactly as it is today, foreseeing the use of Mode S transponders for regular SSR functions as well as extended squitter-based ADS-B operation. By ensuring dissimilar redundancy between this current state lane and the future state (4DT) functions, a system is obtained that is insensitive to the majority of single and multiple failures while producing elegant degradation schemes, the detailed discussion of these aspects being outside the scope of the present working paper.
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Networking aspects
2.1.9 Work performed under NUP using B737 NG aircraft and typical FMS iterations over short (0,5 hr) to medium (2 hrs) flight operations has shown a typical size of the 4DT file to be in the order of 1kbit and FMS ‘constraints’ in the order of a few bytes. The file dynamics (resulting from periodic FMS 4DT iteration) justify refreshment of the data approximately once every 180 seconds. Thus, a network loading in the order of 0,005 kb/s on average should be foreseen. Combined with a requirement for low latency, high reliability, high availability and dissimilarity with the [PSR/]SSR current state monitoring lane (L-band), these requirements underscore the use of VDL Mode 4, producing the rationale for considering a VHF MultiMode Radio (VMMR) to facilitate the lowest possible cost aircraft integration.
2.1.10 The work mentioned above has been performed with the NUP consortium of partners including Smiths Aerospace, Scandinavian Airlines System (SAS), the Swedish Luftfartsverket (LFV), Avtech engineering, Boeing, Rockwell Collins France, Eurocontrol, CNS systems of Sweden, AustroControl, Austrian Airlines and the Deutsche Flugsicherung (DFS).
System evolution

2.1.11 In analogy with connectivity schemes and applications used in internet applications/-access, more or less independent evolutions are foreseen in the various system components: the FMS will evolve to higher levels of sophistication in support of the concept; separate from that, connectivity will evolve from the present VHF domain (and perhaps more specifically the use of VDL Mode 4) to newer and more capable functions; just like that, the movement coordination and separation assurance functions will evolve from their present state of the art to more sophisticated versions. The system as outlined supports these independent but ‘related’ evolutions.
3. VHF MultiMode Radio concept
3.1 In context of the overall system described above, Rockwell Collins France (RC-F) has undertaken the development of the VMMR. Technology coordination has taken place between RC-F, CNS Systems of Sweden and several other partners over the past three years.
3.2 The VMMR is conceptually a software defined radio (SDR), employing direct analog-to-digital (A-D) conversion at the RF level, precluding the need for intermediate frequency stages. The A-D conversions are followed directly by [digital] signal and data processing (DSP), allowing data recovery, analysis and filtering sophistication beyond what has been demonstrated so far in traditional implementations.

3.3 The radio shares the transmission lane with voice and datalink functions, while employing a number of separate receivers (‘channelizers’) in support of receiving an equal number of VDL Mode 4 channels. For the initial version of the radio, 4 channelizers have been foreseen although the number can be expanded basically until physical limitations are reached (see illustration below).
3.4 The fact that no intermediate frequency stage is needed, while filtering is implemented in a software defined way, enables sophistication and re-configurability not available in traditional implementation. Also, advanced noise and co-site interference cancellation is enabled in this way, since ‘decision techniques’ are available for use that cannot be built in traditional filtering.

3.5 The SDR basis of the VMMR enables elimination of co-site interference between multiple radios on the same aircraft. For that purpose, a coordination data bus is established between VMMRs 
, so that VDL Mode 4 operation and any concurrent reception on other radios are coordinated by sharing the slot reservation table. Any possible audible interference
 is eliminated in this way, also if squelch of the receiving radio is broken. Laboratory demonstrations have validated the concept.
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4. test results

Data findings

4.1.1 The resulting overall dynamic range and co-channel performance for the VMMR VDL Mode 4 function is shown in tables 1, 2, 3 below: 

	TEST DEFINITION
	Received signal level  (dBm)
	Bit error

	Signal Dynamic Range
	-7
	0

	Sensitivity (Case 1)
	-105
	0

	Sensitivity (Case 2)
	-110
	0

	Sensitivity (Case 3)
	-115
	1

	Sensitivity (Case 4)
	-120
	111


Table 1:   Dynamic range and sensitivity performance

	TEST DEFINITION*
	Error

	Co-channel C/ I  10 dB
	0

	Co-channel C/ I  9 dB
	0

	Co-channel C/ I  8 dB
	0

	Co-channel C/ I  7 dB
	29


Table 2:   Co-channel performance

* ref level= -93dBm
Overall adjacent channel rejection performance is also directly related to the digital filter design and signal processing:
	TEST DEFINITION*
	Interferer (dBm)
	Bit error

	Adjacent Channel [-1,1] case1
	-63
	0

	Adjacent Channel [-1,1] case2
	-62
	0

	Adjacent Channel [-1,1] case3
	-61
	0

	Adjacent Channel [-1,1] case4
	-60
	0

	Adjacent Channel [-1,1] case5
	-59
	0

	Adjacent Channel [-1,1] case6
	-58
	6

	Adjacent Channel [--3,-2 2 3] case7
	-33
	0

	Adjacent Channel [--3,-2 2 3] case8
	-27
	0


Table 3:   Adjacent channel performance

* ref level= -93dBm
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Interference between nearby VDL Mode 4 and VDL Mode 2 operations is shown in the plots below:
Discussion

4.1.2 The results of the test performed on pre-series VMMR (RC product designation VHF2120) is quite encouraging, providing confidence in the technology as well as in the viability of applying the VDL Mode 4 protocol in support of the dual-lane overall system architecture as presented in this working paper. Work performed in context of the NUP program has shown the linkload associated with the required connectivity to be low, while data refresh, availability, reliability and latency requirements will be met with the VDL Mode 4 link. The VMMR SDR technology has shown to produce very good dynamic range and sensitivity, combined with good co-channel and adjacent channel performance.
4.1.3 Based on the above, RC-F expects the VMMR to provide network access, meeting application requirements as part of the dual lane architecture described in the present WP, while producing virtually no retrofit impact.
4.1.4 In support of concept validation, the VMMR was scheduled to go on aircraft 
 in early 2007 for end-to-end function and performance verification (ground and flight). Owing to technical and logistical set-backs, however, a delay of a few months has developed so that full scale demonstrations are expected to take place during from the summer of 2007 onwards.

4.1.5 Concurrent with this, a series of measurements will be undertaken in order to establish independent results relative to possible VMMR influence of VDL Mode 4 transmissions to DSB AM receptions (and vice versa) at adjacent channels. Results of these measurements are intended to be presented to the ICAO frequency planning forums and are expected to be available before the fall of 2007.
5. ACTION BY THE ACP
5.1 The ACP is invited to:
a) take note of the overall system architecture presented in this WP, including:
1) the VDL Mode 4 connectivity element, part of this implementation of the architecture;

2) the overall reduced use of VHF spectrum that this architecture will promote; and
3) the VHF MultiMode Radio (VMMR) element, combining the VDL Mode 4 function with existing voice/ACARS/VDL Mode 2 functionality and the fact that this will enable insertion of the VDL Mode 4 function on the aircraft without changing aircraft unit count, without significant change to the aircraft wiring while using the unchanged aircraft [VHF] antenna installation.
b) take note of the very encouraging VDL Mode 4 radio performance resulting from application of SDR principles, as well as the demonstrated absence of co-site VHF comms interference; and
c) consider the information presented in this WP into account when planning its further work on defining frequency planning criteria for VDL Mode 4.
— END —
� 4DT data can be considered jointly with regular radar track data, the difference being the validity time span; radar track data usually spans a few seconds to a minute, while 4DT data would span the time from present position until 1-3 hours ahead


� Standard Rockwell Collins data radios like the VDR-920 may be modified to carry the same function


� In some studies referred to as ‘clicking’ or ‘metronome’


� B737NG, with SAS and Austrian Airlines
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