


	Summary

The objective of this paper is to present an evolution that is being undertaken to the existing Air Traffic Control (ATC) telecommunication infrastructure. The existing Aeronautical Fixed Telecommunication Network (AFTN) which is gradually being replaced by Aeronautical Message Handling System (AMHS) is designed to globally distribute flight plans, meteorological data, Oceanic Tracking System (OTS), Air Traffic Service (ATS) Inter-facility Communications Data (AIDC), and Search and International Rescue information. This paper will highlight the emerging technology that is being adopted and implemented by ICAO into existing telecommunications infrastructure. Furthermore, this paper also conveys the technical and operational issues being undertaken by various regions such as the APANPIRG Aeronautical Telecommunication Network Implementation Coordination Group (ATNICG) in implementing this new service to comply with recent ICAO direction.



1.0  BACKGROUND
1.1 AFTN and Air Traffic Service (ATS) Voice
Aeronautical Fixed Telecommunication Network (AFTN) was implemented in the 1970s using dedicated circuits with a bandwidth of 50 Baud. Some of the AFTN circuits were connected to a bridge to allow sharing Air Traffic Service (ATS) Voice on the same circuit to reduce telecommunication recurring cost. However, this approach limited communication to one service at a time. In the 1990s, many AFTN circuits were upgraded to 9.6 Kbps using the X.25 network protocol. Subsequently, voice/data multiplexers were introduced to share a common circuit with ATS voice service. Furthermore, the ATS voice has been compressed to 8 Kbps to fully share a common 64 kbps circuit.
1.2  Air Traffic Service Message Handling System (AMHS)
The Aeronautical Telecommunication Network Panel (ATNP) was established in 1994 to develop a new standard that would provide a seamless network to Air-to-Ground and Ground-to-Ground communication. ICAO Doc. 9705 ATN Technical Manual was published in 1998 and followed by many updates resulting in ICAO Doc. 9705 Edition 3 in 2003.

In 2005, the ATNP was combined with Aeronautical Mobile Communication Panel (AMCP) to become Aeronautical Communication Panel (ACP). In 2007, ACP published ICAO Doc. 9880 recommending the use of the TCP/IP network for Open System Interface (OSI) based AMHS in addition to the use of ATN X.25 network protocol. In 2009, ACP published the Internet Protocol Suite Technical Manual, ICAO Doc. 9896. The ACP Working Group has undertaken a process to compile the ICAO Doc. 9705 into ICAO Doc. 9880.
The introduction of AMHS requires States to implement 64Kbps circuits to support additional header and dynamic routing requirements.  This has resulted in additional recurring costs to States.

1.3  Regional Developments
1.3.1 Asia/Pacific region
Asia Pacific Air Navigation Planning and Implementation Regional Group (APANPIRG) adopted implementation of AMHS service based on ICAO Doc. 9705 Edition 2 and the subsequently updated Edition 3. APANPIRG established the ATN Implementation Task Force in 1998 which concluded its tasks in 2005. Japan and USA implemented AMHS service in March 2005 using a 64 Kbps circuit.

The configuration is indicated in Figure 1
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Figure 1 AMHS Configuration in Asia/Pacific
1.3.2 Caribbean and South American Region
This region adopted AMHS in 2008 using TCP/IP based protocol on RFC1006. AMHS will use existing MEVA and REDDIG networks as the transmission medium. The AMHS configuration for CAR/SAM is depicted in Figure 2
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Figure 2 CAR/SAM AMHS Configuration

1.3.3 European Region
The European region has adopted the use of RFC1006 for its MTA and will use Network Address Translation - Protocol Translation (NAT-PT) to convert IPv4 to IPv6 for international connections. The IPv4 address will be used for intra-domain traffic.

AMHS service between Germany and Spain is now operational.

The configuration of European AMHS is depicted in Figure 3
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Figure 3 European AMHS configuration
1.4 Other Developments
Very high frequency Data Link (VDL)
The VDL service, as specified in ICAO Doc. 9705, is in the process of being implemented in Europe, the US and other regions. It will convert OSI/CLNP into IP to take advantage of available TCP/IP based ground networks.

The Air-to-Ground is media currently projected to be based on X.25 sub-network protocol. The configuration of VDL is shown in Figure 4.
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Figure 4 VDL Configurations
1.4.1 ATN Air Traffic Service (ATS) Inter-facility Data Communication (AIDC)

ATN AIDC, as specified in ICAO Doc. 9705, has been withdrawn. A new format is not being considered. In the mean time, the Asia/Pac region has upgraded the AFTN based AIDC to maintain traffic reliability.


The AMHS will use its AFTN gateway to continue supporting AFTN based AIDC and other data messages that currently use AFTN.

1.4.2 Network Interconnection Configuration 
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Figure 5. Network inter-connection between various network protocols and applications.

2.0 DISCUSSION
The following are many of the issues confronting the Aeronautical Fixed Service (AFS) modernization program.
1. Various ICAO publications offer many options to upgrade the AFS: VoIP, public internet, dedicated private network, Open System Interface (OSI) applications, IP based applications, addressing schemes (CAAS, AFTN, XF), network security, and different network protocols (X.25, TCP/IP, IPv6, IPv4, IP Sub Network Dependent Convergence Function (SNDCF), Network Address Translation - Protocol Translation (NAT-PT))

2. Every ICAO region has adopted different approaches requiring adjustments for reliable traffic transmission across regions.
3. New and emerging technologies have been introduced such as web-based services (XML, HTML) that can be used to provide service that is currently being distributed by AFTN and soon by AMHS.

4. These web-based applications would result in many gateways (Network Address Translation - Protocol Translation (NAT-PT) for conversion to IPv6/IPv4, and the AFTN/AMHS Gateway) being established. As more applications are introduced into the AFS, more gateways will be needed.

5. Operation of the Aeronautical Fixed Service (AFS) is becoming more complex with many gateways, applications, and network protocols being introduced. This increased AFS complexity has potential operational impacts such as longer time to determine the cause of network failure, tracking unknown messages or rapid service restoration.

6. Managing AFTN addresses along with AMHS schemes (Common AMHS Addressing Scheme (CAAS) and Translated Form (XF)) would require a global address coordination process that would result in establishing a global network management tool such as an Air Traffic Service Messages Management Center (AMC)

7. AFS Security has not been globally implemented. The Asia/Pacific Region ATN is based on a private dedicated network with X.25 network protocol providing minimal security risk due to its inherent network protection. However, if the Asia/Pacific Region merges into a TCP/IP network protocol, then more sustainable security measures will be required.

8. There is a proposal being circulated to utilize web based service as a distribution network for 
9. non-critical service such as meteorological data (e.g. WAFS Internet File Server (WIFS)). The following issues should be considered to support this approach:
· Any web-based application/service should be independent of AFS. This approach will       not require adding more gateways into AFS and would allow maximize flexibility of the public internet service with minimal operating cost to States. 
· The web-based application would need only one or two gateways to ensure existing applications will be compatible to newly installed applications. This will significantly reduce the time needed to coordinate between States. 

· The security for these web-based application/services should be simple to implement because the server would be centralized and authentication of the connection can be achieved without coordination complications.  
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Figure 6. Projected Network Integration 
3. CONCLUSION
The Aeronautical Fixed Service (AFS) is complicated because it interfaces with many applications and networks which limit its flexibility. In addition, the network is independently operated and maintained and requires extensive coordination and cooperation of each State before a new service can be implemented. Therefore, the concept of requiring every State to implement new equipment to support new service or the perceived value of improved technology should be reconsidered. On the other hand, the public internet and IP based technology has steadily improved and has become more reliable. 
The meeting should consider the use of new IP based technology, with appropriate security planning, to support non-critical service. The data collected from this internet service can be used for analysis in making recommendations for improving the AFS through the use of common gateway platform.  
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