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Executive summary

Airservices Australia’s commissioned a study to analyse the current severity of interference in the exclusive HF Aeronautical Mobile (R) Service channels as it impacts the Australian Flight Information Service, to outline possible strategies for mitigation, and to provide recommendations on Australia’s direction with regard to these strategies.

The main sources of interference were found to be authorised aeronautical band users in other countries and unauthorised Asian language voice transmissions operating land and ship stations.  Operational procedures accommodate the authorised users and the study was concerned with the unauthorised users.

Airservices interference reports over the last three years indicates a continuing problem of interference.  The majority of unauthorised interference did not prevent channel use but there were reports of harmful interference.

Mitigation techniques investigated included alternative modulation methods, broadcasting warning methods, interferer monitoring and location, regulation of channel use and antenna pattern modification.

Significant study was conducted of the PHFARS active antenna system as presently developed.  Shortcoming were identified including its present inability to recognise and differentiate analogue signals, it being a single-ended and system specific solution and the cost of implementation.

The report recommends the further use and review of the effects of the broadcasting message, involvement in a regional monitoring programme, and promulgation of international regulatory and education initiatives. 

further work

Airservices would encourage: 

· Involvement by ICAO and member states in any studies of measures to mitigate interference including technical solutions;

· Involvement by regional ICAO ASIA/PAC member states in the APT Correspondence Group (CG) on WRC-2003 Agenda Item 1.14 on HF Interference
;

· Involvement by ICAO and member states in the developing of CPM text for WRC-2003 item 1.14;

· Member states to urge Regulators to pursue measures in Resolution 222.  This includes participating in the next ITU Special Monitoring Programme for the aeronautical mobile (R) service between 14 – 20 January 2002.

Table of Contents

51
Introduction

2
The Australian Aeronautical HF Network
5
3
Sources of Interference
7
4
Assessment of Effects on Service
8
5
Mitigation Techniques
9
6
Recommendations
13
7
References
13
8
Acronyms
13
9
Attachments
14


Introduction

The purpose of this paper is: 

· To report on the analysis of the current severity of interference in the exclusive HF Aeronautical Mobile (R) Service channels (3MHz, 4MHz, 5MHz, 6MHz, 8MHz & 11MHz) as it impacts the Australian Flight Information Service, 

· To outline possible strategies for mitigation, and

· To provide recommendations on Australia’s direction with regard to these strategies.

Airservices provides Flight Information Services in Australian airspace where full Air Traffic Control is not present, including "uncontrolled" airspace, via the Australian Flight Information Centre (AusFIC) located in Brisbane, Australia. 

The services provided on the HF band by the Australian Flight Information Centre are categorised as follows:

a) Flightwatch Domestic Service

· On-request weather and NOTAM information service to the aviation industry;

· Limited flight notification service;

· In Flight Emergency Response;

· Directed Traffic Information service to Instrument Flight Rules aircraft on behalf of Brisbane and Melbourne TAAATS. The service is provided to aircraft outside the VHF range of Brisbane and Melbourne centres and is provided on both HF and VHF; and

b) Flightwatch International Service

· An on-request and position report service, on behalf of Brisbane and Melbourne centres, to international aircraft proceeding to and from Australia, outside of VHF coverage; and

· In Flight Emergency Response

1 The Australian Aeronautical Mobile (R) Service HF Network

The Australian HF aeronautical mobile (R) service radio network consists of 17 outlets serving the Regional Domestic Air Route Areas (RDARAs) over continental Australia and International Main World Air Route Areas (MWARAs) in the surrounding oceanic areas.  
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For the purposes of the AusFIC operator consoles, the domestic airspace is allocated as shown below. 


[image: image3.png]Figure 2: Australian Flight Information Centre (AUSFIC) Console Allocation
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Frequencies are allocated to the domestic airspace as shown below. 


	AUSFIC AREA
	SITE
	SITE NAME
	6.6MHz
	9.0MHZ
	3.5MHZ

	
	WP
	Weipa
	6.616
	
	

	
	TL
	Townsville
	
	
	

	TROPIC
	MA
	Mt. Isa
	
	8.831
	

	
	CV
	Charleville
	6.610
	
	

	
	BN
	Brisbane
	
	
	

	KAKADU
	GV
	Gove
	
	8.843
	3.452

	
	TNK
	Tennant Creek
	
	
	

	
	DN E
	Darwin East
	6.541
	
	

	
	DN W
	Darwin West
	
	
	

	
	AS NW
	Alice Springs NW
	
	
	

	
	DBY
	Derby
	6.604
	
	

	
	MIA
	Mildura
	
	
	3.461

	SILVER
	BHI
	Broken Hill
	6.580
	8.858
	

	
	AS SE
	Alice Springs SE
	
	
	

	
	KG
	Kalgoorlie
	
	
	

	TANAMI
	PH
	Perth
	6.565
	8.822
	

	
	MK
	Meekatharra
	
	
	


Frequencies are allocated to the international airspace as shown below. 


	MWARA
	HF Stations
	Flight Service Centre
	Frequencies (kHz)

	INO-1
	Perth/Bullsbrook
	Brisbane
	3476, 5634, 8879, 11306, 17961

	
	Cocos Island
	
	3476, 5634, 8879, 13306, 17961 (+ SEA-1 11285)

	SEA-1
	Cocos Island
	Brisbane
	11825

	SEA-3
	Perth/Bullsbrook
	Brisbane
	3470, 6556, 11396, 13318, 17907

	
	Shoal Bay/Knuckeys
	
	3470, 6556, 11396, 13318, 17907

	SP-6
	Kings TL/Llandilo
	Brisbane
	3467, 5643, 8867,

13261, 17904


2 Sources of Interference

Australian Flight Information Service operators are reporting three major sources of interference on the HF aeronautical mobile (R) service frequencies:

· Authorised co-channel voice transmissions,

· Unauthorised co-channel voice transmissions, and

· Data transmissions.

The predominant sources of strong co-channel interference signals recorded are authorised aeronautical band users in other countries.  These transmissions most often originate from ground-based flight information centres in Jakarta, Bali, Ujung Pandang, Manila, Singapore, Calcutta and New York.  These by ITU definition are not harmful interference but are the result of shared use of the frequencies.  These signals are accommodated through accepted operational procedures including listening for a clear channel before transmitting.

A common source of low signal strength co-channel interference is Asian language voice transmissions (see attachment 1); in most cases attributed to Indonesian land stations or fishing vessels operating in the regions of Arafura, Coral and Timor Seas, and Pacific Ocean.  These operators are not authorised to use these channels and are possibly unaware of the regulatory aspects of radio communications. 

3 Assessment of Effects on Service
In the past three years the Brisbane AusFIC centre has recorded more than thirty reports of interference on the domestic HF bands.  During the ITU Second Special Monitoring Programme, 25 June – 1 July 2001, over fifty interference incidents were recorded in one week (see attachment 1).  This could indicate that outside of this Programme interference of low severity may not have been reported.

Airservices measures the performance of their Airways facilities against a range of established availability and reliability standards.  Airways facilities are each grouped into classes with common availability standards requirements.  The reliability standards allow for a maximum outage time and a maximum number of outages per calendar quarter (where outage is defined as the time that a facility is unusable during its scheduled hours of operation and an operator require the services of the facility).  It should be noted that harmful interference by the ITU definition
 could occur without causing an outage to the Airways facility.

In almost all instances of interference from Asian language speaking unauthorised users, the interferer is of considerably lower received signal level than the desired signal.  The majority of unauthorised user interference do not prevent channel use by aircraft or console operators, and as such the interference cannot be considered an outage. 

It should be observed that the current 11-year solar sunspot cycle peaked in 2000.  At the peak of the solar cycle a greater bandwidth of frequencies is available for non-licensed operators and the effect on licensed users is reduced.  In the low periods of the cycle (1995 – 1997 and again in 2004 – 2008) the bandwidth of frequencies available for non-licensed operators is reduced and the effect of harmful interference is more pronounced.  The current solar cycle graph can be found in attachment 2.

4 Mitigation Techniques

Several interference mitigation techniques have been identified including:

· Alternative Modulation Methods,

· Broadcast Warning Message,

· Interferer Monitoring and Location,

· Regulation of Channel Use, and

· Antenna Pattern Modification.

· Alternative Modulation Methods

The adoption of a digital modulation protocol (FSK , QPSK etc.) would reduce the effect of interference caused by unauthorised users in these bands.  Its success in removing the effects of the interference would depend on the level and type of interference as well as the error correctional capability of the system.  

The cost to implement this, however, would be substantial to Airservices Australia and to aircraft operators.  Such a solution would also need to be adopted internationally to allow interoperability of ground and aircraft equipment.

· Broadcast Warning Message

One method of unauthorised user mitigation that has been used by the Flight Information Service is the transmission of a warning message on the effected channel.  The broadcast tapes are in five languages (Bahasa Indonesian, Korean, Taiwanese, Japanese, and Chinese) and deliver one of the following messages:

a) “This is a broadcast from an Australian government radio station. Your use of this radio frequency is placing aircraft and passengers in danger. Under international agreement this radio frequency is for aeronautical use only. You are requested to vacate this frequency immediately. Thank you for your cooperation.”

b) “This is a broadcast from an Australian government radio station. Your use of this radio frequency is interfering with important aeronautical services. Under international agreement this radio frequency is not for use by your station. You are requested to immediately move to another radio channel authorised for use by your government. Thank you for your cooperation.”
According to the Australian Communications Authority Monitoring Station at Quoin Ridge, Tasmania, these tapes used between early 1998 and late 2000 have proved to be very successful. 

The Multilingual Broadcast Warning Message was upgraded on the AusFIC HF network in July 2001, and its effectiveness will be assessed over the coming months.

· Interferer Monitoring and Location

Although not a direct mitigation technique, the ability to ascertain the location of unauthorised users would enable regional authorities to assess the severity of the problem and to subsequently address it.  The implementation of a comprehensive and effective HF Monitoring and Direction Finding Network would require cooperation and commitment from many APT member states, with the system accuracy proportional to the number and geographic spread of monitoring stations. 

Although not restricted to the exclusive aeronautical bands, the Australian Communications Authority (ACA) already provides a service nationally to Airservices for the purposes of deriving basic data such as common locations of interference sources.  

Airservices makes use of an Interference Report form (see attachment 3) to report harmful interference to the ACA.  

· Regulation of Channel Use

Effectively policing the use of the exclusive aeronautical bands is a very difficult task, especially for Pacific Rim countries with vast ocean areas, large numbers of islands and extensive coastlines.

A practical approach may be legislative action that requires the manufacturers of HF radio equipment sold within this region to prevent users of their equipment from accessing these channels without proper authorisation.  Although it may not be practical to suggest retrospectively modifying existing units, this would, at least, significantly reduce the problems with operators of new equipment.  As most of these units now employ a digital tuner, the modification required for this would be minimal.  It is anticipated that governments, both foreign and domestic,  could be receptive to this strategy as it allows them to be pro-active on this issue without the high ongoing costs of policing.  This approach would be of benefit to both operators and base stations in the aeronautical and maritime services.

· Antenna Pattern Modification

It is common practice to design antenna systems with specific (passive), or changeable (active), radiation patterns to maximise efficiency and, in the case of receiving antennas, to minimise noise originating from directions other than that of the desired signal. 

Passive Patterns

The principle passive antenna pattern modification method under consideration is Near Vertical Incidence Skywave (NVIS). This method relies on modifying the elevation pattern of the antenna to reduce interference propagated by groundwave. 

Typical elevation patterns of a standard horizontal dipole and a NVIS system are shown in Figure 3.
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It can be seen that signals incident upon the antenna at less than 75( with respect to horizontal are significantly attenuated. 

NVIS is not considered suitable as an interference method for the aeronautical HF system for the following reasons:

1. As much of the unauthorised user interference originates from sources at more than 80 kilometres (the theoretical limit of HF groundwave) from the receiver, these signals are propagated largely by skywave and therefore will not be attenuated.

2. NVIS would attenuate groundwave reception of desired users.

3. Aeronautical communication is a mix of medium and long distance communication involving in some cases low angles of radiation that are attenuated by NVIS.

Active Patterns

Active (or ‘smart’) antenna systems constantly update the beam pattern to optimise performance in all conditions.

In order for these phased arrays to effectively block unwanted interferers they must first be able to isolate the desired signal. The antenna pattern is then modified to face the main lobe towards the desired signal source and a null towards the interferer. 

One such system is the ‘Programmable HF Adaptive Receiving System (PHFARS)’ developed by SED Systems Inc..  This system typically employs four antennas (with associated supporting structures) and four receivers (for each ‘interference cancelled’ channel at each location) together with digital signal processing algorithms to differentiate between the desired signal and interferers/jammers.  It then modifies the ‘virtual’ footprint of the four-element array accordingly.  This system has been demonstrated to reject unwanted jamming signals with jamming-to-signal power ratios of up to 40dB.  

The current PHFARS system (as detailed in the reference documents) in the Australian aeronautical environment would have the following significant shortcomings:

i. The anti-jamming algorithms used to differentiate between desired and undesired signals seem to be largely based on the known characteristics of the digital signals used in testing (synchronisation codes or preambles).  This is inappropriate for predicting the effectiveness of the system for analogue signals.  These identifiers do not exist in an analogue waveform.  The PHFARS documentation states, “The algorithms presently available for the equipment cannot readily identify Single Side-Band (SSB) transmissions”. 

ii. The proposed means of differentiating between users in an analogue system is “a voice recognition algorithm which supports only English”.  Language based voice recognition algorithms have not been proven to be robust in a noisy radio environment (such as HF).  Even if developed successfully, these algorithms would provide no protection from English speaking interferers.  
iii. The principle of this system is not to reduce the amount or severity of channel interference but to reduce the effect on services which have system installed.  This method provides no benefit to countries or stations that do not have access to the system.  For most aeronautical applications it would also only be a single ended solution as it would be difficult to install in aircraft due to the large amount of equipment required.  

iv. The documentation indicates that the jamming signals used in testing arrived from a direction different from that of the desired signal.  Details on the capability of the system to resolve interfering and required signals in close angular proximity, and antenna patterns parameters such as lobe widths and null spacings were not available. These specifications would need to be disclosed for any serious evaluation of the product to be undertaken.

v. The implementation of the PHFARS system would require substantial infrastructure and equipment replacement. An estimate of installation cost for one site would be AUD450,000-650,000.  Smaller (and cheaper) configurations are possible with reduced performance.

Recommendations

Based on the research conducted for the purposes of this report, Airservices Australia recommends that Australia’s direction be as follows:

1) Airservices continue the operation of the Multilingual Broadcast Warning Message in cases of strong and/or persistent interference from unauthorised users.  An assessment of the effectiveness of the broadcast warning message to be undertaken by Airservices over a period of 12 months. 

2) Airservices, together with the Australian Communications Authority, be involved in any regional monitoring programme to improve the sharing of data/resources by regional APT members.  This would assist in any policing initiatives implemented by regional regulatory bodies.

3) ITU-R Study Groups to investigate legislative measures requiring manufacturers of radio equipment to implement hardware modifications that prevent unauthorised users from accessing the exclusive aeronautical HF channels.

4) Investigate other initiatives such as regional education and publicity of the proper use of radiocommunications spectrum through closer international and regional liaison with national administrations.
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6 Acronyms

ACA


Australian Communications Authority

APT


Asia Pacific Telecommunity

ATM


Air Traffic Management



AusFIC

Australian Flight Information Centre

DF


Direction Finding

DTI


Directed Traffic Information

FIS


Flight Information Service

FSK


Frequency Shift Keying

HF


High Frequency

ITU


International Telecommunications Union

MWARA

Main World Air Route Area

NOTAM

NOTice to AirMen

PHFARS

Programmable High Frequency Adaptive Receiving System

QPSK


Quadrature Phase Shift Keying

RDARA

Regional Domestic Air Route Area

RFF


Rescue and Fire Fighting

SELCAL

Selective Calling System

SLA 


Service Level Agreement

TAAATS

The Australian Advanced Air Traffic Systems

VHF 


Very High Frequency

WRC


World Radiocommunications Conference

7 Attachments

1 Summary of HF Aeronautical Mobile (R) Services Interference during the ITU Second Special Monitoring Programme, 25 June – 1 July 2001 as per ITU Circular letter (CR/147)

2 Sunspot Cycle 1995 – 2006, (IPS Radio and Space Services, Australia, August 20, 2001)

3 Airservices Australia’s HF Radio Interference Report form

 Attachment 1

Summary of HF Aeronautical Mobile (R) Services Interference during the ITU Second Special Monitoring Programme, 25 June – 1 July 2001 as per ITU Circular letter (CR/147)

	Monitoring Centre
	Freq (kHz)
	Date DD/M/YY
	Start UTC
	End UTC
	Q
	Ctry
	Em
	Remarks

	AIRSERVICES
	8822
	25/6/01
	0550
	0553
	4
	INS
	J3E
	Indonesian voices

	AIRSERVICES
	8879
	25/6/01
	1315
	1405
	2
	
	J2D
	Data signals

	AIRSERVICES
	6541
	25/6/01
	1022
	1030
	3
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	6604
	25/6/01
	2120
	2132
	3
	CHN
	J3E
	Off Freq Chinese voices

	AIRSERVICES
	6604
	25/6/01
	2300
	2350
	4
	USA
	J3E
	New York VOLMET*

	AIRSERVICES
	6604
	25/6/01
	2245
	2255
	4
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	6556
	25/6/01
	1215
	1305
	2
	
	J1A
	CW TFC (Morse)

	AIRSERVICES
	6556
	25/6/01
	1545
	1605
	4
	
	J1A
	CW TFC (Morse)

	AIRSERVICES
	8822
	26/6/01
	0110
	0131
	4
	CHN
	J3E
	Asian voices

	AIRSERVICES
	6604
	26/6/01
	0620
	0640
	3
	USA
	J3E
	US aircraft comms*

	AIRSERVICES
	6541
	26/6/01
	0645
	0700
	1
	CHN
	J3E
	Off Freq Chinese voices

	AIRSERVICES
	6604
	26/6/01
	0730
	0735
	4
	USA
	J3E
	New York Volmet*

	AIRSERVICES
	5643
	26/6/01
	1022
	1038
	4
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	6556
	26/6/01
	1150
	1200
	4
	
	J1A
	CW TFC (Morse)

	AIRSERVICES
	6556
	26/6/01
	1210
	1230
	4
	
	J3E
	Off Freq voices

	AIRSERVICES
	8822
	26/6/01
	2140
	2247
	3
	INS
	J3E
	Indonesian voices

	AIRSERVICES
	6610
	26/6/01
	2220
	2250
	3
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	8831
	26/6/01
	0800
	0930
	3
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	6616
	26/6/01
	0928
	0940
	4
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	6556
	26/6/01
	1300
	1520
	4
	
	J2D
	Data signals

	AIRSERVICES
	5634
	27/6/01
	1205
	1225
	4
	
	J1A
	CW TFC (Morse)

	AIRSERVICES
	3470
	27/6/01
	1320
	1355
	3
	INS
	J3E
	Indonesian voices

	AIRSERVICES
	6556
	27/6/01
	1410
	1415
	5
	
	J2D
	Data signals (FSK)

	AIRSERVICES
	8822
	27/6/01
	0245
	0305
	3
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	8822
	27/6/01
	0922
	0940
	4
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	3461
	27/6/01
	0000
	0012
	3
	INS
	J3E
	Indonesian voices

	AIRSERVICES
	8822
	27/6/01
	1330
	1420
	4
	INS
	J3E
	Indonesian voices

	AIRSERVICES
	8843
	27/6/01
	1330
	1414
	4
	USA
	J3E
	North American INTL HF (A/G) with SELCAL*

	AIRSERVICES
	5643
	27/6/01
	0840
	0855
	2
	INS
	J3E
	Indonesian voices (heard both sides of comm)

	AIRSERVICES
	6556
	27/6/01
	1106
	1122
	3
	INS
	J3E
	Off freq Indonesian voices

	Monitoring Centre
	Freq (kHz)
	Date DD/M/YY
	Start UTC
	End UTC
	S
	Ctry
	Em
	Remarks

	AIRSERVICES
	3452
	27/6/01
	1721
	1732
	4
	
	J3E
	Foreign voices

	AIRSERVICES
	6556
	28/6/01
	1000
	1100
	5
	
	J1A
	CW TFC (Morse)

	AIRSERVICES
	8822
	28/6/01
	2000
	2030
	4
	CHN
	J3E
	Off Freq Chinese voices

	AIRSERVICES
	8858
	28/6/01
	2120
	2145
	4
	CHN
	J3E
	Off Freq Chinese voices

	AIRSERVICES
	8822
	28/6/01
	2154
	2205
	5
	UAE
	J3E
	Arab voices

	AIRSERVICES
	8822
	28/6/01
	2200
	2300
	5
	USA
	J3E
	US voices

	AIRSERVICES
	8822
	28/6/01
	2210
	2225
	5
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	8822
	28/6/01
	1002
	1114
	5
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	3461
	28/6/01
	1136
	1147
	4
	RUS
	J3E
	Russian voices

	AIRSERVICES
	8831
	28/6/01
	1000
	1055
	4
	
	J3E
	Foreign voices

	AIRSERVICES
	8879
	28/6/01
	0920
	0940
	5
	CHN
	J3E
	Off Freq Chinese voices

	AIRSERVICES
	5634
	28/6/01
	1035
	1050
	4
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	6616
	29/6/01
	0930
	1014
	5
	CHN
	J3E
	Chinese voices (Channel unusable)

	AIRSERVICES
	6556
	30/6/01
	2130
	2145
	4
	INS
	J3E
	Off freq Indonesian voices

	AIRSERVICES
	3470
	30/6/01
	2135
	2140
	3
	
	J3E
	Off Freq Foreign voices

	AIRSERVICES
	3470
	30/6/01
	2218
	2230
	5
	INS
	J3E
	Off freq Indonesian voices

	AIRSERVICES
	6556
	30/6/01
	2250
	2315
	5
	CHN
	J3E
	Off Freq Chinese voices

	AIRSERVICES
	8822
	30/6/01
	0330
	0335
	4
	CHN
	J3E
	Chinese voices

	AIRSERVICES
	6610
	30/6/01
	0840
	0900
	4
	
	J3E
	Foreign voices

	AIRSERVICES
	6616
	30/6/01
	0930
	1010
	3
	
	J3E
	Foreign voices (Intermittent)

	AIRSERVICES
	5634
	30/6/01
	1210
	1224
	5
	
	J1A
	CW TFC (Morse)


Legend:

1. Monitoring Centre = Monitoring station name, Airservices Australia (ie AusFIC)

2. Freq (kHz) = Aeronautical Mobile (Route) Service Channel

3. S = Signal Strength of Interferer (QSA 1 –5)

4. Ctry = Identified Country

5. Em = Class of Emission of Interferer

* (see Remarks column) Aeronautical Mobile (R) Service Operations should not have been recorded.  

Attachment 2

Sunspot Cycle 1995 – 2006

(IPS Radio and Space Services, Australia, August 20, 2001)
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Attachment 3
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HF RADIO INTERFERENCE REPORT

Reporting Details:

1. Reporting Officer or Supervisor:




Phone:




FAX:




E-mail:



Interference Description:

2. Time and Date of interference:

UTC (10 digit)

3. Frequency of channel interfered with:


4. Station or region interfered with:



5. Is the interference persistent:
( YES 
( NO
6. Signal Strength of interfering station:
QSA    1   2   3   4   5    (circle one)

7. Are other stations/circuits affected?:
( YES 
( NO

If YES, Details of other station/cct:




Signal strength on other station/cct:
QSA   1   2   3   4   5    (circle one)

8. Complete as much known information as possible to aid in interfering station identification.


Callsign/Name of interfering station:




Frequency of interfering station:
on frequency        off frequency   (circle one)


Type of transmission:
unknown   voice   data    morse   (circle one)


Language used (general terms OK):




Suspected location:



9. Remarks:




Operator:
Completed form to the Shift Manager


Copy to: AusFIC Specialist (Flightwatch)


Shift Manager:
Copy to:
ACA Quoin Ridge
– FAX 03 6222 5655




Team Leader CNP
– FAX 07 3268 8480
Figure 1: Australian HF Aeronautical Mobile (R) Service Network


Network Connectivity





Table 1:  AusFIC Allocation by Flight Service Centre








Figure 2: AusFIC Console Allocation 





Table 2: Frequency Allocation by MWARA (International)





Figure 3:Elevation Pattern Comparison





HF RFI Report No.	











� Bulletin Board for APG2003 WP4: Agenda item 1.14 on HF Interference � HYPERLINK http://www.aptsec.org/apgwp4HFInter/ ��http://www.aptsec.org/apgwp4HFInter/� 


� harmful interference:  Interference which endangers the functioning of a radionavigation service or of other safety services or seriously degrades, obstructs, or repeatedly interrupts a radiocommunication service operating in accordance with the ITU Radio Regulations.  (ITU-R definition)





Issue: 1
2

