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1. BACKGROUND	

If the VFR fleet were equipped with ADS-B OUT (TSO C166b or TSO C199 and equivalents1), 
safety and efficiency would be significantly improved, because these aircraft would be visible to : 
(a) Aircraft 2with TCAS or other traffic advisory system; 
(b) All aircraft with ADS-B IN ; and 
(c) ATC, when within line of sight coverage of ADS-B ground station. 

VFR fleet operators are unlikely to equip unless costs are significantly reduced, including the 
costs associated with: 

• Avionics products; 
• Installation in aircraft; and 
• Certification and installation activities by manufacturers and installers.  

Once the aircraft initial post installation testing has been carried out satisfactorily, the likelihood of 
malfunctions that may result in undetected hazardously misleading information (HMI) being 
transmitted is low.  This approach is low in risk, due to the fact that ADS-B OUT is a digital 
technology with at least basic integrity protections, that is generally either working, or not.  The 
envisaged risk management is detailed in Appendix 1. 

                                            
1 There are significant hurdles for organisations located outside the United States in obtaining TSO approval of avionics product 
design and manufacture.  An Australian TSO (ATSO) could be developed if necessary to support any such Australian 
manufacturers with solutions that wholly, or in part, comply with TSO C199 or TSO C166b. 
 
2 TSO199 avionics will be visible to all TCAS equipped aircraft. TSO166 avionics will only be visible to TCAS equipped aircraft if 
the TSO166 equipped aircraft is transponder equipped or if the TCAS product is ADS-B IN enabled. 

SUMMARY 
Maximising voluntary fitment of ADS-B technology in VFR aircraft will enable 
air-air traffic awareness methods and technologies, and significantly improve 
aviation safety.  Whilst regulated mandatory fitment is not indicated, 
widespread equipage can be encouraged through the adoption of 
appropriate standards and installation process simplification.  
The CASA Director has instructed staff to examine means to encourage 
voluntary installation of ADS-B into the general aviation (GA) fleet and 
reduce the costs of equipping GA aircraft with ADS-B.  This is ongoing work 
but the findings to date have been included in this paper for completeness. 
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Alternative approaches, based on TSO approved equipment and individual installations being 
subject to modification approval, seem certain to ensure that ADS-B fitment does not become 
widespread – and the benefits of widespread equipage and air-air awareness will not be provided. 

By bringing ADS-B OUT fitment within reach for VFR aircraft, the approach proposed in this paper 
enables ADS-B IN technologies and methods for traffic awareness and alerting by pilots of all 
equipped aircraft.  It is expected that products which combine ADS-B OUT and IN functions, 
including those with wireless links to handheld portable tablets and EFBs, will proliferate in GA 
markets.  

It is not intended that equipment installed in a VFR Australian aircraft under this proposal should: 
• Transmit ADS-B OUT outside Australian airspace, unless authorised by CASA and 

accepted the regulatory authority of the relevant country(s); or 
• Substitute for, or affect, any existing requirements related to the navigation and position-

fixing of VFR aircraft. 

2. ASSUMPTIONS	

This paper assumes that  

a) Airservices Australia will successfully argue, and obtain CASA agreement, for the use of TSO 
C199 transmissions with SIL=1 for ATC situational awareness, traffic awareness, alerting, and 
as an aid in issuing procedural clearances. 

Situational awareness does not require high integrity3 ADS-B positional data required for the 
delivery of ATC separation services.  In fact, positional data, “as-good-as” pilot voice reports, 
provides safety equivalent to that provided today.  ADS-B based GPS data without RAIM 
(TSO C199 SIL=1 devices) achieves a probability of misleading data of 1x10-4.  

TSO C199 situational awareness would also allow provision of safety nets, further improving 
safety.  

 
b) The envisaged risk management detailed in Appendix 1 is adopted. 

 
c) TSO C199 TABS with SIL=3 would be used for air-air surveillance, and delivery of ATC 

separation services.   
 
d) TSO C199 TABS with SIL=1 would be used for air-air surveillance, ATC situational awareness 

and as an aid in issuing procedural clearances only. 
  

                                            
3 Where the required chance of misleading data is < 10-5 or 10 -7. 
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3. OVERVIEW	OF	PROPOSAL		

To encourage widespread fitment of ADS-B avionics in VFR aircraft, it is proposed that CASA 
adopt policies, and appropriate regulatory and administrative measures to support the following 
for Australian aircraft that operate under VFR only: 

 
(a) PROPOSAL A: Acceptance of TSO C199 as the basis for VFR ADS-B fitment, by 

which the following products would be approved for VFR operations within Australian 
airspace: 

o Avionics products certified to TSO C199; and 
o Avionics products for which the equipment manufacturer has a Statement of 

Compliance showing that the equipment meets the performance and 
environmental requirements of the TSO.  The equipment manufacturer must have 
the infrastructure to provide continuing airworthiness support for the equipment.  
 

(b) PROPOSAL B: Acceptance of non-TSO approved avionics products for which the 
equipment manufacturer has a Statement of Compliance showing that the equipment 
meets the performance and environmental requirements of the TSO and the requirements 
of the US 14 CFR Part 91.227 (§91.227), or as otherwise defined for Australian use.  The 
equipment manufacturer must have the infrastructure to provide continuing airworthiness 
support for the equipment.: 

o Australian amateur built and/or experimental aircraft (ABAA); and 
o Other small Australian VFR aircraft such as LSAs, gliders and balloons. 

 
(c) PROPOSAL C: Make the installation process lower cost 

Change CASA avionics installation requirements for some aircraft to lower costs. 
 

(d) PROPOSAL D : Prepare Australian TSO(s)  (if required)  
Preparation (with competent aviation industry and ANSP input) of Australian Technical 
Standards Orders (ATSOs), or other approvals, to enable ADS-B avionics developed in 
Australia to be certified or otherwise eligible for installation in VFR aircraft if required by 
Australian manufacturers. 
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4. PROPOSAL	DESCRIPTION	AND	DISCUSSION	
a) PROPOSAL A: Acceptance of FAA TSO C199 as the basis of an alternative standard for 

ADS-B avionics installed in aircraft limited to VFR operations within Australian 
airspace: 
 

After several drafts, and an extensive period of US and international consultation, the FAA issued 
TSO C199 Traffic Awareness Beacon System (TABS) in October, 20144.  TABS equipment 
developed under this TSO are intended to make aircraft so fitted visible to TAS, TCAS I, TCAS II 
and ADS-B IN equipped aircraft.   

In the United States, TSO C199 equipment will be available only to aircraft exempt from the 
transponder and ADS-B requirements specified in §91.215 and §91.225; however, the FAA 
recognised the potential for this specification to serve wider purposes outside US airspace.  
Accordingly, the TSO specifies the use of the System Integrity Level (SIL) parameter to make 
aircraft so fitted distinguishable by ATC from aircraft with TSO C166b avionics.   

Low cost, low power designs produced to this standard may utilise commercial GNSS sensors 
with specified integrity protections, but which do not necessarily implement the aviation RAIM 
algorithms mandated by  TSO C129( ) or TSO C145 or C146.   

It is expected that TABS devices produced to satisfy the functional and performance requirements 
of TSO C199 will include certified and non-certified, with a high degree of integration, including 
position-sensing, air-data, 1090MHz ADS-B and a subset of transponder functionality, suitable for 
a wide range of small aircraft.  Consequently, this equipment will offer significantly lower purchase 
and installation costs.   

The STWG monitored the development of this standard and endorses its intent. The TABS 
concept is widely supported across the Australian aviation industry, including by representatives 
of ASAC, GFA, other sports aviation organisations, as well as airlines, business aviation and 
professional pilot representative bodies. 

The use of TABS-derived, and equivalent or similar-purpose avionics, would require enabling 
amendments to CAO 20.18, that would eventually be included in CASR Part 91.  A summary of 
current regulations governing permissible standards for ADS-B avionics is given in sections 1 and 
2 of Appendix 2. 

Refer to Appendix 2 for a condensed summary of functional equipment requirements for TABS 
devices derived from TSO C199. 

 
  

                                            
4 A brief presentation prepared for the ICAO ADS-B Asia Pacific Implementation Task Force may be found at:  
http://www.icao.int/APAC/Meetings/2015 ADSBSITF14/SP08b_FAA TABS briefing.pdf 
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b) PROPOSAL B: Approval of avionics that satisfy the functional and performance 

requirements of FAA’s 14CFR 91.227, or TSO C199, without necessarily being the 
subject of formal certification to those standards: 

The FAA accepts the installation and use of avionics that satisfy the performance requirements of 
§91.227 and the performance and environmental requirements of TSO C166b, even though the 
avionics products may not be formally certified to TSO C166b.  This is consistent with FAA policy 
for other types of avionics and instrument installations.  Formal testing is conducted by the 
manufacturer, who documents the product as compliant with the functional, performance and 
environmental requirements and issues a Statement of Compliance, but does not submit the 
results to the regulator for approval. 

This avoids significant certification costs by the avionics manufacturer and is the basis for much 
lower prices5 for avionics marketed to the amateur built/experimental sector in that country.  In 
Australia, amateur built/experimental aircraft are growing in number in both the VH-registered and 
RAAus registered sectors and these products would be cost effective solutions for those aircraft.   

Further expanding the availability of non-TSO approved low cost ADS-B avionics that meet the 
performance requirements of 14 CFR Part 91.2276 or TSO C199 to small, simple Australian VFR-
only certificated aircraft, would address a significant impediment to fitment. 

These devices could only be installed in: 
o Australian amateur built experimental aircraft (ABAA) operating only under the 

VFR; and 
o Other small Australian VFR aircraft such as LSA’s, gliders and balloons. 

Devices compliant with TSO C199 TABS would be used for air-air surveillance and for ATC 
situational awareness only. 

Devices compliant with §91.2277 would be used for air-air surveillance and for delivery of ATC 
surveillance-based separation services. 

  

                                            
5 The price difference between formally TSO-certified equipment and equipment compliant with 14CFR 91.227, but not formally 
certified, is significant: for example, the Garmin GTX 23ES is available for $US 2115 while the price for the Garmin GTX 33ES is 
$US 5294; when installed with a Garmin G3X display and certified GTN GPS, 6/7xx the two products are functionally identical.  
The Garmin GPS 20A is a GPS that works with the GTX23ES and meets the FAA ADS-B position source requirements but does 
not have a TSO certificate; it has a list price of $US 845. 
6 Or published Australian equivalent.  CASA would need to publish a performance standard without the SBAS performance 
requirement. 
7 Or published Australian equivalent. CASA would need to publish a performance standard without the SBAS performance 
requirement. 
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c) PROPOSAL C: Make the installation process lower cost 

Design and data 

Under current regulations, most avionics installations, (including ADS-B) in VH-registered 
aircraft, require a Supplemental Type Certificate (STC) issued by a recognised national 
airworthiness authority (NAA), or an Engineering Order (EO), issued by CASA or a design 
organisation authorised under CAR 21M.   

In some cases AML STCs are provided by manufacturers but often their application is 
hindered because of minor differences between the AML STC Model aircraft and the 
actual aircraft to be fitted. A significant challence is the availability of relevant technical 
data that can be directly applied by Australian installers without resorting to an EO or 
similar. EOs can be costly, and difficult to obtain in locations away from major cities.  

This proposal is for a policy change to allow a CAR 30 or Part 145 certified organisation, 
which but for the existence of an EO, would otherwise be authorised to perform the 
installation, to determine that an exemption from all the requirements for an EO is 
applicable, where:  

• The aircraft is a non-pressurised aeroplane or helicopter of less than 2,000KG 
MTOW. 

• The aircraft will not be used for RPT or charter8 operations. 
• Operation of the aircraft will be limited to VFR operations in Australian airspace 

while the equipment remains installed. 
• The CAR 30 or Part 145 organisation has acceptable technical data9 and it is 

satisfied that engineering design approval is not necessary to effect the 
installation in accordance with the relevant acceptable technical data. 

• The avionics product contains an integrated GNSS position data source and 
ADS-B transponder, either directly connected to the aircraft static air source, or 
an existing or replacement (E)TSO C88 pressure altitude encoder or air data 
computer10. Interconnection to any other equipment will have to be included in 
the acceptable technical data or will require an additional installation design 
approval. 

• The installation will be relatively simple and performed in accordance with the 
acceptable technical data.  

• There is no change to the aircraft structure or power distribution circuitry, 
beyond installation of the device and tray, wiring to the device and its 
antenna(s) and replacement11 of existing wiring and components that would be 
permitted in the course of maintenance. 

• A certification is made in the Aircraft Log Book citing the acceptable technical 
data used for the installation. 

• An approved FMS is inserted in the AFM, or alternatively, the applicable 
avionics manufacturer’s operating instructions are placed in the aircraft on 
completion of the installation 

                                            
8 Charter will be under CASR Part 121. 
9 Acceptable technical data can be an AML STC, approved modification that covers the target aircraft, or even an AC providing 
adequate instruction e.g. FAA AC 43.13-2. 
10 Care and due consideration will be required where a separate altitude encoder, with the potential to transmit an 
altitude that differs from that supplied to the (radar) transponder, is utilised for ADS-B.  In general, if the altitude 
encoder for ADS-B is separate to that supplied to a mode S transponder, or if co-located with a mode C 
transponder, the ADS-B messages should use downlink format 18 (DF=18). 
 
11 CASA ACs allow the removal of redundant equipment and wiring from an aircraft without requiring a design 
change approval.  Other States have ACs that allow redundant equipment to be removed provided that it is 
documented and the ELA and W&B records are updated. 
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• Existing applicable requirements for additional external antenna positions, 
electrical load analysis, weight and balance data are satisfied 

• The installation is subject to initial and periodic testing as required by CAO 
100.5, any applicable ICA and the manufacturer’s installation and operation 
instructions. 

It should be noted that many new sport and recreational (small VFR) aircraft are wholly or 
partially constructed of composite fibre materials, in which Wifi connectivity for ADS-B IN 
and other applications could be allowed. 

Installation oversight 

This proposal is for a policy change to allow 
• For VH-registered aircraft, other than gliders, amateur built/experimental 

aircraft (ABAA), and LSA: by a CAR 30 or Part 145 organisation using 
personnel otherwise authorised to perform the installation with acceptable 
technical data. 

• For RAAus-registered aircraft: under self-administration arrangements 
• For gliders: under self-administration arrangements. 
• For VH-registered ABAA: by the amateur aircraft builder, or other authorised 

person, under existing self-administration arrangements; or, by a CAR 30 or 
Part 145 organisation using personnel otherwise authorised to perform the 
installation with acceptable technical data. 

• For VH-registered LSA: as specified by the LSA manufacturer using the OEM 
provided technical data.  

• For military, historic, and other aircraft not described above, under self-
administration arrangements; or, by a CAR 30 or Part 145 organisation using 
personnel otherwise authorised to perform the installation of equipment with 
acceptable technical data. 

Continuing airworthiness 

This proposal is for a policy change to allow & encourage as follows:  
 

• Continuing airworthiness will be per existing requirements.   
• To minimise continuing airworthiness costs, there is a case for VFR aircraft 

equipped with TSO C199 Class A devices to perform simple go-no go ADS-B 
message tests rather than a full ADS-B capable ATC transponder test set.  For 
example, a laptop computer and an ADS-B receiver “dongle” may be used to 
check the transmitted message content.  Receiver sensitivity and transmitter 
power checks could be performed less frequently or “on condition”. 

 
A summary of the classification of avionics products and inter-related aspects of this proposal is given at 
section 6.3. 
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d) PROPOSAL D: Preparation of Australian Technical Standards Orders (ATSOs), or other 
approvals, to enable ADS-B avionics developed in Australia to be certified or otherwise 
eligible for installation in VFR aircraft. 

If a proposal is made by an Australian manufacturer to create a useful ADS-B OUT product 
suitable for the Australian environment, a new Australian TSO could be created.   

This category could include transponder variants (transmit DF17) and “non-transponder” 
variants (transmit DF=18) :  Examples include : 

I. A device compliant with ATSO C1005 that could be fitted in aircraft that already 
has a mode C transponder.  The new device simply adds ADS-B capability.  

II. A device which provides ADS-B and replies to Mode C interrogations (thus 
making it visible to TCAS) without replying to Mode S interrogations. 

 
 

5. OPERATIONAL CONCEPT 

 
5.1. Overview 
The operational concept of this proposal: 
 

• Is interoperable with existing ADS-B equipped aircraft and ground infrastructure 

• Leverages ICAO and FAA standards whilst providing more economic fitment choices to 
operators, based on their flight operations 

• Extends the existing ADS-B service concept to enable ADS-B for certificated and sport VFR 
aircraft (in which it is currently cost- and in some aircraft, power- prohibitive) 

• Provides a platform for emerging ADS-B IN traffic awareness and alerting systems in aircraft 
of all types 

• Supports the extension of ADS-B derived ATC services (including safety net) in relation to 
aircraft not previously visible, within line of sight coverage 

• Supports the extension of Class E airspace to terminal areas consistent with ATM policy 
objectives and NAS principles 

• Drives safety and efficiency operational benefits for all aircraft operators, including airlines, 
through earlier traffic detection with increased accuracy and range. 

 
Figure 1 below illustrates the operational concept for this proposal in Australian flight operations. 
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Figure 1: Operational Concept Overview for VFR ADS-B Fitment Proposal 
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5.2. Envisaged Operational Scenarios 
This proposal involves both active and passive participation by the pilot of a VFR aircraft equipped 
accordingly.  The principal scenarios and envisaged roles and activities are given in Table 1 below: 
 
Scenario 
Description 

VFR Aircraft 
Role or 
Activity 

Other Aircraft 
Role or 
Activity 

ATC Role or 
Activity 

Envisaged Outcome 

 
Before Flight: 
Configure TABS 
(or equivalent) 
ADS-B 
equipment. 

Set Flight ID and appropriate 
primary and alternate 4096 code (if 
in-flight code setting not available).  
 
Switch equipment to proper 
operating mode for flight. 

None. VFR aircraft is capable 
of detection by other 
aircraft (fitted with 
TCAS I or II, TAS or 
ADS-B IN), and ADS-B 
ground stations within 
line-of-sight range. 

Configure ADS-B 
equipment, 
other than 
TABS. 

Set Flight ID and appropriate 4096 
code.  
 
Switch equipment to proper 
operating mode for flight. 

VFR aircraft is capable 
of detection by other 
aircraft (fitted with 
TCAS I or II, TAS or 
ADS-B IN), and radar 
and ADS-B ground 
stations within line-of-
sight range. 

 
In Flight: 
VFR aircraft 
observed on 
unrelated12 
aircraft’s TCAS I 
or II, TAS or 
ADS-B IN 
equipment. 

Respond to radio 
broadcasts. 

Operate and 
monitor TCAS I 
or II, TAS or 
ADS-B IN.  
Respond to TA, 
RA or other 
indications as 
appropriate. 

None. 
 

Other aircraft is alerted 
and aware of VFR 
aircraft’s presence and 
avoids collision risk. 

VFR aircraft 
(equipped with 
ADS-B IN) 
observes other 
aircraft. 

Observe the 
traffic display, 
and/or listen to 
audio alerts.   
 
Sight the traffic 
and take action 
to avoid it. 

Respond to 
radio 
broadcasts. 

VFR aircraft is alerted 
and aware of other 
aircraft’s presence and 
avoids collision risk. 

VFR aircraft 
observed on 
related13 
aircraft’s ADS-B 
IN equipment. 

As appropriate 
to the type of 
activity14. 

Monitor ADS-B 
IN display or 
aural 
indications.  
 

Other aircraft is alerted 
and aware of VFR 
aircraft’s presence and 
avoids collision risk. 

                                            
12 Airline, business, military, survey, medevac or IFR GA aircraft would be typical examples in this context. 
13 Other sport aircraft, such as other gliders, would be typical examples in this context. 
14 In some sport aviation operations, for example between manoeuvring gliders, radio traffic broadcasts and exchanges may not 
be of assistance in sighting and avoid other aircraft.  
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Scenario 
Description 

VFR Aircraft 
Role or 
Activity 

Other Aircraft 
Role or 
Activity 

ATC Role or 
Activity 

Envisaged Outcome 

Sight the traffic 
and take action 
to avoid it. 

VFR aircraft 
observed by 
ATC15. 

Select 
appropriate 
4096 primary or 
standby code. 
Operate SPI 
function if fitted 
and requested.   
 
Listen to ATC 
traffic 
information 
(directed or 
broadcast). 
Respond to ATC 
if appropriate. 

Listen to ATC 
traffic 
information 
(directed or 
broadcast). 
Respond to 
ATC.  
 
Attempt to 
visually sight 
VFR aircraft. 
Attempt to 
contact VFR 
aircraft by radio 
if appropriate.  

Observe the VFR 
aircraft target on 
console display.  
Read target label.  
 
Pass traffic 
information as 
indicated and 
appropriate.  
 
Provide warning or 
caution if violating 
(or likely to violate) 
controlled airspace. 

Other aircraft is alerted 
and aware of VFR 
aircraft’s presence and 
avoids collision risk. 
 
VFR aircraft may avoid 
violating controlled 
airspace. 

VFR aircraft 
seeks to utilise 
an Air Traffic 
Service7 (control 
service, or flight 
following 
advisories). 

Select correct 
4096 primary or 
standby code; 
enter discrete 
code if 
requested by 
ATC and 
supported by 
equipment.  
Operate SPI 
function if fitted 
and requested.   
 
Listen to ATC 
response, 
advisories and 
instructions. 
Respond to ATC 
as  appropriate. 

None. Observe the VFR 
aircraft target on 
console display. 
Read target label.  
 
Use target for 
situational 
awareness and/or 
as aid to 
procedural 
separation.  
 
Deliver flight 
following or control 
service in 
accordance with 
existing provisions.  
 
Provide warning or 
caution if violating 
(or likely to violate) 
controlled airspace. 

ATC delivers flight 
following, other other 
advisory, or control 
service. 
 
VFR aircraft receives 
traffic information or 
separation service from 
other traffic (dependent 
on airspace class). 
 
Risk of collision with 
other aircraft reduced.  
 
VFR aircraft may avoid 
violating controlled 
airspace. 

                                            
15 Refer also to Appendix 1, section 3 and Working Paper 3, STWG Meeting 20, Use of SIL = 1 configured avionics in support of 
Procedural Separation and ATC Situational Awareness prepared by Alex Milns. 
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Scenario 
Description 

VFR Aircraft 
Role or 
Activity 

Other Aircraft 
Role or 
Activity 

ATC Role or 
Activity 

Envisaged Outcome 

VFR aircraft 
emergency7. 

Select 
emergency 4096 
code. Operate 
SPI function if 
fitted and 
requested.   
 
Listen for ATC 
assistance and 
traffic 
information 
(directed or 
broadcast). 
Respond to ATC 
as and if 
appropriate. 

Listen to ATC 
traffic 
information 
(directed or 
broadcast). 
Respond to 
ATC.  
 
Attempt to 
visually sight 
VFR aircraft. 
Attempt to 
contact VFR 
aircraft by radio 
if appropriate. 

Observe the VFR 
aircraft target on 
console display.  
Read emergency 
target label.  
 
Attempt to contact 
pilot.  
 
Alert SAR and 
emergency 
services.  
 
Pass traffic 
information as 
indicated and 
appropriate.  

VFR aircraft emergency 
is communicated to 
ATC.  
 
Emergency support 
resources able to be 
engaged. Position and 
trajectory of aircraft 
and location of 
emergency is known. 
 
Other potentially 
conflicting aircraft 
remain clear of area. 
 
Emergency hazard to 
other aircraft and 
ground parties reduced. 

VFR aircraft 
search and 
rescue phase 
initiated. 

Pilot of aircraft 
fails to cancel 
SARTIME, make 
required report, 
or is reported 
overdue.  

Other aircraft 
may be tasked 
to assist per 
existing 
procedures. 

ATC perform 
communication 
checks and other 
SAR procedures. 
 
ATC examine 
recorded ADS-B 
data or “last 
detected” function 
on ATC screen to 
identify reasonable 
SAR area. 

VFR aircraft emergency 
is communicated to 
ATC.  
 
Emergency support 
resources able to be 
engaged. Position and 
trajectory of aircraft 
and location of 
emergency is known. 
 
Emergency hazard to 
other aircraft and 
ground parties reduced. 

VFR aircraft 
activities 
monitored by 
non-ATC ground 
station(s)16. 

None. None. None. Operating companies, 
related business and 
training organisations, 
flying clubs, relatives 
and other observers 
view and/or record 
aircraft position, track, 
altitude and other flight 
details for information 
and/or analysis. 

Table 1: Operational Scenarios Involving Subject VFR Aircraft 
 
  

                                            
16 Refer also to Appendix 1, section 4. 
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5.3. Envisaged TABS and/or Equivalent Avionics Product Description 
 

The simplest TABS-derived product consistent with this proposal could be relatively small, suitable for 
mounting in a circular 58mm instrument (or similar sized panel opening) in a powered aircraft, or  
with inbuilt battery, for gliders and other unpowered17 aircraft without an electrical system.  Such a 
product would utilise: 

• Commercial WAAS-capable GPS and antenna 

• Static air source input 

• Power and mounting connectors 

• LED indicators for power, transponder and ADS-B Fail alerting 

• Some form of 3-way toggle (physical or display selectable) switch for primary, alternate and 
emergency 4096 codes 

• Accessible from a smartphone or tablet in ground and maintenance modes.  
 
Refer to Appendix 2 for a condensed summary of functional equipment requirements for TABS 
devices derived from TSO C199. 
 
In addition, low-cost alternative designs also exist which include a Mode C (or S) transponder and 
ADS-B OUT capability, sometimes termed “DF=18” designs18.  These products could be packaged 
with similar physical scale and functions to be largely equivalent to TABS-derived avionics and 
documented by ATSO. In some cases DF18 boxes are used on aircraft that already had, and continue 
to have a separate ATC transponder. 

 
  

                                            
17 References to “unpowered” aircraft in this paper are generally intended to imply that the aircraft does not have the capability to 
generate electrical power.  It is recognised that a relatively small number of aircraft, which are equipped with poweplant(s) for 
propulsion, are also incapable of generating electrical power. 
18 Refer also to section 6.3. 
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6. CONSEQUENCES 

 
6.1. Beneficial Outcomes 
The scenarios in Table 1 demonstrate how this proposal will enhance ATM safety through a 
technology platform for air-to-air traffic alerting and awareness in airspace shared by all types of 
aircraft and operations.  Additionally, it supports the extension of ATC surveillance services19  to VFR 
aircraft in airspace where ADS-B coverage exists, where Mode S addressing and Flight ID will enable 
the VFR aircraft to be unambiguously identified. 
 
Adopting this proposal will effect the following beneficial safety outcomes in Australian airspace: 
 

• Visibility of and between aircraft exposed to the risk of collision with other air traffic: 

o Visibility of equipped sport and recreational aircraft to TCAS I and II systems installed 
in larger IFR aircraft (including all international, domestic and regional airline aircraft) 

o  Visibility of equipped sport and recreational aircraft to TAS systems installed in many 
smaller IFR aircraft 

o Visibility of all of the above to aircraft equipped with ADS-B IN capability (including 
many sport and recreational aircraft, which would acquire this capability through this 
proposal) 

o Visibility of equipped small training, private and business VFR aircraft to all aircraft 
described above. 

• Visibility of equipped sport, recreational, small training, and some private and business VFR 
aircraft, to ATC for greater controller situational awareness, improved traffic information and 
alerting, position, and flight monitoring, and related service delivery. 

• Aid to the management and monitoring of emergency situations, including search and rescue. 

• Incentive to the wider fitment of TCAS I and II, or TAS, in aircraft not required to have this 
equipment. 

• Incentive for the wider fitment and use of ADS-B IN equipment, and the development of 
operational skills in this technology by all types of operators and industry sectors. 

 
Adopting this proposal will effect the following beneficial economic and environmental outcomes in 
Australian airspace: 

 
• Reduction in aircraft operating costs and emissions through more accurate and reliable traffic 

information, facilitating faster and more direct traffic sighting and avoidance. 

• Greater potential to utilise all types of airspace by participants from all sectors by reducing the 
disincentives of air traffic collision risk. 

                                            
19 It has been determined that the output of TSO C199 avionics (TABS or equivalent) with SIL=1 could be used by ATC as 
follows: 

• To establish procedural separation: subject to certain safety limitations, ATC would use the displayed position, instead 
of a pilot report, to establish the position of the aircraft. 

• For situational awareness: ATC would use the displayed position to support flight following and surveillance information 
services, including traffic information about “unknown aircraft” to aircraft receiving an Air Traffic Service. This would 
complement future “air to air” applications. 

• To enhance in-flight emergency response, and search and rescue. 
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• Reduction in aircraft operating costs and emissions, and improved access to airspace by 
equipped participants, through more timely and accurate VFR aircraft identification and 
clearances in controlled airspace. 

• Reduction in aircraft operating costs and emissions, and improved ATC task management, 
through more timely and accurate provision of traffic information to and about VFR aircraft in 
all classes of airspace. 

• Reduction in capital and ongoing investments required by VFR aviation sectors, when 
compared with alternative approaches, (including regulation and administrative arrangements 
established in other comparable countries), thereby reducing the potential for the cost of 
ADS-B fitment to detract from other worthwhile aviation safety investments and initiatives. 

• Reduction in capital and ongoing investments required by the government and the aviation 
industry (including through ANSP cost recovery arrangements), when compared with the cost 
of extending surveillance by other means (particularly radar and WAMLAT), thereby reducing 
the potential for the cost of ground surveillance infrastructure to detract from other 
worthwhile aviation safety investments and initiatives by the ANSP. 

Overall, the resulting benefits are considered to represent:  
 

• Significant and substantial incremental benefit to operational safety20 

• Moderate economic benefit for the overall aviation industry (significant in the GA sector) 

• Minor environmental benefit. 

 

6.2. Miscellaneous Issues 
The following are not yet adequately addressed : 

 

6.2.1. ATC surveillance of TSO C199 avionics with radar  
In some airspace an ATC transponder is required. TSO C199 is not designed to serve ATC 
surveillance; it is primarily intended for air-air surveillance purposes. 
 
Minimal capability TSO C199 avionics products will reply to Mode S altitude and identity 
requests (UF0,4,5,20,21). They also reply to Mode C requests.  
 
However, they do not reply to Mode A interrogations and other Mode S interrogations.  
Power output may be as low as 70 watts.  
 
Further work is required to determine the performance of Airservices radars and all the 
various ATC automation systems if they receive radar data from such a device.   
 
In addition, Defence radars that use only Mode A/C would only receive Mode C replies, 
without Mode A and without any other identity information.  
 
TSO C199 devices may not meet the minimum requirements to satisfy ATC transponder use 
and therefore additional work is required. At the same time, some TSO C199 products may, 
in fact, be fully capable Mode S transponders connected to lower performance GPS position 
sources.  
 

                                            
20 Operations in rural and regional areas, outside surveillance coverage, and where low-level air traffic services are not available, 
are the principal sources of these benefits. These areas include many busy coastal and inland locations where airline flights 
serve a range of business/commercial and tourist markets, such as Ballina, Ayers Rock, Newman, Roma, Avalon, Devonport 
and Whyalla.  
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In classes of airspace where only radar is available to provide separation services, it is not 
yet clear whether TSO C199 boxes will meet the requirements for adequate operational 
performance.  

 
In the case of class E airspace, if the purpose of transponder equipage is to enable TCAS 
visibility, one could argue that TSO C199 avionics are well able serve that purpose.   
 
In classes A and C airspace, the requirement for ATC surveillance and ATC transponder 
functionality is clearer in the period before universal ADS-B coverage (and ATC processing 
in towers, TCUs and centres). 
 
Summary : Until more work is done, it is not clear whether TSO199 equipment will relax any 
requirement to carry a full capability ATC transponder.  
 

 

6.2.2. TSO C199 variants without the capability to reply to Mode S interrogation  
If a TSO C199 design were proposed without the ability to reply to Mode S interrogations,  
then similar considerations to those stated above would need to be examined.  Such a 
device would remain visible to TCAS, because it replies to Mode C interrogations.  
 
In such cases, all Airservices and Defence radars would receive only a Mode C response 
without Mode A and without any other identity information.  
 
Further work is required to determine the performance of Airservices radars and all the 
various ATC automation systems if they receive radar data from such a device.   
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6.3. Availability of Solutions 
Acceptance of this proposal would allow a number of significantly lower cost products to be able to be 
immediately used in the VFR fleet including: 
 

• Dynon21 GPS module SV-GPS-2020 SIL=3  (only for use within Dynon Skyview systems) 

• Dynon22 GPS module SV-GPS-250 SIL=1  (only for use within Dynon Skyview systems) 

• New Enigma Avionics23 TABS products, broadly equivalent to TSO C199.  Enigma Avionics 
have also conducted flight trials of other avionics24 which provide ADS-B OUT and Mode C 
transponder functions. 

• Garmin25 GPS 20A (GPS position data source) and GTX 23ES (ADS-B Mode S transponder) 
products (only for use with G3XX experimental aircraft display systems). 

These, and other potential products to which this proposal refers, may be classified as shown below: 
 
Table 2: Classification of ADS-B OUT avionics types 
Type Certification 

Basis 
Target 
Sectors 

Flight 
Rules 

Relaxed 
Airworthiness26 

Representative 
Examples27 

 
 
 
TABS 

 
 
TSO C199 

 
Sport & 
recreational 
(powered & 
unpowered) & 
certificated GA  

 
 
VFR 
only 

 
 
Proposed & 
recommended 

In addition to forthcoming new 
products (refer to section 5.3), it 
is expected that a number of 
manufacturers would seek TSO 
C199 certification for existing 
products.   

Non-certified 
equivalent or 
ATSO  

Dynon Skyview with existing 
GPS SV-GPS-250  (SIL=1) 
 
Enigma TABS 

 
 
 
 
 
 
Mode S  
ADS-B 
Transponder 
(Not TABS) 

 
 
 
 
TSO C166b 
(DO 260B) 

Military 
Airline 
Charter 
Business 
(turbine & 
piston) 
IFR Training 
IFR Private & 
Airwork 

 
 
 
IFR & 
VFR 

 
 
 
Not  
recommended 

Avidyne AXP340  
Bendix King KT74 
Garmin GTX 330ES & 33ES 
Lynx NGT9000 
Trig TT31 
 
(Others for larger aircraft) 

 
 
 
Non-certified but 
compliant with 
14CFR 91.227 

Experimental 
amateur built 
(ABAA) 

IFR & 
VFR 

 
Subject to ASAO 
rules, otherwise as for 
certificated GA 
 

 
Dynon Skyview with new GPS 
module SV-GPS-2020 (SIL=3).  
~$590USD 
 
Garmin G3X with GPS20A & 
GTX23ES 
 
 

LSA (RAAus-
registered) 

VFR 
only 

Certificated GA 
& LSA (CASA-
registered) 

VFR 
only 

Proposed & 
recommended 

Standalone 
ADS-B OUT 
(DF=18)  

ATSO (update of 
ATSO C1005a) 

Powered sport, 
recreational & 
certificated GA 

VFR 
only 

Proposed & 
recommended 

 
Enigma DF-18 

 
                                            
21 Dynon is a major supplier of integrated avionics for experimental aircraft and is widely installed in those fleets in the United 
States, Australia and other countries. 
22 Dynon is a major supplier of integrated avionics for experimental aircraft and is widely installed in those fleets in the United 
States, Australia and other countries. 
23 Enigma Avionics is an emerging Australian developer of low-cost ADS-B TABS-like product that is expect to comply with the 
principal functional and performance requirements of TSO C199. 
24 Whilst not fully compliant with CAO 20.18 or TSO C199, these products may meet the relevant Minimum Performance 
Standards of ATSO C1004/5a.  These types of avionics (“DF=18” devices) should not be excluded from further consideration for 
use in small VFR aircraft, since their transmissions are effective for the purposes envisaged in section 5.2. 
25 Garmin is a mainstream certified avionics manufacturer which has developed non-certified functional and performance 
equivalent variants consistent with the descriptions at section 3(b). 
26 As described in section 3(c). 
27 These lists are indicative of small aircraft products only and not intended to be exhaustive. 
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Additional products are expected during 2016 and 2017. 
 
It is important to note that potential Australian manufacturers must test, and gain design approvals 
and production approvals from the FAA to fully comply with TSO standards.  As this can involve high 
costs, significant time and administrative issues, approval by CASA of products that wholly, or in part, 
satisfy identified key requirements of the relevant TSOs, or the development of an alternative ATSO, 
may be necessary if an Australian manufacturer wishes to enter the market. 
 

 

7. RECOMMENDATION 
That the Working Group: 
 
1. Take note of the Paper; 

2. Subject to any agreed amendments, approve its transmittal to ASTRA Council, seeking the 
Council’s endorsement of the policy recommendations contained herein; and 

3. Recommends to ASTRA Council that: 

a. the Chair (supported by STWG members as appropriate) communicate the Paper’s 
purpose and intent to the chief executives of recreational, sport aviation and GA 
organisations (not all of whom actively participate in ASTRA) to seek their support; and 

b. the Paper, supported by appropriate accompanying correspondence, be forwarded to the 
Director of Aviation Safety, CASA, who should be invited to review its proposals with CASA 
officers and the STWG Chair (and nominees) with a view to assisting CASA in its 
consideration and adoption. 
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Appendix 1  RISK MANAGEMENT  

 
1. RISK MANAGEMENT  

Adopting the proposal recommended in this paper brings both benefits and risks.  
 
This section examines the identified risks, and provides an assessment, and where necessary, 
proposed mitigations, for these risks.  
 
Because VFR aircraft mix with IFR aircraft in the same airspace, and the equipage requirements 
for VFR aircraft have an impact on the service delivered to IFR aircraft, considerations extend 
beyond the service delivered to the VFR aircraft to interoperability, supported by appropriate 
levels of integrity and failure modes determined by an understanding and acceptance of risk.     
 

1.1. Identified Risk Structure 
The following structure presents identified risks associated with this proposal and the related 
sources and of risk. 
 
 

 
 

Risk Types: 
 

 
 

Risk of 
equipment 

failure 

 
 

Risk of 
misleading 

data 

Risk to 
airframe 

(fire, weight, 
electrical, 

mechanical, 
RF 

interference) 

 
 

Risk of 
pilot 

distraction 
errors 

 
 

Risk of ATC 
automation 

incompatibility  
 

Sources of Risk: 

 
Design Error 

 

P P P   

Lack of 
Manufacturing 
Repeatability  

 

P P P   

 
Installation Error  

 

P P P   

Degradation 
(ongoing 

airworthiness) 

 

 
P 

 
P 

 
P 

  

 
Flight Operations 

 

   P P 

Table 3: Structure of Identified Risks 
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1.2. Risk of Equipment Failure 
An aircraft operating with failed ADS-B equipment is in the same state as an unequipped 
aircraft; non-availability of ADS-B signal must be managed by all airborne and ATC users.. 
 
Failure per se brings no particular additional hazard apart from the loss of benefits of 
surveillance.   Failure to purchase and install ADS-B avionics brings the same risk.  
 
Failure modes that trigger loss of the ADS-B service to multiple users eg: disruption to the 
1090Mhz channel occupancy an a region are equivalent to ADS-B ground station failure. 
 
However, unexpected in-flight failure could bring some low additional level of risk, because it 
could result in the  user changing their mode of operation in some way.  
 
Installation 
management 
(who) 

• CAR 30 Certificate of Approval holder requirements for supervision, 
procedures and controls in GA avionics organisations 

• Individual GA LAME licensing, product training and skills/experience 
• CAR 21M design services required for all but simple GA installations 
• Existing task certification requirements and fact that majority of 

installations will reuse existing aircraft design including power 
distribution and antenna placement minimise risk of these sources of 
failure 

• At least annual aircraft inspection requirements for GA 
• Existing industry-accepted guidance for methods and practices28 
• Part 149 requirements for ASAO29 sport and recreational aviation 
• No incremental risk beyond existing provisions for sport and 

recreational aircraft modification requirements (many of these aircraft 
undergo avionics installations now) 

Manufacturer 
certification  

• Avionics manufacturers’ standard product testing 
• FAA still requires demonstrable compliance with 14CFR 91.227 

performance for all non-TABS non-certified ADS-B OUT avionics 
• Non-certified US ADS-B equipment is derived from certified versions 

of same product and published standards 
• Major avionics manufacturers have extensive quality systems 

Manufacturer 
installation 
instructions 

• Installation documentation to be required for non-certified equipment 
• CASA has allowed non-certfied product for non-required equipment in 

the past, in experimental and some GA aircraft 
Test capability • Installations subject to initial and 2-year recurrent functional and 

performance testing using unrelated standard test equipment 
• Modern avionics have built-in power up test functions 

Operational 
controls 

• Existing requirements to document GA aircraft unserviceabilities 
• Existing procedures exist and have been published for aircraft 

transponder and (certified) ADS-B failure 
• Existing pilot training requirements, including emergency procedures, 

could be supplemented with informal pilot education as to action to 
take in event of TABS failure 

Table 4: Risk Controls, Equipment Failure 
 
  

                                            
28 For example, refer to FAA AC 43.13-2B, Acceptable Methods, Techniques, and Practices – Aircraft Alterations, 
 chapters 2 and 3. 
29 Approved Self Administering Aviation Organisations (ASAO) will be subject to Part 149 requirements including a Manual of 
Standards, which will directly address approval of modifications to aircraft. 
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1.3. Risk of Misleading Data 
An aircraft transmitting misleading ADS-B data is a safety hazard.   
 
The risk of misleading ADS-B data is controlled in design through compliance with the 
appropriate equipment standards; and in installation and operation by complying with 
manufacturers’ instructions.     

 
 

Installation 
management 
(who) 

• Non-integrated non-TABS GA products remain subject to CAR 21M 
• Part 149 requirements apply to ASAO sport and recreational aviation 

Manufacturer 
certification  • Avionics manufacturers’ standard product testing 

• FAA still requires demonstrable compliance with 14CFR 91.227 
performance and the performance and environmental requirements 
of the TSO for all non-TABS non-certified ADS-B OUT avionics 

• Non-certified US ADS-B equipment is derived from certified versions 
of same product and published standards; the OEM must have a 
Statement of Compliance for compliance with the relevant 
requirements. 

• TABS equipment30 must use SBAS-capable GPS, HFOM or HDOP31, 
and transmit NIC 

• Non-TABS non-certified equipment can only use TSO C145/146 GNSS 
sensor and transmit DO 260A/B HPL 

• Risks of SA non-aware avionics does not exist because TABS requires 
SBAS, and non-TABS non-certified must satisfy 14CFR 91.227 

• Potential for ATSO to cover outside cases (e.g. DF=18 products) 
• Non aviation GPS modules (those without RAIM) are more susceptible 

to GPS satellite signal errors however, experiemce shows such events 
to be rare. However, TABS functionality provides limited step error 
detection.  

Test capability 
• Non-TABS installations would be subject to initial and 2-year 

recurrent functional and performance testing using unrelated 
standard test equipment to manage degradation – standard AD 
RAD/47 requirements apply. 

• For TABS, probably require integrated self-test 
• For TABS, strongly recommend or require initial and periodic use of a 

low cost test device as per manufacturer recommendation. Eg: Use of 
an ADS-B receiver dongle on a laptop 

 
Table 5: Risk Controls, Misleading Data 

 
  

                                            
30 Refer to the footnote at Appendix 2 in relation to potential for misleading data from TABS devices that do not utilise GPS 
sensor with TSO C145 RAIM outside SBAS coverage. 
31 FAA TSO C199 Traffic Awareness System Beacon, Appendix 1, A1.2.5.6, A1.2.5.8, A1.2.6.2. 
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1.4. Airworthiness Risks  
1.4.1. Risks Related to Airframe: Fire, Weight, Electrical, Mechanical 

These risks are associated with basic airworthiness. 
Installation 
management 
(who) 

• CAR 30 Certificate of Approval holder requirements for supervision, 
procedures and controls in GA avionics organisations 

• Individual GA LAME licensing, product training and skills/experience 
• Liability risk: CoA holder or GA LAME can decline unsafe installations 
• CAR 21M design services required for all but simple GA installations 
• Independent inspections of GA flight control systems at completion 
• Existing task certification requirements for all GA modification activity 
• Vast majority of installations will reuse existing aircraft design 

including power distribution and antenna placement 
• Electrical Load Analysis requirements for GA (power requirements for 

TABS, GPS and modern avionics are relatively low) 
• Weight and Balance requirements for GA (modern avionics are light 

and will generally replace existing device of similar weight) 
• At least annual (or 100-hourly) aircraft inspection requirements for GA 
• Existing industry-accepted guidance for methods and practices 
• Part 149 requirements for ASAO sport and recreational aviation, 

including aircraft marking and warning placard for occupants 
• No incremental risk beyond existing provisions for sport and 

recreational aircraft modification requirements (many of these aircraft 
undergo avionics installations now) 

Manufacturer 
certification  

• Avionics manufacturers’ standard product testing 
• FAA still requires demonstrable compliance with 14CFR 91.227 

performance for all non-TABS non-certified ADS-B OUT avionics 
• Non-certified US ADS-B equipment is derived from certified versions 

of same product and published standards 
• Non-certified equipment still subject to FCC (& ACMA) requirements 
• Major avionics manufacturers have extensive quality systems anyway 
• Potential for ATSO to cover outside cases (e.g. DF=18 products) 

Manufacturer 
installation 
instructions 

• Acceptable technical data is used for installations.  Provided the 
installation is made in accordance with the data, the risks of 
installation defects will be minimal.  

• Proposal analogous to other non-required equipment installs (CB 
radios, satphones) which have not caused significant problems 

• CASA has allowed non-certfied product for non-required equipment in 
the past, in experimental and some GA aircraft 

Test capability • GA installations subject to initial and 2-year recurrent functional and 
performance testing using unrelated standard test equipment 

• Modern avionics have built-in power up test functions 
Aircraft systems 
design 

• Mandatory power circuit breaker overload and short-circuit protection 
• Split-bus, and bus-isolation design features in modern aircraft power 

distribution systems 
• Multiple points for equipment disconnection (on/off at unit, aircraft 

and/or avionics master switch) 
• Existing GA fire extinguisher carriage and maintenance requirements 

Operational 
controls 

• On/off power switch required for product 
• Existing requirements to document GA aircraft unserviceabilities 
• Existing pilot training requirements, including emergency procedures 

Regulator 
intervention 

• CASA intervention if risk identified with a specified product 

Table 6: Risk Controls, Airframe Risks 
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1.4.2. Risk of Interference to/from Other Aircraft Systems  
The risks of ADS-B transmissions interfering with other systems is remote (but possible) given 
the operating frequency. 
 
Installation 
management 
(who) 

• Existing installation practices already protect against this risk 
• CAR 30 Certificate of Approval holder requirements for supervision, 

procedures and controls in GA avionics organisations 
• Individual GA LAME licensing, product training and skills/experience 
• Guidance already exists for interference avoidance in aircraft cable 

routing and antenna location 
• GPS harmonic interference frequencies are understood 
• Non-integrated GA ADS-B product will remain subject to CAR 21M 

Manufacturer 
certification  

• Non-certified US ADS-B equipment is derived from certified versions 
of same product and published standards 

• Non-certified equipment still subject to FCC (& ACMA) requirements 
• Potential for ATSO to cover outside cases (e.g. DF=18 products) 

Manufacturer 
installation 
instructions 

• Installation documentation to be required for non-certified equipment 
• Proposal analogous to other non-required equipment installs (CB 

radios, satphones) which have not caused significant problems 
• CASA has allowed non-certfied product for non-required equipment in 

the past, in experimental and some GA aircraft 
Test capability • GA installations subject to initial and 2-year recurrent functional and 

performance testing using unrelated standard test equipment 
Operational 
controls 

• Existing requirements to document GA aircraft unserviceabilities 
• Existing pilot training requirements 
• Risks already exist where aircraft operate close to external sources of 

interference 
• Risk of radar garbling and poor frequency tolerance will be reduced 

as older vacuum cavity transponders are replaced with modern 
avionics 

• ADS-B is a digital technology and interference to it will most likely 
result in no operation at all 

• ADS-B is not subject to analog signal interference (such as might 
occur with ADF or VOR) 

Regulator 
intervention 

• CASA intervention if interference detected & reported. 

Table 7: Risk Controls, Interference 
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1.5. Risk of Pilot Distraction and Related Human Factors Error 
Widespread adoption of ADS-B OUT among VFR aircraft will be followed by increasing use of 
ADS-B IN.  This will result in increased “head down in the cockpit” time, as well as the potential 
for pilots to improperly rely on ADS-B IN for traffic separation, at the risk of reduced external 
visual scanning and sighting of traffic.  Whilst the aviation industry is already versed in this 
phenomenon as a result of other improved technologies (such as GPS navigation systems and  
engine management systems), CASA and industry should jointly continue to accurately inform 
and educate pilots on the importance of “see and be seen” in all visual operations and the 
potential for human factors errors associated with the use of graphical and other information-rich 
displays.  
 

Pilot education Publications such as CASA’s Flight Safety Australia, as well as 
inserts in other pilot magazines, giveaways and promotional 
merchandise, and pilot safety seminars, may be used to raise 
awareness of risks associated with pilot distraction and the continued 
importance of see and avoid. 

Flight reviews and 
recurrent training 

Flight instructors and examiners should be prompted to (a) remind all 
pilots of the critical importance of keeping a proper lookout during 
flight in VMC; and (b) emphasise the need for competence in the use 
of installed equipment in the aircraft they fly to minimise distraction 
and for effective use. 

Table 8: Risk Controls, Pilot Distraction 
 
 

1.6.  Risk of Incompatible ATC Automation  
If less demanding avionics standards are utilised for VFR aircraft, updates to ATC automation 
systems will be required to distinguish between different standards of avionics – as relevant, 
using the attributes in ADS-B messages, in order to provide the appropriate level of service, and 
manage risk in situations where avionics of multiple standards are present. 
 
Whilst Eurocat already has logic in place to allow “Tier 2” symbols for situational awareness, it is 
generally accepted that the Tier 2 symbol needs to change to be more easily distinguished from 
the Tier 1 symbol. 
 
 

Regulation Airservices Australia’s ATS is regulated by CASA 
System design ATC systems are specified and developed to high standards under 

control, and specifically to requirements, of Airservices. 
System test 
and validation  

ATC systems are extensively evaluated and tested before deployment. 

Table 9: Risk Controls, ATC Automation 
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Appendix 2  : Extracts from WP3 
 

Extracts from Working Paper 3, STWG 20 Requirements for ADS-B Applications Impacting VFR 
Equipage 
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1. CURRENT REGULATIONS REGARDING FITMENT OF ADS-B SYSTEMS IN AIRCRAFT 
 

OPERATION IFR VFR (CONTROLLED AIRSPACE) VFR CLASS G 

A TSO means that equipment has been formally tested and certified to meet a defined, regulated standard.   

The aircraft installation of the equipment must be accomplished using acceptable technical data (per the applicable Part 21 certification rules). An aircraft 
manufacturer service bulletin, STC32 or Engineering Order are the most commonly used acceptable data .  

The approved technical data includes an engineering analysis showing that the defined configuration is fit to install in a particular aircraft, or group of aircraft. 

The engineering analysis verifies that the equipment is suitable for installation in such aircraft, satisfies applicable certification requirements, meets the 
system operational and functionality requirements or regulator-approved equivalents, and provides instructions for its installation.   

The installer is responsible for ensuring that the equipment is compatible with other equipment installed in the aircraft (in the case of an STC) and that the 
installation is performed in accordance with the applicable STC and/or EO.   

Taken together, the practical meaning of TSO and STC/EO approval is that the installer can rely on the equipment manufacturer’s information at face value, 
and provided all the requirements of the STC and/or EO are met, does not have to re-verify equipment standards or installation instructions.   

An aircraft operator or owner is responsible for selecting equipment that is suitable for the intended purpose.   

VH registered including 
gliders33 

Categories other than 
ABAA & LSA (includes 
Transport, Commuter, 
Normal, Utility, 
Acrobatic) 

Equipment must meet 
the requirements of CAO 
20.18 App XI or be 
approved by CASA in 
writing.  
 
Installation must be 
approved under a TC, 
STC or EO.  
 
 
 

ADS-B is not “required equipment” for VFR and therefore, there is no CASA requirement for ADS-
B avionics to be TSOd34. Never less CAO 20:18 9B6 says that “If an aircraft carries ADS-B 
transmitting equipment which does not comply with an approved equipment standard, the aircraft 
must not fly in Australian territory unless the equipment is: 

a) Deactivated; or 

b) Set to transmit only a value of zero for NUCp or NIC   
[STWG to consider recommendation  to add “or SIL=0”, too]  

To be approved equipment, the CAO requires the ADS-B transmitter to be either:  

a) Authorised in accordance with TSO… 

                                            
32 For these purposes, including an AML STC. 
33 Gliders are VH registered and subject to GFA airworthiness which is linked to CASA requirements. Gliders also have exemption in Class E airspace. 
34 Advice from Ron Doggett 14/10/15. 
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OPERATION IFR VFR (CONTROLLED AIRSPACE) VFR CLASS G 
 
 
 
 
 

b) Accepted by CASA as meeting the DO260 or later, OR 

c) Authorised by CASA as equivalent; 

 

And the GPS source to be either: 

d) GNSS authorised in accordance with TSO… OR 

e) GNSS that meets requirements, including certification by a NAA OR 

f) Equivalent system authorised by CASA. 

 

Products that meet the standards of TSO C199 (whether a formal TSO exists or not) are never 
expected to be considered “compliant” in IFR aircraft in Australia, and are not “rule compliant” for 
IFR and VFR aircraft in the USA, but are eligible for installation in USA aircraft that are exempt from 
ADS-B and transponder equipage rules. The purpose of TSO199 in USA is to provide air-air 
surveillance only, whereas Australia sees potential for both air-air and air-ground surveillance.   

Because TSO C199 sets SIL=1, the ADS-B output of such equipment is currently unrecognised by 
both Australian and FAA ATC automation systems. 

 

Dynon installations do not have (and are not expected to obtain) formal certification for TSOs 
C145/146.  The transponder is TSO C166b certified. It may output SIL= 0, 1, 2, or 3 depending on 
the GPS used. There is no risk if SIL=0 because listeners don’t use it.  

If the new Dynon GPS product, which auto-configures SIL=3 is installed, it will be non compliant 
because the GPS source doesn’t meet the “CASA requirements” although it does meet the 
performance requirements of the FAA and the essential requirements of the TSO. 

VH registered ABAA 
Category 

Equipment must meet the 
requirements of CAO 
20.18 App XI or be 
approved by CASA in 
writing. 

Installation may not 
necessarily involve a TC, 
STC or EO. 

VH registered 

LSA Category 

In addition to the 
requirements of CAO 
20.18, all equipment 
installed in a LSA as a 
modification must be 
authorised by the 
manufacturer35. 

RA-AUS 

LSA Category, and 
Ultralight 

In addition to the 
requirements of CAO 
20.18, modifications to RA-
Aus registered aircraft 
must comply with the 
requirements of the RAAus 
Technical Manual36. 

 
  

                                            
35 paragraph 2.4.3, CASA AC 21-42 v2.0, Light Sport Aircraft Manufacturers' Requirements, May 2014. 
36 The applicable requirements vary, depending on whether the aircraft is subject to CAO 95.10, CAO 95.55 or LSA Special Certificate of Airworthiness. 



 

 Page 28 of 33 

2. FITMENT CURRENTLY ALLOWED IN AUSTRALIA, BY TSO  
Aircraft  
type: 

Formally certified to 
 TSO C166  
& GPS TSO 

Formally certified to 
TSO C199 

Meets performance 
requirements of  

TSO C166 & GPS TSO 
 

BUT no formal TSO held 

Meets performance 
requirements of  
TSO C199 TSO  

 
BUT no formal TSO held  

 
VH registered including 
gliders37 

Categories other than 
ABAA & LSA (includes 
Transport, Commuter, 
Normal, Utility, Acrobatic) 

P VFR 
P IFR 

 
and STC/EO installation 

approval 

P VFR (see **) 
O IFR (no full RAIM 

function) 
 

and STC/EO installation 
approval  

P VFR (see **) 
O IFR 

 
and STC/EO installation 

approval  

P VFR (see **) 
O IFR (no full RAIM function) 

 
and STC/EO installation approval  

VH registered ABAA 
Category38 P VFR 

P IFR 
SAAA/ASAO rules apply  

P VFR (see **) 
O IFR (no full RAIM 

function) 
SAAA/ASAO rules apply 

P VFR (see **) 
O IFR (permitted by FAA)39 

SAAA/ASAO rules apply 
 

P VFR (see **) 
O IFR (not permitted by FAA) 

SAAA/ASAO rules apply  

VH registered 
LSA Category	

P VFR  (see **) 
Category rules apply. 

RA-AUS registered  
LSA Category, & Ultralight 

P VFR (see **) Only Day-VFR is permitted. 
RAAus/RAAO/ASAO/Category rules apply 

Other Sports Aviation P VFR (see **) 
RAAO/ASAO rules apply. 

 **	Current	regulations	CAO	20:18		para	9B.6	requires	that	ADS-B	equipment	which	does	not	comply	with	an	approved	configuration		must	not	fly	unless	deactivated,	or	NUC	
or	NIC	is	set	to	zero.				An	approved	configuration	transmitter	can	be	TSO166	(inc	TSO166b	etc),	or	ATSO1004/1005,	or	meets	DO260	(inc	DO260B	etc)	and	uses	HPL,		or		
otherwise	approved	by	CASA.	An	approved	position	source	can	be	TSO145,146,196,	or	approved	GPS	with	FDE/HPL,	or	otherwise	approved	by	CASA.  

                                            
37 Gliders are VH registered and subject to GFA airworthiness which is linked to CASA requirements. Gliders also have exemption in Class E airspace. 
38 Assuming that the installation is to be made by an EAB aircraft builder. For aircraft other than EAB, various RAAO/ASAO rules apply. 
39 FAA allow ADS-B equipage without TSO in experimental aircraft, but must meet performance requirements. Dynon GPS upgrade with SIL=3 is one example. 
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3. SURVEILLANCE REQUIREMENTS, BY ANSP APPLICATION   
 
 Application: Impact of VFR equipage of ADS-B Out Is high 

integrity 
required?  

ie chance of 
misleading 

data  < 
10-5 or 10 -7 

Loss of 
function 
criticality 

TSO 
C166  

& GPS 
TSO 

formally 
held 

TSO 
C199 

formally 
held 

TSO C166& 
GPS TSO 

performance  
 

BUT no TSO 
held 

 

TSO199 TSO 
performance  

 
 

BUT no TSO 
held  

 
1 Provision of 3 mile or 5 

mile separation services 
in terminal & enroute 
airspace 

A VFR aircraft can be separated from an IFR 
aircraft using ADS-B data transmitted by the VFR 
aircraft. 

Yes High P O 
Footnote 

40 

P 
 

O 
Footnote 

41 

2 Provision of 10 (or other 
TBD) mile separation 
services in terminal &/or 
enroute airspace 
 

No such standard currently exists but perhaps 
could be examined.   

Maybe Medium P P 
Footnote  

42 
 

P 
Footnote  

43 
 

P 
Footnote 

 44 
 

3 Provision of situational 
awareness for enroute 
ATC 

Would improve the traffic advisory service to IFR & 
VFR and hence improve safety. Will reduce voice 
communication. 

No Medium P P P P 

4 Provision of situational 
awareness for 
terminal/TMA ATC 

Would improve the traffic advisory service to IFR & 
VFR and hence improve safety. Could also 
improve sequencing and hence efficiency. Will 
reduce voice communication. 

No Medium P P P P 

5 Provision of situational 
awareness for control 
tower ATC of airborne 
aircraft 

Would improve the traffic advisory service to IFR & 
VFR and hence improve safety. Could also 
improve sequencing and hence efficiency. Will 
reduce voice communication. 

No Medium P P P P 

6 Provision of situational 
awareness for control 
tower ATC of aircraft 
manoeuvring “on ground” 

Improve identification and reduce risk. Reduce 
voice communication 

No Medium P P P For  
discussion 

7 Provision of STCA 
alerting  

STCA alerts provided to IFR when in conflict with 
unplanned (or planned) other aircraft. 

No Medium P P P P 

                                            
40  Due need for GPS RAIM performance 
41  Due need for GPS RAIM performance 
42  Purpose of increased separation is to allow for TSO C199 (both formally certified, and not). TSO199 is good enough for air-air and hence should be good for some separation standard 
43  Purpose of increased separation is to allow for TSO C199 (both formally certified, and not).  TSO199 is good enough for air-air and hence should be good for some separation standard ATC 
system does not know if certified. 
44  Purpose of increased separation is to allow for TSO C199 (both formally certified, and not). TSO199 is good enough for air-air and hence should be good for some separation  standard 
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 Application: Impact of VFR equipage of ADS-B Out Is high 
integrity 

required?  
ie chance of 
misleading 

data  < 
10-5 or 10 -7 

Loss of 
function 
criticality 

TSO 
C166  

& GPS 
TSO 

formally 
held 

TSO 
C199 

formally 
held 

TSO C166& 
GPS TSO 

performance  
 

BUT no TSO 
held 

 

TSO199 TSO 
performance  

 
 

BUT no TSO 
held  

 
8 Provision of MSAW 

alerting 
MSAW services only provided to aircraft under 
ATC control (enroute/TMA) – presumably not VFR  

No - N/A N/A N/A N/A 

9 Provision of DAIW 
alerting 

DAIW services only provided to aircraft under ATC 
control (enroute/TMA) 

No Medium P P P P 

10 Provision of clearance 
compliance (CLAM, 
RAM) 

CLAM/RAM services only provided to aircraft 
under ATC control (enroute/TMA) 

No Medium P P P P 

11 Provision of replacement 
for voice reporting (and 
ETO alerts) 

Reduce VHF communication. ETO Alert services 
only provided to aircraft under ATC control 
(enroute/TMA)  

No Low P P P P 

12 Provision for SAR alerting 
– especially replay, and 
last position reported  
 
 

ATC automation retains last detected position for 
planned & controlled aircraft for immediate recall 
by ATC. For VFR un-managed replay is possible – 
and correct flight allows correct aircraft to be 
identified (instead of generic 1200 code). 

No Low P P P P 

13 Provision of PRM data for 
independent parallel 
approaches in IMC 

High performance operation. No relevance for 
VFR 

Yes High N/A N/A N/A N/A 

14 Support requested 
surveillance advisory 
services  

VFR & unplanned aircraft provided with superior 
support, efficiency  

No Medium P P P P 

 
A downstream ATC system can recognise the aircraft System Design Assurance category using the transmitted SDA value.  The FAA ATC automation currently discards any 
message with SDA <2.  The Australian ATC system currently ignores SDA.   
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4. SURVEILLANCE REQUIREMENTS INDEPENDENT OF ANSP, BY OPERATOR APPLICATION 
 
 Application Impact of VFR equipage of ADS-B out Is high 

integrity 
required? 
ie chance 

of 
misleading 

data < 
10-5 or 10 -7 

Loss of 
function 
criticality 

TSO 
C166 

& GPS 
TSO  
held 

TSO 
C199 
held 

TSO 
C166 & 

GPS 
TSO 

perform
ance  

BUT no 
formal 
TSO 
held 

TSO 
C199 

perform
ance  

 
BUT no 
formal 
TSO 
held 

1 Provision of positional data to web services, 
(business, clubs, friends, family etc) 

Supports popular web based services and hence 
supports the operator. 

Integrity 
data not 
used 

Low P P P P 

2 Basic airborne situational awareness with 
optional aural/visual alerting 

Would improve the traffic awareness of the VFR 
and IFR pilot and hence improve safety. Will help 
reduce voice communication and anticipation of 
ATC requirements. Superior to (non-certified) TCAD 
and similar devices. 

No Low P P P P 

3 Enhanced airborne situational awareness 
including aural/visual alerting45 

As above, plus predictive intelligent situational 
alerting for VFR and IFR aircraft. Superior to 
(certified TSO C147a) TAS. 

No Medium P P P P 

4 Advanced ADS-B in spacing applications 
(Sequencing & merging and the like) 

High performance IFR operation. No relevance for 
VFR. 

Yes High Not applicable 

5 Advanced ADS-B in separation applications 
(ITP clearance) 

6 Support TCAS application including 
Resolution Advisory 

Makes VFR aircraft visible to aircraft with TCAS. 
Will provide superior performance as hybrid 
surveillance is added to commercial airliners. 

No, but see 
footnote 46 

Medium, 
but see 
footnote 40 
 

P P P but 
see 
foot 
note 40 

P but 
see 
foot 
note 40 

 
 

                                            
45 FAA ATAS (ADS-B Traffic Advisory System); TSO C1965b. See also TSAA (Traffic Situation Awareness with Alerts) in RTCA DO 317B & EUROCAE ED-194A. 
46 Subject to discussion and risk assessment: TCAS TA/RA functions are used by high-capacity RPT aircraft. 



 

 Page 32 of 33 

 
 

Appendix 2  
 
Condensed Summary of Functional Requirements for TABS 
 
As noted elsewhere in this paper, TSO C199 defines a low-cost, low-power Traffic Awareness Beacon 
System (TABS) that has been considered by STWG as the preferred platform and design basis for ADS-B 
products for use by VFR aircraft in Australia. 
 
To aid the reader’s understanding of TSO C199 and TABS products, the following is intended to list the 
technical highlights of the TSO requirements. 
 
It is intended that this summary may be useful in considering the suitability of products that partially 
comply with, or are equivalent to this standard.  This summary is not intended to replace reading or use of 
the TSO, which contains other essential detail and elaborated requirements for certification. 
 
Mandatory: 
• Ground selectable “primary” 4096 Code (for example, 1200: ability to select in-flight is optional). The 

TSO suggests that a “personal electronic device” might be used to pre-set this and the alternate code, 
such as a smartphone or tablet. 

• Ground selectable “alternate" 4096 code (for example, 3000: ability to select in-flight is optional) with a 
pilot-selectable means of switching between “primary” and “alternate” codes.  If the product has flight-
selectable codes, then this means of switching and the pre-set alternate and emergency codes are not 
required. 

• Ability to set code 7700, either by in-flight code selection, or an “emergency” switch (implying that in 
the simplest product, there might be three selectable display options, or a 3-position toggle switch, for 
primary, alternate and emergency codes). 

• Ground-selectable Flight ID for aircraft that use flight number identification (to be set before takeoff, 
perhaps with a smartphone or tablet), or flight-selectable Flight ID  

• Display to indicate Power On, Transponder Fail and ADS-B Fail during flight 

• Display to indicate 4096 code settings and Flight ID, at least on the ground (but not mandatory for 
display in-flight) 

• Reply to Mode C interrogations (but not all-call Mode A or C interrogations) 

• Reply to Mode S UF=4,5,20,21 interrogations (but not all-call Mode S interrogations) 

• WAAS-capable GPS sensor with step-error detection47 (aviation RAIM integrity monitoring is optional). 

 
 
                                            
47 Note regarding misleading position data from TABS: Avionics without RAIM capability are more exposed to the effects of a  
false ranging signal from a faulty GPS satellite.  Aircraft avionics with RAIM will either eliminate the faulty satellite or will declare 
failure (failure is a low risk event because eit is no worse than not having ADS-B).  Those without RAIM are more likely to generate 
a misleading position in the event that this rare event occurs.  TSO C199 requires basic step error GPS processing to remove the 
some errors. 
 
It should also be borne in mind, that a false position per se, is not necessarily misleading.  If the false position is 100 miles from the 
real position, it will typically be detected by ATC as erroneous (assuming the aircraft is receiving a service).  If the false position is 
0.1 mile away, then it probably doesn’t matter.  
 
However in the narrow band of say, 0.2 to 10 miles, an error is misleading.  The consequence of this is that only a percentage of 
satellite failures will actually result in a misleading position. 
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Optional: 
• IDENT (SPI) button (for ATC identification, not wanted by the Americans and unlikely to ever be any 

use here) 

• Battery power indicator  

• In-flight pilot selection of 4096 code (eliminates the need for alternate code) 

• In-flight pilot selection of Flight ID 

• Air/ground state detection (if not present, the product must always broadcast as airborne) 

• Standby operating state (if implemented, it must be operating normally after 5 seconds out of standby) 

• Aviation RAIM integrity monitoring (TSO C145/146) GPS position source, however TSO C129 based 
devices would not be permitted because the GPS must be WAAS capable 

• Aircraft status and other ADS-B messages. 

 
 

 


