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SUMMARY 

 
In December 2009 the Australian network of ADS-B (Automatic Dependent Surveillance – 
Broadcast) ground stations became fully operational, and provides almost continent-wide 
surveillance of ADS-B equipped aircraft. Together with the mandate in 2013 for aircraft to 
use ADS-B in Australian FIR RVSM (Reduced Vertical Separation Minimum)  airspace, a 
unique opportunity exists for monitoring aircraft height-keeping performance with aircraft 
geometric height derived from ADS-B reports.  
 
This Paper presents information on a joint research activity undertaken between 
Airservices Australia and the FAA and identifies that the use of ADS-B geometric height 
data for estimating Altimetry System Error (ASE) has been formally endorsed by both the 
ICAO Separation and Airspace Safety Panel (SASP) and Regional Monitoring Agencies 
Coordination Group (RMACG). Airservices Australia intends to implement the 
methodology in the short-term.   
 
Strategic Objectives: 

A: Safety – Enhance global civil aviation safety 
 
Global Plan Initiatives:  
GPI-2  Reduced vertical separation minima 
 

 
 
1. INTRODUCTION 
 
1.1 The Separation and Airspace Safety Panel (SASP) and Asia/Pacific Regional 
Airspace Safety Monitoring Advisory Group (RASMAG) has strongly encouraged work to continue 
that would assess the viability of using ADS-B geometric height data as a means of estimating 
altimetry system error (ASE).  This work has been progressed jointly by Australia (represented by 
Airservices Australia) and the United States (represented by the FAA) under the terms of a formally 
recognized research project, that initially utilised data available from the extensive ADS-B network in 
Australia, and the software and expertise available in the United States used for estimating ASE. 
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1.2 At previous meetings of the SASP and RASMAG, Australia and the United States 
had presented papers that described further development work on the use on ADS-B for RVSM 
height-keeping performance monitoring.  In particular, the papers provided an explanation for the 
variations in ASE for the same aircraft observed at different ADS-B stations.  The research had 
determined that if incorrect assumptions were made regarding the reference for the aircraft geometric 
height, large variations in the ASE estimates were observed with position of the airframe. It was 
determined that current GPS receivers do not all reference the same datum when determining 
geometric height transmitted in the ADSB message as some may be using Height Above Ellipsoid 
(HAE) while others may be using Height Above Mean Sea Level (HAMSL). It was clear to the 
research group that information regarding the type of GPS receiver being used in an airframe was 
critical to calculating ASE. 
 
2. DISCUSSION 
 
2.1 The cooperative research project between Airservices Australia and the Federal 
Aviation Administration has reached a significant milestone.  Information was recently provided to 
both the SASP and the Regional Monitoring Agencies Coordination Group (RMACG) on results from 
a year-long, continent-wide capture of ADS-B data. As a result of this extensive activity, the height-
keeping performance of 932 aircraft flying at RVSM levels within the Brisbane and Melbourne FIRs 
was studied in greater detail than was previously possible with data sourced from traditional ground-
based monitoring systems such as an: 
 

• HMU (Height Monitoring Unit); 
• AGHME (Aircraft Geometric Height Measurement Element); or  
• GMU (GPS-based Monitoring Unit) equipment.  

 
2.2 In fact an ASE was calculated for every validated data point which equated to 
192,378,466 separate ASE values being determined.  The study calculated ASE using AGHME 
software adapted by the FAA.  Some changes were necessary to the AGHME software that accounted 
for flight level, aircraft identification and geometric height now being available from a single (ADS-
B) data source; and the need for two values of ASE to be calculated to account for the two possible 
sources of geometric height reference.  These were height above mean sea level (HAMSL) and height 
above the WGS 84 ellipsoid (HAE).  Importantly, the calculation of ASE is essentially the same as 
already used for AGHME and GMU except that aircraft geometric height is calculated by an aircraft’s 
own GPS receiver and transmitted through ADS-B. 

 
2.3 The research undertaken by Airservices Australia and the FAA clearly identified that 
aircraft geometric height is calculated as either HAMSL or HAE depending on the GPS receiver. One 
outcome of the research has been to demonstrate how ASE results can be used to distinguish between 
the two choices for a particular airframe, therefore almost eliminating any requirement to know in 
advance the height reference being used by the on-board avionics.  Less than 3% of airframes were 
categorised as ‘uncertain’ due primarily to insufficient data.  To effectively distinguish between 
HAMSL or HAE, data was needed from a number of ground stations to provide a measurable level of 
variation across the geoid.  In Asia there should be plenty of geoid variation to achieve this, however 
in other Regions, such as Europe, there may be issues in distinguishing HAMSL/HAE using this 
method. 
 
2.4 Once HAMSL/HAE was determined the correct set of ASE values could be used to 
describe an airframe’s height-keeping performance.  The Australian ADS-B ground station network 
provides almost complete coverage of the continental land mass and therefore ADS-B data typically 
involves long aircraft tracks often exceeding 3 hours in duration. As a result, a large amount of ASE 
data is generated for each airframe.  Even if an aircraft was seen only once by ADS-B, the data 
obtained was likely to be more extensive than that generated from a GMU flight.  Importantly, once 
an ADS-B ground station captures transmitted data, and this is matched to the appropriate 
meteorological data, the ASE processing can begin.  No modification of the existing ground station 
was necessary. 
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2.5 Summary of Research Outcomes. The main outcomes from the research can be 
summarised as follows. 
 

a) The observed ASE behavior for most airframes was stable and of acceptably 
small size. Similar fleet type behaviors were consistent and predictable from their 
typical flight tracks.  It was possible to identify a small number of airframes with: 

 
i. an ASE trend;  

ii. moments of abrupt change in ASE behavior;  
iii. unacceptably large ASE; or 
iv. an atypical scatter of ASE. 

 
b) Examples (3 out of 932) were found where airframes had been subjected to an 

avionics upgrade during the year and the geometric height reference switched 
from HAMSL to HAE.  This was very apparent in the ASE results, and apart 
from a small administrative load involved, a monitoring program based on ADS-
B could easily absorb that circumstance. 

 
c) Aircraft type mean values compared favorably with United States AGHME and 

European HMU values.  Comparisons of individual airframes with United States 
and Europe showed that the ADS-B values were typically a little more negative. 
There are possible reasons for this which may be able to be adjusted for in future 
refinements of the ASE calculations. 

 
d) Meteorological error (or more accurately the poor fit of the local atmosphere to a 

predicted atmosphere) was the most likely cause of the time series scatter of an 
aircraft’s ASE.  Since the same quality of meteorological data was used in 
AGHME, GMU and ADS-B calculations of ASE, it was no surprise that the time 
series scatter of AGHME and ADS-B results were similar. 

 
3. CONCLUSION 
 
3.1  In 2007, both Airservices Australia and the FAA commenced a joint research activity 
to validate the use of ADS-B data in calculating ASE. That work had determined that the ADS-B data 
processing was fast enough to allow routine height-keeping performance monitoring of all ADS-B 
equipped airframes over the continent in the Brisbane and Melbourne FIRs.  Calculated ASE values 
from ADS-B data has been shown to be sufficiently accurate, consistent and well-understood that it 
can be used as a basis for an aircraft height-keeping performance monitoring program. 
 
3.2  The information generated about every airframe visible in RVSM levels by ADS-B is 
extensive, will far exceed ICAO Minimum Monitoring Requirements, and fulfill Annex 6 long term 
height keeping monitoring requirements. This can be achieved without the need for costly ground-
based monitoring systems or reliance on aircraft fitted GMUs.  
 
3.3  Both SASP and the RMACG have now endorsed the use of ADS-B geometric height 
as a means of ASE calculation.  This methodology would now provide a cost-effective means to 
undertake monitoring of RVSM approved aircraft without imposing any specific operational 
requirement on an aircraft to overfly a ground-based system or fit a GMU for on-board data 
collection.  The introduction in some Regions of airspace mandates for ADS-B fitment of all aircraft 
flying at RVSM levels would mean that soon all RVSM flights would be able to be checked for 
aircraft ASE during normal flight operations. 
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3.4  As a result of the endorsement of the methodology, the Australian Airspace 
Monitoring Agency (AAMA) operated by Airservices Australia, would continue to calculate ASE 
from ADS-B geometric height in order to monitor the Australian fleet and visiting foreign-registered 
aircraft for the purposes of fulfilling Annex 6 long term height keeping requirements, and any State 
authority requirement for additional monitoring of specific aircraft. Further details on the 
implementation of ADS-B height-keeping monitoring will shortly be available on the AAMA web site 
at http://www.airservicesaustralia.com/organisations/aama/ 
 
4. ACTION BY THE MEETING 
 
4.1 The meeting is invited to: 
 

a) note the information contained in this paper; and 
 
b) discuss any relevant matters as appropriate. 

 
 

………………………. 


