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SUMMARY 

 

This paper presents the research plan to study the viability of aircraft height keeping 

performance monitoring using ADS-B data in Japan. It is required for the State Operator to 

monitor the aircraft height-keeping performance in airspace where Reduced Vertical 

Separation Minimum (RVSM) is applied. We overview the results of analysis studied 

hitherto to assess the viability of using ADS-B data as a means of height keeping 

performance monitoring. The outline of the research plan considering the characteristics of 

error sources and types of issues for height monitoring is described. 

 

 

 

1. INTRODUCTION 

 

1.1 Annex 6 prescribed the State of Operator that has issued an Reduced Vertical 

Separation Minimum (RVSM) approval to an operator shall establish a requirement which 

ensures that a minimum of two aeroplanes of each aircraft type grouping of the operator have 

their height-keeping performance monitored. In order to ensure that the continued application of 

this vertical separation minimum meets the safety objectives, Japan Civil Aviation Bureau (JCAB) 

has installed three HMU’s (Height Monitoring Unit) in Setouchi, Niigata, and Sendai. The 
HMU’s installed use geometric height derived from multilateration technology for calculation of ASE 

(Altimetry System Error) to monitor the height-keeping performance of aeroplanes. 

 

1.2 On the other hand, Australia and the United States have been conducted researches on 

validating the use of ADS-B geometric height data as a means of estimating ASE. On the basis of the 

research results and the outcomes of long-term data, both the SASP and RMACG have endorsed the 

use of ADS-B as a height monitoring system. Australia has implemented this system within its 

airspace in accordance with the Asia/Pacific Long Term Height Keeping Monitoring Plan endorsed by 

APANPIRG. 
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1.3 Electronic Navigation Research Institute (ENRI) in Japan is going to conduct a 

research of aircraft height keeping performance monitoring using ADS-B data in response to demand 

of JCAB (Japan Civil Aviation Bureau). 

 

2. BACKGROUND 

 

2.1 In airspace where RVSM is applied, it is required for the State Operator to monitor 

the aircraft height-keeping performance. ASE is a measure of the height-keeping performance of an 

aircraft. ASE is the difference between the actual altitude and the transponded pressure altitude 

measured by the altimeter of an aircraft (Figure 1). Multilateration and ADS-B are technologies which 

can be used to estimate the actual altitude. 

 

 

 
  Figure 1.  Components of Vertical Error and ADS-B Data 

 

2.2 The GPS-derived geometric height along with pressure altitude is contained in an 

ADS-B message. The geometric height data is used to estimate the actual altitude. The actual altitude 

is compared to pressure altitude to calculate ASE. 

 

2.3 There are several error sources for ASE calculation. Three main error sources are 

described in reference 1: quantization error, incorrect height datum chosen, and meteorological error. 

 

2.4 Quantization error is attributed to the finite bit length of the pressure altitude and 

geometric height fields in an ADS-B message. Both data are broadcast in 25 ft quantization. Rounding 

error caused by the quantization is studied in the Appendices of reference 2. This error is likely to be 

eliminated when mean value during a level flight of an aircraft are taken.  

 

2.5 The error due to incorrect height datum chosen is caused by reason that the  

GPS-derived geometric height in an ADS-B message is either HAE (Height Above Ellipsoid) or 

HAMSL (Height Above Mean Sea Level), depending on the GPS receiver of an airframe. The 

information for discrimination of the height datum is not included in ADS-B messages. 
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2.6 The methodology to discriminate the height datum of geometric height is described in 

reference 1. The difference between HAE and HAMSL is geoid height. In general, the correct height 

datum can be chosen when a flight moves across geoid contours, while it can be difficult to 

distinguish the correct one where routing of a flight is consistently along geoid contours. Statistically, 

the distribution of ASE with incorrect height datum is broader than that of ASE with the correct one 

(reference 3). 

 

2.7 Meteorological data is unlikely to present large gradients accurately because of its 

coarse spatial and temporal resolution. Therefore, the meteorological error (or the poor fit of the 

actual atmosphere to a predicted meteorological data) is likely to cause the time series scatter of ASE 

of an aircraft. ASE can be estimated taking the mean over a statistically large number of data. 

However, local error in some geographical regions due to the interpolation of meteorological data, 

and error due to diurnal/seasonal changes of atmosphere can be an error source for ASE estimation. 

 

2.8 Other error sources and issues for ASE estimation have also been studied by AAMA 

(Australian Airspace Monitoring Agency) (reference 3, 4, 5). 

 

 

3. RESEARCH PLAN 

 

3.1 ENRI is going to conduct a research of aircraft height keeping performance 

monitoring using ADS-B data. The purpose of the research is to assess the viability of HMSs (Height 

Monitoring Systems) using ADS-B data to satisfy the requirement for aircraft height keeping 

performance monitoring in Japan. Based on the research result, JCAB decides whether to implement 

HMS using ADS-B data. 

 

3.2 The research is planned in 3-year scheme (Table 1). The scheme is comprised of 2 

phases. In the initial phase, ENRI conducts the preliminary research, mainly reviewing the analysis 

results reported so far. The characteristics of error sources and types of issues will be studied. As 

described in the previous section, major error sources dependent on geographical regions are geoid 

data (Figure 2) and meteorological data. The effects by those error sources will be approximated using 

data available at present. 

 

 

 
 

  Table 1. The Scheme of Research Plan 
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3.3 Depending on the results of the preliminary research, ENRI plans to set up a test 

system to collect and process long term data for further analysis in the following phase. 

 

 
 

  Figure 2.  Geoid Height from Ellipsoid 

(Left: Geospatial Information Authority of Japan (GSI), Right: reference 4) 

 

 

4. ACTION BY THE MEETING 

 

4.1 The meeting is invited to note the information contained in the paper. 

 

 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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