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Global HKPM Program

o ICAO Annex 11 (Air Traffic Services)—  Chaper 3

3.3.5.1     For all airspace where a reduced vertical separation 
minimum of 300 m (1 000 ft) is applied between FL 290 and FL 
410 inclusive, a programme shall be instituted, on a regional basis, 
for monitoring the height-keeping performance of aircraft operating 
at these levels, in order to ensure that the continued application of 
this vertical separation minimum meets the safety objectives. The 
scope of regional monitoring programmes shall be adequate to 
conduct analyses of aircraft group performance and evaluate the 
stability of altimetry system error. 



Global HKPM Program

o ICAO Annex 6 (Operation of Aircraft)—  Chapter 7

7.2.7      The State of the Operator that has issued an 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, at least once every two years or within intervals of 1 
000 flight hours per aeroplane, whichever period is longer. If an 

operator aircraft type grouping consists of a single aeroplane, 
monitoring of that aeroplane shall be accomplished within the 

specified period. 

 



Global HKPM Program

o ICAO Doc 9574 (Manual on a 300 m (1 000 ft Vertical 
Separation Minimum Between FL 290 and FL 410 

       Inclusive )—  Chapter 5



Global HKPM Program

p ICAO Doc 9937 (Operating Procedures and Practices 
for Regional Monitoring Agencies in Relation to the 
Use of a 300 m (1 000 ft) Vertical Separation Minimum 
Between FL 290 and FL 410 Inclusive )—FOREWORD

      The objectives of the RVSM monitoring programme include, inter alia: 

         a) verification that the RVSM approval process remains effective; 

         b) verification that the target level of safety will be met upon    
implementation of RVSM and will continue to be met thereafter; 

         c) monitoring of the effectiveness of the altimetry system 
modifications which have been implemented to enable aircraft to meet the 
required height-keeping performance criteria; and 

        d) evaluation of the stability of altimetry system error (ASE). 



Global HKPM Program

p ICAO Doc 9937 (Operating Procedures and Practices for 
Regional Monitoring Agencies in Relation to the Use of 
a 300 m (1 000 ft) Vertical Separation Minimum Between 
FL 290 and FL 410 Inclusive )—  Chapter 1

1.2.2    RMA duties and responsibilities are described in Doc 9574, 5.4.4 
and 5.4.5, as well as in Appendix A to this manual. For the purposes of this 
overview, the functions of an RMA can be summarized as: 

      a) establish and maintain a database of RVSM approvals; 

      b) monitor aircraft height-keeping performance and the occurrence of 
LHDs and report the results appropriately; 

      c) conduct safety assessments and report the results appropriately; 

      d) monitor operator compliance with State approval requirements and 
report non-approved aircraft to the appropriate authority or RMA; and 

      e) initiate necessary remedial actions if RVSM requirements are not met. 



Global HKPM Program
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The need for RVSM Monitoring 

The height keeping performance (HKP)reflects the aircraft's 
capability to comply with the assigned flight level. The main 
purposes of conducting aircraft HKP monitoring can be 
summarized into two points: 

o detect potential issues in the altimetry system

o determine the error range of total vertical deviation 
during aircraft operations in the RVSM airspace, which 
is used for airspace safety assessment calculations.
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The need for RVSM Monitoring 

o Introduction of  TVE, ASE, AAD
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The need for RVSM Monitoring 

o AAD= Displayed Altitude- Assigned Altitude
ü pilots and air traffic controllers can detect;

o ASE= Actual Altitude- Displayed altitude
ü pilots and air traffic controllers can not detect;

o TVE= Actual Altitude- Assigned Altitude=ASE+AAD
ü The difference between the aircraft's actual position and the assigned flight level.



Height Monitoring Systems

Based on the criteria listed in the ICAO Doc 9574 and 
Doc 9937, for any type of monitoring system, the non-
conformance criteria are as follows:

o Individual aircraft

     Non-Compliant

|TVE|   ≥       300 ft

|AAD|   ≥       300 ft

|ASE|   ≥       245 ft
o Non-compliant Aircraft Group
n |mean ASE| ≥ 80 ft
n |mean ASE| + 3 SD of ASE ≥ 245 ft
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The need for RVSM Monitoring 

o Aircraft altimetry systems also utilize parts that:

p wear over time (such as the pitot-static probe and 
portions of internal plumbing); and/or

p are subject to damage (such as skin 
flexing/deformation during operations); and/or

p are affected by modification of airframes (such as the 
application of paint, decals and branding marks or 
mounting of accessories or repairs such as boiler 
plating in the vicinity of the static pressure ports).

All these activities are capable of producing significant 
error in true height.
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Minimum Monitoring Requirement

o The number of aircraft required to be monitored is 
dependent upon the monitoring group and category as 
specified in the Minimum Monitoring Requirement.

o Due to technological differences and practical 
implementation constraints, the globally harmonized 
standard requires that each state or region perform at 
least this amount of monitoring. 

o This ensures a certain level of confidence in the fleet 
represented within the MMR, reflecting the performance 
level of that particular aircraft type/category.
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Minimum Monitoring Requirement

For the same operator, at least 
two of each monitoring group 
need to be monitored

For the same operator, at least 
60% of each monitoring group 
(rounded up in case of 
decimals) need to be 
monitored

100% of the aircraft in this 
group need to be monitored

Aircraft are considered to be members of 
the same group if they are designed and 
assembled by  one manufacturer and are 
of nominally identical design and build 
with respect to all details that could 
influence the accuracy of height-keeping 
performance.



Minimum Monitoring Requirement

o Operators are required to conduct initial monitoring 
within six months of date of RVSM approval issue and 
must conduct monitoring every two years or within 
intervals of 1,000 flight hours per aircraft, whichever 
period is longer.

o As aircraft are introduced into and withdrawn from 
operation in different countries, monitoring plans are 
relatively dynamic.

o Based on the actual performance monitored by each 
RMA, the MMR is adjusted and updated at the annual 
RMACG meeting.
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Minimum Monitoring Requirement
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Minimum Monitoring Requirement
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Height Monitoring Systems

o On-board Height Monitoring 
o Monitoring engineers carry monitoring equipment onboard 

the aircraft to collect data ，then using software to 
calculate the aircraft's HKP after returning to the ground.

o The on-board system allows for monitoring to be targeted 
on aircraft sub-populations, possibly those which have 
shown to be poor performers

 EGMU  E2GMU



Height Monitoring Systems

o Wide Area Multilateration Ground-based Monitoring 
Systems

n Height Monitoring Units (HMUs) 
n Aircraft Geometric Height Measuring Elements 

(AGHMEs)
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Height Monitoring Systems

o AHMS= ADS-B Height Monitoring System

ü Aircraft is ADS-B-equipped (ADS-B OUT) 

o Advantages of using AHMS:

n provide large volumes of data and information 

n detect trends in ASE

     performance

n determine aircraft group 

     performance and ASE 

     stability

 



Height Monitoring Systems
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Height Monitoring Systems

p The true shape of the Earth 
is not a regular sphere

p Two reference surfaces: 
HAE 、MSL
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Height Monitoring Systems



route coverage of
ADS-B ground 

stations applied by 
China RMA
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Height Monitoring Systems
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o Analysis Plot
n ASE Daily mean 

chart

n ASE Distribution 
fitting chart

n ASE Geoid 
compare chart

n Flight Track

Height Monitoring Systems
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