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Global HKPM Program THRkEhEaq

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 etrror.
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Global HKPM Program THRkEhEaq

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

Inclusive )— Chapter 5

Responsibilities of State regulatory authorities in the monitoring process

2.4.6 As part of the process to monitor compliance with the global system performance and global height-
keeping performance, independent monitoring of aircraft height-keeping performance in a given region may be instigated.
The RMA will be responsible for collating and analysing the heighi-keeping data and, in the event that an RVSM-
approved aircraft is monitored with an estimated ASE or TVE in excess of the limits, corrected for system measurement
inaccuracy, set out at 5.4.5, will take action to inform both the appropriate State authority and the operator. The State
authority will be requested to take action to help the RMA determine the cause of the emor. In the event that the
investigation reaches an unsatisfactory conclusion, the State authority may consider suspending or revoking the
operators RVSM approval. Folliowing any rectification work, the operator would again be expected to demonstrate
compliance with the RVSM MASPS by ensuring that the subject aircraft has been monitored by an independent height-
monitoring system at the earliest opportunity.
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Global HKPM Program THRkEhEaq

O 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).
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O 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.
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Doc 9574

Manual on a 300 m (1 000 ft)
Vertical Separation Minimum
Between FL 290 and FL 410
Inclusive

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

Air Traffic Services

Doc 4444
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The need for RVSM Monitoring TR AL

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:

detect potential issues in the altimetry system

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 PRNRERER

[1 AAD-= Displayed Altitude- Assigned Altitude

v pilots and air traffic controllers can detect;

[0 ASE= Actual Altitude- Displayed altitude

v pilots and air traffic controllers can not detect;

[0 TVE= Actual Altitude- Assigned Altitude=ASE+AAD

v The difference between the aircraft's actual position and the assigned flight level.
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Height Monitoring Systems ~  Z22EEEE3

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:

Individual aircraft
Non-Compliant

TVE| = 300 ft
AAD| = 300 ft
ASE| = 245 ft

Non-compliant Aircraft Group

B |mean ASE| = 80 ft
B |mean ASE| + 3 SD of ASE = 245 ft
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The need for RVSM Monitoring PRINRERSR

Aircraft altimetry systems also utilize parts that:

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

OO0 are subject to damage (such as skin
flexing/deformation during operations); and/or

O 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 TRLEEERR

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

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.

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
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CATEGORY GROUP DESCRIPTOR MINIMUM
MONITORING
REQUIREMENTS
GROUP APPROVED: | A124, AZ0N, A30B; A306, A310-GE, A310-PW, A3I8, | Opertors of aircraft types contained

DATA INDICATES
COMPLIANCE WITH
THE RWVSM MASPS

AZ20, A330, A339 AZ4D. AZ45 A346, A3SD, AJRD,
AJZST, AVRO, B38M, B39M,_ B712, B727, BT37C,
BT3TCL, B7ATNA, BT47CL, B745, B744-5 BT744-10,
B748 B752, BT33, BT64, BT67, BT72, BT73, B787,
BT8X. BCS1, BD100, BE40, C25A, C25B, C25C,
C510, C325, C550-B, C560, C56X, C630. CoB0, CT50,
CARI CL60O0, CL60. CL605, CRIT, CRI9, CRIID,
DC10, E135-145, E135B11, E133BI12, E170-190, E290,
E2595, E545-550, ES0P, ESSP, F100, F2TH, FoOd,
FATX, GALX, GLEX, GL3T, GL7T. GLF4, GLF3,
GLF6, GLFT, H25B-800, 1328, LI35-36, LI40, LJ45,
LIG0, MD 10, MDI I, MD80, MDo0, PC12, PC24,
PRMI, T154, TBM

in this category shall have a
minimum of 2 airframes monitored
every 2 years or 1,000 flight hours,
whichever is longer caleulated from
the date of the last successful height
monitoring. Operators with fleets
consisting of aircraft from more than
one Monitoring Group shall meet
this requirement for each group in
the fleet. In the event that an
operator has a single airframe from a
Group, then that aircraft shall be
monitored every 2 years or 1,0{H)
flight hours, whichever is longer
calculated from the date of the last
successful height monitoring.

-

GROUP APPROVED:

INSUFFICIENT DATA
ON APPROVED
AIRCRAFT

MON-GROUP

Other group aircraft other than those listed above
including:

A48, AIS8, A3ZIXLE, A337, AC90, AC9S, AJ27,
ANT72, ASTR, ASTR-SPX, B701, B703, B731, B732,
B744-LCF, BE20, BE30, C441, C500, C550-11, C550-
SII, CT00, C919, D328, DCSS, DORG-8T, DCSI, DO93,
DC94, DC9S, EPIC, E120, E45X, EASD, F70, FAID,
FA20, FASD, FAGX, G150, G280, GLF2, GLFS,
GLF2B, GLF3, H25B-700, H25B-750, H25C, HA4T,
HDIT, 1162, [L76, IL86, 1L96, L101, L29B-2, L29B-
731,123, 1124, 1325, LI28, LT31, 1155, MC21,
MU30, PA46, PA46-701, P180, P180-11, PAY4, SB20,
SBRI. SBRZ, SF50, SU9S, T134, T204, T334, WW24,
YK42

Adrcraft types for which no generie compliance method
exists:

A225 ANI2, AN26, B190, B462, B463, BT45-S0FIA,
BAll, BE9L, GSPN, H25A, L29A, PAY3, R72], R722,
5J30, STAR

Operators of airerafl types contained
in this category shall have a
minimim of 60% of airframes
monitored every 2 yvears or 1,000
flight hours, whichever is longer
calculated from the date of the last
successful height momtoring, (the
number of airframes to be monitored
shall be rounded up to the nearest
whole integer). Operators with feets
consisting of airceaft from more than
ong Monitoring Group shall meet
this requirement for each Group in
the fleet.

Operators of afreraft types contained
in this category shall have 10086 of
airframes monitored every 2 years or
1000 flight hours, whichever is
longer calculated from the date of
the last successtul height
Mmonioring.

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.

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
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Minimum Monitoring Requirement TRLEEESS

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.

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

Based on the actual performance monitored by each
RMA, the MMR is adjusted and updated at the annual
RMACG meeting.
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Height Monitoring Systems = JS0A85ED

On-board Height Monitoring

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.

The on-board system allows for monitoring to be targeted

on aircraft sub-populations, possibly those which have
shown to be poor performers
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Height Monitoring Systems FE X i A
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Wide Area Multilateration Ground-based Monitoring
Systems

B Height Monitoring Units (HMUSs)

B Aircraft Geometric Height Measuring Elements
(AGHMES) RN
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Height Monitoring Systems = JS0A85ED

AHMS= ADS-B Height Monitoring System

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

Advantages of using AHMS:

B provide large volumes of data and information

B detect trends in ASE
performance A/ x

B determine aircraft group INY
performance and ASE =
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: : The transpnnder sends ADS-B messages
' via the top and boftom antennas

GPS information is trnsmled to the Mode S trari.spp'nder' <

=

i

Time

Longitude, Latitude
Geometric Height
Barometric Altitude

Reassemble the message for
(Mﬂ'de_ C) . subsequent use
Integrity Indicators

(NUC, NAC)

Ground station receives the
aircraft's ADS-B message
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Height Monitoring Systems TRAREESER

0 The true shape of the Earth
IS not a regular sphere

0 Two reference surfaces:
HAE . MSL

GPS -

Topography

H = h - N

CGrthome tric Ellipsoidal Height Geoid
Height from GPS Height
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Height Monitoring Systems = JS0A85ED

\DS-H

Inferred assigned
pressure altitude/FL
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Aireraft actual
peometric altitode{GPS)

TVE
( Geometrie )}

~ AAD .

Geometric height of the
inferred assigned
ressure altitude/ FL

-
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Muode €' geometric
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Height Monitoring Systems
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Height Monitoring Systems

Analysis Plot

B ASE Daily mean
chart

B ASE Distribution
fitting chart
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Altimetry System Error Analysis for Aircraft hx7g XXxx
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Thank you

chenyy@adcc.com.cn
Chen Monsoon



