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Compliance of military GNSS receivers for State aircraft operations in a PBN environment Executive summary

1 FROM IDEA TO ACTION

The introduction of performance-based navigation (PBN) 
in Europe raises the need to identify opportunities for 
compliance of State aircraft in order to fly in PBN airspace 
structures. PBN specifies that performance requirements 
must be defined in terms of the accuracy, integrity, avai-
lability, and continuity required for the proposed opera-
tions in the context of a particular phase of flight or 
airspace area.

The majority of State aircraft are equipped with the 
Global Positioning System Precise Positioning Service 
(GPS PPS) to underpin the navigation function. The use 
of GPS PPS as the navigation sensor to perform PBN in 
airspace structures is crucial to enable State aircraft to fly 
in a general air traffic (GAT) environment which relies on 
such a system.

However, the compliance of on-board GPS PPS receivers 
with PBN system specifications has not yet been adequa-
tely qualified and demonstrated by both test and valida-
tion actions. Consequently, a methodology is required for 
GPS PPS receivers to attain certification-qualification on 
the basis of alternative means of compliance.

1.1 Problem definition

An alternative method which provides evidence of 
compliance of navigation data, as the output from GPS 
PPS receivers, with PBN requirements is necessary in 
order to support certification-qualification actions. Such 
a method is deemed necessary in order to assist State 
authorities and other organisations in approving and 
publishing alternative means of compliance for State 
aircraft to enable them to comply with requirements, 
thereby safeguarding civil-military interoperability.

The system requirements for aircraft operations in 
European airspace are defined in aeronautical standards 
(EUROCAE and RTCA documents) and airworthiness certi-
fication material. Seeking equivalence of performance 
includes measurable interoperability metrics taken from 
the PBN regulation1 and those technical standards. The 
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measurable interoperability metrics for State aircraft to be 
derived from those documents are accuracy, continuity, 
availability and integrity in order to support the evalua-
tion of the equivalent performance of State aircraft opera-
ting in a GAT environment, relying on the navigation data 
provided by a military Global Navigation Satellite System 
(GNSS) receiver.

GNSS receivers which process GPS PPS signals contain 
government-furnished equipment (GFE) elements, with 
associated documents which do not allow direct demons-
tration of compliance with civil requirements (e.g. EASA 
ETSO-C196). Nevertheless, the civil requirements, which 
are derived from performance-based metrics, allow 
consideration of a sense of proportionality and therefore 
the application of methods which can demonstrate equi-
valent compliance of the receiver’s performance whilst 
taking the GFE elements as a “black box”. In this sense, the 
design assurance performed in line with civil standards 
(RTCA DO-178B / EUROCAE ED-12B; DO-254 / ED-80) 
must also be addressed on the basis of the principle of 
proportionality.

The performance of the system could be determined 
by tests in the qualification process which can provide 
accuracy characterisation of the navigation system error 
in a first stage, or, depending on the required analysis, 
the total system error (TSE). Following an accuracy 
assessment performed on a population of samples which 
would need to be individually evaluated, it is anticipated 
that the distribution of the probability of the error can be 
well characterised.

The availability of a huge amount of data could also cause 
undetected or rare sensor misbehaviour. Consequently, 
the limitations mentioned in this document need to be 
investigated and overcome by means of an alternative 
process, a statistical approach, and bench tests.

1 Commission Implementing Regulation (EU) 2018/1048 of 18 July 2018.
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1.2 The actionable objectives

The development of an innovative methodology to 
demonstrate the compliance of military GNSS receivers 
for PBN is to be undertaken with the following core 
objectives:

● Optimal use of airspace, which allows routes to be 
placed in the most strategically beneficial location in 
order to ensure strategic deconfliction of flight paths, 
thereby reducing the need for air traffic control (ATC) 
intervention

● Compliance of the on-board system with the tech-
nical performance requirements derived from the 
regulations, with the possibility of meeting those 
requirements by other means. The safety levels which 
need to be ensured must be equal to or better than 
the required safety objectives

The core objectives are actionable using a methodology 
which can be divided into two layers of activities:

● Determination of technical requirements of on-board 
GNSS receivers for PBN stemming from standards and 
recommended practices (SARPs), followed by identi-
fication and analysis of gaps compared with require-
ments for on-board GPS PPS receivers

● Definition of a method to prove compliance of 
on-board GPS PPS receivers with PBN performance 
requirements, based on a non-intrusive “black box” 
testing approach

From a stakeholder standpoint, the methodology will 
assist State authorities, such as military aviation autho-
rities (MAAs) or other stakeholders in approving and 
publishing alternative means of compliance for State 
aircraft to enable them to comply with PBN requirements, 
ensuring civil-military interoperability.
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The discrepancies between civil and military standards (as 
determined by gap analysis), and a method to demons-
trate compliance of military GNSS receivers in order to 
perform in a PBN environment need to be addressed.

2.1 Identifying the compliance gaps

The certification process for civil aircraft in Europe is 
formalised by EASA on the basis of certification specifica-
tions and acceptable means of compliance for airborne 
communications, navigation and surveillance (CS-ACNS). 
The certification of State aircraft is not addressed by this 
certification process, which means that certification and 
qualification actions undertaken by military organisations 
(e.g. MAAs) are not necessarily identical to those for civil 
aircraft.

The method for ensuring compliance of military GNSS 
receivers is based on describing the PBN navigation 
performance requirements for on-board aircraft (hori-
zontal navigation), and on a gap analysis between func-
tional and performance specifications of a military GPS 
PPS receiver versus the minimum operational perfor-
mance standards for single-frequency GPS airborne navi-
gation sensor equipment augmented at airborne level 
(RTCA DO-316).

On the basis of the ICAO PBN Manual and applicable 
EUROCAE and RTCA standards, all functional and perfor-
mance requirements are identified for the various PBN 
navigation specifications regulated in European airspace. 
It is important to note that these navigation performance 
requirements are specified both at aircraft level (ICAO 
PBN Manual - Doc 9613) and at navigation sensor level 
(ICAO Annex 10). Since the relationship between the total 
system error and the navigation system error (NSE) is a 
function of the flight technical error (FTE) of the aircraft, it 
is also important to determine the aircraft’s FTE.

In order to determine discrepancies between civil and 
military standards, a list needs to be drawn up allowing 
an understanding of the technical, operational and regu-
latory aspects and problems which may be applicable 
and expected when qualifying State aircraft to fly PBN in 
airspace structures.

2 THE COMPLIANCE OF MILITARY GNSS 
 RECEIVERS IN PRACTICE

The “black box” method has been worked out for the 
testing methodology, since knowledge of the GPS PPS 
system architecture and internal data cannot be made 
available. Such a method is therefore adequate for a 
non-intrusive performance testing approach for existing 
and operational State aircraft, measuring the input and 
output navigation data streams. The gap analysis has 
been conducted for both the F-16 Fighting Falcon and 
the Eurofighter Typhoon, since transport-type aircraft are 
in many cases commonly certified in accordance with 
PBN requirements owing to the nature of their missions.

When assessing fighter aircraft compliance with PBN 
requirements in a gap analysis, it has been shown that 
a significant number of gaps exist both in the available 
navigation functionality and in proven performance. 
Consequently, the first step is to investigate to what 
extent an aircraft’s navigation performance already 
complies with the various PBN navigation specifications, 
in accordance with the ICAO PBN Manual, ICAO SARPs, 
EUROCAE documents and RTCA MOPS for GNSS-based 
navigation and on-board systems.

Such an investigation is performed on the basis of 
“black box” testing of the military GNSS receiver, possibly 
coupled with an inertial reference unit (IRU). It is also 
important to assess the characteristics of the typical flight 
technical error contribution to the aircraft’s performance, 
both in manual mode and flight-control-computer-
coupled mode.

The flight technical error is to be assessed on the basis of 
(already available) flight test data and possibly combined 
with additional flight test activities. After such testing 
activity, it will be clear to what extent the aircraft’s GPS 
PPS receiver navigation performance complies with 
the various navigation specifications, and  what could 
subsequently be done to remove or mitigate gaps stem-
ming from measurement of the aircraft’s performance 
against PBN requirements.
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Certificate F-16 Typhoon

MSO-C145 X/T X/T

MSO-C129a X/T X/T

(CS-E) TSO compliance X X

RTCA DO-254 Level C compliance X X

RTCA DO-178B Level C compliance X X

Legend: √ = pass, T = test, X = fail, ? = unknown

Table 1. Certification standards and guidance material required by F-16 and Eurofighter Typhoon aircraft

The certificates which attest to the verification and testing activities are to be identified in the gap analysis for the 
selected aircraft.

The core of the gap analysis comprises performance and functional requirements in the format depicted in Table 1 for 
the F-16 and the Eurofighter Typhoon, which involves verification of:

● aircraft compliance with the requirements mentioned in the PBN Manual for the regulated specifications 
 (RNAV 5, RNAV 1, RNP 1, RNP APCH, RNP AR APCH) in Europe;

● aircraft navigation system functional compliance with RTCA DO-200A requirements;

● aircraft flight technical error performance against RTCA DO-208. 

Moreover, the analysis also identifies gaps in accordance with:

● GPS PPS receiver performance against ICAO Annex 10 requirements;

● GPS PPS receiver compliance against RTCA DO-316 performance requirements.
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KPI_id Short definition Domain Derived document

PosAcc_TSE_L95 Position accuracy Total system error ICAO Doc 9613

2.2 Alternative method for PBN compliance

Definition of a methodology requires an approach consisting of tasks organised in the following steps: preparation of a 
test plan, test execution, and analysis of the resulting data. These steps are outlined in the workflow depicted in Figure 1.
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Figure 1. Workflow diagram for static testing

Table 2. Example of the definition of a KPI

In the top row of the diagram, the sequence of phases 
during the tests are defined from preparation to test 
execution and analysis. For each of these phases, a set of 
instructions which is required for successful implementa-
tion is detailed. Some details of the content of this work-
flow, such as the definition of key performance indicators 
(KPIs) and procedures to test them, are further outlined in 
the following paragraphs in order to display the content 
of documents delivered in the study.

In order for GPS PPS receivers to be compliant with PBN, 
the requirements identified in the gap analysis need to 
be evaluated. In order to do so, a list of parameters and 

thresholds has been distilled from those requirements. 
Some of these parameters can be obtained from manu-
facturers’ documentation, in which case a detailed analysis 
of their compliance does not need to be undertaken.

On the other hand, parameters whose assessment is 
less straightforward and which are critical for the perfor-
mance of the GPS PPS receiver in PBN operations require 
a specific methodology  for compliance testing. This set 
of parameters are called KPIs and a full list is part of the 
study. In general, all the KPIs can be attributed to either 
integrity, accuracy, availability or continuity of service. An 
example of the definition of a KPI is given in Table 2.
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In the example, the KPI describes the position accu-
racy in the lateral plane for the total system error. Since 
KPIs are used multiple times to indicate various perfor-
mances throughout the SARPs, a short abbreviation is 
constructed KPI_id to give an overview and trace requi-
rements throughout the testing process. The definition 
of the KPI, the domain, and the reference document 
mentioned from which the requirement is derived are 
mentioned.

The total system error can be split into a contribution of 
path definition error, flight technical error and navigation 

system error. For both the receiver level and aircraft level 
specifications, compliance has to be demonstrated, 
which means that both KPI and test methodologies are 
to be created to test the relevant requirements concer-
ning sensors and aircraft systems.

Each KPI is to be further assessed and detailed in 
order to explain the background, and elaborate on the 
methodology and thresholds as taken from the derived 
documents. The total system position accuracy KPI as 
presented in the previous table is taken as an example 
again in the table below.

Table 3. KPI description: position accuracy example

Title PosAcc_TSE_L95

Definition 95% lateral position error within the total system error

Definition clarification The total system position error in the lateral plane for 95% of the total flight time in order 
to meet the RNAV or RNP requirements.

Definition justification Because only the horizontal accuracy performance is to be tested in this study, the verti-
cal component of the accuracy is outside its scope.

Derived from ICAO Doc 9613, section 2.3.3.1.1 (RNAV5)

ICAO Doc 9613, section 3.3.3.1.1 (RNAV1)

Test methodology TSE measurement methodology and 24-hour actual satellite accuracy test using actual 
(live) GPS satellites

Threshold <5 NM for 95% (or 2σ) of total flight time RNAV5

<1 NM for 95% (or 2σ) of total flight time RNAV1, RNP1, RNP APCH

<0.3 NM for 95% (or 2σ) of total flight time RNP APCH

Threshold justification The threshold is derived from the requirement in ICAO Doc 9613. The threshold must be 
met for at least 95% (or 2σ) of the total flight time. Note that for the Eurofighter Typhoon, 
the position accuracy is less than (<) 1 NM for all navigation modes of the navigation sys-
tem except Mode 8, which should allow it to meet this requirement for all but RNP APCH. 

In this table, it can be seen that the KPI meets the requi-
rements presented for multiple navigation specifica-
tions (RNAV and RNP). The methodology which allows 
the requirement to be tested or demonstrates alterna-
tive means of compliance is indicated with the specific 
thresholds which need to be met in order to ensure 
compliance. Alternative means are necessary if direct 
testing is not feasible.

“Black box” testing thus provides a testing methodology 
in which the functionality and performance of the system 
applications are tested without having access to and/
or knowledge of internal hardware and software struc-
tures, implementation details and internal data paths. 
“Black box” testing is mainly focused on the analysis of 
input and output parameter values during system appli-
cation and is entirely based on either receiver or “total 
system” specifications and requirements at aircraft level.
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Three different test set-ups for this “black box” testing 
approach are part of the methodology.

● Static test set-up. This set-up will be used for 
most of the test scenarios, because it offers the 
highest measurement accuracy. Moreover, in accor-
dance with SARPs, such as RTCA DO-316, EUROCAE 
ED-14G and RTCA DO-160G, avionics tests are to be 
conducted under ambient room temperature, pres-
sure and humidity conditions. In addition, the real 
GPS RF signal, including antenna, environmental 
and atmospheric effects, offers the most realistic 
scenario. Collection of data under nominal condi-
tions may take several months for KPI pass/fail deter-
mination to be conclusive.

● Dynamic test set-up. For tests in which the dyna-
mics of the specific State aircraft are involved, 
dynamic tests need to be prepared and executed. 
These types of tests are expensive and need consi-
derable preparation time, effort and organisation. 
Data collection will be limited to a number of hours 
in general.

Figure 2. Test set-up flow diagram, indicating required hardware and data flows during static acquisition

 Given the fact that in accordance with the standards 
(such as RTCA DO-316, EUROCAE ED-14G and RTCA 
DO-160G), avionics tests are to be conducted under 
ambient room temperature, pressure and humi-
dity conditions, dynamic flight tests should only be 
conducted for tests in which the involvement of the 
aircraft is indispensable, as is the case for aircraft FTE 
measurements.

● Simulation-based test set-up. For specific events 
which are either (extremely) rare or cannot be 
noticed by studying collected output data owing 
to the limited output parameter set, simulated GPS 
RF signals will be needed. In this case, an RF GPS 
constellation simulator which can offer both GPS PPS 
and GPS SPS signals will be required. In general, tests 
using a constellation simulator are diverse in nature 
and need limited data collection time and should 
be performed under ambient room conditions, in 
line with the EUROCAE ED-14G and RTCA DO-160G 
standards.

The example detailed below displays the static set-up which it is the most representative of the test scenarios.
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In Figure 2, the nominal hardware is displayed, which 
is representative of the one available in the aircraft: a 
GPS antenna combined with a PPS receiver and a data 
acquisition system. In order to assess the data, a refe-
rence GNSS receiver is required in order to allow raw 
data to be analysed. Moreover, a base station is used to 
also determine the error of the receiver, which, together 
with the reference GNSS receiver, can provide differential 
corrections so as to provide an accurate “truth track”. As 

Figure 3. Process flow diagram indicating required hardware, software and data flows during static acquisition

during testing there are specific requirements on inter-
ference resilience and mitigation, a RFI signal generator 
and software-defined radio are also introduced as input 
to the receivers.

For each test set-up, a specific processing flow is 
described in the documentation of the study. The output 
data processing flow linked to the static test set-up 
described above is depicted in Figure 3. Following the 

data output of the receivers indicated on the left-hand 
side of Figure 3, a set of software tools is described to be 
used for post-processing and analysis. Specifically, a GNSS 
performance toolset is required to determine the posi-
tion, navigation and time (PNT) solution and protection 
levels which should be supplied by the GPS receiver in 
the aircraft. The integrity of the solution can be evaluated 
by feeding the errors determined from the precise PPS 
solution into a dedicated integrity tool.

This proposed software tool provides statistics based 
on the extreme value theory, which allows significantly 
reduced datasets (based on a few months of data collec-
tion) to be evaluated vis-à-vis the integrity requirements. 
This new approach is an enabler for the demonstration 
of compliance with reduced, limited data volumes, circu-
mventing costly and lengthy activities which are often a 
bottleneck in certification activities.
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Figure 4. Example of test methodology compliance matrix

By following this test approach, each of the testing methodologies can be executed allowing all KPIs to be evaluated 
for compliance with PBN requirements. It should be noted that some of the KPIs require multiple methodologies to 
be followed, as displayed in the table below for the KPI referent to the total system position accuracy.

SARPs ICAO Doc 9613, paragraph 2.3.3.1.1 (RNAV5)

ICAO Doc 9613, paragraph 3.3.3.1.1 (RNAV1)

KPI ID PosAcc _TSE_L95

KPI table number 3-4

Test methodology TSE measurement methodology and 24-hour actual satellite accuracy test 
using actual (live) GPS satellites

Test methodology number 4.6.2 and 4.6.5

As can be seen from Table 4, two methodologies have 
to be followed in order to demonstrate compliance of 
the KPI on total system position accuracy: the TSE measu-
rement methodology and the 24-hour actual satellite 
test. A full description of these methodologies can be 
found in the study.

For this specific KPI, the TSE measurement methodology 
indicates that the contribution of NSE, FTE and PDE have 
to be combined in order to demonstrate that the TSE is 
within the acceptable bounds. Separate methodologies 
therefore have to be followed, which result in each of 
these individual error contributions.

The 24-hour test requires the receiver accuracy perfor-
mance to be determined using real (live) GPS satellites 
for a time period of at least 24 hours in order to measure 
performance during the complete GPS constellation 
cycle, testing lock-on for each individual GPS satellite in 
the GPS constellation.

In conclusion, a set of KPIs have been defined and a 
methodology and test set-up described to test those 
KPIs to their specific thresholds, ultimately demonstrating 
compliance of GPS PPS receivers.
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Whereas the exemplification of the methodology 
provides a detailed example of how to proceed for a 
specific type of fighter aircraft, it is important to realise 
that for each (new or existing) aircraft type, the test 
procedure to be followed may have to be adapted. In 
general, the following approach should be envisioned in 
order to prove compliance for each single aircraft type:

1. Identify relevant documentation of the aircraft and 
its avionics. As a minimum, the basic system architec-
ture must be available.

2. For each of the requirements identified, find the gaps 
for this specific aircraft type and avionics combina-
tion. Also, determine whether the aircraft is known 
to be compliant or if a test is required to prove 
compliance.

3. Identify the possibilities for extracting raw naviga-
tion information from the aircraft avionics. Whenever 
possible, raw GNSS observations should be extracted, 
otherwise the approach taken in the study should be 
followed where only information is extracted from 
the navigation bus. Identify which data parameters 
are available and which parameters are needed as a 
minimum.

4. Draw up a list of relevant tests and methodologies 
(available in the study).

5. Design and build a test set-up for “black-box” testing 
(available in the study).

6. Perform data collection, post-processing and finally 
analysis.

7. Perform tests on other (non-GNSS) subsystems of the 
aircraft, if necessary.

8. Determine the FTE performance of the aircraft.

9. Verify compliance on the basis of pass/fail criteria in 
the test methodology descriptions.

By following the steps above as detailed in the study, the 
alternative means of compliance can be proven and the 
GPS PPS receiver may be qualified for PBN procedures.

The translation of the requirements for GNSS receivers for 
use in PBN operations from SARPs into measurable indi-
cators constitutes the first step in the innovative metho-
dology for the demonstration of compliance of GPS PPS 
receivers.

To demonstrate such compliance of a State aircraft, those 
KPIs must be tested. The KPIs which cannot be readily 
measured on an operational aircraft (at least not without 
interfering with the inner working of the avionics, which 
is typically not acceptable) are being compiled, since 
compliance has to be shown.

Several methods are provided to test the critical KPIs 
in a “black-box” set-up. For this purpose, three set-ups 
have been defined for static testing, simulated testing 
and dynamic testing. The performance-based concept 
highlighted by designing a test set-up in a way which 
is hardware- and software-agnostic, allowing any party 
to reproduce the tests with the defined hardware and 
software tools.

The exemplification of the methodology for a fighter 
aircraft demonstrates the feasibility of executing the tests 
and functions as a guideline of utmost importance to 
ensure the compliance of on-board GPS PPS receivers 
with PBN requirements, opening the door for the execu-
tion of performance-based certification-qualification 
processes for State aircraft.

3 A MATERIALISING STEP
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ATC Air traffic control

EASA European Aviation Safety Agency

EUROCAE European Organisation for Civil Aviation Equipment

FTE Flight technical error

GAT General air traffic

GFE Government-furnished equipment

GNSS Global Navigation Satellite System

GPS Global Positioning System

ICAO International Civil Aviation Organization

IRU Inertial reference unit

KPI Key performance indicator

MAA Military Aviation Authority

MOPS Minimum operational performance standards

NSE Navigation system error

PBN Performance-based navigation

PNT Position, navigation, and time

PPS Precise Positioning System

RTCA Radio Technical Commission for Aeronautics

SARPs Standards and recommended practices

TSE Total system error

Note: The study is a EUROCONTROL study commissioned by the Royal NLR – Netherlands Aerospace Centre.

LIST OF ACRONYMS
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