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 Radar coverage and separation standards 1.

 1.1. Farnborough has a PSR known as the ‘ASR10’.  It has no SSR of its own.   

 1.2. Farnborough uses the Heathrow 10cm SSR and Pease Pottage SSR feeds. 

 

Figure 1 Proposed Option 34 CAS with relevant radar head coverage arcs 

  



3nm separation standard 

 1.3. The Farnborough MATS Part 2 says that this pair of SSR feeds (when associated with the 

Farnborough ASR10) allows for 3nm separation standards provided that aircraft are 

identified, operating below FL195 and are within 40nm of the Farnborough ASR10 PSR head 

(and subject to vortex wake spacings). 

 1.4. Figure 1 shows a chart of the proposed Option 34 CAS.   

 1.5. It also shows a 40nm arc from Farnborough (in red), which fully encloses the proposed CAS.   

 1.6. We therefore conclude that 3nm separation is authorised by Farnborough for this CAS up to 

FL195. 

Farnborough ASR10 PSR Failure – Current 5nm Standard 

 1.7. In the unlikely event of a failure of their ASR10 PSR, Farnborough Radar uses the combined 

Heathrow 10cm PSR/SSR to provide 5nm separation.   

 1.8. If the 3nm proposal below is rejected, this would remain the case. 

Farnborough ASR10 PSR Failure – Proposed 3nm Standard 

 1.9. The proposed CAS is already very small and is designed around the 3nm standard.   

Any prolonged ASR10 outage would cause delays due to the increased 5nm standard (above). 

 1.10. Farnborough proposes that, should their ASR10 PSR fail, 3nm separation should still be 

authorised for use.   

 1.11. This would allow Farnborough, should a critical PSR failure occur, to continue providing a safe 

service using the smaller separation standard.   

 1.12. The executive summary of the Heathrow PSR/SSR separation standards report (embedded 

below) recommends that the maximum safe range at which 3nm and 5nm separation can be 

applied are both 60nm from the Heathrow PSR/SSR head.   

 1.13. Figure 1 shows a 60nm arc (in blue) from Heathrow, which fully encloses all the proposed 

areas of Farnborough CAS. 

 1.14. Farnborough already receives both PSR and SSR feeds as per the current radar failure (5nm) 

scenario above. 

 1.15. Therefore Farnborough proposes that it is reasonable to authorise continued 3nm separation 

should their ASR10 fail, assuming prompt switchover to the Heathrow feeds.   

This was approved for the London 2012 Olympics using similar volumes of CAS(T). 

We also propose to remove the 5nm standard from the MATS Part 2, leaving only the 3nm 

standard. 

 1.16. The embedded documents below are the formal separation standards report and flight trial 

report for the Heathrow 10cm PSR/SSR combination following its replacement in 2008: 

LL PSR SSR Sepn

 

LL PSR SSR FltTrial

 
NOTE these may not be clickable here, see the Attachments pane of the PDF. 
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Military vs Civilian 3nm separation standard 

 1.17. Normally 5nm is the separation standard between military and civilian units. 

 1.18. Extract from letter to Farnborough from DAATM SO2 Sqn Ldr L P Mullineux 

(dated 04 June 2015), para 7b: 

MAA regulation regarding lateral separation both within and outside controlled airspace 

(Classes A-E) would currently preclude RAF Odiham from providing 3nm separation within the 

proposed CAS.   

The MAA confirmed on 20 May that the MoD can anticipate a rule change to remove the 

current ‘military to military’ caveat which should resolve this issue.  Other proposals by 

Farnborough and RAF Odiham to maximise their airspace sharing procedures were deemed to 

be sound, provided both parties provide robust Safety Assessments and, if applicable, 

alternative means of compliance to current regulations. 

 1.19. We conclude that 3nm military-civilian radar separation would be authorised, subject to the 

caveats above. 



 Radio telephone coverage 2.

 2.1. The following figures show the predicted field strength plots for both the 134.350MHz and 

130.050MHz antennae at Farnborough, at different CAS base altitudes.   

 2.2. The plots are identical for both frequencies.   

Only one plot is shown to avoid unnecessary duplication. 

 2.3. Each plot also shows an outline of the associated CAS base, providing evidence that all 

CTR/CTAs are covered by both frequencies at their base altitudes. 

 2.4. The CAA normally requires 45dBμV or greater field strength within the designated operational 

area of the service. 

 2.5. The field strength at the southeastern fringe is below 45dBμV at 5,500ft in CTA11.   

 2.6. It is known that these frequencies can, in practice, be used in that area at lower altitudes 

than the 5,500ft shown above, plus it is expected that LTC would not transfer arriving traffic 

to Farnborough frequencies until further north within the 45dBμV area.  This is not expected 

to be an issue. 

 2.7. Existing Farnborough LARS RT coverage on 125.250MHz would be unchanged and is 

demonstrably adequate.  The LARS areas of responsibility would not change. 

 

 
CTR and Delegated Area (measured at 1,000ft)
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CTA1 (measured at 2,000ft)

CTA2 (measured at 1,500ft)



 

 

 

 

CTA3 (measured at 2,000ft)

CTA4-5-6 (measured at 2,500ft)
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CTA7 plus local LTMA (measured at 3,500ft)

CTA8 plus local LTMA (measured at 4,500ft)



 

 

 

CTA9-10 (measured at 4,500ft)

LTMA12 (measured at 4,500ft) (would become LTMA11)
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 2.8. We conclude that adequate RT communications exists for the proposed CAS at their base 

altitudes. 

CTA11 (measured at 5,500ft)



 Navigational aid coverage 3.

 3.1. The following pages are the contents of a document produced by NATS Navigation Systems 

Engineering. 

 3.2. It provides evidence that RNAV1 DME-DME coverage is adequate for the proposed 

procedures. 

 

Introduction 

NATS are designing a new set of SID and STAR procedures for Farnborough Airport and this 

document provides the required assessment of the NATS en-route ground navigation 

position-fix capability. The four SIDS are arranged in complimentary pairs, servicing both Rwy 

24 and 06 departures, with each pair having end-points at HAZEL and GWC. These are all 

designed to the RNAV1 specification.  

 

The four STARS are also arranged in complimentary pairs which terminate at hold points 

PEPIS and VEXUB. The PEPIS STARS are designed to the RNAV5 specification whereas the 

VEXUB STARS are designed to the RNAV1 specification. 

Assumptions 

Provision of RNAV 5 capability from UK based navigational aids is sufficient to satisfy the 

navigation performance requirements of the proposed new STAR procedures to the PEPIS 

hold point. 

RNAV 5 capability may be supported either by DME/DME or VOR/DME position-fixing in terms 

of ground infrastructure. 

Provision of RNAV 1 capability from UK based navigational aids is sufficient to satisfy the 

navigation performance requirements of the proposed new STAR procedures to the VEXUB 

hold point. 

Provision of RNAV 1 capability from UK based navigational aids is sufficient to satisfy the 

navigation performance requirements of the proposed new SID procedures (both HAZEL and 

GWC). 

RNAV 1 capability may be supported only by DME/DME in terms of ground infrastructure. 

A further procedure segment to the SAM waypoint is included in the assessment of the 

proposed SIDS although this is currently optional and does not form part of the formal SID 

designs.  

Assurance of adequate navigation performance provision at the base level of the areas of 

interest means that performance will be adequate for the entire airspace volume of interest. 

In this case, ‘full’ and ‘excessive’ redundancy in terms of position-fixing performance in the 

figures shown equate to the same adequate level of navigation performance. 
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RNAV Performance Key 

The navigation assessments within this document have been carried out using a software 

named DEMETER which is provided by Eurocontrol for the purpose of modelling ground 

navigation position-fixing performance in support of PBN procedures. The DEMETER tool 

presents assessments based on levels of redundancy regarding RNAV coverage within areas 

of airspace. These are represented by means of a simple colour coding as follows: 

 No colour - No DME/DME coverage 

 Red  - No DME/DME redundancy (single pair of DMEs in view) 

 Yellow -  Limited DME/DME redundancy (more than one DME pair in view  

                             but all pairs have a single common ‘critical’ DME  

 Green/Blue - Full redundancy (at least two independent DME pairs in view) 

Results – VEXUB / PEPIS STARs 

As stated in the assumptions it is possible to provide compliant ground navigation support for 

RNAV 5 procedures based either on VOR/DME or DME/DME position-fixing. RNAV 1 can only 

be supported by a DME/DME position-fix. With this in mind, figures 1 and 2 provide an 

assessment of ground navigation support from VOR/DME co-located beacons, and figures 3 

and 4 provide an assessment of support from DME beacons only, providing DME/DME 

position-fixing capability. 

All figures show both the PEPIS and VEXUB STARs. 

 

Figure 1: Current VOR/DME Position-Fixing Capability from NATS en-route ground-based 

Navigational Aids supporting the new Farnborough STARs (3000 ft) 

  



 

Figure 2: Current VOR/DME Position-Fixing Capability from NATS en-route ground-based 

Navigational Aids supporting the new Farnborough STARs (7000 ft) 

 

 

 

 

Figure 3: Current DME/DME Position-Fixing Capability from NATS en-route ground-based 

Navigational Aids supporting the new Farnborough STARs (3000 ft) 
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Figure 4: Current DME/DME Position-Fixing Capability from NATS en-route ground-based 

Navigational Aids supporting the new Farnborough STARs (7000 ft) 

 

A point to note related to the figures above is that the base levels for the STAR procedures 

are 3000 ft down to approximately the southern UK coastline, and then 7000 ft beyond this to 

the South. 

Figures 1 and 2 show that all areas of the STAR procedures to PEPIS, (from both KUMIL and 

ELDAX), are fully supported by VOR/DME position-fixing support (Blue area).  

Figures 3 and 4 show that all areas of the four STAR procedures are also fully supported by 

DME/DME position-fixing support (Blue area). The extremities of the STAR procedures out to 

KUMIL are shown to pass through areas without fully redundant DME/DME position-fixing 

support (Red and Yellow areas), however this is mitigated by the fact that the minimum 

operational base levels in this area are set at 7000 ft. This is represented in figure 4 and it 

can be clearly seen that at this altitude the STAR segments are provided with fully redundant 

DME/DME position-fixing support (Blue area). 

 

 

Results – HAZEL / GWC SIDs 

As stated in the assumptions it is possible to provide compliant ground navigation support for 

RNAV 1 procedures based on DME/DME position-fixing, (VOR/DME does not provide sufficient 

accuracy to support this navigation specification). Therefore, figures 5 and 6 provide an 

assessment of support from DME beacons only, providing DME/DME position-fixing capability. 

All figures show both the HAZEL and GWC SIDs (24-06), and also include the additional 

segment out to SAM, which is currently not part of the formal SID design. 

 



 

Figure 5: Current DME/DME Position-Fixing Capability from NATS en-route ground-based 

Navigational Aids supporting the new Farnborough SIDs (1500 ft) 

 

 

 

Figure 6: Current DME/DME Position-Fixing Capability from NATS en-route ground-based 

Navigational Aids supporting the new Farnborough SIDs (3000 ft) 
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When considering the figures above it should be noted that a generic rationale has been 

developed and endorsed by the CAA in their PBN implementation guidance documentation 

(Implementing PBN Solution, Edition #1, UK CAA )which introduces the requirement for 

aircraft undertaking DME/DME SID procedures to carry an inertial system with an automatic 

runway updating capability. This then becomes a pre-requisite for any aircraft operating this 

type of procedure and should be duly noted on the SID chart.  

This is mainly to mitigate the common difficulty in achieving low-level DME performance 

which is true across most of the UK, and also takes consideration for the high equipage rate 

for such an on-board inertial system. This rationale within the CAA guidance document means 

that DME coverage is required at 3000 ft above airfield level which takes into account average 

aircraft climb profiles and DME aircraft acquisition times. 

With this in mind, figures 5 and 6 illustrate the DME/DME position-fixing capability at 1500 ft 

and 3000 ft to illustrate the potential issues at low-level, as well as characterise the 

performance at the 3000 ft point. 

Figure 5 illustrates that there may be a potential issue especially regarding Rwy 24 

departures if the requirement for auto updating inertial systems is not enforced. Here there 

are areas of limited redundancy (yellow areas), which would potentially reduce the availability 

of the procedures with the introduction of ‘critical’ DMEs. With this in place however, figure 6 

demonstrates that there is fully redundant DME position-fixing support at 3000 ft AMSL for 

the area of interest. 

 

Conclusions 

NATS en-route ground-based navigational aids provide fully redundant VOR/DME and 

DME/DME position-fix capabilities to all areas of the new proposed Farnborough STARs ending 

at PEPIS.  This fully supports the RNAV 5 specification. 

NATS en-route ground-based navigational aids provide a fully redundant DME/DME position-

fix capability to all areas of the new proposed Farnborough STARs ending at VEXUB. This fully 

supports the RNAV 1 specification. 

NATS en-route ground-based navigational aids provide a fully redundant DME/DME position-

fix capability which is adequate to support an RNAV 1 specification as applied to the new 

proposed Farnborough SIDs (HAZEL and GWC). 

The further SID segment from HAZEL to SAM is also fully supported by NATS en-route ground 

navigation infrastructure as per the RNAV 1 specification, should implementation of this be 

required. 

The requirement for carriage of an inertial system with runway auto-updating capabilities 

must be applied to all non-GNSS aircraft wishing to use the new Farnborough SIDs. This 

should be marked on the SID chart. 

The on-board equipage rates (for suitable inertial equipment) for non-GNSS aircraft should be 

considered as part of the implementation of these proposed SIDs at Farnborough.  

 

 

 3.3. This document is evidence that the proposed RNAV1 and RNAV5 procedures have adequate 

coverage.  Runway auto-updating capabilities will be marked on the SID chart. 



 Conclusion 4.

 4.1. Radar coverage and separation standards, Radio telephone coverage and Navigational aid 

coverage has been shown to be adequate for this proposal. 
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 Ref Project 2755 
 


RSS Heathrow 10 Flight Trial Operational Assessment Initial Results 
 


 
The final dedicated flying for the new Heathrow 10cm was undertaken on the 9 and 10 
May 2008.  Flying consisted of a limited number of radial flights with an Hs125 and the 
use of an S76 helicopter to fly the London Helicopter routes. 
 
DEDICATED FLYING 
 
Radial 220°T flying Hs125 
 
Figures 1, 2, 3 and 4 depict results from the new Heathrow 10 recorded during the last 
Engineering flight trial (28 – 31 April 2008) and the final trial.  Results depicted indicate 
good coverage from the SSR and overall good coverage from the PSR. 
 
Not depicted is a comparison of coverage with the old H10 however results indicate 
that the new radar has an improved PSR coverage especially at lower altitude. 
 
Beamswitch Orbital Flights 
 
Orbits at 21, 27.5 and 35nmnm were flown to check the PSR beamswitch performance.  
No loss of cover was observed. Figure 5 depicts. 
 
Hs125 Approaches to Heathrow 
 
Figures 6 and 7. The Hs125 flew approaches to all four runways at Heathrow; one from 
each of the Hold points having undertaken one turn of the facility at min stack level.  
The two figures depict 100% Pd SSR and excellent coverage with PSR. During SRA 
approach PSR coverage was seen inside the 2nm from touchdown point and subsequent 
200’ Mapt go around height.  Results indicate the radar satisfies the SRA capability 
requirements. 


 
Figures 8, 9 and 10 London City and Northolt Approaches 


The Hs125 flew standard approaches followed by a CPT SID at both London City and 
Northolt on Saturday 29 March 2008.  The figures depict the coverage from the new, 
old H10 and H23 radars.  On all three figures the SSR coverage is very good.  PSR 
coverage is good with both the new H10 and the H23 but the old H10 suffers some PSR 
loss of coverage especially as the aircraft transits South of Heathrow towards ALKIN.  
Unlike the H23 both the H10 radars indicated several PSR losses as the aircraft 
approached the turn for the centre line at Northolt, this is likely to be due to terrain 
influence. 


Only approaches to runway in use were possible at the two airports due ATC 
restrictions. 


 
 







 


 


 


 


 


 
Helicopter flights 


A S76 helicopter was utilised to fly a number of the London helicopter routes.  Figures 
11, 12 and 13 depict coverage from the new, old H10 and H23 radars.  The SSR 
coverage from all three radars is good whereas the PSR coverage is only good with the 
new H10 and H23 and clearly depicts the improved coverage obtained from the new 
radar against the old H10. 


Figure 14 depicts the helicopter routing flown during the final trial.  Due Easterly 
Operations at Heathrow restrictions on the use of the helicopter Routes dictated that 
the aircraft started at Oxshott. However, again, good low level SSR/PSR coverage was 
seen. 


 
TOO POINTS 


TOO results will be included in the RSS Heathrow 10cm – Operational 
Assessment 2755/RPT/04 report.  Initial investigation indicates all TOO points 
are compliant. 
 
ANOMALIES 
 
Non combines/split plots were observed especially on high level aircraft tangential to 
the radar at short range. 
 
During the main trial it was evident that the clutter count within 15nm of the head was 
higher in Channel B than A.  Indications were that the difference could be in the order 
of +10%.  Raytheon are to report on this topic. 
 
CONCLUSION 
 
Overall the results of the dedicated flying were impressive with good PSR and SSR 
coverage from the trial aircraft.  Results of the dedicated flying and initial local traffic 
study indicates an improved lower level PSR coverage compared to the old H10.  
Clutter levels are seen to increase in periods of high pressure but when compared to 
the old H10 the overall clutter count and distribution is improved. 
 
The radar is recommended for operational use. 
 
Brian Crouch 
Operational Co-ordination & Assessment Manager 
 
Wednesday 28th May 2008 
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Figure 1 HS25 Outbound Radial 220°T
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Figure 2 HS25 Outbound Radial 220°T
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Figure 3 HS25 Outbound Radial 220°T
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Figure 4 HS25 Outbound Radial 220°T
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Figure 5 Hs125 6000ft Orbital flights
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Figure 9 City/Northolt Approaches
- old H10 RAG 1
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Figure 10 City/Northolt
 Approaches - H23
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Figure 11 Helicopter - 1 PSR Map 1
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Figure 12 Helicopter - 1 H10 (old)  RAG 1
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Figure 13 Helicopter - 1 H23 - STC1
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Figure 14 Helicopter - 2 Map 1
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SUMMARY 
 
This report presents a radar separation assessment of the new 10 cm SSR and PSR systems at 
Heathrow.  It represents the work undertaken to determine the recommended radar separations 
for these new radars.  Maximum ranges at which separation minima of 3 Nm and 5 Nm can be 
applied are proposed. Separation recommendations for aircraft on the base leg and final 
approach phases of flight at Heathrow airport are also recommended. 
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EXECUTIVE SUMMARY 
 


1. Following the installation of a new radar, or a major change to an existing one –
either to the radar itself or how it is used - it is necessary for the accuracy of the radar 
to be assessed for the purpose of determining a separation minima recommendation. 
This, when considered with ATC operating practices, will define the separation 
minima that may be safely applied by Air Traffic Control (ATC). 


2. This report presents a radar separation assessment of the new 10cm combined 
(PSR/SSR) radar situated at Heathrow.  It presents the work undertaken to determine 
the radar separations for the new system following its installation.  


 
3. No azimuth distortions are observed. 


 
4. The recommended maximum ranges at which separation minima of 3 Nm and 5 Nm 


can be applied using the new system are given in the table below. 
 


5. The accuracy of the system will support the use of 2.5 Nm separations on the base 
leg within 20Nm of the radar (SSR/SSR, PSR/PSR and SSR/PSR). 


 
6. The accuracy of the system will support the use of 2 Nm separations on final 


approach (SSR/SSR, PSR/PSR and SSR/PSR). 
 


Maximum Safe Range (Nm)  Separation Standard 
(Nm) 


SSR PSR PSR-SSR 


3         84*        60** 60 
Recommended 


5         84*        60** 60 
     *  Note that the maximum displayed range of the SSR system is 84 Nm. 
     **  Note that the maximum displayed range of the PSR system is 60 Nm. 
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1. INTRODUCTION 
 


1.1.  Following the installation of a new radar, or a major change to an existing one – 
either to the radar itself or how it is used – it is necessary for the accuracy of the 
installation to be assessed for the purpose of determining what separation minima 
may be applied safely by ATC. 


1.2.  Beyond about 20 Nm from a typical radar head, the errors in position due to the 
inaccuracy of the reported azimuthal position are far greater than the errors in 
position due to the inaccuracy of the range. The effect of inaccuracy in azimuth 
(when reported in metres) also increases roughly linearly with range from the 
radar head. Therefore there exists a maximum range at which any given separation 
minimum may be applied safely. 


1.3.  To compute the maximum range at which a given separation may be applied 
safely, the concept of the Horizontal Overlap Probability (HOP) is introduced. The 
HOP is a function of the separation minimum (S), the range at which the 
separation is applied (R) and the accuracy of the radar. It is defined as the 
probability that, when two targets are nominally separated by S Nm at a range of R 
Nm, they are in fact in horizontal overlap with each other. 


1.4.  The maximum range at which a given separation minimum may be applied is 
therefore the range at which the HOP, for a given separation minimum, is equal to 
the maximum value that is considered to be acceptable - the Critical Horizontal 
Overlap Probability (CHOP). The CHOP is derived from the Target Level of 
Safety (TLS) which is the maximum acceptable level of collision risk. The precise 
relationship between the TLS and the CHOP as well as a history of the TLS is 
given in Reference 1 and is not repeated here. 


1.5.  This report presents a radar separation assessment of the new SSR/PSR radar 
situated at Heathrow. It presents the work undertaken to determine the 
recommended radar separations for this new radar. Recommended maximum 
ranges for 3 Nm and 5 Nm separation minima are presented together with 
recommendations for the base leg and final approach phases at Heathrow Airport. 


2. RADAR PERFORMANCE DATA 


 
2.1. In order to carry out a radar separation analysis, radar plot position error data is 


required. The current method is to produce a MURATREC (Multi Radar Track 
Reconstruction) reconstruction of aircraft trajectories, from which the plot position 
error statistics for an individual radar can be obtained. 


2.2.  MURATREC reads in simultaneous recordings of data from up to eight radar 
sites. These data are then processed by a sequence of mathematical algorithms, 
which estimate the systematic errors (biases) for each radar and calculate accurate 
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trajectories for individual aircraft. A brief description of the use of MURATREC 
is given in Reference 1. Trajectories from 0° to 360° in range and from 0 to FL 
450 have been reconstructed by MURATREC and analysed in this report. 


2.3.  For the purposes of calculating the maximum ranges, aircraft are assumed to be 
separated in azimuth only; that is, with both aircraft at the same range from the 
radar head. This is a conservative assumption since beyond about 20 Nm from a 
typical radar head, the errors in position due to the inaccuracy of the reported 
azimuthal position (when reported in distance) are far greater than the errors in 
position due to the inaccuracy of the range. 


2.4.  Two radar recordings were carried out between 7th and 8th May 2008 (Reference 
2). The first set of recordings contained data up to FL 450, the second up to FL 
430, for SSR and PSR. 


2.5.  MURATREC reconstructions were carried out to produce error data from 0° to 
360° for heights up to FL 450 and for ranges from the radar head from 3 Nm. Only 
the error statistics for the azimuth performance of the radar are considered. Note 
that the error statistics are based on non-correlated errors. That is, it is the 
individual returns, plot by plot that contribute to the error statistics, no account is 
taken of whether consecutive radar returns are uniformly in error. 


2.6.  Table 1 gives the non-correlated azimuth errors for the data sets. Errors are given 
for all heights from 0 to FL 450, and ranges from 3 Nm. 


2.7.  Scatter plots of the azimuth errors for the new Heathrow 10cm radar systems are 
shown in Figures 1 to 4. Errors for all heights are shown; Figures 1-4 show that 
azimuthal distortions at the new Heathrow 10cm radar are homogenous.  


 
3. RADAR ERROR PARAMETERS 
 


3.1.  As described in Reference 1, it is necessary to fit a model radar error distribution 
to the measured azimuth error distribution to enable the Horizontal Overlap 
Probability (HOP) and maximum ranges to be calculated. The HOP is a function 
of the separation minimum and the range from the radar head; it increases as the 
separation minimum is decreased and as the range from the radar head increases. 


 
3.2.  The function used to describe the radar error distribution is a mixed double 


exponential (Reference 1), and takes the form: 
 


F (x) = (1 − α) exp(−x / λ1) + α exp(−x / λ2)     (Eq.1) 
 
where F(x) is the proportion of errors greater than x (in this case x is in degrees). 
The shape of the mixed double exponential distribution is governed by the 
following three parameters:  







 
λ 1 = mean size of the small (or core) errors 
λ 2 = mean size of the large (tail) errors 
α  = proportion of tail errors in the distribution. 


 
For azimuth errors, λ1 and λ2 are measured in degrees.  The values of the α, λ1 and 
λ2 parameters for the new systems at Heathrow, derived from the error data in this 
report, are given in Table 2. 
 


3.3.  The observed azimuth error distributions are shown in Figures 5 – 6, together with 
the fitted distributions using the model error parameters from Table 2. 


 
4. ANALYSIS 
 


4.1.  Data from PSR and SSR have been analysed. The results in this report therefore 
apply to separation between any pair of targets. 


 
4.2.  The maximum range at which a given separation minimum can be safely applied 


(i.e. such that the probability of Horizontal Overlap (HOP) resulting from radar 
azimuth error is less than or equal to the Critical Horizontal Overlap Probability 
(CHOP)) was calculated using the methods of Reference 1. 


 
 


5. CONCLUSIONS 
 


5.1 This report presents a radar separation assessment of the new combined 10cm 
Primary Secondary (PSR/SSR) radar at Heathrow. This work is necessary 
following the installation of these new radar. 


 
5.2 The new systems at Heathrow do not exhibit any azimuthal distortions. 
 
5.3 The recommended maximum ranges at which separation minima of 3 Nm and 5 


Nm can be applied using the new Heathrow radars are given in the table below. 
 
5.4 The accuracy of the system will support the use of 2.5 Nm separations on the base 


leg within 20Nm of the radar (SSR/SSR, PSR/PSR and SSR/PSR). 
 
5.5 The accuracy of the system will support the use of 2 Nm separations on final 


approach (SSR/SSR, PSR/PSR and SSR/PSR). 


Maximum Safe Range (Nm)  Separation Standard 
(Nm) 


SSR PSR PSR-SSR 


3         84*        60** 60 
Recommended 


5         84*        60** 60 
 
        *  Note that the maximum displayed range of the system is 84 Nm. 
         **  Note that the maximum displayed range of the PSR system is 60 Nm.
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TABLE 1 
AZIMUTH ERRORS OF 10cm SSR and PSR RADARS AT HEATHROW 
 
 


Data Set Reference E610+E611 E610+E611 
Date 07- 08 May 08 07- 08 May 08 


Radar Type 
Size of Error (°) 


SSR PSR 


0.0 - 0.1 363842 158648 
0.1 - 0.2 24517 87020 
0.2 - 0.3 1412 32360 
0.3 - 0.4 195 10894 
0.4 - 0.5 69 4047 
0.5 - 0.6 38 1754 
0.6 - 0.7 6 840 
0.7 - 0.8 2 458 
0.8 - 0.9 1 261 
0.9 - 1.0 0 160 
1.0 - 1.1 1 76 
1.1 - 1.2 0 51 
1.2 - 1.3 0 33 
1.3 - 1.4 1 34 
1.4 - 1.5 0 20 
1.5 - 1.6 0 16 
1.6 - 1.7 0 18 
1.7 - 1.8 0 10 
1.8 - 1.9 0 7 
1.9 - 2.0 0 4 


> 2.0 0 27 
 390084 296738 


 
 


 
 







TABLE 2 
RADAR ERROR MODEL PARAMETERS FOR THE 10cm SSR AND PSR 
RADARS AT HEATHROW 
 


Data Set 
Reference Date Radar Type a λ1(°) λ2(°) 


E610 + E611 7- 8 May 08 SSR 0.0052 0.0363 0.1345 
E610 + E611 7- 8 May 08 PSR 0.2852 0.1073 0.1235 


 
 
 
TABLE 3 
RECOMMENDED MAXIMUM SAFE RANGES FROM THE HEATHROW 
RADAR FOR GIVEN SEPARATION MINIMA 
          
 


 
 
 
 
 
 
 
 
 
 
 
 


Maximum Safe Range (Nm)  Separation Standard 
(Nm) 


SSR PSR PSR-SSR 


3         84*        60** 60 
Recommended 


5         84*        60** 60 


* Note that the maximum displayed range of the system is 84 Nm. 


**  Note that the maximum displayed range of the PSR system is 60 Nm. 
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FIGURE 1  
SCATTERPLOT OF AZIMUTH ERRORS FOR HEATHROW 10cm SSR – 
DATA RECORDED ON 07/05/2008 (E610) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 2  
SCATTERPLOT OF AZIMUTH ERRORS FOR HEATHROW 10cm PSR – 
DATA RECORDED ON 07/05/2008 (E610) 
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FIGURE 3  
SCATTERPLOT OF AZIMUTH ERRORS FOR HEATHROW 10cm SSR – 
DATA RECORDED ON 08/05/2008 (E611) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4  
SCATTERPLOT OF AZIMUTH ERRORS FOR HEATHROW 10cm PSR – 
DATA RECORDED ON 08/05/2008 (E611) 
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FIGURE 5  
THE DISTRIBUTION OF OBSERVED AND MODELLED AZIMUTH ERRORS 
FOR HEATHROW 10cm SSR – DATA RECORDED ON 07/05/2008 & 
08/05/2008 
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FIGURE 6  
THE DISTRIBUTION OF OBSERVED AND MODELLED AZIMUTH ERRORS 
FOR HEATHROW 10cm PSR – DATA RECORDED ON 07/05/2008 & 
08/05/2008 
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