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Executive Summary

Eurocontrol commissioned the study with the unanimous support of ATC radar service providers in the European Civil Aviation Conference (ECAC) region. This study has been compiled from results obtained by practical research and tests on a modern, in service, radar system. These results are valid for this particular radar system configuration with the parameter set in use. These results are not valid for any other system or configuration.  The work has been executed by BAE SYSTEMS under Contract from AIRSYS ATM. These two companies are world leaders in radar design with many years of practical experience of radar system requirements and radar optimisation techniques throughout the world. These experts are currently developing new systems to meet the increasing safety and technical performance requirements of radar systems throughout the world in bands, which are becoming increasingly loaded, to meet expanding demands for capacity and system accuracy.

This study report records investigations into the practical impact of interference sources, such as UMTS, into ARNS radar systems. These submissions detail, inter alia, practical operational requirements and their consequent impact and limitations on the freedom to design and implement “ideally” tailored radar systems.

This preliminary study report comprises of two parts.

Part 1

This presents detailed measurements of the signal levels, of simple continuous wave and noise power interference, which will cause the radar to loose weak radar returns from aircraft being tracked. These measurements indicate the performance of this system configuration in the presence of noise and CW but anticipate that the practical UMTS signal structure will probably have a worse impact on the system performance. This is because it will disable the constant false alarm circuitry and clutter rejection filtering, which enables the radar to make weak targets visible in radar clutter conditions. (NB Clutter, in radar terms, is the signal which has been reflected from terrain and/or other slow changing environmental interfaces, which can be cancelled out under conditions of no interference) 

Part 2

This section makes calculations of the impact of losses, due to low levels of external interference, on the radars ability to detect the presence of weak targets in normal interference free conditions. It also considers the reduction of the radar's ability to extract weak, wanted, targets from radar echoes reflected by the surrounding terrain.  The detrimental impact of noise on the positional accuracy of radar plots output by the system is detailed. 

Further work.

The work so far has indicated that low level interference signals have an undesirable impact on the ability of the radar to extract and provide accurate positional information on aircraft with low radar cross section (RCS) or providing weak returns.

Further measurements have been carried out on the radar performance in a “live” environment whilst trying to detect typical radar traffic of opportunity. (i.e. rather than using targets specifically for the purposes of the tests.)  This investigation involved many hours of data recording and consequently has generated a great deal of information, which will require some time to reduce, analyse and present in a format that is appropriate for SE34. 

It will only be possible to estimate the tolerance levels for this type of radar configuration to an UMTS signal when a representative UMTS signal source is made available.

Further Supporting Documentation:

ITU –R M.1314
Recommendation ITU-R M.1314 Reduction of spurious emissions of radar systems operating in the 3GHz and 5Ghz bands. (Q ITU-R 202/8)

ITU Document 1/33-E TG 1-5  Draft new recommendation on unwanted emissions in the out-of-band domain (Q ITU-R 211/1)

Coverage Predictions for Digital Mobile Systems  - Harry R Anderson EDX Engineering, Inc Eugene, Oregon 97440.  

SE 34(01)06  -   Document 8F/169E – Liaison Statement to Working Party 8F

SE 34(01)07 – Draft revision of recommendation ITU – R M. 1464
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EXECUTIVE SUMMARY
1.
PURPOSE

The study report is provided by Airsys ATM to UK NATS, under Contract No.45181266, and records investigations into the practical impact of interference sources, such as UMTS, into ARNS radar systems.

The work has been largely subcontracted to BAE SYSTEMS, whose report is attached at Appendix 1.  Airsys ATM has, however, collaborated with and supported BAE SYSTEMS during the course of the work.

2.
SCOPE

This Introduction summarises the principal conclusions of the attached BAE SYSTEMS report, entitled ‘STUDY INTO THE EFFECTS OF INTERFERENCE ON AN ATC RADAR SYSTEM’ (IWR 85/01/5344).

3.
OVERVIEW OF THE STUDY REPORT

The report describes a series of tests conducted to establish the impact of certain types of interference on various key performance measures of a typical ATC radar system.  The theoretical impact of such interference on this radar system was also analysed.

4.
OVERALL CONCLUSION

The tests demonstrate that the proposed ITU interference protection level of 6dB below system noise may not be adequate for a SOL service.  Interference at 6dB below system noise was shown to degrade radar detection and azimuth accuracy, particularly of low RCS targets.  The problem is exacerbated by the presence of clutter returns from surrounding terrain, heavy precipitation etc.  The instance of false alarms was also increased by interference at this level, adding to operator workload.

The analysis of many hours of radar recordings of targets of opportunity is currently in progress and will be provided at a later date. 
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Abbreviations

The following Abbreviations are used in this report and its annexes.

Ae

Aerial (Antenna)

ARNS

Aeronautical Radio Navigation Service

ATC

Air Traffic Control

BW

Bandwidth

CEPT

Committee for European Post and Telecommunications

CFAR

Constant False Alarm Rate

CF

Centre Frequency

CM

Configuration Management

CW

Continuous Wave

dBm

dB relative to 1 mW

dBW

dB relative to 1 W

DT

Deutsche Telekom

i

Interference Peak Power

IF

Intermediate Frequency

ITU

International Telecommunications Union

k

Boltzmann's Constant

K

Degrees Kelvin

LNA

Low Noise Amplifier

LO

Local Oscillator

MDS

Minimum Detectable Signal

MTD

Moving Target Detection

MTI

Moving Target Indication

n

Noise Power

NATS

National Air Traffic Services

NF

Noise Figure

PD

Probability of Detection

PFA

Probability of False Alarm

PSD

Phase Sensitive Detector

QC

Quality Control

s

Signal Peak Power

S/N

Signal to Noise Ratio

SNL

System Noise Level

SOL

Safety of Life

STALO 
Stabilised Local Oscillator

STC

Sensitivity Time Control (Swept Gain)

T

Temperature

TMA

Terminal Manoeuvring Area

UMTS

Universal Mobile Telephone System (IMT 2000)

W*T

Watchman T Radar 

IPR Disclaimer

This work was carried out as proposed in Ref.1. Much of the work carried out in this study involved the use of BAE SYSTEMS proprietary software and tools. No new software has been be developed for this contract. No software or tools are deliverable as part of this contract.

Executive Summary of Preliminary Studies

1.1 Summary of Part 1

The MDS of an ARNS radar system was measured and found to be within 3 dB of the system noise power. Signals between 6 and 10 dB below the MDS were found to give an observable effect. The relation between the MDS and the system noise depends on the match between the signal and interference waveforms. This work indicates that the proposed ITU protection level of > 6 dB below the system noise may not be adequate for a SOL service.

Received signals at around the MDS level were found to be seriously corrupted by interfering signals of a similar level. Interfering signals approximately 16 dB above the system noise power were assessed to seriously overload the receiver.  Interference sources, co-frequency, anywhere in the line of sight of the radar, were unacceptable. Off-frequency sources would need to be separated by a significant portion of the band if they were not to affect the MDS level. Off-tune signals at a still higher level would result in receiver blocking as well as MDS corruption.

1.2 Summary of Part 2

The levels of signals identified in the previous two annexes were analysed for their effect on the performance of the radar system.

The effect of 1 dB loss, equivalent to interference 6 dB below system noise, can start to produce degradation to the radar detection. 3dB loss is seen to produce a significant reduction in the coverage.  The radar still achieves detection of medium and large aircraft out to the full range but both low and high-level cover are eroded. Many civil airliners usually have relatively large radar cross-sections and many will have areas much larger than the 1m2 assumed in the analysis. The problem comes in detecting small targets such as small military or general aviation aircraft .

The effect of 1dB and 3dB loss can when added to the effects of clutter, say a combination of heavy ground and rain clutter, are shown to seriously erode the radar's coverage.

As well as reduction in cover, it would therefore be expected that the radar's CFAR circuits would perform badly when subjected to this form of interference and would produce large numbers of false alarms. This can produce high levels of false alarms which are not acceptable for a SOL service. If large enough can lead to an overload of the radar plot extraction, tracking and filtering functions  resulting in total loss of targets.

At the required levels of PD, a 1 dB reduction due to interference would result in a reduction of azimuth accuracy by ( 10%. Weak targets at lower PD and under conditions of interference at the minimum protection level, ( 6 dB below SNL,) could considerably exceed these limits. Selective interference on one frequency of a two-frequency diversity radar can have more drastic effects.

2. Part  1
MEASUREMENTS ON THE EFFECTS OF INTERFERENCE ON AN ARNS RADAR RECEIVER

This Annex describes the measurements made on a receiver to ascertain what levels of interference can affect the receiver.

2.1 Introduction

It has been proposed that the micro and pico cells of the next generation mobile telephones (IMT 2000) should share part of the band allocated to the Aeronautical Radionavigation Service between 2700 and 2900 MHz.  This band is currently used by ARNS radars, amongst other systems.

Sharing of the band could result in interference to radar services from mobile handsets or base stations, depending on the bandplan adopted if sharing were to go ahead. Currently, the protection requirement recommended by ITU for radar systems is that the co-channel interference should be -6 dB relative to the system noise power. The effects of such interference, however, depend critically on the "match" between the interfering signal characteristics and the receiver characteristics.  Adjacent channel interference is calculated in the SE34 work based on assumed selectivity characteristics of the receiver. This model assumes that the receiver chain is linear which in practice is not always the case.  If the receiver chain is not linear, then ‘blocking’ can occur.  Blocking is when an adjacent channel signal causes the receiver to go into limit, which affects the performance of the co-channel reception.

The best way to monitor, quantitatively, the effect of interference on a radar’s detection performance is to carry out statistically valid flight trials against known targets, and to collect data on false alarms and missing detections.  A qualitative approach is to view the radar display in the presence of interference and to form an engineering on the acceptability or otherwise of the display.  An indication of the effect of interference can be gained by observing the effect of the interference on the system noise level and the MDS (Minimum Detectable Signal).  In order to investigate these effects, a set of measurements was made on an ARNS radar receiver. The aim of this being to explore the levels of signals that could affect the radar and, at some future date, use this information to carry out further tests with a fully tested, operational radar and display.

2.2 The W*T Radar Receiver

The radar receiver used for the testing was a double superheterodyne receiver with a first IF of 490 MHz and a second IF of 70 MHz.

A simplified schematic of the receiver is shown in Figure 1.

The receiver has a wide-band front end, consisting of a receiver protector and an LNA. Both of these components operate over a wide bandwidth, of the order of 400 MHz.  After the LNA there is a double down-conversion chain, ending up at an IF of 70 MHz.  The IF signal is switched between two IF filters depending on the transmitted pulse shape - a short pulse filter of approximately 3.5 MHz and a long pulse, pulse compression filter of approximately 1.5 MHz, providing a compression gain of ( 50:1 for a matched signal.

The IF filters are followed by a limiting amplifier and a phase sensitive detector (PSD).

Within the receiver's signal bandwidth, the system progressively goes into limit starting at the pre-PSD, limiting amplifier and progressing back down the chain to the Receiver Protector, which provides the final burn-out protection for the system.

It must be remembered, however, that at this protection level, the system is well into limit and is no longer operating as a receiver.

Outside the IF signal bandwidth, there are several points in the chain where the system can become non-linear.  The interference level at which this happens depends on the offset in frequency from the operating frequency channel.

2.3 Test Set Up

The system operates with a long and short pulse and a high and main beam.  The high beam is switched in range.  The system also operates with frequency diversity, the frequencies being switched alternately between the long and short pulses.  The system is also provided with STC (Sensitivity Time Control) which ensures that large targets close to the radar do not desensitise the receiver.  This is accomplished by increasing the sensitivity of the receiver as a function of time by the use of a swept attenuator.

In order to remove the effect of switching transients, all the functions were disabled and the system configured such that a single channel (Short/Long pulse) could be measured at a fixed frequency.  In order to achieve a fixed frequency, it was necessary to replace the system switching STALO with a fixed frequency synthesised source.

The radar under test was situated at a customer training facility in the south of England.

Figure 1 - Simplified Receiver Block Diagram

[image: image21.wmf]
Test Method

The method adopted was based on a MDS (Minimum Detectable Signal) test.  This test is used as a measure of checking the overall system sensitivity.

The method consists of injecting a test signal of known peak power into the receiver and observing where it can just be discerned from the noise.  The concept is described in Section 9 of this Annex .

For the tests made in this report, the short pulse was derived from a gated CW source, producing an essentially rectangular pulse.  Tests on the system's transmitted pulses confirmed that this signal was a replica of the system pulse.  The long pulse measurements required the use of an expanded pulse.  The system had the ability to generate such pulses for test purposes and these were used in the test.

Both the test and interference signal were calibrated at the input to the LNA by the use of a power meter and backed off with a precision attenuator to give signals of the appropriate levels.  The duty cycle of the signal was used to calculate the peak power of the test target.

Figure 2 - Test Set-Up
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Two types of interfering signal were used, a CW tone and band-limited noise.  The noise signal had a bandwidth of ( 5 MHz and both signals were adjustable in power and frequency.

The method then consisted of observing the output of the receiver with the test signal being injected.  The test signal was adjusted in power, until it was just discernible above the noise, at which point, the s+n/n ratio is ( 3 dB.  The input level for this condition is defined as the MDS.  The interference signal was then increased until an effect on the noise was first observed and then further until the test signal could no longer be discerned. This level was noted. 

It was then possible to further increase the test signal until, again, it was discernible.  This process could be repeated until the receiver became totally swamped (or blocked) by the interference signal
.

2.4 Expected Results

The minimum signal that the radar can detect is related to the system noise. This is dependent on the system bandwidth, receiver noise figure and system losses.

The system noise, provided that the first amplifier has sufficient gain, is set by the noise figure of this amplifier, the antenna temperature and feeder losses.

The following calculations have been made for the noise power in the Long and Short pulse channel. 

These are shown in Tables 1 and 2.

Table 1 - Short Pulse Receiver Noise Power Calculation (Operational)

Ambient Temp
291.97
K

Receiver Noise Figure
2
DB

Receiver Bandwidth
3.5
MHz





Antenna Noise Temp
100
K

Feeder Losses



Turning Unit

DB

Cables
1.5
DB

Total Loss
1.5
DB





System BW
3.5
MHz





Receiver Noise Figure
2
DB





Feed System Loss
1.5
DB

Feed System Gain
0.707946
1.41

Feed System Temp
120.4486
K





Receiver NF 
1.584893


Receiver Temp
170.7713
K





System Noise Temp
361.6694
K

Total Noise Temp
461.6694
K





Total Noise Power 
2.21E-14
W


-106.549
DBm

Table 2 - Long Pulse Receiver Noise Power Calculation (Operational)

Ambient Temp
291.97
K

Receiver Noise Figure
2
dB

Receiver Bandwidth
1.5
MHz





Antenna Noise Temp
100
K

Feeder Losses



Turning Unit

dB

Cables
1.5
dB

Total Loss
1.5
dB





System BW
1.5
MHz





Receiver Noise Figure
2
dB





Feed System Loss
1.5
dB

Feed System Gain
0.707946
1.41

Feed System Temp
120.4486
K





Receiver NF 
1.584893


Receiver Temp
170.7713
K





System Noise Temp
361.6694
K

Total Noise Temp
461.6694
K





Noise Power 
9.49E-15
W


-110.229
dBm

Thus, for the operational arrangement, the expected level of system noise is:

Short Pulse 
-107 dBm

Long Pulse
-110 dBm

In the test configuration, however, the antenna was replaced with a matched load.  This will affect the noise power.

The calculations were made for the test set-up.  See Tables 3 and 4.

Table 3 - Short Pulse Receiver Noise Calculation (Test Set-up)

Ambient Temp
291.97
K

Receiver Noise Figure
2
dB

Receiver Bandwidth
3.5
MHz





Antenna Noise Temp
291.97
K

Feeder Losses



Turning Unit

dB

Cables
0
dB

Total Loss
0
dB





System BW
3.5
MHz





Receiver Noise Figure
2
dB





Feed System Loss
0
dB

Feed System Gain
1
1.00

Feed System Temp
0
K





Receiver NF 
1.584893


Receiver Temp
170.7713
K





System Noise Temp
170.7713
K

Total Noise Temp
462.7413
K





Noise Power 
2.22E-14
W


-106.539
dBm

Thus, comparing the results obtained for the operational and test case, see Table 4:

Table 4 - Comparison of System Noise Powers




Operational  


   
     Test

Short Pulse 
          -107 dBm



-107 dBm

Long Pulse

-110 dBm 



-110 dBm

It is clear that the test set-up, with the antenna removed, will have no effect on the system noise
. We would thus expect to see MDS signals approximately 3 dB above the system noise level.

Table 5 - Long Pulse Receiver Noise Calculation (Test Set-up)

Ambient Temp
291.97
K

Receiver Noise Figure
2
dB

Receiver Bandwidth
1.5
MHz





Antenna Noise Temp
291.97
K

Feeder Losses



Turning Unit

dB

Cables
0
dB

Total Loss
0
dB





System BW
1.5
MHz





Receiver Noise Figure
2
dB





Feed System Loss
0
dB

Feed System Gain
1
1.00

Feed System Temp
0
K





Receiver NF 
1.584893


Receiver Temp
170.7713
K





System Noise Temp
170.7713
K

Total Noise Temp
462.7413
K





Noise Power 
9.51E-15
W


-110.218
dBm

2.5 Results

Basic MDS Measurements

The initial measurements made were of the system MDS without the presence of any interfering signal.  The following results were achieved.

Table 6 - MDS Results

Pulse Type
System Noise
MDS
MDS/Noise


Predicted dBm
Measured dBm
dB

Long
-110
-126
-16

Short
-107
-103.5
3.5

The results in Table 6 show that for the short pulse, as expected, the signal can be distinguished when at a level ( 3 dB above the noise.

The results for the long pulse may look surprising until it is remembered that this is a pulse compression channel.  In this channel, the pulse is expanded in time and so has a lower peak power.  On receive, the pulse is compressed in time and the peak power recovered.  In this case, the compression is ( 50:1 or 17 dB.  The noise power does not compress, thus it is possible to extract the signal from below the noise.

When the compression gain is allowed for, the MDS signal out of the compressor will be -126 + 17 dB = -109 dB. This gives a MDS to noise ratio of 1 dB.

Given the measurement difficulties involved in determining the MDS level, this result is consistent with what is expected. 

Interference Tuned On Frequency

Once the MDS signal had been established, interference was injected until the MDS signal was seen to disappear into the noise.

Table 7 - Interference to Destroy MDS

Pulse Type
System
MDS
Noise
CW


Noise dBm
Measured dBm
Interference dB
Interference dBm

Long
-110
-126
 -109.5 (-115)
-105.2

Short
-107
-103.5
-109.5
-105.5

The results are presented in Table 7.  Considering the short pulse first, the MDS is destroyed when the CW signal is (2 dB above the system noise floor and when the noise interference is (-2 dB below the system noise.

For the long pulse, the CW interference causes the MDS signal to be lost when the interference is 5 dB above the system noise.  The noise interference, on the face of it, appears to destroy the MDS when it equals the system noise.  However, it must be remembered that the noise power from the interference source is spread over a 5 MHz bandwidth, whilst the receiver has a bandwidth of 1.5 MHz.  This results in a loss of interference power of 10 log (5/1.5) = 5.3 dB thus the effective interfering signal is   -115 dBm.

Table 8 - Interference to Noise (Interference to destroy MDS)

Pulse Type
System
Noise
CW


Noise dBm
Int/Noise
Int/Noise

Long
-110
-5
4.8

Short
-107
-2.5
1.5

There is some evidence that the noise is more effective as an interfering source than the CW, this being more evident in the Long pulse channel.

Recovery of MDS Signal

If the test signal is increased, it is possible to recover the signal out of the noise plus interference.  In this test, the MDS signal was first destroyed by the noise, then the test signal was increased to recover the signal
.  This was repeated until the interference signal caused the system to become overloaded.

Table 9 - System Overload (Blocking) Levels

CW
SP
Noise
SP
CW
LP
Noise
LP

MDS
Int
MDS
Int
MDS
Int
MDS
Int

-103.5
-105.5
-103.5
-109.5
-126
-105.5
-126
-115

-100.5
-100.5
-101.5
-100.5
-123
-100.2
-124
-111

-98
-95.5
-98.5
-95.5
-121
-96.2
-122
-108

-96
-91.5
-96.5
-92.5
-119
-92.2
-119
-105

The results are shown in Table 9 above.  These show the MDS that could be detected in the presence of interference, the highlighted levels of interference (underlined) were those levels at which the system was deemed to be overloaded.  Whilst at these interference levels it was still possible to detect a MDS, the detection of real targets by the radar would be seriously corrupted by noise and would result in a very low PD.

These levels were compared to system noise, as summarised in Table 10.

Table 10 - System Overload Level compared to System Noise


Noise

dBm
Int Limit

dBm
Int/Noise

dB

CW SP
-107
-91.5
15.5

CW LP
-110
-92.2
17.8

Noise SP
-107
-92.5
14.5

Noise LP
-110
-105
5

It can be seen that when the interference is ( 16 dB above the system noise, the system becomes overloaded.  However, the noise interference into the pulse compressed channel overloads at a much lower level, ( 5 dB.  This is likely to be due to the fact that the noise signal is not affected by the 17 dB pulse compression loss (compared to the MDS) that the signal has and hence is a more effective interference signal.

Interference Tuned Off Frequency

If the interference is off-tune from the operating frequency, then the filters in the receiver chain will provide protection.  The major protection comes from the 70 MHz IF filter, however far out, other filters in the chain also provide protection.  As some of these stages also have amplification, the possibility exists that, unlike the on frequency case when the system progressively limits starting with the post IF filter amplifier then back down the chain, limiting can occur in other parts of the chain.

Table 11 shows some spot frequencies measured for the long and short pulse channels.  The ratio of the level of interfering signal compared to the measured MDS is plotted for the point when the MDS signal could no longer be detected.  The rejection obtained as the signal is offset is a function of the combination of the interference signal bandwidth and the receiver bandwidth.  CW interference will have less effect at small offsets than wide band noise.

Table 11 - Level of Interference required to Destroy MDS vs. Offset Frequency

Frequency

Interference/MDS dB



Offset MHz
SP CW
SP Noise
LP CW
LP Noise

0
-2
-6
20.8
11

0.5


10.8
10

1


10.8
11

2
4
-3
44.8
11

5
24
7
41.6
19

10
24
22
44.8
27

20



41

50


67.8
52

2.6 Interference Range Considerations 

A recent US paper
 has described a similar experiment to that reported here.  The other study measured the level at which interference was just seen to effect the system noise.  Various mobile telephone waveforms were used and the result was worked back to a protection range that would be required to operate both on the same frequency.  It was concluded that signals "around" the system noise level would affect the radar. 

The level at which the interference destroys the MDS depends on the type of receiver channel (bandwidth, compression ratio etc.) and the form of the interference signal.  In these results, it varies from -5 to +2.5 dB relative to the noise floor. 

As an example, consider an average noise power -108.5 dBW with an average interference signal -1.25 dB below, giving an interference power level of -109.75 dBW.  This level of interference will, however, have a significant effect on the MDS. The level at which the interference can be first observed is 6 to10 dB below the noise power needed to mask the MDS 
. 

This would result in a maximum tolerable interfering signal level of say, typically, -110 dBm - 8 dB = -118 dBm for this particular receiver, this figure however is totally dependent on the type of receiver used  and should not be taken as a general figure for all ARNS radar receivers.

2.7 A Discussion of MDS

Depicted below are the signals as seen on the oscilloscope.  The MDS is defined, as occurring when the s+n/n is 3 dB and, at this point, the signal is just discernible from the noise.  As the signal increases, a point is reached where the signal comes clear of the noise.  This is sometimes called the tangential sensitivity and occurs at a s+n/n ( s/n of 8 dB.  Above this, the S/N increases with the signal until the required s/n for high PD is achieved. Since the oscilloscope is a linear display, as the signal increases, the noise of the top of the signal is less and less obvious.
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With interference present, the same effect occurs, but the noise excursion is greater.  Thus, MDS = (s+n+i)/n+i, as the signal increases this tends to s/(n+i)

Part 2  CALCULATION OF THE EFFECT OF INTERFERENCE ON  AN ARNS RADAR SYSTEM

In this annex the effects of the levels of interference identified in Annexes 1 & 2 on the overall radar system is considered.

2.8 Introduction

Currently, aeronautical Radio Navigation occupies the band 2.7 to 2.9 GHz. There have been moves to propose the sharing of the band with other services such as UMTS and ENG/OB.

As a safety of life service, it is essential that the service is protected from harmful interference.

The effect of the interference however on the safety of life can only be analysed in "operational terms", depending as it does on the specific role being played by the radar sensor. 

Work has been carried out in Annex 2 that shows that signals > -10dB compared to the system noise can noticeably affect the received signal.

This paper quantifies how noise-like interference affects the overall system performance of the radar sensor in terms of detection and coverage.  

Since the UMTS interference is unlikely to be noise-like, the potential problem of false alarms from UMTS is discussed.  It is however impossible to determine likely false alarm rates without a detailed understanding of the temporal nature of the interference.

A section is included on the effect of pulse compression on different signals.  This shows that pulse compression gain in signal to interference ratio can be claimed when the interference is noise-like.  However, when the interference is CW, the pulse compressor also produces a gain on the CW signal.  This means that the effect of interfering CW signals will be worse than noise signals.  It should be remembered that this analysis is based on one type of radar and different radar designs may react differently to interference.  This is especially true when considering false alarms.

Overall, it is important to note that the results produced are limited by the lack of information on the both the spectral and temporal nature of the interfering signals.  An understanding of this will be essential in order to produce an accurate estimate of the effect of UMTS on surveillance radars.

2.9 Target  Detection

Effect of increased Noise level

A radar is normally designed to produce a constant number of false alarms so that when the interference changes, the thresholds are automatically adjusted to maintain the false alarm rate.  When the thresholds are raised, the ability to detect targets is reduced so that the effect on radar performance of an increase in noise level is to reduce the range at which a target can be detected.

For the special case of white noise, the effect of interference can readily be calculated.  When the noise level is raised due to external noise-like interference, the loss of sensitivity can be calculated as:
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Using the more common log notation:-
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The loss of detectability in dB due to any interference then becomes:-
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Now, writing the noise as unity, the loss becomes:-
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where any level of interference need now only be defined with respect to noise.

Hence, if interference is 0.1*noise, the loss will be 0.4dB and if it is equal to noise, the loss will be 3dB.

Effect on radar coverage

Basic Radar Performance

The coverage of a Watchman radar in the clear and with no added interference is shown in Figure 2.1. Full coverage for both the high beam and the main beam coverage are plotted and the antenna has a nominal zero degree tilt.  In normal operation, the antenna tilt and the high beam to main beam switchover range are optimised to the local site conditions.  The radar is instrumented out to 60nml. The example coverage diagrams are produced for a 1m2 target at 80% PD in the clear with a false alarm rate of 10-6.
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Figure 2.1 - Standard Radar Coverage

Figure 2.1 shows that the radar can detect a target out to the full instrumented range and up to 40kft.

The radar would rarely be operated without sensitivity time control (STC) so Figure 2.2 shows the coverage with an STC setting starting at 90 nautical miles (50km) in the main beam and 63 nml (35km) in the high beam and in both cases increasing at Range4. 
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Figure 2.2 - Standard Radar Coverage with Typical STC

Effect of Loss

The effect on the coverage diagram of various degrees of loss due to broadband noise interference can now be demonstrated.

In Figure 2.3, the effect of 1dB of extra loss applied to Figure 2.2 is shown.  1dB of loss would result from noise interference which is almost 6dB below system noise.
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Figure 2.3 - Standard Radar Coverage with Typical STC  and 1dB Loss

When the interference increases to be equal to the noise level, the effective loss increases to 3dB, producing a cover diagram as shown in Fig.2.4
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Figure 1.4 - Standard Radar Coverage with Typical STC  and 3dB Loss

The effect of 3dB loss is seen to produce a significant reduction in the coverage.  The radar still achieves detection out to the full instrumented range but both low level cover and high level cover have been eroded.

Performance in Heavy Clutter
The above analysis was devoted to the performance of the radar in benign conditions i.e. no ground clutter or rain clutter.  It is important to remember that the radar must be able to detect aircraft flying over heavy ground clutter (hills, buildings etc.) even in the presence of heavy rain.  The inclusion of clutter processing does not come ‘for free’ so that the detection of targets will be reduced in the presence of clutter. Fig. 2.6 shows the performance of the radar, without any added interference loss, in the presence of simultaneous heavy ground and rain clutter.

Note that the coverage envelope has reduced significantly, although there is still  cover out to 50nml and up to 30kft.  It should also be noted that the assumed target size is 1m2 and that larger targets will be detected at longer ranges.
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Figure 2.6 - Coverage in Simultaneous Heavy Ground and Rain Clutter

The effect of 1dB and 3dB loss can now be added to Fig. 2.6 and this is shown in Fig. 2.7 and Fig. 2.8 respectively. The effect of extra loss in a combination of heavy ground and rain clutter can now be seen in that the coverage is now seriously eroded with cover only useful for 40nml and 25kft. Fig. 2.8 also shows a loss of low cover, although this could be recovered by reducing the STC.
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Figure 2.7 - Coverage in Simultaneous Heavy Ground and Rain Clutter with 1dB Loss
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Figure 2.8 - Coverage in Simultaneous Heavy Ground and Rain Clutter with 3dB Loss

False Alarms

False Alarm control

There is a requirement in radar systems to minimise the number of false alarms shown to the operator.  False alarms will contribute to the operator load and can present a safety risk  e.g., an aircraft could be instructed to take evasive action.

In order to achieve this, radars contain false alarm control circuits, commonly referred to as CFAR circuits.  Whilst there are a large number of types of CFAR circuit, they are usually based around the ‘background averager’ (sometimes referred to as cell averaging CFAR).  A simplified block diagram is shown in Fig. 3.1.
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Figure 3.1 - CFAR Circuit

This circuit estimates the level of noise or interference in radar range cells on either side of a range cell and uses this estimate to decide if there is a target in the centre cell.  The process steps out one cell in range and is repeated until all range cells have been investigated.  The basis of the circuit is that when noise is present, the cells around the cell of interest will contain a good estimate of the noise in the cell of interest, i.e. it assumes that the noise or interference is spatially or temporarily homogeneous.  It can be shown theoretically that the circuit will produce a constant false alarm rate, which is independent of the noise level so long as the noise has a Rayleigh distribution in all range cells.

This CFAR circuit is widely used and its limitations well understood and it is known to give widely varying false alarm rates when the returns do not meet the criteria of homogeneous Rayleigh statistics.  Such a situation can occur in the presence of ground clutter which is highly non-homogeneous, and without the addition of other techniques designed around the unique characteristics of ground clutter, it is known that many hundreds, sometimes thousands, of false alarms can occur.

It would be expected that the signals from mobile communications would be highly non-homogeneous in time as telephones and base stations transmit none-continuously.  It would therefore be expected that the circuits would perform badly when subjected to this form of interference and would produce large numbers of false alarms.

Since the temporal variations of mobile phone signals are not available, there is no theoretical method of predicting the likely false alarm rate.

2.10 Section 4
Pulse Compression

The effect of Pulse Compression on Noise

The effect of pulse compression on signals and noise is well known.  When a matched pulse in passed through the compressor, the signal to noise at the output is increased with respect to the signal to noise at the input.  The improvement in signal to noise ratio across the compressor is the compression ratio and so will vary with the detailed design of the radar.  In order to circumvent this, in Section 2, the interfering noise was defined with respect to the radar system noise.  By doing this, it is not necessary to take account of the pulse compression when assessing the effect of interfering noise so long as both are measured at the same point and in the same bandwidth.

In other words, interfering noise which is equal to system noise before the compressor will also be equal to system noise after the compressor.

The effect of Pulse Compression on a CW waveform

The exact form of interference from UMTS is unclear and has tentatively been assumed to be noise-like.  However, if phase or frequency shift coding is used, then the waveform will look like short bursts of a continuous wave signal and the effect of pulse compression will be quite different.

Figure 4.1 shows the output of a pulse compressor to a correctly coded pulse.  In this example, the compressor has a compression ratio of 19dB. Figure 4.2 shows the output of the compressor when the input is a CW pulse of the same length as the matched pulse.  Comparing the height of the outputs shows that the CW pulse is reduced, compared to the coded pulse, by about 13dB.  However, since the gain of the matched pulse is 19dB, this shows that a CW pulse also receives some gain through the compressor, in this case about 6dB.

The result is that the effect of bursts of CW will be worse than if the interfering signal is white noise.

[image: image18.emf]0 10 20 30 40 50 60 70 80

uSec

  30

  40

  50

  60

  70

  80

  90

 100

 110

 120

 130

 140

dB

 W67: compressed pulse


Figure 4.1 - Output of Pulse Compressor to Coded Input Pulse
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Figure 4.2 - Output of Pulse Compressor to CW Input Pulse

Azimuth Accuracy

The W*T radar uses a beam centroiding technique to calculate the azimuth position of the plot output. This method essentially means the detection of the threshold crossing as the target enters the beam is measured and compared with the where the target falls out of the beam. The target position is the centre of these two angles. 

The interfering signals effect these angular measurements and the effective reduction in s/n causes the azimuth errors to increase. The exact effect is dependent on the design of the radar signal processing and the detection thresholds set.

Figure 5.1 below shows a curve of signal to noise vs azimuth accuracy for a typical W*T.
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Figure 5.1 - Effect of s/n on Azimuth Accuracy

As can be seen in Figure 5.1, the accuracy degrades as the s/n ratio falls the s/n ratio is related to the PD.  Figure 5.2 shows the relationship between PD and s/n. The coverage predictions in this annex are based on the traditional figure of 80% with a 1 x 10-6 PFA for ATC calculations.

At 80% the s/n is (  9 dB, a 1 dB reduction due to interference would result in a reduction of accuracy from 0.23 deg to 0.26 deg. To put this into context most users would expect to see azimuth errors of < 0.2 deg for PDs of around 90%. Weak targets at lower PD and under conditions of interference at the minimum protection level, ( 6 dB below SNL,) could considerably exceed these limits.

 This however assumes that all the detections across the beam are degraded in a similar fashion. Most systems use frequency diversity, if the interference selectively degrades the radar at only one of these diversity frequencies then severe distortion of the beam could occur. This could give rise to errors of the order of 1/4 of the effective beam width. The effective beam width being defined as the region over which the returns exceed the detection threshold. This could result in errors > 0.5 degrees even on larger targets with a high PD. The exact error is related to the timing of the PRI  to the start of the detection and will vary every scan.
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Figure 5.2 - Relationship of PD to s/n at a PFA of 1x10-6

2.11 Conclusions

The work has shown how noise-like interference can degrade radar coverage. 

The effect of 1 dB loss, equivalent to interference 6 dB below system noise, can start to produce degradation to the radar detection. 3dB loss is seen to produce a significant reduction in the coverage. The radar still achieves detection out to the full- range but both low & highlevel cover have been eroded. Civil airliners usually have relatively large radar cross-sections and many will have areas much larger than the 1m2 assumed in the analysis above. The problem comes in detecting small targets such a small military or general (light) aviation.

The effect of 1dB and 3dB loss can when added to the effects of clutter, say a combination of heavy ground and rain clutter are shown to seriously erode the radar's coverage.

As well as reduction in cover, it would be expected that the signals from mobile communications would be highly non-homogeneous in time.  It would therefore be expected that the radar's CFAR circuits would perform badly when subjected to this form of interference and would produce large numbers of false alarms. This can produce high and unacceptable levels of operator nuisance and if large enough could possibly result in a total system failure. 

Also, it is shown that CW interference may degrade the radar more than noise interference due to the action of pulse compression on CW signals.  

At the required levels of PD, a 1 dB reduction due to interference would result in a reduction of azimuth accuracy from by ( 10%. Weak targets at lower PD and under conditions of interference at the minimum protection level, ( 6 dB below SNL,) could considerably exceed these limits. Selective interference on one frequency of a two-frequency diversity radar can have more drastic effects.

However, it is unlikely that UMTS interference will match the noise-like model used in this section  It is shown that there is a likelihood of increased false alarms when the interference deviates from that with noise-like characteristics. 
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� For a further discussion of this see Section 6 of this annex.


� In this case, the fact that the load is at a higher system temperature is compensated by the removal of the feed system losses, resulting in an equivalent noise power to that achieved when terminated with the antenna.





� It should be noted that whilst it is possible to recover the MDS, each time the signal is recovered, it is at the expense of increasing the S/N or in other terms, the level of the input required to maintain the same PD.  Thus, whilst in principle, large signals (above the MDS) can be detected in the presence of interference, it is at the expense of the PD and PFA.


� Note these ratios need to be treated with caution.  They only show when the MDS signal could not be detected.  They do not measure how much noise there is in the system or what the MDS S/N Ratio would be just before it disappeared.  It is likely that off-tune interference of the levels seen would cause significant false alarms and degradation in the target reports before the MDS was completely lost.


� IMT 2000 testing results. Draft WJH Technical Centre Reference 4.





6 If the interference happened to match the expanded waveform, the signal would have an effect at approximately -26 dB below the noise.
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