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Annex 4

Meteorological radar interference testing

1
Testing configuration

1.1
Radar characteristics

Testing were performed at the Meteo France premises in Trappes, where is implemented a meteorological radar operating at 5625 MHz.

Figure 1

Trappes meteorological radar
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The main emission characteristics of the radar are the following:

–
Power = 
125 kW on each polarization H and V

–
Antenna gain = 
45 dBi

–
pulse width = 
2 μs

–
PRF = 
interleaved triple PRT 379 Hz, 325 Hz and 303 Hz, average 330 Hz

–
Rotation speed = 
6° per second

The following figure presents the radar RF principle. 

Figure 2

Radar RF principle
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1.2
Interfering signal generation

The interference to the radar were produced under 2 different mode:

Mode 1: free space propagation. The interference source is located at 3.3 km from the radar, as shown on figure below:

Figure 3

Path profile between the interference source and the radar
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This mode is representative of « real life » situation, but since interference will only be seen I limited azimuth, it may not allow for precise analysis of interference impact

Mode 2: direct injection. The interference source is directly connected at the radar receiver as shown below

Figure 4

Interference injection principle
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NOTE – The overall attenuation between the generator and the radar receiver, including coupling losses, cable and other attenuation was estimated at 55.55 dB.

In this case, large azimuths will be impacted, as on figure below, and hence will ease the analysis of interference impact.

Figure 5

Example of interference visualization under mode 2
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1.3
Interfering signals

Different interfering signals have been tested:

–
CW,

–
FM,

–
pulsed, including linear chirp

–
varying signals such as SAR satellites.

These signal types were generated at the radar frequency (5 625 MHz).

Some testing were also generated at the image frequency of the radar (120 MHz shift, i.e. 5 500 MHz).

The general objective of the tests were to determine the interference sensitivity thresholds of the radar for each type of interference. 

It has to be stressed that, the determination of such sensitivity thresholds was made on a visual basis and that no detailed analysis of the meteorological products was made.

The following type of meteorological visualizations were used in the visual determination of the sensitivity thresholds:

–
Zh80niv1km (reflectivity)

–
Sigma1km (standard deviation of reflectivity over the gates corresponding to a pixel)

–
VitVrai1km (Doppler wind velocity)

–
RoHV1km (reflectivity difference between H and V polarization)

–
Phidp1km (differential phase between H and V polarization)

1.3.1
CW signals

The CW signals were tested in mode 1 and 2, at the radar frequency and radar image frequency as well as different margin filter.

1.3.2
FM signals

The FM signals were tested in mode 1 and 2, at the radar frequency

The following FM signals were generated:

Table 1

FM signals characteristics

	Frequency excursion
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	Frequency of modulating signal
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	Power density correction in the radar bandwidth (dB)

	±100 kHz
	100 Hz
	0

	
	1 kHz
	0

	
	50 kHz
	0

	±500 kHz
	100 Hz
	−3.9

	
	1 kHz
	−3.9

	
	100 kHz
	−2.9

	±1 MHz
	100 Hz
	−7.2

	
	1 kHz
	−7.2

	
	100 kHz
	−7

	±2 MHz
	100 Hz
	−10.2

	
	1 kHz
	−10.2

	
	100 kHz
	−9.7

	
	1 MHz
	−13


1.3.3
Pulsed signal

The pulsed signals were tested in mode 1 and 2, at the radar frequency.

The following pulsed signals were generated:

Table 2

Pulsed signals characteristics

	Pulse width (µs)
	PRF (Hz)

	1 µs
	200 Hz

	
	3 kHz

	20 µs
	200 Hz

	
	3 kHz

	600 ns
	1 kHz


1.3.4
Linear FM chirp signals

The pulsed signals were tested in mode 1 and 2, at the radar frequency.

The following Chirp signals were generated (with a 20 MHz frequency excursion):

Table 3

Chirp signals characteristics

	Durée des pulses (µs)
	Fréquence de répetition des pulses (Hz)

	50 µs
	100 Hz

	
	5 000 Hz

	100 µs
	500 Hz

	
	1 kHz


1.3.5
SAR satellite

The objective of this test was to determine the impact of a satellite SAR type interference on meteorological radar, using a test signal as described in the figure below.

Figure 6

Time varying interference level for SAR satellite interference
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1.4
Radar measurement principle

Noting:


N = 
noise level


I =
Interfering signal


S =
useful signal (i.e. meteorological signal return)

The following process is performed at the radar:

1)
At each gate, the radar measures global signal corresponding to the useful signal (S) and the noise (N), i.e. N+S
2)
To get the S, the radar extract from N+S, the noise level N, measured at each rotation of the radar. Then, from the S, the radar is able to determine all meteorological products, such as the Precipitation (in dBz) or Wind velocity by Doppler analysis

3)
In order to avoid measurements errors due to the noise variation, a filter is applied, comparing the N+S level to a threshold equal to “Noise + margin”, the value of the margin being configurable (positive, typically in the range 0.7 to 2 dB). When the N+S is below the threshold, the meteorological measurements and products are not validated.

Considering an interferer (I) together with the above described process, the radar will measure global signals corresponding to N+S+I, and then, extracting the noise, will consider a S+I level to generate the meteorological products. For example, for precipitation products, this will lead to a rain intensity overestimation.

When there is no representative meteorological signal (S), then the I level is the only signal processed by the radar, that, for the precipitation mode example, will be transfer in reflectivity under the following formula :



dBm = dBz + C – 20logI

with:


dBm 
=
radio power measured by the radar


C
=
 met radar constant (–71 dB)


dBz
=
reflectivity


r
=
distance (km)

This principle was in particular used during the testing to calibrate the generated signal.

Noise variation:

The average noise of the radar (kTBF) is roughly –113.8 dBm.

Considering the filtering threshold described above, it means that with a 2 dB margin, the theoretical maximum interference signal considered by the radar is 2.3 dB below the noise (i.e. −116.1 dBm) whereas for a 0.7 dB margin, the theoretical maximum interference signal considered by the radar is 7.6 dB below the noise (i.e. –121.4 dBm).

However, due to the rather short measurement time at each gates of the radar, the noise is not constant and presents a quite high dynamic range with a typical standard deviation of about 0.5/1 dB and extreme values between 3 dB and 10 dB.

The radar is not able to measure this dynamic noise, the N used in the above described process being an average figure, hence close to the kTBF.

In this case, when the instantaneous noise is above the average figure, a potential interference below the theoretical interference signal above can still have an impact on the meteorological products. This effect was confirmed during the testing.

2
Testing results

2.1
Typical representation of interference impact at the threshold

Figure 7

Typical visualization of interference for different interference type

	Signal type
	Typical representation 

	CW and FM
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	Pulsed
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	Linear FM Chirp
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	SAR satellite
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These figures correspond to impact on the precipitation mode, at the interference threshold. Other representation are available for higher interference levels, presenting obvious higher impact but due to their bulky sizes are not given in this document.

It has also to be noted that, similar and consistent impacts were seen, in all cases, on the other meteorological products visualizations that are, for the radar considered, correlated with the precipitation measurements.

2.2
Sensitivity threshold for modes 1 and 2 (with a filter margin = 2 dB)

Table 4

Sensitivity thresholds

	
	
	Sensitivity mode 2
	Sensitivity mode 1

	CW
	5 624.77 MHz
	−115.80 dBm
	−117.01 dBm

	Image CW
	5 504.77 MHz
	−80.80 dBm
	−85.01 dBm

	Signals FM
	± 100 kHz/100 Hz
	−115.80 dBm
	−114.01 dBm

	
	± 100 kHz/1 kHz
	−115.80 dBm
	−116.01 dBm

	
	± 100 kHz/50 kHz
	−115.80 dBm
	−116.01 dBm

	
	± 500 kHz/100 Hz
	−113.80 dBm
	−117.01 dBm

	
	± 500 kHz/1 kHz
	−115.80 dBm
	−118.01 dBm

	
	± 500 kHz/100 kHz
	−113.80 dBm
	−118.01 dBm

	
	± 1 MHz/100 Hz
	−109.80 dBm
	−112.01 dBm

	
	± 1 MHz/1 kHz
	−112.80 dBm
	−113.01 dBm

	
	± 1 MHz/100 kHz
	−110.80 dBm
	−113.01 dBm

	
	± 2 MHz/100 Hz
	−109.80 dBm
	−112.01 dBm

	
	± 2 MHz/1 kHz
	−109.80 dBm
	−110.01 dBm

	
	± 2 MHz/100 kHz
	−109.80 dBm
	−109.01 dBm

	
	± 2 MHz/1 MHz
	−105.80 dBm
	−106.01 dBm

	Pulses
	1µs/200 Hz
	−92.80 dBm
	−84.01 dBm

	
	1 µs/3 kHz
	−92.80 dBm
	−93.01 dBm

	
	20 µs/200 Hz
	−103.80 dBm
	−94.01 dBm

	
	20 µs/3 kHz
	−107.00 dBm
	−103.01 dBm

	
	600 ns/1 kHz
	−93.80 dBm
	−89.01 dBm

	Chirp
	50 µs/20 MHz/100 Hz
	−93.75 dBm
	−87.01 dBm

	
	50 µs/20 MHz/5000 Hz
	−96.75 dBm
	−99.01 dBm

	
	100 µs/20 MHz/500 Hz
	−96.75 dBm
	−97.01 dBm

	
	100 µs/20 MHz/1000 Hz
	−96.75 dBm
	−96.01 dBm

	SAR satellite
	
	−96.75 dBm
	−


For the FM signals with frequency excursion higher than the radar bandwidth (600 kHz), the power density correction in the radar bandwidth (dB) (see 2.3.2 above) needs to be taken into account and leads to the following threshold (for mode 2).

Table 5

Sensitivity thresholds for FM signals

	Frequency excursion
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	Frequency of modulating signal
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	Threshold

(dBm)
	Threshold in the radar bandwidth 

(dBm/600 kHz)

	±500 kHz
	100 Hz
	−113,8
	−117,7

	
	1 kHz
	−115,8
	−119,7

	
	100 kHz
	−113,8
	−116,7

	±1 MHz
	100 Hz
	−109,8
	−117

	
	1 kHz
	−112,8
	−120

	
	100 kHz
	−110,8
	−117,8

	±2 MHz
	100 Hz
	−109,8
	−120

	
	1 kHz
	−109,8
	−120

	
	100 kHz
	−109,8
	−119,5

	
	1 MHz
	−105,8
	−118,8


It has to be noted that, under mode 2, a certain uncertainty was seen on the injected signal. A detailed analysis on the precipitation levels given by the radar allowed to show that these threshold was likely overestimated by 1 to 2 dB and could explain the difference seen between mode 1 and mode 2.

The following information can be drawn from these results:

–
it confirms the meteorological radars sensitivity to interference, at levels below the theoretical level corresponding to the 2 dB filter margin (−116, 1 dB), in particular in the FM case with interference threshold of about –120 dBm/600 kHz (i.e. about I/N = −6.2 dB, N being the kTBF). One can also note that, in this case, the interference visualization is not constant, presenting disparate impact (quite similar to pulse interference), hence confirming the noise dynamic impact.

–
in the case of pulsed or chirp signals, it confirms the theoretical approach that higher level of interference can be tolerated. However, the threshold difference is somehow different than the one theoretically calculated but can be somehow explained by the fact that the radar pulses do not present a constant PRF. This could need to be further analysed.

–
Even though not presented, the threshold observed for other meteorological products is the same. This is due to the fact that, on the considered radar, for practical reasons, all products are currently correlated with reflectivity measurements. This means that these thresholds represent the reflectivity sensitivity to interference. This situation is likely not general for all meteorological radars. Indeed, if not correlated, meteorological products not related to signal power (such as Doppler of differential phase) would likely present much lower sensitivity thresholds.

Further detailed analyses would be required.

2.3
Impact of the filter margin on the threshold

The filter margin has an obvious impact on the potential interference threshold. Further testing was performed with different margin value from 0.7 to 3 dB using CW signals in mode 2.

The following table provides the interference threshold noted for 0.7 and 2 dB margins.

Table 6

Sensitivity threshold for different filter margin

	
	Interference threshold

[dBm]

	Signal
	Reflectivity
	Wind velocity
	RhoHV
	Phidp

	CW (margin = 2 dB)
	−115.55
	−115.55
	−115.55
	−115.55

	CW (margin = 0.7 dB)
	−126.55
	−126.55
	−126.55
	−126.55


It shows that, when using a lower margin of 0.7 dB, the interference threshold is about 11 dB below the one noted with a margin of 2 dB (see section 3.2 above).

For a margin of 0.7 dB, here also it confirms that the threshold is below the theoretical threshold (−126.55 vs −121.4 dBm) and corresponds to an I/N = −12.75 dB.

It has however to be noted that, with a 0.7 dB margin, the difference between the noise impact (without interference and interference at such low level) is weak, as shown on figure below.

Figure 8

Visualization of CW interference with a filter margin of 0.7 dB
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On the other hand, even though obviously limiting the impact of interference, this filter margin is primarily dedicated to limit the effect of noise variation on the radar products. Indeed, the determination of the adequate margin value is made on a compromise between such noise impact suppression and the degradation of radar performance when weak meteorological signals are measured (mainly degradation of the coverage capacity of the radar in Doppler and differential phase modes).

The margin value determination may depend on the radar characteristics, on the season, or other operational constraints.
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Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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