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Introduction Target simulator tests Sphere calibration tests

Results and Conclusion

In order to calibrate MeteoSvizzera's mobile X-
band polarimetric weather radar, a Radar Tar-
get Simulator (RTS) prototype has been deve-
loped. Such a system generates an artificial 
target by receiving a radar pulse, and sending 
it back to the radar with a predefined time 
delay, amplitude and frequency shift (see 
Figure 1).

Pulses are received over a horn antenna. The 
signal is down-converted over two analog 
stages, before it is digitized and further down-
converted to DC. The signal processing is 
done on a host computer, which receives the 
digital samples over a high-speed bus. Pulses 
are sent back to radar over a path similar to 
the receiving one (see Figure 2).

Figure 3 shows the reception of radar pulses 
(yellow) that were emitted from a rotating 
antenna. The blue pulses, which are generated 
by the RTSte werew,

The RTS was tested in Summer 2016 with two 
polarimetric X-band radars that were set-up 
side-by-side (see Figure 4). 

The RTS was installed at a distance of 1.5 km 
to the two radars at an elevation of 1.7°. The 
RTS set-up is depicted in Figure 5. 

A preliminary data example of an artificial tar-
get generated at a distance of 26 km is shown 
in Figure 6. The target was simulated with a 
Radar Cross Section (RCS) that corresponds 
to 45 dBZ at the given distance.

by the RTS, are 
sent back to the 
radar, where they 
generate an artifi-
cial target on the 
radar display

In addition to the RTS test, an experiment with 
metallic spheres of different sizes attached to a 
weather balloon has been conducted in order 
to verify the radar constant. The results of this 
test will help to validate the accuracy of the 
calibration with the RTS. The set-up of the 
sphere calibration test is shown in Figure 7.

The spheres were launched to a height of 300 
m above ground and at a distance of 1.5 km to 
the radars. Tests were conducted in dry condi-
tions with very low wind speeds. Data was ac-
quired with a 5°x5° scan window. A single scan 
was completed within 3 minutes. Figure 8 
shows resulting reflectivity data. 

Figure 9 shows radar data time series 
extracted at the range where the arti-
ficial target was generated. Although 
some outliers can be observed, reflec-
tivity data exhibits a reasonable stability. 
Doppler velocity data fluctuates slightly 
around 0 m/s, since no frequency shift 
has been applied. Copolar correlation is 
very close to one, indicating that the 
RTS produces stable pulses.

With the RTS one has 
the possibility to log 
every individual radar 
pulse, which facilitates 
radar stability measure-
ments and error investi-
gations. In Figure 10, a 
screen shot of the pulse 
logger's graphical user 
interface is depicted.

Upon further develop-
ment of the RTS, cali-
brating weather radars 
in a straightforward and 
absolute  manner beco-
mes feasible. The possi-
bilities will also be ex-
panded to dual-polariza-
tion in the near future.

The results of the sphere calibration are pre-
sented in a reflectivity time series shown in 
Figure 11 (red: horizontal polarization, blue: 
vertical polarization). The theoretically expect-
ed reflectivity value for the given set-up was 
calculated to 35 dBZ. Hence, the H-channel 
over- and the V-channel underestimates reflec-
tivity by approximately 1 dB.

RTS switched on

Fig. 1: Radar target simulator principle.

Fig. 2: Schematic of the radar target simulator.

Fig. 3: Received and emitted pulses

Fig. 4: EPFL (front) and MeteoSwiss (back) radar during tests.

Fig. 5: RTS (silver box) installed in 1.5 km distance to the radar.

Fig. 6: Artificial target (red line) generated with the RTS. Fig. 8: Radar reflectivity data from a metallic sphere. 

Fig. 7: Preparation of the sphere launch. 

Fig. 11: Reflectivity time series of sphere observations. 

Fig. 10: Graphical user interface of the pulse logger. 

Fig. 9: Radar data extracted at the range 
where the artificial target was generated. Top: 
Reflectivity; Middle: Doppler velocity; Bottom: 
Copolar correlation. 
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