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ABSTRACT: Vaisala recently has introduced the new Radar Signal Processor RVP10. The RVP10 is the latest in a line of Vaisala /
SIGMET Radar Signal Processors that have introduced ground-breaking innovations to the Weather Radar sector. The RVP10 can operate
both Magnetron-based Weather Radars and Weather Radars powered by Solid State Power Amplifiers (SSPA) relying on pulse compression.
First radar systems incorporating the RVP 10 have been delivered. This contribution presents the methods of and results from data quality
assessments performed with the RVP10. These include a period of side-by-side operation with an RVP9 in split-signal setup, as well as
stand-alone operation of the RVP10 in Vaisala’s WRM200 research Weather Radar.

1. The Radar Signal Processor RVP10

Fig. 1. The RVP10.

The RVP10 is a new design, incorporating state-of-
the-art components and applying up-to-date methods
and technologies. It delivers state-of-the-art security
and is easy to update and maintain. The RVP10 features
improved support for solid-state transmitters, as e.g. ap-
plied in the Vaisala WRS400 (X-band) and WRS300 (C-
band) Weather Radar series. This is achieved through
pulse compression, hybrid pulsing, blending, and cal-
ibration. The RVP10’s independent and parallel FIR
filtering enables dual-pulsewidth and dual-frequency
strategies on each receiving channel. A photo of RVP10
is shown in Figure 1.

a. Hardware Properties

The RVP10 consists of IF Digital Receiver IFDR10
and Signal Processor Server RVP10SRV. This new pro-
cessing platform brings more range bins, better reso-
lution, increased processing power, and flexibility to
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the post-processing. The flexible architecture provides
modular, highly configurable hardware, and an open
software design with public APIs.

The IFDR10 features a real-time embedded Linux
Operating System. It provides receive, transmit, I/O for
trigger and other low-latency signal needs, and IF detec-
tor functionality in a single, compact network-attached
FPGA-based product. The FPGA can perform up to
448 billion multiply/accumulate cycles per second. The
IFDR10 samples up to 4 receiving channels and 2 burst
channels of IF inputs and computes I and Q data from
them. The I and Q data are transmitted over 10 Gigabit
Ethernet to the RVP10SRV signal processor for further
processing into moments.

The RVP10SRV Signal Processor Server is a server
class computer with a dual multicore Xeon processor
running Linux. The RVP10SRV, running RDA soft-
ware, computes the radar data moments from the I and
Q data provided by the IFDR10. The moments can be
distributed internally on the RVP10SRV or externally to
other computers running IRIS or third-party software.

The RVP10 provides A/D and D/A conversion with
a resolution of 16 bit at a sampling rate from 180 MHz
to 240 MHz (software selectable). It features a dynamic
range of up to 106 dB without compression and an IF
range of 10 MHz to 120 MHz. The RVP10 allows for
a pulse repetition frequency (PRF) between 50 Hz and
20 kHz. Its input saturation level is +12.0 dBm at 50Ω.

b. Capabilities

The RVP10 allows for a wide range of sophisticated
operation modes. These include transmit signal phase
coding, transmit signal reversing and transmitting pulse
groups. The RVP10 can transmit CW signals, as well



as Linear FM (LFM) and Non-Linear FM (NLFM) sig-
nals, and allows sampling of the transmit signal at the
antenna.

The RVP10 allows a maximum pulse width of up to
200 microseconds, and range bin sizes varying from
15 m up to 600 m. The maximum number of range
bins is either the full unambiguous range at minimum
resolution or 8168 range bins per channel (whichever is
less). The full unambiguous range can be up to 1024
km.

The RVP10 allows for various dual-polarization
modes: alternating, simultaneous (STAR), H-only and
V-only. Dual PRF velocity de-aliasing ratios can be 2:3,
3:4, or 4:5 for 2X, 3X, or 4X velocity unfolding.

2. Data Quality

The data quality provided by the RVP10 has been
assessed in two ways. Initially, an RVP10 has been op-
erated in parallel with an RVP9 (Cho and Weber (2010)),
both connected to the same, equally split received sig-
nal from the Vaisala WRM200 Research Weather Radar.
In a later phase, the RVP9 had been removed, and the
Vaisala WRM200 Research Weather Radar was exclu-
sively operated by the RVP10.

Plots shown in this contribution follow this general
scheme for the filenames of the utilised data: all data
have been recorded with the Vaisala WRM200 Research
Weather Radar located at Kerava near Helsinki. Files
with names starting with KER have been created with
the RVP9, while files with names starting with K10 have
been created with the RVP10. This statement covers
both periods detailed above.

a. Intercomparison with Predecessor RVP9

An RVP10 has been operated in parallel to an RVP9
over a 4-month period for intercomparison purposes
in the Vaisala WRM200 Research Weather Radar at
Kerava. Both radar signal processors were supplied with
the same signal from the radar front end. Consequently,
the signal power, and hence the signal-to-noise ratio
(SNR) at the signal processor inputs, was about 3 dB
lower than normal.

In direct intercomparison, both signal processors
showed a good match for the radar observables. This
is demonstrated for the radar reflectivity 𝑍h in Figure 2.
The data were recorded on 25/10/2022 at 19:00 UTC. On
that occasion, a rain band was passing directly over the
radar. The Plan Position Indicator (PPI) plot of observa-
tions processed with RVP9 is shown at the top, and that
from observations processed with RVP10 is displayed
at the bottom. It should be noted that SNR cut-off for
the signal processors was slightly different, so RVP10 is
displaying observations at ranges further away from the
radar more distinctively than RVP9. Using the observ-
ables from this quasi-operational Plan Position Indicator
(PPI) scan, the quality of various observables has been

Fig. 2. Intercomparison of Plan Position Indicator (PPI) plots
of 𝑍h from RVP9 (top) and RVP10 (bottom) operating the Vaisala
WRM200 Research Weather Radar at Kerava. The blue rings indi-
cate the range at which the radar beam reaches the Melting Layer
Height (MLH).

compared for data produced by RVP9 and RVP10, re-
spectively. For this purpose, the following procedure
was applied:

1. Identify the range at which the radar beam reaches
Melting Layer Height (MLH) and select data from
closer ranges for the assessment.

2. Mask data of the assessed observables for the de-
sired range of radar reflectivity 𝑍h and 𝑍DR.

3. Generate statistics (histograms) for the assessed
observables.

4. Fit theoretical functions to the generated statistics
to obtain comparable metrics for the data quality
of the assessed observables.

The assessment of the data quality for correlation co-
efficient 𝜌HV observed using RVP9 (top) and RVP10



0.0

0.2

0.4

0.6

0.8

1.0

Cu
m
ul
at
iv
e 
Fr
eq

. D
ist

r. 
(n

to
t =

 3
34

13
)

0.960 0.965 0.970 0.975 0.980 0.985 0.990 0.995 1.000
ρHV

0

500

1000

1500

2000

O 
 1

..e
n 

e 
(1
0d

BZ
 ≤

Z h
≤
 2
0d

BZ
 / 
ΔZ

DR
=

±
0.
5d

B)

Log-no.)a( fi0 (peak a0 ρ=  0.9905)
μ = 5.3309 / μ=0.5410
C1)1(a0i2e F.e-. Di/0..
10dBZ ≤Zh≤  20dBZ
ΔZDR= ±0.5dB / ntot = 33413
KER221025190001
10dBZ ≤Zh≤  20dBZ
E(e2a0.: 0.6 ∘  / ΔZDR= ±0.5dB

0.0

0.2

0.4

0.6

0.8

1.0

Cu
m
ul
at
iv
e 
Fr
eq

. D
ist

r. 
(n

to
t =

 3
08

74
)

0.960 0.965 0.970 0.975 0.980 0.985 0.990 0.995 1.000
ρHV

0

250

500

750

1000

1250

1500

1750

2000

O 
 1

..e
n 

e 
(1
0d

BZ
 ≤

Z h
≤
 2
0d

BZ
 / 
ΔZ

DR
=

±
0.
5d

B)

Log-no.)a( fi0 (peak a0 ρ=  0.9905)
μ = 5.3068 / μ=0.5400
C1)1(a0i2e F.e-. Di/0..
10dBZ ≤Zh≤  20dBZ
ΔZDR= ±0.5dB / ntot = 30874
K10221025190001
10dBZ ≤Zh≤  20dBZ
E(e2a0.: 0.6 ∘  / ΔZDR= ±0.5dB

Fig. 3. Intercomparison of the distribution of the correlation
coefficient 𝜌HV from RVP9 (top) and RVP10 (bottom). The his-
tograms were generated using observations below Melting Layer
Height (MLH) for 10dB𝑍 ≤ 𝑍h ≤ 20dB𝑍 and |𝑍DR | ≤ 0.5. The
yellow line indicates the log-normal function fitted to the distribution,
the green line shows the cumulative distribution of all observations
starting from 𝜌HV = 0.

(bottom), respectively, is shown in Figure 3. For this in-
tercomparison, observations from rain below the MLH
with the radar reflectivity in the range of 10dB𝑍 ≤ 𝑍h ≤
20dB𝑍 and with a differential reflectivity of |𝑍DR | ≤ 0.5
have been selected. Due to differences in noise floor
censoring, the assessment of the observations created
by RVP9 contains about 10% more data points than
those created by the RVP10. Nevertheless, the statis-
tics for both systems are reasonably close to each other.
When fitting a reversed log-normal function of the form

𝑓 (𝑥) = 𝑎
√

2𝜋 ·𝜎 · 𝑥
· e

(log (𝑥)−𝜇)2

2𝜎2 (1)

with 𝑥 = 1− 𝜌HV to the distributions, the location of the
fit peak is identical within the accuracy (bin size) of the
distribution. The parameters of the log-normal func-
tion fitted to the distribution (yellow line) for both sys-
tems also are nearly identical. This (and other cases not
shown here) indicates that the data quality of 𝜌HV obser-
vations with RVP10 is on par with the well-established
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Fig. 4. Intercomparison of the distribution of differential phase
ΦDP from RVP9 (top) and RVP10 (bottom). The histograms were
generated using observations below Melting Layer Height (MLH)
for 10dB𝑍 ≤ 𝑍h ≤ 20dB𝑍 and differential reflectivity |𝑍DR | ≤ 0.5.
The yellow line indicates the stretched Γ function fitted to the distri-
bution shifted to ΦDP = 0.

RVP9. When assessing the general quality of the obser-
vations of the correlation coefficient 𝜌HV it should be
kept in mind that the Magnetron of the Vaisala WRM200
Research Weather Radar at Kerava is well beyond its
prime, and the radar is due for an upgrade (including
Magnetron replacement) in the near future.

In a similar way, the data quality for the observ-
able differential phase ΦDP has been assessed. Figure 4
shows observations from RVP9 (top) and RVP10 (bot-
tom). Observations with the same selection criteria as
have been used, and the observations created by RVP9
contains about 10% more data points than those cre-
ated by the RVP10. The difference in the peak of the
distribution can be atributed to slightly different signal
paths to both signal processing systems. Notwithstand-
ing that difference, the distribution of ΦDP created by
the RVP10 is obviously more narrow than that created
by the RVP9. This observation by eye is supported by
the results of fitting a stretched Γ function to a subset
of the distributions in the range of ±10◦ of the distribu-



tion maximum after shifting it to ΦDP = 0. The fitted
function is of the form

𝑓 (𝑥) = 𝑎 · (𝑠 · 𝑥)𝜇 · e𝜆 (2)

with 𝑥 =ΦDP− maxΦDP+10◦, where maxΦDP denotes the
location of the distribution’s maximum. Here 𝑎 denotes
an amplitude factor, 𝑠 is the stretch factor, and 𝜇 and
𝜆 are the shape parameters known from the ’regular’
Γ function. The larger values for the stretch factor 𝑠

and both of the shape parameter 𝜇 and 𝜆 found for
the distribution created by the RVP10 indicate a more
narrow distribution. This hints that the data quality of
ΦDP observations with RVP10 is most likely superior to
that with the well-established RVP9.

Finally, observations of the radar reflectivity 𝑍h have
been compared to the values measured on the ground by
a Vaisala Forward Scatter Sensor FD70 (Klugmann and
Kauppinen (2022)). This sensor is located at Vantaa-

Fig. 5. Plan Position Indicator (PPI) plots of 𝑍h from RVP9
(top) and RVP10 (bottom) operating the Vaisala WRM200 Research
Weather Radar at Kerava. The blue rings indicate the range at which
the radar beam reaches the Melting Layer Height (MLH).

1 2 3 4 5 6 7
Hour  f day

−15

−10

−5

0

5

10

15

20

25

30

Z H
 (d

BZ
)

221018 + H20221018: Z − Site: Vantaa Airp rt
KER
K10
H20221018 FD70

Fig. 6. Values for 𝑍h from RVP9 (blue stars) and RVP10 (or-
ange diamonds) from a range cell above a Vaisala FD70 located at
Helsinki-Vantaa Airport. The values for 𝑍h provided by this Vaisala
FD70 are indicated by the green line.

Helsinki airport, about 11 km away from the Kerava
Research Weather Radar site under a bearing of 231◦
The range cell above the sensor at lowest elevation (0.6◦)
has been selected for the intercomparison. For the inter-
comparison, observations of radar reflectivity 𝑍h from
18/10/2022 between 01:00 UTC and 07:00 UTC have
been used. On this day, an extensive rain system passed
over the Helsinki capital area. PPI plots showing the sit-
uation at 05:00 UTC are shown in Figure 5 as observed
by the RVP9 (top) and the RVP10 (bottom). Again,
RVP10 is displaying observations at ranges further away
from the radar more distinctively than RVP9.

The intercomparison of the observations of radar re-
flectivity 𝑍h as observed by the RVP9 (blue stars) and the
RVP10 (orange diamonds) for the above mentioned pe-
riod is shown in Figure 6. This plot shows that the obser-
vations of radar reflectivity 𝑍h from RVP9 and RVP10
are reasonably close to each other, and both are reason-
ably close to the observations from the ground based
FD70 serving as reference. Occasionally only data from
one of the signal processing systems are present. This
can be attributed to occasional communications issues,
or occasional timing issues preventing individual data
sets from being created.

b. Stand-alone Assessment

Since January 2023, the Vaisala WRM200 Research
Weather Radar at Kerava near Helsinki is operated ex-
clusively by an RVP10 radar signal processor. Assess-
ments of the radar data quality in this configuration have
been made for data recorded on 06/07/2023, when non-
freezing precipitation (light to moderate rain) moved
over the Helsinki area from South-South-Westerly direc-
tion. PPI plots of 𝑍h (top) and 𝑍DR (bottom) recorded
at 10:00 UTC are shown in Figure 7. Please note that



Fig. 7. Plan Position Indicator (PPI) plots of 𝑍h (top) and 𝑍DR
(bottom) recorded with an RVP10 operating the Vaisala WRM200
Research Weather Radar at Kerava. The blue rings indicate the range
at which the radar beam reaches the Melting Layer Height (MLH).

the display for 𝑍h has a lower cut-off at 𝑍h = −8dB
and strict filtering (clutter, RFI) applied, while the dis-
play for 𝑍DR also utilises range cells with values for 𝑍h
below that cut-off threshold and with less stringent fil-
tering. For this event, the assessment of the data quality
for correlation coefficient 𝜌HV (top) and the differential
phase ΦDP (bottom), observed by the Vaisala WRM200
Research Weather Radar at Kerava operated by RVP10,
is shown in Figure 8. These histograms summarise ob-
servations for range cells below Melting Layer Height
(MLH) for 10dB𝑍 ≤ 𝑍h ≤ 20dB𝑍 and differential re-
flectivity |𝑍DR | ≤ 0.5. The fit curves indicated by the
yellow lines have been calculated according to Eq. (1)
and Eq. (2), respectively.

Keeping in mind the fact that the Magnetron of the
radar is due for replacement because of its age, the
distribution of the cross correlation 𝜌HV is reasonably
narrow. The peak of the fit function according to Eq. (1)
is located at 𝜌HV = 0.9905, and 75% of the values can be
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Fig. 8. Histograms of the distribution of correlation coefficient
𝜌HV (top) and differential phase ΦDP (bottom) observed by the
Vaisala WRM200 Research Weather Radar at Kerava operated by
an RVP10. The histograms were generated using observations be-
low Melting Layer Height (MLH) for 10dB𝑍 ≤ 𝑍h ≤ 20dB𝑍 and
differential reflectivity |𝑍DR | ≤ 0.5. The yellow lines indicates the
functions according to Eq. (1) fitted to the distribution of 𝜌HV (top)
and according to Eq. (2) to the distribution of ΦDP (bottom).

found at 𝜌HV > 0.975. Furthermore, the distribution of
the differential phase ΦDP is reasonably narrow. It can
be seen from Figure 7 that the radar beam has to pass
regions with high values for the radar reflectivity 𝑍h both
on the way to the range cells selected for evaluation and
back. Therefore, the tail towards higher values for the
differential phase ΦDP is expected.

Finally, observations from the Vaisala WRM200 Re-
search Weather Radar at Kerava operated by an RVP10
at fixed elevation and azimuth have been performed.
For assessment, 128 rays have been averaged, and the
standard deviation has been calculated. An example is
shown in Figure 9, with the average values displayed by
solid lines and the standard deviation indicated by error
bars. The top display shows the results for radar reflec-
tivity dB𝑍 and signal-to-noise ratio SNR. The centre
display shows the results for the correlation coefficient
𝜌HV, and the bottom display shows the results for the
differential phase ΦDP. In the latter two displays, the
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Fig. 9. Evaluation of observations from a Spotlight scan for for
radar reflectivity dB𝑍 and signal-to-noise ratio SNR (top), correla-
tion coefficient 𝜌HV (centre) and differential phase ΦDP (bottom).
Observations from the Vaisala WRM200 Research Weather Radar
at Kerava operated by an RVP10 for 128 rays at fixed elevation and
azimuth have been averaged (solid lines), and the standard deviation
has been calculated (error bars). In the graphs for 𝜌HV (centre) and
ΦDP (bottom), the mean of the signal-to-noise ratio SNR is indicated
by the red line for reference.

mean of the signal-to-noise ratio SNR is also shown for
reference.

The plots for the displayed observables show the ex-
pected behaviour: a low variability of the observations

averaged over 128 beams at range cells with higher val-
ues for SNR, and a high variability where SNR is low.
The fact that there is still some variability in the obser-
vations even for range cells with high values of SNR
can be explained by two contributing factors. The first
factor is the age of the radar’s Magnetron, which causes
a slight deterioration of the signal quality. The second
factor is the observed weather itself. With areas of high
radar reflectivity dB𝑍 and differential reflectivity 𝑍DR,
as well as observed radial wind velocities of 𝑣 > 15 ms−1

and values for the spectral width of 𝑤 > 2.5 ms−1 (not
shown here), some variability in the radar observables
is to be expected. The first of these factors will be miti-
gated in the near future, as the radar is earmarked for a
hardware refurbishment with the goal to further improve
radar signal and data quality.

3. Conclusions

Vaisala’s new radar signal processor RVP10 marks
a significant technical upgrade from its predecessor
RVP9. It provides vastly improved capabilities. An
RVP10 has been compared to a co-located RVP9 using
split input signals from the Vaisala WRM200 Research
Weather Radar at Kerava near Helsinki. This showed
comparable returns for the radar observables with a
slight advantage for the RVP10. Subsequently, the radar
data quality assessment of the Vaisala WRM200 Re-
search Weather Radar exclusively operated by an RVP10
has shown good performance of the RVP10.

Data availability statement. Data used for this con-
tribution are proprietary data from the respective ob-
serving systems operated by Vaisala for R&D purposes.
For negotiating data access, please contact the corre-
sponding author or helpdesk@vaisala.com.
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