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AVTIS3 RADAR MAPPING OF RAINFALL

(a) Localised rain mapping (~8mm/hr) obscuring terrain across the valley. Reflected power intensity as

received at the radar with no correction for attenuation by the rain or range fading.

(b) Apparent brightness of terrain drops after some rain events when the AVTIS3 radome is covered in water.

The effect of the radome drying is evident as attenuation lessens over time

(c) Localised rain mapping (~2.5mm/hr) which does not obscure terrain. This is assumed to be due to the

localised structure

(d) Localised rain (~4mm/hr) falling over the Disdrometer location while AVTIS3 remains dry

(e) Terrain obscured during intense (45mm/hr) localised rain

(f) Terrain obscured during low rain rates (~2mm/hr) over an extended area

COMPARISON OF REFLECTOR AND DISDROMETER DATA

The graphs above show the average power returned to AVTIS3 (top) from the CC reflector located on St Georges Hill (SGH) site. Each

power measurement is average of 100 radar measurements of the CC taken over ~1 second dwelling on the CC. The reflector is co-

located with a Thies Clima Laser Precipitation monitor which measures the distribution of rain drop sizes (hence ‘Disdrometer’) of rain

falling through its sheet laser sensor. Particle detection sizes and binned in 22 classes ranging from 0.125mm to >8mm and the instrument

can also measure rain rates binned at 1 minute intervals (bottom graph). The eventual aim with this work is to use the drop size

distributions to model the radar reflectivity of the rain, however this is a non-trivial exercise due to the highly localised nature of typical

rainfall on Montserrat - accepted models assume a constant level of rainfall throughout the radar beam which is mostly not the case for

these data. Also, since the Disdrometer and AVTIS3 are physically separated, the rain rates cannot be assumed to be entirely coincident,

however first analysis suggests that AVTIS3 is limited to measuring rain rates of up to ~10mm/hr

RAIN MONITORING

AVTIS3 uses a fixed Corner Cube (CC) reflector located at a known GPS

location on St Georges Hill (SGH) for range calibration. With no new lava

extrusion at SHV since 2010 we have been investigating using the reflected

power from the CC as a measure of the amount of rainfall across the

Belham valley (the main catchment area for floods and lahars that can

affect populated areas of Montserrat).

Unfortunately, 94GHz is not an ideal choice for rain mapping with radar as

the wavelength (3.2mm) is similar to raindrop dimensions and attenuation

due to rain is therefore much stronger than conventional rain radar (2-4

GHz / 8-15cm) and the maximum range is therefore limited to a few

hundred metres in heavy rain. However, AVTIS offers much finer spatial

resolution than conventional rain radar and we are assessing whether

AVTIS data can be used to map the precise location of heavy downpours

that lead to lahar events from localised rainfall with the end aim of helping

to improve understanding of such events and consequently improve MVO

capability to assess the risks associated with said events.
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INTRODUCTION

Millimetre Wave radar sensing provides a means to monitor volcanoes through poor

weather and low visibility using a field portable sensor. The AVTIS (All-weather Volcano

Topography Imaging Sensor) instruments are high-resolution Millimetre Wave (94GHz)

radars developed in St Andrews specifically for round the clock monitoring of the 3D

surface topography of the volcanic lava dome on the island of Montserrat. AVTIS

instruments are also capable of mapping rainfall with high spatial and temporal

resolution which could potentially provide early warning of flood risks and lahars.

There are currently two systems: AVTIS2, a long range (7km) rover designed for field

surveying campaigns and AVTIS3 operating at shorter range (4km), housing in a semi-

permanent installation at a telemetered location in Montserrat to monitor the

Soufrière Hills Volcano (SHV). Initially installed in 2011, we have recently refurbished

the AVTIS3 system and we report on upgrades and new work to analyse AVTIS data
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AVTIS2
AVTIS MEASUREMENTS IN MONTSERRAT

The AVTIS1 radar was developed from 2002 to 2006 and was the first ever

use of a Millimetre Wave radar to measure an active volcano, successfully

detecting changing volcanic topography at the SHV. Several indicative

examples of radar performance by AVTIS1 measuring topographic changes are

shown here. Performance at ranges greater than ~4km was limited by the

achievable signal to noise ratio (SNR). The second phase of AVTIS

development from 2008 to 2011 improved scanning times by a factor of 10

and also improved SNR at long ranges by using a larger antenna. AVTIS1 was

modified to become AVTIS3 whereas AVTIS2 was an entirely new build.

However, since the deployment of AVTIS2/3 in 2011 there has not been any

extrusion of lava at SHV and their improved detection performances have not

yet been fully tested during at an active phase of eruption.

AVTIS1 data at 7km range during Phase 3 (Apr 2006)

with the dome visible above the crater rim
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At 7km the system performance was at the limit

of SNR and averaging of repeat scans over 24

hours was required to produce acceptable DEM

fidelity. AVTIS1 performance was assessed by

using the crater as a proxy for a ‘no change’

situation and DEM height was found to have a

standard deviation of 4.65m (with a Laplacian

distribution). This allowed us to calculate an

extrusion rate of 3.09m3s-1 with associated error

estimated as ±1.05m3s-1. We also measured talus-

dominated growth and showed a 2-day lag

between increased extrusion rate of the dome

and rockfall seismicity energy release rate

AVTIS1 data recorded at 1km range measuring 10 days of 

lava dome growth at the onset of Phase 3 (Dec 2006)
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AVTIS3 SITE REFURBISHMENT 

AVTIS3 DATA AT SOUFRIÈRE HILLS VOLCANO

AVTIS3 data recorded of SHV has not measured any significant topographic change due to lack of activity however recording of

a large number of repeat scans has allowed statistics to be built on data stability. AVTIS3 takes approximately one hour to raster

across the view show below with each scan producing ~1GB of raw radar data. Data below has been averaged and analysed

over a 20 day period to produce high SNR datasets. The first data presented shows an estimate of the Radar Cross Section,

‘sigma nought’ (0) which is the conventional measure of the strength of radar signals reflected by a distributed scatterer. Sigma

nought depends strongly on the incidence angle and material scattering properties of the surface. These data indicate that ash,

rock and vegetation produce differing returns and can potentially be classified within the scene. However, the current algorithm

to extract 0 requires refinement to account for the beam incidence on complex topography contained in the data.
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BASED VIEWPOINT OF THE RADAR

RADAR PROCESSING 

The AVTIS instruments use a single real beam mechanically rastered across the

scene of interest to produce radar return spectra as a set of 3D volumetric data

(i.e. return powers are encoded as a function of raster angle and range). Each

line of sight is low pass filtered to better represent the mean beam footprint on

the mountain (rather than potentially being dominated by individual point

scattering elements within the beam footprint) and maximum power reflected is

then used to give the range to bulk topography in the form of an xyz point

cloud. The point cloud is then power thresholded to remove ‘sky’ returns and

interpolated onto a regular GPS grid (referenced by locating fixed surveyed CC

points in the field). The final DEM surface is produced using a distance to point

cloud metric to remove false surfaces due to occlusions.
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AVTIS3 SHV Range to surface Std Deviation (m)

AVTIS3 SHV Range to surface 20 day average (m)

AVTIS3 SHV View

AVTIS3 SHV 0  20 day average (dB)

Std Deviation (m)
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AVTIS3 SHV DEM

50% <= 2.5m

90% <= 5m

Standard Deviation in DEM elevation (m)

28% OF DATA <= RANGE RESOLUTION (2.5m)

Standard Deviation in range (m)

PARAMETER AVTIS1 AVTIS2 AVTIS3
Radar Range Resolution (nominal) 0.85m 0.85m 0.85m
Antenna Size 300mm 450mm 300mm
Two-way Radar Beamwidth 0.52º 0.35º 0.52º
Radar Transverse Resolution (per km) 8.7m 6.1m 8.7m
Radar Signal-to-Noise at Long Range 6dB 

(@7km)
16dB 

(@7km)
16dB 

(@5km)
Data Sampling Rate 500kHz 10 MHz 10 MHz
Maximum Pixel Integration Time 32ms 3ms 3ms
Image Acquisition Time (20ox 5o, 0.1o inc.) 50min 5min 5min

Power Consumption 115W
(excluding laptop)

80W 80W

Continuous Operational Duration 8 hours 12 hours > 1 month

Note that the range to surface algorithm performs

worst at surface occlusion edges within the scene

(the range to surface jumps between foreground and

background surface returns with similar values of 0)

whereas DEM construction is least certain for

vertical faces (a steep gradient means that a small

error in range produces a large error in height)

0 = Radar Cross Section

R = Range

L = Atmospheric loss

R = Beam footprint extent

3dB = Half power beam width

PREC = Power received at radar

Pt = Power transmitted by radar

Gant = Antenna Gain

 = Radar wavelength

GREC = Gain of receiver

 = Beam incidence angle

RADAR RANGE EQUATION

A single elevation slice of AVTIS2 radar data 

overlaid on a point cloud from a close range lidar 

survey of Balmullo Quarry, Fife, Scotland 

FUTURE WORK

The algorithm for extraction of 3D surface from the radar spectra volume requires improvement to take account of the radar beam convolution onto complex

topography. As part of a SAGES funded PhD we will be investigating surface extraction using the best ground truth data we have recorded to date comparing close

range lidar data with AVTIS2 data taken simultaneously at a local quarry in Scotland.The plan is to then apply improvements in the algorithm to legacy SHV data.

TERRAIN PROPERTIES

The Radar Range Equation (above right) is used to convert the power

received at the radar into the Radar Cross Section, 0, an intrinsic property

of the scattering terrain. The examples shown (right) were recorded at SHV

using AVTIS1 at SHV in 2008 and show the effect of accounting for range

fading, receiver gain and system parameters to convert PREC into 0.

These radar images show the maximum power/radar cross section along

each line of sight in the rastered scene. Using a single mid-range value

estimate of the beam incidence angle  = 45 across the scene produced a

distribution of 0 that was a good measure by which to threshold and

remove ‘sky’ returns and hence produce an accurate measure of the skyline

in the DEM. However using a single value for  does not produce accurate

results for more complex topography such as the AVTIS3 data of SHV

where the incidence angle can be significantly more grazing or face on. The

next step is to iteratively use the constructed DEM to estimate  and thus

construct a more accurate mapping of 0 .


