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Summary
In January 2021, two men were killed by an avalanche in Northern Spain. During the search
efforts that followed, the rescuers managed to find only one of the victims soon after. To find
the remains of the other missing victim, a ground penetrating radar (GPR) mounted on a drone
was used by the rescue team. After searching the area using various methods, the remains of
the victim were finally found.
This report will detail the aspects of the search, obstacles encountered by the rescue team
and lessons learned.
The aim of this report is to provide valuable information for future use of drone-based GPR for
search and rescue of avalanche victims.
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Description of the incident
On January 1, 2021, at 15:38hrs, the 112 Asturias Coordination Center received a call from a
driver indicating that an avalanche may have trapped a snow clearing machine (Stewart &
Stevenson RS-1000) 10 minutes previously. At that time, the information was very scarce,
although the driver reported that he did not see the snow clearing machine after the avalanche.
In response, the SEPA Mountain Rescue Group, the Canine Rescue Unit of SEPA, Guardia
Civil from Mieres and Cangas de Onís, and a team of firefighters from the nearest Fire Station
were mobilized.
Access to the accident area was very difficult due to the intense snowstorm that was
accumulating large amounts of snow on the road. Upon the arrival of the first rescue teams, a
search with rescue dogs and a random probe search method were carried out to try to locate
the machine, which was missing along with two workers.

Figure 1. Search area at night (January 1).

At the same time, a snowcat machine from the station came to the area and began removing
snow from the road. At 23:24hrs, the body of one of the workers was found. It was buried in
the snow on the road, very close to where the snow clearing machine had been hit by the
avalanche.
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At 02:39hrs, it was decided to suspend the search work due to the high risk of further
avalanches in the area and because the chances of finding the second operator alive were
very limited.
The following morning, a small rescue group entered the area, confirming that a huge
avalanche had buried the road and that there was no trace of the machine. Because the
accident point was considered very exposed to the possibility of further avalanches, it was
decided to try access the lower part of the avalanche area, since it was considered relatively
safe. The objective was to try to locate some signs of the snow clearing machine, which had
been carried away by the avalanche, to check if the second worker was still inside it.

Description of the area

Figure 2. Location of Port of San Isidro (Spain).

The mountain´s port of San Isidro is located on a 13km mountain road that runs through the
Upper San Isidro Valley. The highest point of this port, just before descending to the southern
slope, is around 1,520 meters. The last few kilometers of the road are particularly steep,
crossing the lower parts of several mountains with an altitude of over 2,000 meters (Torres
Peak and Valverde’s Peaks). After episodes of heavy snowfall, large amounts of snow
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accumulate on the north and northeast slopes that usually purge the following days causing
avalanches of various magnitude.
Avalanche episodes are repeated every year at the same points of this road, with the regional
government installing some snow retention structures such as snow nets, snow racks and
snow sheds above the road.

Figure 3. Area overhead view (left) and perspective view (right).

The accident took place at a point known as “Valverde Curve”. It is a northeast-facing curve
where the east slopes of Torres Peak and Valverde's Peaks converge through a series of
channels that finally lead into the Valverde stream. The stream crosses the road under a small
bridge located at the curve and descends downhill towards the bottom of the valley. This is
one of 10 roadways in the area identified as being highly vulnerable to snow avalanches
(Poblete Piedrabuena et al., 2019).
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Figure 4. Mean and minimum temperature in the search area during January 2021.

The mean temperature in this region during the first half of January 2021 was below 0ºC, thus
complicating initial search efforts as well as causing problems with drone batteries.

Figure 5. Aerial view of the road covered by avalanche.

Organizations involved in the search
Search and rescue in the Asturias region is the responsibility of the Regional Administration,
which carries out such operations independently using its own resources. For this purpose,
Asturias has an emergency service called “SEPA” (Service Emergency Principality of
Asturias) that receives almost all emergency calls through the number “112”. This coordination
center also mobilizes and coordinates its resources to solve emergencies, counting on
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professional firefighters, and specifically with a medicalized Mountain Rescue Group and a
Rescue Dog Unit to aid searches for people lost in avalanches.
The Mountain Rescue Group of SEPA is responsible for locating and evacuating injured, ill
and lost individuals within the territory of Principado de Asturias. This rescue team averages
more than 350 missions each year, with almost 150 of them being search and rescue (SAR)
operations.
Additionally, Asturias has two mountain rescue groups belonging to a state military group that
perform civil protection functions (Guardia Civil). These groups are based in Mieres and
Cangas de Onís, two small towns located in the center and east of Asturias. The groups
collaborate with rescue efforts carried out by the Emergency Service of Principado de Asturias.
Search and rescue services within Principado de Asturias are provided 24 hours a day, 365
days a year by the full-time specialized firefighting staff of SEPA.
Furthermore, volunteers from the local research center of ArcelorMittal Global R&D joined the
official rescue team. These volunteering researchers were touched by the events of January
1st as the second missing worker was the father of one of them. With the aim of helping with
technological means two other companies were contacted: SPH Engineering, providing GPR
expertise and equipment and GAM Drones collaborated by providing the drone solution for
the integration of the GPR in addition to the pilot team and expertise in the area of remote
piloting.
In addition, the local University of Oviedo was also contacted by the ArcelorMittal volunteers
to provide additional GPR expertise with their own ground-based equipment. However,
analysis and operations involving the ground-based GPR are beyond the scope of this report.

Description of rescue operations performed and results
The search area was divided into three zones: “Zone A”, zone of the affected road and snow
slope immediately below it; “Zone B”, the snow field located below “Zone A” and separated
from it by a 30 meter waterfall; and “Zone C”, lower snow field, located below “Zone B” and
separated from it by a narrowing of the river and a small waterfall.
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Figure 6. Search area divided into separate zones.

During the first days of the search, the area could not be accessed due to continued heavy
snowfall, which made performing any work in the area very dangerous. On January 6, the first
helicopter flight was made to visually inspect the area. It was found that during these days
there were several more avalanches and that the state of snow cover was very unstable.
From January 9, it was possible to access the vicinity of the accident area through the opposite
side of the port of San Isidro.
From this moment on, GPR searches began to be carried out via drone flights in “Zone A”.
At the same time, when snow cover conditions became stable, snow removal work was started
in “Zone A” via various backhoe excavators.
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Figure 7. Snow removal works in zone A.

Once the removal of the snow in “Zone A” was completed, work began in “Zone B”. For this,
several groups of rescuers accessed a nearby canal on foot. Surveys were carried out and it
was shoveled at various points identified by the GPR as interesting.
Given the large snow thicknesses (greater than 8 meters in some places) and verifying the
inefficiency of the survey, it was decided to divert the course of the torrent and channel the
water to the snow field to gradually melt it. At this time of the operation, snow conditions were
stable, allowing more than 30 SEPA firefighters were available to carry out these tasks
together with the mountain rescue teams.
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Figure 8. Water being channeled down into the snow field.

Trained cadaver rescue dogs were also added to the rescue team at this final stage of the
search, along with 16 people from the Mountain Guardia Civil search team.
Finally, on January 30 at 11:23hrs, the remains of the missing person were found.

Drone rescue operations
Drone operations began on January 8. SPH Engineering provided GPR equipment to the local
team the day before, although it was not ready and integrated with the drone until January 12.
Prior to this date, a short training course on UgCS flight planning software was carried out.
Also, from January 8-12, initial flights were performed on-site to gather video footage and a
photogrammetry model of the terrain. Once the GPR equipment and drone were ready, flights
were performed from January 12-26 on a daily basis, with some periods of pause due to bad
weather and unavailability of the pilot or a minor accident when the drone crashed to the
ground.
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As a result of initial flights, a 3D model of the actual terrain was available for the team to plan
the next operations. It is important to note the large difference between the actual terrain, with
a deep pack of snow cover, and the available models from public sources like Google Earth.
These public models have low resolution that adds up to the fact that they are usually
generated from sunny summer day photos. This consideration can have a huge impact on
drone operations performed with software tools based on information from these models.

Figure 9. Photogrammetric data of the area integrated into Google Earth.

In order to generate a more reliable model, photogrammetric data generated during the first
days of operation was integrated into Google Earth. Correlating reference points such as trees
or rocks, visible in both summer and winter photos, helped the team prioritize points of interest
found using the GPR. For example, a point of interest was found in the snowy area by the
GPR which, after cross-referencing with the 3D model, was found to correspond with a known
obstacle - a metallic fence.
For the coordination of the drone and on-ground operations at points of interest, some general
procedures were followed each day:
1. Zone division into subzones: the three main A, B and C zones cover an extensive portion
of land that was not possible to inspect in a single flight. This was not only due to range
limitations, but also the complexity of the terrain, which usually comprised three or more
different slope directions. (See Figure 6).
2. Flight planning with UgCS software: the previous sub-zones are introduced in the
software to generate flight paths. (See Figure 10).
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3. Specific point survey: smaller areas within the sub-zones were investigated if sometimes
if there was any interrupted flight due to the drone flying too close to some obstacles, or if
previous flights showed a point of interest that required a more detailed survey to be
performed.
4. GPR data analysis: every time a sub-zone was completed, the drone was landed in order
to extract the GPR data and analyze it. The data was first analyzed locally to ensure the
collection was performed correctly, and then the data was sent to SPH Engineering in order
to get an expert opinion.
5. On-ground manual survey: areas of potential interest identified by the GPR were
inspected by the SEPA rescue team. If the manual survey was positive, the snow was then
shoveled away until the detected object was uncovered.
Some issues were experienced with the data delivery process explained in step 4. The
network connection at Puerto of San Isidro was often very weak and completely unavailable
in many areas. To mitigate this, a 4G router was deployed at a location offering good coverage.
This provided the team with a local Wi-Fi network. The router had to be powered from a
portable electrical source involving two gasoline generators.
It was not always possible to perform the actions detailed in step 5 due to temporary Wi-Fi
connection failures or the hurried nature of on-ground operations. Therefore, the team had to
adapt the procedure in the final days of the rescue effort, with data being analyzed at the end
of the day. The next day, before the launch of drone operations, the SEPA rescue team would
then survey points of interest.
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Figure 10. Zones scanned shown on Google Earth and a scan mission in UgCS flight planning software.

Methodology and equipment used
For the purpose of finding the victim, a 500MHz center frequency ground penetrating radar
(GPR) antenna was chosen to be used (Radar Systems Zond-12e Drone 500A Lite).
While GPRs are often used on the ground, due to the dangerous nature of this area, drone
flights were safer for the personnel involved. To carry the GPR, the drone team used a DJI
M600 Pro drone equipped with an onboard computer (UgCS SkyHub) developed by SPH
Engineering, as well as a radar altimeter.
Flight planning and execution was performed using UgCS ground control software. The
software, in combination with the onboard computer and altimeter, allowed the drone with the
GPR to fly in true terrain following (TTF) mode. True terrain following mode made it possible
for the drone to fly according to a pre-planned mission, while maintaining a constant altitude
to the ground using real-time data collected by the radar altimeter.
Due to the nature of the GPR, the further it is from the ground, the more noise will be in the
data and the harder it will be to detect anomalies. This is the reason why true terrain following
is necessary since it allows the drone to follow the terrain closely (1-2 meter altitude) by
keeping a constant distance from the ground.
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Data processing was performed using Prism 2 and UgCS GeoHammer software by SPH
Engineering GPR data specialists. Results of this processing generated coordinate points that
were sent to the rescue team for investigation.
Another useful tool is Google Earth, as was mentioned in the previous section. In a
collaborative environment like this involving several parties with various fields of expertise and
different software frameworks, it is of great help to have a common way to exchange
information and more precisely, geo-referenced information. With Google Earth, .kml files can
be exported with all data, including points of interest, photogrammetric models and survey
zones. These KML files were the standard exchange format during the operations between
SEPA rescue personnel, the drone team and GPR analysts.

Analysis of data collected by the GPR
As the GPR data was gathered, at the end of each day it was sent to SPH Engineering for
analysis.
Several anomalies were discovered in the processed data. Some of them the rescue team
decided to investigate by digging and some of them were left untouched. It is important to
keep in mind that an avalanche can bring down various debris such as trees and branches,
rocks as well as wildlife.
When analyzing the data, an assumption was made that the victim would be located
somewhere in the middle of the snowfall, between the top layer and the soil. Otherwise, if the
victim would have been lying on the soil covered by ground, it would have been virtually
impossible to identify the body as an anomaly in the data.
Figure 11 gathers all identified points of interest, as well as sub-zones for zones A and B. Not
all of the points were investigated by the team, as some posed a considerable risk to
personnel. The following section will provide a short description of each point of interest.
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Figure 11. Points of interest and search zones shown on map along with location of where the body was found.

Points of interest found by the GPR
Point 0: 43°4'33.799"N 5°25'48.723"W

Figure 12. Point 0 seen in UgCS GeoHammer software.

This point was discovered on one of the first flights performed. A reflection from the object can
be seen on the surface and was seen on multiple survey lines. Although this was deemed to
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most likely be a natural object, since it was one of the first anomalies found, it was investigated
by the rescue team to establish a baseline.
After excavation at this area, a large tree trunk was discovered that was most likely detected
by the airborne GPR.

Figure 13. Digging near point 0.

Point 1: 43°4'33.541"N 5°25'46.684"W

Figure 14. Point 1 seen in UgCS GeoHammer software.

This point was first surveyed through an automated flight which had to be stopped due to
obstacles and very steep terrain. The first recorded GPR signals were not reliable as the
manual flight induced so many errors. However, after finding points 2 and 3 later on, it was
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decided to perform a new manual flight more cautiously with the aim of finding the abandoned
van, which was supposed to be located near this position on the curve. The area was not
further surveyed by on-ground personnel as this was a very risky zone with an estimated snow
depth of around 6-8 meters.
Point 2: 43°4'33.625"N 5°25'46.648"W

Figure 15. Point 2 seen in UgCS GeoHammer software.

This anomaly was found when flying a single test pass over the area. It was not investigated
by the rescue team and was assumed to be a natural object similar to that in point 1.

Point 3: 43°4'33.551"N 5°25'46.802"W

Figure 16. Point 3 seen in UgCS GeoHammer software.
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This surface reflection near point 2 found on January 12 was not investigated until some days
later, when the snow plough cleared the area. When excavated, a blood trail was found near
these points heading towards point 1, where it disappeared.

Point 4: 43°4'34.443"N 5°25'46.782"W

Figure 17. Point 4 seen in UgCS GeoHammer software.

Point number 4 was discovered on three parallel survey lines at a location downward from the
main road where the snow clearing machine was struck by the avalanche. In the data, an
anomaly between the bottom and the top snow layer can be seen. Size-wise, this could well
correspond to what a body of a person would look like in the data. However, no investigation
was performed by the rescue team and the nature of the object remains unknown.

19

Point 5: 43°4'34.461"N 5°25'47.496"W

Figure 18. Point 5 seen in UgCS GeoHammer software.

Point number 5 was again detected from several parallel survey lines and was located
between the top layer of snow and the ground. However, as can be seen in the figure above,
when comparing the anomaly marked in the data to the map, a large tree is at the same area
right below the markers. Therefore, it was assumed to have been the reflection from the tree
buried under the snow and was not investigated.

Point 6: 43°4'34.356"N 5°25'47.204"W

Figure 19. Point 6 seen in UgCS GeoHammer software.
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Point 6 was detected on January 14 and was a series of weak reflections identified in a sloped
zone near the small stream. It was thought that the GPR had likely detected a rock or small
bush. At the moment of detection, this area was still within the risky zone for new avalanches.
Later, the SEPA team performed manual surveying by probing the snow with sticks and found
nothing of interest.
Point 7: 43°4'34.097"N 5°25'47.353"W

Figure 20. Point 7 seen in UgCS GeoHammer software.

At points number 6 and 7, several anomalies were observed near the layer of the ground
covered by snow. However, their size seemed to be inconsistent with a human body and they
were thus disregarded and assumed to have been of natural origin - possibly fallen trees or
rocks.
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Point 8: 43° 4' 35.908''N 5° 25' 49.415''W

Figure 21. Point 8 seen in UgCS GeoHammer software.

This is the location identified by the GPR where the body of the victim was found. The data
gathered by the airborne GPR was consistent with parameters that should be looked at when
searching for a body covered by an avalanche. It was seen from multiple adjacent survey lines
and was located between the top layer of snow and the soil.
After initially searching the area around this point, the body of a deceased deer was found.
This was initially suspected to be the cause of the anomaly in the GPR data. However, after
finding the body of the victim and comparing its location to the location of the deer, it was
found that the deer was about five meters further away from the anomaly marked in the data,
while the body of the victim was a lot closer to it. Furthermore, the deer was lying only a couple
of centimeters from the surface of the snow. This did not correspond to the depth of the
anomaly in the data and would have been virtually indistinguishable from the surface area.
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Figure 22. Deer found after excavating near point 8.

Figure 23. Aerial view with point 8 marked.
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Problems encountered and lessons learned
This section will aim to describe some of the obstacles that the search team had to overcome
when working in this area with airborne GPR.
Positioning measurement problems when using standard GPS
The first problem is the limited accuracy of standard GPS. The SkyHub onboard computer
mounted on the DJI M600 drone combines data gathered by the GPR together with the
coordinates sent by the drone’s GPS. During the data processing phase, anomalies found in
the data were marked by data analysts and sent to the search team. The search team then
used their own handheld GPS units to move to the exact coordinates and excavate the area.
Both the drone and handheld GPS units - the one on the drone and the handheld one normally
have an error of about 1-2 meters. When digging is required to search for a relatively small
target, the combined error can prove to be too much as it was in this case. One possible
solution would be to use RTK GPS, as well as having some way for the drone to mark the
exact coordinates marked in the data in a separate flight.
In order to reduce GPS displacement, high precision orthomosaic and DSM implementing
GCPs are strongly advised. However, implementing an RTK solution in the drone would also
be very important as a displacement of just one or two meters represents a major difference
in such narrow scan locations.
Lack of additional obstacle detection sensors
The next problem encountered was dealing with obstacles. While the drone is equipped with
a radar altimeter to allow for true terrain following, there are no obstacle detecting sensors on
the sides. This means that the flights have to be made with a high level of caution when
performing GPR surveys in tight areas such as between cliffs or trees. Crashing a drone in
remote locations can delay search efforts for hours or even days if spare parts required for
repair are not readily available.

24

Having only one altimeter sensor in one of the frontal rotors also represents a liability regarding
obstacle avoidance. When the drone is performing a turn, as it advances at the same time,
the drone pilot has to be very cautious in steep slopes, as the other rotors might move towards
the slope with no awareness of the potential danger. This could be solved with radar
integration for obstacle avoidance, or only using terrain following mode when the drone moves
downhill. However, both techniques reduce the flight time of the UAS, which should be taken
into account in low temperatures and during delicate operations, where each minute of battery
life counts.
GPR limitations
One of the limitations of GPR technology is its inability to determine the nature of the target
based on analyzing the data. To further elaborate - when the data gathered by the GPR is
processed by data analysts, anomalies are marked. From the data, it is possible to determine
ground level, how high the snow surface is and whether there is anything buried in-between.
However, especially in the case of an avalanche, a lot of different objects can be buried below
the surface, such as trees, rocks or even wild animals. In most cases, only by excavating the
area is it possible to determine exactly what is the target found by the GPR.
Battery charge loss in low temperatures
A partial solution for battery charge loss due to low temperatures is to attach a passive heating
device such as snow boot heaters commonly available in winter sport shops. Once activated,
these devices can heat batteries up to 45ºC for five hours, providing extended duration in low
temperature scenarios.
BVLOS flights
From an operations point of view, not having a reliable obstacle avoidance sensor presented
some other difficulties. Search flights could only be performed with certainty in those areas
where the drone was in sight and not too far away. Uniform snow surface, with little shadows
due to low contrast light conditions, increased the challenge as it lowered the depth of field
perception. A second drone, with live feed, was used to provide a zenith view in these
situations to decrease the probability of crashing into surfacing branches and other debris.
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For areas where direct sight of the remotely piloted aircraft was not possible, the team tried to
pilot the drone from a helicopter. However, difficulties derived from complicated stationary
flight, high voltage electric wiring near the rescue area, and turbulence derived from the
helicopter patrolling the search area made this approach far too risky for both the equipment
and personnel involved.
In the low part of the canyons where the pilot could not see the precise location of the drone,
the second drone methodology was finally implemented. In low GPS signal locations, where
the equipment mission plan might present a substantial displacement from the original
planned, minimum flight speed should be applied. Even at a flight speed of 0.5m/s, the
combinations of the latency of the second drone live view (1-2 seconds to resume control of
aircraft) proved to be far too long and resulted in the drone crashing into some frontal
branches.
In order to increase the safety of operations, a member of the firefighter rescue team was
placed near the whereabouts of the scanned area, maintaining constant radio communication
with the drone pilot and informing at all times of any possible obstacles during the drone
mission to reduce the chances of a collision.
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Conclusions
Even though, in this case, the airborne GPR was not directly responsible for leading the rescue
team to the remains of the victim, it managed to correctly identify the location before the rescue
team found it.
While using a GPR on a drone cannot serve as the only means to look for avalanche victims,
it can certainly be a valuable tool during the search process. To achieve this, rescue teams
should therefore be equipped and trained to work with ground penetrating radar systems and
drones. While data processing can be done off-site, this can be difficult in cases when there
are problems with network coverage in the search site.
Moreover, certain problems described in this report need to be solved to make airborne GPR
use more effective in the real world. One of them is GPS accuracy, which can be solved by
using RTK or PPK GPS, while another is real-time obstacle detection. When flying without
direct line of sight of the drone at a low altitude, it is critical that the drone is able to stop before
an obstacle or to even be able to navigate autonomously around it.
With that said, the authors hope that this report can serve to aid researchers and rescue teams
using drone-based GPR systems and to establish them as a potential tool for searching for
avalanche victims.

27

References
Dobrovolskiy, A., & Brass, K. (2020). GPR on a drone — practical experience gained in the
past two years. 18th International Conference on Ground Penetrating Radar, Golden,
Colorado, 14–19 June 2020. https://doi.org/10.1190/gpr2020-030.1
Olhoeft, G. R., & Modroo, J. J. (2006). Locating and identifying avalanche victims with GPR.
The Leading Edge, 25(3), 306–308. https://doi.org/10.1190/1.2184098
Poblete Piedrabuena, M. Á., Beato Bergua, S., & Marino Alfonso, J. L. (2019). now avalanches
risk in the Upper San Isidro Valley (Asturian Central Massif): the vulnerability of the AS253 road. Cuaternario y Geomorfología, 33(3-4), 79. https://doi.org/10.17735/cyg.v33i34.72057

28

Appendices
Appendix 1
Equipment and software used
Flight planning: UgCS (https://www.ugcs.com/)
Data processing: UgCS GeoHammer (https://github.com/ugcs/UgCS-GeoHammer)
Data processing 2: Prism 2 (http://www.radsys.lv/en/products-soft/prism2.5+software/)
Drone onboard computer: UgCS SkyHub (https://integrated.ugcs.com/)
Drone used: DJI M600 Pro (https://www.dji.com/lv/matrice600-pro)
GPR used: Radar Systems Zond 500 Lite (https://integrated.ugcs.com/gpr)
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Appendix 2
Link for dataset download: https://files.ugcs.com/s/zg8zF99jrJKs9eJ
In case the link expires contact kristaps.brass@ugcs.com for access.
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