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Abstract Recent developments in Unmanned Aerial Vehicles (UAVs) and their applications in various subjects are of interest
to polar communities. Due to the harsh climate and dangerous environment, these regions pose challenges for the expedition
teams. Several countries have tested the UAV technology to support Antarctic research and logistics. In this trend paper, we
provide insightful reviews and discussions on such a prospective topic. Based on a comprehensive literature survey, we firstly
summarize the key research progress of UAV in Antarctic studies. Then the examples of risk scenarios during the field
exploration are given, after which several promising applications of the UAVs in safety guarantee are illustrated. In particular,
we present a case of site-selection for the Chinese first ice sheet airfield, using the data collected in the 34th Chinese National
Antarctic Research Expedition (CHINARE). In the end, we highlight the unique value of the UAVs in the popularization of
polar science before concluding the advantages and limitations. Considering their excellent performance, we expect more
innovations for UAV’s applications in the following Antarctic expeditions.
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1 Introduction

Antarctica is characterized by extremely low temperatures
and humidity, consistently strong wind, the lack of solar
radiation, and limited available resources on the endless ice
fields. Such areas have long been notorious for explorers
since the Heroic Age when they suffered from the scarce
supplies. Due to the aggravated global warming and iconic
climate change during the last decades, the 21st century
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witnessed drastic and profound transitions in Antarctica and
the Southern Ocean. On one hand, such a delicate system
attracts more scientists worldwide to investigate; on the
other hand, the hostile environments pose serious
challenges for logistic supporting capabilities.

The logistic building-up has made remarkable progress
since China first set foot on the Antarctic in the 1980s
(Chen et al., 2017). Besides four immovable Antarcitic
stations, the Chinese polar team currently holds a suite of
expedition infrastructure, including two icebreakers, namely
R/V Xuelong and R/V Xuelong 2, one fixed-wing aircraft
Snow Eagle-601, three helicopters Snow Eagle-102, Snow
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Eagle-301, and the Dolphin, and dozens of heavy snowcats.
All these resources are unitedly managed and operated by
the Polar Research Institute of China (PRIC) in Shanghai.

The Unmanned Aerial Vehicle (UAV), as a
cost-effective and easy-to-use platform, is emerging as a
useful tool in various scientific researches. They can be
divided into multiple categories depending on the power
source, size, sensors, and/or propulsion system. Such tools
have also demonstrated their values in cold environment
disciplines, such as glaciology (Bhardwaj et al., 2016),
geomorphology (Bliakharskii et al., 2019), and ecology
(Miranda et al., 2020). As an ideal bridge between satellite
observation and grounded measurement, UAVs could, to
some extent, replace the traditional airborne survey with
expensive fixed-wing aircrafts.

In this paper, we briefly summarize the trend of UAV’s
applications in Chinese and international Antarctic
expeditions based on a literature survey, and then suggest
the UAV could also play an advantageous role to support
the Antarctic explorations. Particularly, our paper features
several experimental cases in different expedition scenarios
during the Chinese National Antarctic Research Expedition
(CHINARE). At last, we elucidate their unique advantages
and problems. Although still in their early stage nowadays,
the excellent performance of the UAVs convinces us of the
great prospects for future development.

2 Scientific applications: at home
and abroad

To accurately capture the trend of UAV’s development in
Antarctic scientific researches, we did a literature review
with the keywords on ‘UAV’, ‘drone’, ‘UAS’ (Unmanned
Aerial System), ‘RCV’ (Remote-Controlled Vehicle), ‘RPV’
(Remotely Piloted Vehicle), and/or ‘RPAS’ (Remotely
Piloted Aircraft Systems). Together with the above
synonyms, ‘Antarctic(a)’ or ‘Southern Ocean’ was also
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input into the Beijing Normal University’s academic engine
as the spatial constraint. This inclusive engine incorporates
most common databases such as CNKI, Elsevier
ScienceDirect, Scopus, Web of Science, etc. The period is
set after 2000. Finally, more than one hundred relevant
academic items were collected, which reveals an increasing
trend of UAV’s development since 2004 (Li et al., 2020a).
To present the state of the art, we select a couple of latest
and representative progress in certain fields, both at home
and abroad. However, it is worth noting that the UAV’s
applications cover much more diverse researches, such as
geomagnetism (Funaki and Hirasawa, 2008), aerodynamics
(Goraj, 2014), and environment management (Leary, 2017),
which cannot be elaborated in details here. Readers are
encouraged to find more interesting topics in other related
reviews (Gaffey and Bhardwaj, 2020; Li et al, 2020a).

2.1 Glaciology

The low-cost optical camera is capable of resolving the
small-scale structures and parameters on the ice surface,
such as albedo, moraine, and crevasses. Based on the
repeated surveys, some features of glacial dynamics could
be deduced. As shown in Figure 1, a group of Chinese
researchers systematically compared the performance of
UAV-based photogrammetry and laser  scanning
methodology for the ice doline features (Li et al., 2020b).
The vertical dimension information is also critical for
glacier mass balance calculation, but few experiments were
conducted so far due to technical difficulties. As the only
successful example of covering the deep ice layers,
Leuschen et al. (2014) from the University of Kansas
employed a large and stable UAV platform carrying ice
penetrating radar.

2.2 Geomorphology

The UAVs have already revolutionized landform research
because of their three-dimensional capability for terrain
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Figure 1 The evolution of an ice doline in East Antarctica was mapped by the repeated UAV surveys. a, Area expansion; b, Surface

subsidence. Adapted from Li et al. (2020b).
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characterization. The meso-scale digital elevation models
(DEM) generated by UAVs cover the spatial gap between
macro-scale spaceborne observations and micro-scale
in-situ  measurements. For the first time, the Chinese
surveyors provided the centimeter-scale DEM and
orthophoto of Dalk Glacier, East Antarctica, to reveal the
ice micro-topography and support geomorphological
research (Yuan et al.,, 2020). Researchers developed an
automated method to detect and delineate sorted stone
circles in the permafrost landscape (Pereira et al., 2020).
UAV has also stretched its functionality into the continental

interior, for example, Heritage Range (Westoby et al., 2016).

In general, UAVs suffice geomorphological mapping
purposes both on the coast and inland Antarctica.

2.3 Biology and ecology

Due to the fragile environment, the ecological survey in
Antarctica is prohibitively difficult and strictly managed by
international organizations. UAVs, however, offer new
opportunities for wildlife and vegetation investigation in a
non-intrusive way. Dozens of studies target the iconic
species of the southern continent — penguins (Figure 2). The
image processing software can extract the penguins’ colony
and count their population from high-resolution
orthomosaics in an unprecedentedly efficient way (Ji et al.,
2019). On the other hand, UAVs are also used in lower
vegetation monitoring. King et al. (2020) acquired spectral
information by drones to determine the biodiversity status
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of the polar ecosystem. In sum, UAVs meet the spatial scale
requirement of ecological investigation and alleviate the
threat of disturbing behaviors.

2.4 Atmospheric and oceanic sciences

Equipped with appropriate payloads, the UAV can be
leveraged to precisely sample the key variables in
meteorological and oceanographic studies. Such metrics
help to deepen our knowledge of air-sea-ice energy
interactions. For example, scientists from the University of
Colorado sampled seven parameters over Terra Nova Bay
polynya, including air temperature, wind, pressure, relative
humidity, radiation, skin temperature, and GPS coordinates
(Cassano et al., 2016). To improve the weather forecasting
skills, recently Chinese, Finnish and Norwegian
meteorologists  recently collaborated to  assimilate
radiosonde and UAV data into the Polar version of the
Weather Research and Forecasting (Polar WRF) models.
Dependent on the specific case, the UAV data revealed
small to moderate impacts on on-site numerical weather
prediction (NWP) (Sun et al., 2020).

3 Safety guarantee

Undoubtedly the life security of expedition members is the
most critical consideration in any field operations. The UAV
could contribute to the safety guarantee in the planning
phase.

Figure 2 The wildlife population survey by UAV. a, An Adelie penguins’ colony on a small rock island; b, Zoomed scene to count the

individual penguin. Adapted from Ji et al. (2019).

3.1 Icebreaker navigation

Accurate knowledge about meteorological and oceanic
conditions is required for ship navigation in the polar ocean.
In this respect, it is convenient for the UAVs to probe the
nearby atmosphere (Sanderson, 2008), sea ice (Rennie,
2015), and iceberg (McGill et al., 2011) in a near-real-time
manner. Traditionally, the weather forecaster needs accurate
observations about the atmosphere and ocean status to guide

the icebreaker in the Southern Ocean. By far these
parameters rely on coarse satellite imagery and onboard
instruments (Hui et al., 2017; Sun et al, 2018).
Alternatively, the UAV can operate at the intermediate level
between them. From Holland et al.’s successful tests (2001),
it is feasible to employ the UAV collecting atmospheric
variables, therefore assisting the forecaster to analyze the
final-scale weather system and making better predictions.
Sea ice conditions and drifting icebergs could threaten the
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shipping in the polar ocean as well. For example, the
iceberg collision accident that occurred on 19 Jan 2019
indicates the deficiency of the onboard radar and personal
experience (Li, 2019). The timely UAV surveys may help to
identify and track nearby risks. The captain could adjust the
course to avoid similar tragedies according to the inspection
products.

3.2 Transportation on sea ice

The R/V Xuelong usually re-supplies for the Antarctic
stations by snowcat transportation on sea ice. When the
vessel approaches the station every austral summer,
pathfinders have to travel on unstable fast ice to search for
the commute course (Figure 3a). To avoid such arduous
work, we tested the sea ice mapping capability of the
fixed-wing UAV in the 33rd CHINARE (Li et al., 2019)
(Figure 4a). Figures 5a and 5b show that the orthophotos
can resolve the fine-scale surface features, which helps the
experts to locate a faster and safer passage on the sea ice
between the icebreaker and Zhongshan Station. When
optimizing the ice path, experts aim to achieve three
objectives at the same time, namely: (1) to improve the
transit efficiency, (2) to save the energy consumption, and
(3) to reduce unnecessary in-situ access (Dammann et al.,
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2018). To some extent, the UAV surveys avoid the
drawbacks of the dangerous field investigations and the
costly helicopter inspections.

3.3 Inland crevasse detection

Crevasses, as a direct result of englacial stress, scatter
around the ice sheet. They reflect the dynamic history of
glacier flows but could cause serious logistic troubles
during the inland explorations (Whillans and Merry, 2001)
(Figure 4b). Like route planning on the sea ice, traditionally
expedition teams rely on human inspection to detect and
circumvent those hazards. In the unexplored inland, we
cooperated with the Russian team and set up a
specially-designed flight on 16 Dec 2018 to detect potential
risk on the way towards the Amery Ice Shelf. A group of
crevasses is discernible from the UAV orthomosaic, which
serves as the early warning before directing the heavy
snowcats (Figure 3c). This case manifests that the UAV
overcomes the weak photogrammetric matching over the
featureless ice fields. Compared with the previous

pathfinder methodology, UAV could uncover the danger
zone at a large spatial scale (Florinsky and Bliakharskii,
2019).

Figure 3 Two representative safety risks during the Antarctic exploration. a, The pathfinders encountered a narrow tidal crack (Hui et al.,
2016) when they were trying to find a feasible transportation course on the landfast sea ice; b, The snowcat just passed across a hidden

surface crevasse on the way to Dome A.
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Figure 4 In-field photos. a, Launching Polar-Hawk on sea ice, with R/V Xuelong icebreaker about 400 m behind (03 Dec 2016); b,
Modulating ground station in a joint inland Antarctic Ice Sheet expedition with Russia (16 Jan 2018). Adapted from Li et al. (2019).
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Figure 5 The added value of UAV to guide logistical planning on ice. a, The rough pressure ridges with dotted melting depression on
landfast ice, which is not suitable for snowcat travelings; b, The UAV captured the moment when R/V Xuelong was trying to break into the
collapsing landfast ice outside of Zhongshan Station; ¢, High-resolution UAV orthomosaic reveals a group of parallel surface crevasses on

the way from the Zhongshan Station to the Amery Ice Shelf.

3.4 Emergency rescue

The capabilities of the UAVs in emergencies have been
already illustrated in natural disasters such as earthquakes
(Xu et al., 2018), wildfire (Hossain et al., 2019), and
landslides (Giordan et al., 2015). Without the clutter
interference, the UAV, under the pre-defined courses, can
reach out for more than 10 km in the Antarctic environment.
This suggests the UAV could be readily deployed for
physical contact over long-range, such as getting into and
out of inaccessible sites. In other words, it might be
unnecessary to ferry back and forth between the R/V
Xuelong and the MV Akademik Shokalskiy for the helicopter,
if the UAVs were equipped then in the rescue mission in
December 2013 (Zhai et al., 2015). The UAV achieves the
same goals in a more flexible way such as delivering a
small amount of food, medicine, accessories, and other
supplies in urgent need. Besides, the latest UAV model with
a “life signs detector” can pinpoint the members who lose
communication with the base camp via a broad screen
(Al-Naji et al., 2019).

4 Construction management

Different from the conventional environment, the
engineering work in Antarctica demands more special
concerns considering the extreme climate and limited
repairs. Below is shown an example of site-selection for an
ideal runway, as one of important capacity building projects
in Antarctica.

The Chinese polar expedition team is searching for an
ideal site near the Zhongshan Station for the prospect ice
sheet airfield, as the runway for the fixed-wing aircraft
Snow Eagle-601 and forthcoming aircrafts. Glaciologists
and construction engineers preliminarily narrowed down the
‘blue-ice’ extent by high-resolution satellite imagery based
on a set of geospatial and mechanical criteria (Cui et al.,
2019). To acquire the detailed surface texture and relief
over one of these candidate sites, the Chinese and Russian
team assigned a bespoke flight on 16 Jan 2018 (Markov et
al., 2019). The UAV outputs facilitate discriminating the
true blue-ice from hard blue firn, meanwhile, the flattening
volume of such construction projects could also be
estimated from the DEM. To sum up, our UAV data are
serviceable to analyze 6 of 7 rules proposed in Cui et al.
(2019) except for wind direction.

5 Education and outreach service

The public education and outreach services are the
responsibilities of polar researchers, and the UAV records
would promote such activities. For example, the exquisite 3D
model of the polar environment would yield an interactive
geospatial experience for anyone interested (Figure 6).
Together with the augmented reality (AR), ROSETTA-Ice
team realized the immersive visualization of ice shelf internal
structures (Boghosian et al., 2019). In this recent publication,
the authors claim that such new technology serves as an
effective way for scientific communication to the public. The
multi-scale and multi-disciplinary datasets collected by the
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UAV are promising sources to feed into similar platforms. It
might not only help the new members to familiarize the strange
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environment before the deployment but also inspire the next
generation of polar scientists.
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Figure 6 An overview of Zhongshan Station and surrounding eastern Larsemann Hills from the UAV’s perspective (01 Jan 2018).

6 Discussions

Compared with other remote sensing platforms, UAVs seem
to attain a balance between high efficiency and low cost, not
to mention they are easy to transport and flexible to operate
(E et al, 2018). However, UAVs, like all other technology,
cannot solve all problems at once. It is necessary to discuss
the concerns of present research then to point out the
potential solutions and future directions.

Usually, the first problem UAV operators encounter in
Antarctica is the severe weather conditions, especially the
strong wind and low temperature. Nevertheless, it is
reported that the special aerodynamic designing and storing
body material can enhance the capabilities to resist winds
(Goraj, 2014). Since the development of satellite navigation
and micro-electronics have reformed the flight control
system, the UAVs seldom suffer from navigation errors with
onboard units. However, operators should check the
geology map to avoid the geomagnetic anomaly, or
re-calibrate the navigation system if necessary; otherwise,
the azimuth direction would drift away from the pre-defined
flight courses. If the mission requires positional accuracy of
less than 1 m, stationary GPS bases are essential. Thanks to
the pure electromagnetic environment in Antarctica, it is
possible  for long-range (>10 km) microwave
communication between the vehicle and ground station.

It is worth noting that some challenges come from
environmental management. As we mentioned before, the
potential noise disturbing for wildlife during the UAV
survey in Antarctica has already raised someone’s concerns
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(Rimmler et al., 2015). UAVs are burgeoning therefore the
research on their environmental impacts still lacks.
According to the Leary (2017), the vehicle and investigator
have to keep at least 100 m to minimize the adverse
physiological effects. We encourage further collaborative
investigation, from which the international colleagues can
share their experiences and set-up a comprehensive conduct
protocol (COMNAP UAS Working Group, 2016).

Rotor-wing UAVs are another primary category
although fixed-wing platforms are more widely used in
professional scenarios. Both kinds of UAVs share certain
similar advantages and limitations for Antarctic research,
such as wind resistance and battery lifespan. Comparatively
speaking, rotor-wing models are more flexible in
small-scale applications but at the expense of stability and
loading. Even only one expeditioner can take the model and
handle most operations in the field. On the other side, cars
or snowcats are inevitable to transport an industrial-grade
fixed-wing UAV model, making it unwieldy to deploy. But
the fixed-wing models manage to load heavy and
professional sensors like radar, with a little refitting.

From the Chinese experiments so far, it is aware that
new UAV models are not fully compatible with the existing
infrastructure. For example, there is limited space to
manipulate the UAV onboard R/V Xuelong or around the
Zhongshan Station. However, the icebreaker navigation
studies by foreign colleagues lend us confidence in such
utilities despite we have not tested it yet. To circumvent the
problem, we are developing a new type of model — VTOL
(Vertical Take-Off and Landing), which is less susceptible
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to the taking-off field (Jouvet et al., 2018). Another future
direction points to the integration with diverse sensors. For
example, it is not able to detect the hidden crevasses
covered by the fresh snow for optical cameras. We intend to
mount more advanced payloads, including the synthetic
aperture radar (SAR) and ground-penetrating radar (GPR),
from which the subsurface structures could be interpreted as
well (Cui et al., 2017).

To summarize the status quo of UAVs used in
Antarctica, we find that their consecutive voyage could
range from ~1 km (battery-powered rotor-wing model) to
more than 50 km (gasoline-powered fixed-wing model), the
wingspan size could range from 0.5 m to 3 m, the net
weight could range from about 1 kg to more than 30 kg, the

carrying capacity could range from less than 1 kg to ~ 10 kg.

Besides the two directions we mentioned above, namely the
new VTOL model and multiple sensor integration, some
more developments worth researchers’ attention as well. We
put forward another three suggestions for the future:
(1) Developing new models that could take off and land in
water, which would extend UAV’s application scenarios;
(2) Investing more resources to improve battery material,
which would lengthen the time span of the UAV missions in
a cold environment; (3) Promoting long-term monitoring
projects, in which the time-series datasets allow for
thorough scientific questions.

7 Concluding remarks

As the hardware and software become mature, the UAVs act
more and more as a flexible airborne platform. In this trend
paper, we summarize their contributions to assist the
Antarctic expeditions in various scenarios. Although most
of the practices are just exploratory, our founding
sufficiently highlights the UAVs’ added-value in risk
control, project management, and science popularization, et
al. In certain dangerous zones, the UAV could rapidly
respond to natural hazards or humanitarian disasters, avoid
personal access and strengthen safety. The conventional
atmospheric and oceanic observations and engineering work
can also be benefited from the datasets acquired by UAV.
Lastly, the derived products would attract more public
engagement and help to raise community awareness of the
urgent climate change crisis.

Although the UAVs enjoy the advantages mentioned
above, it is worth noting that our intention is not to
“replace” any adopted techniques. Instead, we claim the
UAV as a valuable supplement to the existing logistical
infrastructure, based on which systematic cooperation could
further promote the capability of polar exploration and
support scientific research. Based on various sensors and
robust models, we facilitate establishing a collaborative and
integrated framework to support the operational airborne
surveying for the Chinese Antarctic expedition roadmap.
Moreover, it is believed that in the near future, the UAVs
would become strategically significant even as the

indispensable equipment for the polar expedition of all
countries, yet there is always room for improvement. We
appeal to strengthen the related research and explore more
practical applications.
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