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Abstract: With the frequent occurrence of various disaster events, China has attached high
importance to emergency rescue in recent years. Unmanned aerial vehicles (UAVs) are
becoming more extensively used in emergency rescue, thanks to their flexibility, intellec-
tuality, and safety in operation. It is therefore timely to evaluate UAV utilization in emer-
gency rescue and explore the impediments to its further development in China. To date,
UAVs have been mainly used for on-site monitoring and commanding, relay of communica-
tions, delivery of materials, disaster assessment, and life detection. Aerial emergency rescue
is a vital component of the whole emergency rescue system in China. In the future, it is
recommended that China take measures to boost UAV technical innovation and professional
team development and promote the integrated application of manned aircraft and UAVs.
Keywords: disasters, rescue scene, drone, technical innovation

Introduction

Disasters occur often in China. According to the Ministry of Emergency
Management of China, in 2020, 138 million people were affected by various natural
disasters, about 100 thousand houses collapsed, 19.96 million hectares of crops and
plants were damaged, and the direct economic loss reached 370 billion yuan.'
Besides natural disasters, there was also damage caused by public health incidents
(eg, the COVID-2019 outbreak) and accidents (eg, the collapse of Xinjia Hotel in
Quanzhou City on March 7, 2020 and the explosion in Tianjin on August 12,
2015).> The frequent occurrence of disasters reveals some weak aspects of China’s
emergency management system, for example untimely warning of disastrous events
and the inapplicability of emergency plans. Improving China’s emergency manage-
ment is an urgent task but will take time to accomplish.

At present, emergency equipment and the emergency industry as whole, which
ensure good emergency management, have strong support in China. China’s 13th Five
Year Plan for the Construction of a National Emergency Response System has included
unmanned aerial vehicles (UAVs) into the list of professional equipment for emergency
rescue,” indicating that UAVs are likely to be more extensively used in the future. UAVs
are endowed with the advantages of simple operation, low cost, multiple functions,
flexibility, and speed, and are well suited for on-site rescue. They have been widely
used in many other fields, where valuable practical experiences have been accumulated.
By applying those experiences to emergency rescue, the rates of morbidity and mortality
among people affected by disasters could be improved. Based on a review of the

literature, official data, and news reports, this article provides an overview of UAV
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utilization in emergency rescue in China and summarizes the
impediments to further development in this regard. The article
also puts forward some suggestions on advancing the devel-
opment of UAV emergency rescue in terms of policy adjust-
ment, technical innovation, and personnel development.

The Development of UAV

Production and Utilization in China
A UAY, also known as a drone, is an aircraft controlled by
a remote station or flying automatically without a human
pilot on board. In recent years, UAV technology has devel-
oped rapidly. Lighter and more “intelligentized” UAVs
have been widely used in agricultural production, fire
rescue, remote sensing mapping, police work, and
entertainment.” At present, civil utilization has occupied
only a minor share of China’s UAV market. However, the
potential for the development of civil UAVs in China is
favorable, considering that the UAV industry has been
included into the plan of Made in China 2025 and the
military—civil fusion strategy has been in progress.°®
According to China’s Civil UAV Development Report,
in 2019, China’s civil UAV market was worth 21 billion
yuan. UAVs for industrial use are subject to increasing
demand, accounting for 54.3% of the civil UAV industry in
2019.7 UAV producers are mainly located in southern and
eastern China. A UAV industrial cluster has been formed in
the Pearl River Delta, with Shenzhen as the core. It is
reported that DJI Innovation, a UAV producer headquartered
in Shenzhen, has taken the leading position in the UAV
industry, accounting for nearly 70% of the global market.®
UAVs have been put into use in various fields in China with
positive results. On behalf of the traffic police authorities in
Beijing and Shanghai, UAVs perform an aerial patrol function
to monitor traffic flow and traffic violations. In agriculture,
UAVs have become a growing force, not only for sowing and
pesticide spraying but also for monitoring diseases and pests,
thus greatly improving the efficiency of agricultural operations.
UAVs also make a great contribution to reducing the risks of
operations high above the ground, for instance, clearing the
walls high-rise buildings and extinguishing fire therein. Further,
UAVs play an important role in remote sensing surveying and
mapping, police security, public entertainment, and other fields.

Overview of UAV Utilization in

Emergency Rescue
The application of UAVs in emergency rescue relies mainly
on remote sensing technology. UAV flight control includes

ground control and airborne control. Through wireless com-
munication, ground control sends commands to a UAV’s
flight and collects relevant data for further processing, mod-
eling, and analysis. Satellite remote sensing and manned
aerial remote sensing are restricted in the acquisition of
rescue information because of the nature of the rescue envir-
onment, cost, and other factors. UAVs’ remote sensing sys-
tem, with better spatial-temporal resolution and real-time
performance, is useful in rescue situations.” In addition,
a UAV can carry a variety of facilities and equipment,
including high-definition cameras, thermal imagers, infrared
night vision equipment, and emergency communications
equipment. These facilities can be used according to the
needs of the situation and can take clear pictures and transmit
data more efficiently, thus improving the efficacy of rescue.

Some other countries have also incorporated UAVs into
their emergency rescue systems. Early in 2005, the United
States used UAVs for search and rescue in the aftermath of
Hurricane Katrina.'® In 2011, Japan used a UAV equipped
with sensors to check the range of nuclear radiation of the
Fukushima power plant after it was damaged by an
earthquake.'" UAVs were first utilized in China after the
2008 Sichuan earthquake. In the early days after the earth-
quake, people had no access to information about the dis-
aster, because all communications links to the affected areas
were destroyed. Then, relevant authorities sent professionals
to capture images of the scene by utilizing UAVs’ remote
sensing (aerial photography) function, allowing experts and
commanders to study the disaster and make decisions.'?

To date, UAVs have been an important force in emer-
gency rescue in China. For instance, DJI Innovation formed
an emergency rescue league to promote UAV use in this
field. As of September 2020, this company had participated
in more than 200 rescue cases nationwide.'> During the 2020
pandemic period, a total of 780 UAVs from 99 UAV enter-
prises took part in tasks for pandemic prevention and control,
accounting for 85% of all the aircraft in epidemic rescue.'*

Specific UAV Utilization in
Emergency Rescue in China

Scene Monitoring

An important role UAVs can play in emergency rescue is
monitoring the scene and assisting command and dispatch.
The circumstances of disaster events often change rapidly,
with a high possibility of secondary disaster. For instance,
in the 2015 Tianjin explosions, fires caused by the initial
explosions continued to burn uncontrolled, resulting in
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additional blasts. The 2008 Sichuan earthquake and
numerous aftershocks caused debris flow, landslide, and
other disasters. These incidents highlight the importance of
instantly acquiring information about the disaster scene to
enable rescue action at the most critical times. UAVs have
the advantage of being less restricted than other aircraft by
terrain, night-time darkness, and other environmental
conditions.

UAVs carrying zoom HD camera equipment can reflect
the details of the scene through multidimensional photo-
graphy by adjusting hovering height and shooting angles.
They can also carry out emergency surveying and mapping
of the site and send back that information to those coordi-
nating the rescue. It is reported that a type of UAV pro-
duced by DIJI Innovation can send back data from 10
kilometers away.'> Having acquired comprehensive and
accurate information about the situation, the decision-
maker can then direct the dispatch of rescue forces and
organize the timely evacuation of people in the vicinity.

UAVs can also carry low-light-level night-vision
devices or thermal imagers to observe at night or carry
gas detectors to identify an area of toxic gas leakage. As
there are other potential risks at the disaster scene, several
UAVs can be used in succession to monitor the scene, so
that the commander can adjust the rescue plan in real time.
For instance, at the scene of a forest fire, a UAV carrying
thermal imagers can continuously monitor the situation
and provide fire crews with information about the bound-
ary and spread of the fire and the paths for entry and
retreat.

Communications Relay
Efficient and reliable communication is the key to search
and rescue in the case of disaster. UAVs can act as tem-
porary means of relaying communications when the base
station in the disaster area is no longer running.'®
Meanwhile, large and medium UAVs can also directly
participate in the rescue. For example, at the scene of
a forest fire, an earthquake, or other disaster, the commu-
nications network is often destroyed and difficult to restore
quickly. In this case, a long-endurance UAV can be used to
establish wireless communication links by carrying com-
munications equipment on board, restoring the ability to
exchange information. When the conditions in the disaster
area permit, a stable and temporary communications base
station can also be established with a tethered UAV.
UAVs can also perform high-altitude lighting during
a night-time search and rescue operation when natural

light sources are not available. A case in point was the
search and rescue following the collapse of the Fujian
Xinjia Hotel in March 2020, when
a tethered UAV unrestricted in endurance was utilized for

one evening

high lighting, thus ensuring continuity of the rescue
operation.'” Similarly, during the early days of the coro-
navirus outbreak in Wuhan, the night-lighting function of
UAVs was helpful in enabling the extremely rapid con-
struction of Huoshenshan Hospital and Leishenshan
Hospital, designed to accept exclusively coronavirus
patients.'®

Materials Delivery and Disaster

Assessment

The delivery of materials and tools is an essential part of
emergency rescue, and UAVs can fulfill these tasks quickly
and accurately. In the event that materials and rescue equip-
ment cannot be delivered owing to paralyzed ground traffic,
air transportation is the most efficient and effective alterna-
tive. Large and medium-sized UAVs with relatively larger
load capacities can drop lifebuoys for drowning people. UAV
controllers on the ground can monitor their flight and set their
routes, thereby transporting clothing and food to trapped
people, delivering medical supplies to those in urgent need
and providing rescue workers with a defibrillator and other
rescue equipment. At present, a large number of emergency
rescue drills include a program of UAV fixed-point delivery.
In 2018, a civil-military joint drill was conducted in Beijing,
in which the use of UAVs to supply materials was accom-
plished through cooperation between the air force and civil
UAV enterprises.'” Many other emergency drills also show
that UAV delivery plays an important role in meeting the
demands of disaster areas.

Meanwhile, the mapping of disaster areas, being an
important part of post-disaster recovery work, needs sup-
port from the air. UAVs can finish the on-site mapping for
post-disaster assessment conveniently, thanks to their low
susceptibility to geographical conditions. The orthographs
taken by a UAV can also be converted to 3D modeling
images. For large disaster areas, technicians can also cap-
ture multiple groups of images to realize 3D modeling, so
as to delineate the affected area and provide the basis for
subsequent recovery work.

Life Detection
Finding signs of life and rescuing victims in time are the
primary goals of rescue work. The life detector is an
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effective tool for searching for life at disaster scenes.
Traditionally, life detectors are carried by rescue staff
personally, which may be burdensome and risky. In con-
trast, UAVs equipped with life detectors perform this task
rapidly and with security guarantees for rescue staff.
Specifically, multi-rotor UAVs are ideal in this regard,
since they are more controllable and have no special
requirement for taking-off and landing sites. Research
shows that multi-rotor UAVs can carry infrared detectors
and radar detectors. Infrared detectors search for life by
perceiving the specific infrared band emitted by human
bodies,?® while radar detectors can analyze life signs using
the Doppler effect.®’ It is suggested that UAVs evaluate
breathing status more correctly when they land on victims’
bodies than when hovering over them.?* Also, cardiopul-
monary motion detection on the body surface may be
a new technique for remote life sensing assessment of
survivors in the future.”> Except for some emergency
drills, cases of rescue by UAVs equipped with life detec-
tors have not been reported in China, but UAV-assisted life
detection is expected to be more widely used in the future.

Challenges for UAV Utilization in

Emergency Rescue in China

Despite the advantages mentioned above, UAVs are not
yet comprehensively utilized in China. Monitoring, early
warning, command, and dispatch are the key aspects of air
rescue, requiring systemic support from equipment, staff,
infrastructure, and the responding system. However, UAV
emergency rescue as a part of air rescue is still in its

infancy stage in the country.

Table | Laws and Regulations Concerning Aerial Rescue in China

Deficient Emergency Responding System
Experience during the COVID-19 pandemic shows that
there is still room for improvement in China’s air emer-
gency rescue system. No systemic responding mechanism
exists to enable a UAV to participate in emergency rescue.
Moreover, there is no unified high-level coordination and
dispatch of UAVs, and their participation in rescue work
depends basically on the voluntariness of UAV producers
themselves. A normalized mechanism for UAVs’ partici-
pation in emergency rescue has yet to be established, as
can be further demonstrated from the following.

First, there is no clear legislative support for utilizing
UAVs in emergency rescue. Relevant laws provide only
a highly generalized description (see Table 1), without
specific rules concerning the legal status of UAV rescue
bodies and the standards of UAV rescue operation. UAV
emergency rescue involves links with public security,
meteorology, transportation, and other fields, but existing
laws are also unclear in this regard.

Second, there is strict control over low-altitude air-
space in China, flights in this airspace being generally
restricted or prohibited, and the opening process is slow.
Low-altitude airspace is the main airspace for UAVs to
participate in emergency rescue.”* Although an application
for flights in low-altitude airspace can be submitted to the
relevant authorities, the review process is prolonged and
incompatible with the flexibility that the use of UAVs
requires. Thus, the development of UAVs in emergency
rescue has been hindered.

Last, China’s Emergency Response Law lays down
a principle of unified leadership and hierarchical responsi-
bility. However, the air emergency rescue force can come

Title of Legislation

Relevant Articles

Civil Aviation Law (came into force March I, 1996;
amended December 29, 2018)

Article 148: An enterprise engaged in general aviation services for profit shall conclude
a written contract with its users, except for flights for rescue or disaster relief in

emergency situations.

Regulations on Civil Aviation Emergency Management
(came into force April 17, 2016)

Article 22: Civil aviation authorities shall cooperate with relevant government
departments, enterprises, and institutions to establish a system of working in which civil
aviation authorities can assist and collaborate with national and local governments and

relevant departments in emergency response.

National Overall Emergency Plan for Public
Emergencies (came into force January 8, 2006)

Article 1.5(6): In order to improve the abilities to deal with public emergencies,
scientific research and technological development in public security shall be
strengthened, advanced technologies and facilities for monitoring, forecasting, preventing
and responding to emergency events shall be adopted, and experts and professionals shall

be given full scope to act.
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from the army, airlines, government, and general aviation
enterprises, but currently there is no systemic mechanism
for collaboration among these institutions. Administrative
control over UAVs is unclear, being divided among multi-
ple authorities that have no sharing of information. Owing
to the complexity of applying for airspace, crucial rescue
opportunities are likely to be missed and rescue efficiency
reduced.

Incompetent Technical Support

Although the UAV industry has developed rapidly in
recent years and UAVs can be utilized on various occa-
sions, there are still technical deficiencies in support. One
is the issue of endurance. At present, most UAVs are
equipped with low-power batteries. Even the newly devel-
oped UAVs that fly up to 4.5 hours with the help of
hydrogen fuel cells cannot fully meet the time requirement
of a round-the-clock rescue operation.”> Additionally, the
safety of UAVs themselves cannot be ignored. UAVs
usually fly at low altitudes, and their automatic obstacle
avoidance function is imperfect; thus, they are likely to
collide with other objects, especially in densely populated
areas, resulting in secondary harm. Moreover, the environ-
ment around disaster areas is often subject to unfavorable
conditions, such as strong wind, high temperature, low
temperature, or high altitude, which may curtail the ability
of UAVs to fly.

Inadequate Professional Rescue Staff

As high-technology products, UAVs need professional
personnel to undertake their operation and maintenance,
especially when performing emergency rescue tasks.
Currently, there is no well-established system for training
UAV professionals in China. Many UAV flyers or opera-
tors come into this career via hobby flying. Although some
may be highly skilled, they have not received formal
training to obtain a license, leading to such problems as
nonstandard operation and incompetence for complex
tasks. According to the statistics of the Civil Aviation
Administration of China (CAAC), as of the end of 2019,
there were more than 60,000 holders of UAV licenses. The
Ministry of Human Resources and Social Security of
China predicts that the number of people wishing to reg-
ister as UAV flyers could reach one million in the next five
years. This means that the current capacity of UAV license
holders is far from meeting the demand for UAV flyers,
which also demonstrates the lack of professional UAV
rescue workers. To date, most cases of UAV participation

in rescue work have occurred following communication
between the CAAC and major UAV associations, and there
is no company specialized in aerial emergency rescue. In
addition, there are different administrative structures and
varying degrees of equipment availability in different
places. Even when a person holds a UAV license, he or
she still cannot proceed with rescue work owing to a lack
of practical experience.

Suggestions for Promoting UAV
Utilization in Emergency Rescue in
China

In order to further promote the development of UAV
emergency rescue in China, we put forward the following
suggestions.

Improving the Aerial Emergency Rescue

Management System

As a major facet of a nation’s emergency rescue system,
aerial emergency rescue needs well-designed laws and
regulations to guide its development. In China, flight
applications, route planning, and other airspace matters
are currently governed by fragmented and overlapping
authorities, including the State Council, the Military
Commission of the CPC Central Commission, the
CAAC, and the Ministry of Public Security. Such
a multiple management system cannot meet the demand
for UAVs to conduct rescue flights promptly and flexibly.
The system therefore needs to be simplified. The following
are ways in which this could be done.

First, China should have more specific laws and reg-
ulations regarding UAVs’ participation in emergency res-
cue and promote the standardization of UAV rescue
through the formulation of technical specifications and
rescue evaluation mechanisms. Second, there should be
a clear separation of powers among the army, the govern-
ment, civil aviation enterprises, and general aviation enter-
prises regarding airspace management. A specific
government department should be designated to be respon-
sible for the unified organization and coordination of air
emergency rescue. The low-altitude airspace should be
further opened, and the airspace application procedures
should be simplified, so that relevant enterprises can be
motivated to participate in emergency rescue in a more
flexible way. Finally, considering that a well-prepared
emergency rescue system demands more capable UAVs,

UAV production should be standardized to ensure their

Risk Management and Healthcare Policy 2021:14

4297

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li and Hu

Dove

safety when performing aerial rescue tasks. Establishing
an aerial emergency rescue system conducive to conduct-
ing quick, efficient, and unified rescue operation is essen-
tial if UAVs are to play a more significant rule in public
security service.

Promoting UAV Technical Innovation
Flight endurance is the key issue in UAV research and
development. Most UAVs are powered by batteries that
cannot provide sufficient power support. In order to per-
form round-the-clock monitoring in emergency rescue,
UAVs’ flight endurance must be boosted by high-
performance batteries. Additionally, it is necessary to
increase their endurance in a severe environment such as
strong wind or extreme highs and lows of temperature.
UAVs can also be made more intelligent by utilizing
artificial intelligence, 5G technology, and satellite posi-
tioning, so that they can have environment perception,
avoid obstacles, and even return automatically when
encountering high-risk conditions. The technical advance
from remote-controlled UAV to fully autonomous UAV
will be another breakthrough that is likely to happen in
the near future. Furthermore, an integrated communication
platform created by connecting the UAV network to
a cellular network or 5G network may facilitate multi-
directional communication among UAVs, ground rescue
teams, and other rescue units.

Enhancing Professional Training and Staff

Development

The high requirements of UAV rescue work demand high-
level professionals, who need to be trained and organized
into professional UAV rescue teams. Establishing such
teams should be the task of local governments in China,
along with ensuring the availability of UAV rescue equip-
ment and other infrastructure. Currently, professional
UAV rescue teams have been set up in only a few regions,
such as the UAV team of the Sichuan Mountaineering
Association Rescue Team and the UAV Emergency
Guangxi UAV
In July 2020,
Chongqing Municipal Government formed an aerial emer-

Support Team incorporated by the

Technology Application Association.?

gency rescue team stationed in many UAV bases, which
can serve nearly all the municipal regions.”’” Meanwhile,
UAV producers should contribute more toward the UAV
emergency rescue cause by increasing collaboration with
the government. The community of UAV volunteers

should be enlarged and encouraged to cooperate more
closely with professional UAV rescue teams, so as to
form a regular UAV rescue force with a strong sense of
public responsibility. Additionally, police air forces can
also join in rescue tasks. As of June 2021, there were 39
police air teams in China with professional UAV opera-
tors, enabling UAVs to be put into use in emergency

rescue.28

Furthering Joint Operation Between
UAVs and Manned Aircraft

Manned aircraft are currently still unquestionably the
major force in aerial emergency rescue all around the
world. Compared with UAVs, rescue helicopters have
rich rescue experience and a larger capacity to transport
materials, equipment, and wounded persons, even in
a difficult rescue environment or at sea. However, rescue
helicopters carry a high consumption cost and must com-
ply with strict conditions for take-off and landing. In
contrast, UAVs have high autonomy, low cost, flexible
operation, lax take-off and landing requirements, and of
course no personal safety risks. Thus, promoting the com-
bined utilization of UAVs and manned aircraft gives full
merit to their respective strengths. For instance, in order to
reduce personnel and property losses caused by unfami-
liarity with a rescue scene, a UAV can first fly there to
send back images, which are then used as the basis for
deploying ground rescue or manned aircraft rescue.

Conclusion

In step with the development of UAV technology, UAVs
are beginning to show their skills in emergency rescue.
Currently, UAV utilization in emergency rescue is mainly
evident in three aspects, namely real-time monitoring,
post-disaster search and rescue, and post-disaster assess-
ment. Rescue activities are in urgent need of information
and logistics, and UAVs are capable of such tasks as
mapping, command and dispatch, delivery of goods, and
life detection. Further research and development in UAV
technologies and adaptation of relevant regulations will
permit UAVs to have more extensive application in emer-
gency rescue in China.
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