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Abstract. In recent years, more and more researches are focusing on the field
of disaster emergency management, especially in emergency resource dis-
patching. In a disaster scenario, a control center needs to obtain a large amount
of real-time information at the scene to make decisions timely and accurately.
Traditional Cloud Computing has many shortcomings in terms of delay and
bandwidth, and Edge Computing (EC) will be more suitable for this scenario.
We apply EC to the emergency rescue to cope with the problem of latency
needs. First, we propose an edge-based emergency rescue architecture that
consists of three layers: Cloud Layer, Edge Layer, and Resource Layer. Based
on this, we give a resource scheduling model that requires the collaboration of
Cloud and Edge Layers. The Cloud Layer gives a partition for these tasks, and
all sub-tasks are assigning to the edge servers to get a locally optimal solution.
Finally, these solutions from different edge servers are summarized to the Cloud
Layer to get a globally optimal solution. We compare our algorithm with CS-
GA and VRP. The simulation results show that RSE has good performance in
scheduling time and cost.
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1 Introduction

Frequent disasters like earthquakes have caused serious losses to lives and properties,
and it is the reason why more and more attention being paid to the field of disaster
emergency management [1], especially the emergency resource dispatching. Emer-
gency resource scheduling is the core of emergency management, it mainly studies how
to use intelligent decision theory and computer as aided tools to quickly and effectively
get an optimal emergency resource allocation plan. Through this scheduling, the
emergency resources can reach the destination as soon as possible, and the emergency
rescue can be carried out as soon as possible, thus minimizing economic losses and
casualties caused by disasters.
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With the development of information technology, emergency resource dispatching
is gradually combined with advanced communication technologies to achieve better
scheduling. Amounts of information exist in the disaster scene, such as road blockage,
collapse, temperature, and humidity. The significant information should be collected
and analyzed to avoid blind scheduling, thus saving the rescue time and effect.
Therefore, constructing a real-time, high-speed information transmission system is of
critical importance in emergency resource scheduling.

In a disaster scenario, it is still difficult to achieve high-bandwidth and real-time
communication between the disaster scene and the rescue center with the current
communication technology. As an emerging model, Edge Computing (EC) brings a
new idea for reducing latency and bandwidth cost, that is deploying the server at the
edge of the network. The emergence of EC realizes the decentralization of Cloud
Computing, which can effectively avoid the time and bandwidth waste caused by the
long-distance transmission, and also reduce the computing load of the cloud center. In
this paper, we apply the idea of Edge Computing to the emergency rescue. This scene
requires a quick response time and large amounts of data for making decisions. In this
way, the efficiency of emergency rescue can be improved.

The contributions of the paper are as follows.

(1) Basing on the disaster scenario, we proposed a cooperating layered architecture
which consists of the cloud layer, the edge layer, and the resource layer. In this
architecture, a task can be divided and assigned to the edge layers for calculation.

(2) We propose an emergency resource scheduling model basing on latency and cost,
which requires the collaboration of cloud and edge layers. The cloud layer
receives tasks and divides them, then the divided sub-tasks can be assigned to the
edge layer. The edge layer searches for a locally optimal solution for these sub-
tasks within its service scope. After all locally optimal solutions are summarized
to the cloud layer, the globally optimal solution is calculated, and the resource
scheduling plan is completed.

The rest of this paper is organized as follows. Section 2 discusses some related
work about Edge Computing, disaster rescue, and allocation algorithm. Section 3
describes the disaster rescue scene and introduces the Cooperating Layered Architec-
ture for an emergency. Moreover, an emergency resource scheduling model is also
detailed described. Section 4 gives the simulation of the mechanism we proposed and
the effectiveness of the proposed method is demonstrated by simulation results. Sec-
tion 5 draws our conclusions and portrayed the directions of ongoing work.

2 Related Work

There are many types of research focusing on resource scheduling and give solutions to
it. Based on the single material scheduling model and multi-material scheduling model
[2], a multi-rescue and multi-material emergency scheduling algorithm that satisfies the
continuous emergency material consumption is proposed, and the shortest path is used
in this solution. By introducing disaster emergency management [1], a different
algorithm based on non-dominated sorting is proposed to solve multiple emergency
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point multi-resource scheduling problems. It also proposes a CS-GA-based algorithm
to minimize transportation costs and demand costs of emergency supplies. In order to
minimize disaster losses, [7] proposes a scheduling model of emergency materials
under uncertain travel time conditions, and the fuzzy set method is used to select the
maximum satisfactory path in the fuzzy network.

Edge Computing has been applied in many fields because of its significant advan-
tages. The typical model is Mobile Edge Computing (MEC) [8]. MEC model stresses
setting up edge server between cloud center and edge devices, and the computing tasks
are performed on the edge server. However, terminals are regarded as the devices with
little computing capabilities, thus edge server undertakes this responsibility. Some
studies [9–13] concentrate on the migration of intensive mobile computing task to the
edge server of the network. Moreover, MEC is deemed to be a promising solution for
handling video streaming services in the context of smart cities [14]. The valuable data
can be transmitted to the application server to reduce core network traffic. Augmented
Reality (AR) mobile applications can also combine the MEC because these applications
have inherent collaborative properties in terms of data collection in the uplink, com-
puting at the edge, and data delivery in the downlink [15]. Besides, in [16, 17], authors
give an integration of MEC and 5G to meet the need of 5G in extensibility and latency.

Edge Computing can effectively solve the problems of delay and bandwidth, which
are the outstanding problems in emergency resource scheduling. Therefore, we will
discuss how to have a combination of them.

3 The Edge-Based Resources Scheduling Model

3.1 Architecture

In an emergency scene, there is an emergency center which needs a large amount of real-
time information to make accurate decisions and coordinate operations. However, the
transmission of road video surveillance and traffic information requires high bandwidth,
and the limited conditions will slow down the decisions. Therefore, we propose an edge-
based architecture to improve the performance of emergency command.

As is shown in Fig. 1, the architecture includes three layers: Cloud Layer, Edge
Layer, and Resource Layer. The Cloud Layer is the emergency command and data
center. Commanders in cloud center make higher-level decisions such as rescue plan,
give remote training for on-site rescuers. Besides, multi-screen recording helps com-
manders get ongoing real-time information. Edge Layer is set at the edge of the
network. For example, with Edge Computing server deployed on the base stations,
some work such as video management and analysis can be handled in the Edge Layer.
In this way, we can get a better exploitation of communication bandwidth. Resource
Layer is the actual resources in the disaster scene. We list some parts such as road video
surveillance, traffic information, and mobile emergency, in fact, disaster rescue is a
complex process and not restricted to these parts. How to allocate these resources will
influence the progress of rescue work. In the following part, we describe this issue and
propose our method.
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3.2 Problem Model

The proposed emergency architecture can be seen as a typical use case of Mobile Ad
hoc Network (MANET). The sensors, wireless devices, and rescuers with smart devices
can communicate with each other which are not relying on a preexisting infrastructure,
such as routers in wired networks or access points in managed (infrastructure) wireless
networks.

We give a resource scheduling model of our scenario first. Variety of services exist
in emergency rescue scenarios, such as emergency rescue, material dispatch. We define
the service as a set S ¼ fS1; S2; . . .Smg, where m is the total number of services.
Resources/Devices at the rescue scene are defined as D ¼ fd1; d2; . . .drg, where r is the
total number of resource types. Each service has various resource demands. For
example, emergency services require rescuers, search and rescue tools, communication
equipment, and environmental information. Therefore, a service Si can be divided into
multiple sub-services. It can be expressed as: Si is composed of many sub-services such
as s1; s2; . . .; sn, and each sub-service can be regarded as an atom, and its demand for
resources will be single. For example, the above rescue task can be divided into 6 sub-
tasks, acquiring environment information ðs1Þ, dispatching rescuers ðs2Þ, dispatching
vehicles ðs3Þ, scheduling search and rescue tool ðs4Þ, scheduling communication device
ðs5Þ, and on-site rescue ðs6Þ. Each sub-service corresponds to 0 or 1 resources, such as
sub-service s1 requires resource d1, d1 represents sensor information, sub-service s2
requires resource d2, and d2 represents rescuer. The serial number of sub-service and
resource does not need to be one-to-one. We only need to find the best resource among
the multiple resources to complete the scheduling, which will be our next task.

As is shown in Fig. 2, the top level is the Service Layer, which describes all the
services S in a rescue scenario. The middle layer is the Atomic Service Layer, which
can be expressed as a set s ¼ fs1; s2; . . .sng. This layer is a division of top-level service.
A node in a top layer is corresponded to one or more Atomic Service Layer nodes, and
there is a certain order of execution among these atomic services. For example, the
environmental inspection task s1 needs to be executed first to ensure that the rescue can
be performed, and resource scheduling can be performed after s1 has been completed.
We can use topological sorting to find the execution order of these atomic services,
ensuring the normal interaction between subservices. The bottom layer is the Resource

Fig. 1. Edge-based layered emergency architecture
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Layer, which displays all the resources that can be scheduled at the rescue site,
including rescue team, materials, intelligent terminals, sensors, and rescue equipment.

Our aim is to find the best combination of resources that can work together to
support a service and ensure the quality of service, and next, we will elaborate on how
to find the mapping from Service Layer node to a Resource Layer node group.

3.3 Resource Scheduling Algorithm

Main Idea
We propose a resource scheduling model that requires the collaboration of cloud and
edge layers. When a task arriving at the command center in the cloud layer, the task
will be divided into sub-tasks, and the division is expressed in Fig. 2. And then, these
sun-tasks are assigning to the edge servers to search for the Locally Optimal Solution
(LOS). Finally, these solutions from different edge servers are summarized to the cloud
center to get a Globally Optimal Solution (GOS). The process of our algorithm is
shown in Fig. 3.
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Fig. 2. Three-layer service model

Fig. 3. The process of scheduling strategy making
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Service Layer—Atomic Service Layer
From the Service Layer to the Atomic Service Layer is a division of a complete task,
which is mainly determined by the control center located in the cloud layer. The
principle of division is the independence of tasks. We need to ensure that the
requirements for resources/equipment of each sub-task are single after dividing. Each
service can be expressed as Si Pi;D; Li;Cið Þ: service location P, resource requirement D,
delay demand L, cost requirement C. The mapping from Si to a set of atomic services
sj Pi; dj; Li;Ci
� �� �

is done by a set of defined partitioning rules, Ri ¼ fr1; r2; . . .rng. Ri

is a set of n-dimensional vectors, where n is the total number of atomic services, and Ri

is Boolean, indicating whether the partition contains the sub-service. For example,
service S1 consists of atomic services s2; s3; s4, then Ri ¼ f0; 1; 1; 1; 0. . .0g.

Si Pi;D; Li;Cið Þ ����!Ri r1;r2...rnð Þ
sj Pi; dj; Li;Ci
� �� � ð1Þ

After the cloud center completes the task partition, the sub-task set
sj Pi; dj; Li;Ci
� �� �

will be dispatched to the edge servers to find the corresponding
resources and devices. Due to the limited coverage of edge servers, each edge server
can only find the optimal resources for the tasks within the corresponding service
scope. Therefore, each edge server can provide a LOS for the sub-task set
sj Pi; dj; Li;Ci
� �� �

, and solve the GOS by summing the LOS to the cloud center.

Atomic Service Layer—Resource Layer
Works on the Cloud Layer
Servers at the edge layer each maintain a table named res tab, which counts for the
resources within the service scope, including sensors, videos, personal information, and
materials. After the sub-service collection sj Pi; dj; Li;Ci

� �� �
arrives at the edge server,

each server looks for the best resource combination for these sub-services in the current
scope (Table 1).

A formula defined in (2) gives the locally optimal solution F sj
� �

of the sub-service
sj. dkj represents all resources of type dj in the scope, qi;m is the mth quality indicator of
service sj, and ai;m is the weight of the mth quality indicator of service sj. We choose
scheduling latency and cost as our QoS indicators.

Table 1. An example of res tab.

res id Type Position Cost Speed

d11 d1 p1 c1 v1

d21 d1 p2 c2 v2
. . . … … … …

d1n dn pn cn vn
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F sj
� � ¼ min dkj �

X
m
aj;m � qj;m

n o
ð2Þ

The formula (2) can be redefined as formula (3):

s:t:
F sj
� � ¼ min qj;1 � ðdis Pi � spkj jÞ=svk þ qj;2 � sck

� �
Pi � spkj j=svk � Li
Pi�spkj j
svk

� sck �Ci

8<
: ð3Þ

Where dis Pi � pkj j calculates the distance between the target point and the current
resource point, ck is the unit transportation cost of sj, vk is the moving speed of sj, Li is
the highest delay that can be tolerated, and Ci is the highest cost.

For each task sj in the sub-task set sj Pi; dj; Li;Ci
� �� �

, we find an optimal solution
in the current server scope. LOS of all edge servers are summarized in the cloud layer
to find the GOS.

Works on the Edge Layer
It is mentioned in the problem model that there are certain interactions between these
sub-tasks. Therefore, when we look for GOS in the cloud layer, the scheduling
sequence we find needs to satisfy the sequential execution relationship of the sub-tasks.
We present a solution based on topological sorting.

We can obtain an adjacency matrix of the logical graph Gi s; eð Þ of these sub-
services at the Atomic Service Layer, and we need to find a solution that meets the task
constraints from the start to the end of the critical path.

Gi s; eð Þ ¼
0 1 1 0
1 0 0 1
1 0 0 1
0 1 1 0

2
664

3
775 ð4Þ

According to the logic diagram Gi s; eð Þ, we obtain the topological sorting sequence
Qiðsj�1; sjÞ derived from the graph Gi s; eð Þ, and Qi records each node and its corre-
sponding precursor node. Based on this sequence and the quality parameter require-
ments, we can generate a resource set Di ¼ fV;Gbitg of the execution service. V is a
set defined as V ¼ ðd1; d2; . . .djÞ. dj is the resource of the service sj, and the corre-
sponding Gbit is used for identification.

For example, we get an execution sequence ðS1; S2; S3; S4Þ, where the starting node
for topological sorting is S1. If V ¼ ðd1; d2; d3;NULLÞ and Gbit ¼ 1110, it means that
there are three resources dk1 ; dk2 ; dk3 satisfy the services S1; S2; S3, and the service S4 is
not found yet. Resources. Therefore, at the beginning, Di is set to the initial value, such
as V ¼ ðNULL; . . .;NULLÞ and Gbit ¼ 0. . .0.

The selection process of resources is as follows. The locally optimal solution
dj 2 U, dj returned by the edge server has three parameters, and each resource item
djðpj; lj; cjÞ records its position parameter, delay parameter and cost parameter. The
selected GOS node is stored in the set V, and the record type is djðpj; L j

i ;C
j
i Þ. Starting
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from the initial service of the topological sorting sequence, each type of service uses
the formula (5) to select the best resource among the currently available resources,
selects it and puts it into the set V, and updates the current residual delay L j

i and the
remaining cost C j

i . The non-first node taken from the topological ordering will refer to
the remaining resource status of its predecessor node, and use its updated Li and Ci as
thresholds. This iterative calculation is terminated until the entire topology sorting
sequence is completed, or the constraints are not met. If the optimal scheduling is not
found during the execution of the algorithm, according to the scenario set in this paper,
the algorithm will find a relatively optimal resource scheduling scheme without setting
the cost and delay threshold. We use the following algorithm to describe how the cloud
layer looks for the optimal set of resources (Table 2).

E sj
� � ¼ min qj;1 � lj þ qj;2 � cj

� �
lj � Lj�1

i

lj � cj �Cj�1
i

8<
: ð5Þ

Finally, we find the mapping from the task set sj Pi; dj; Li;Ci
� �� �

of the Atomic
Service Layer s to the resource set djðpj; lj; cjÞ

� �
, completing the resource scheduling

from Service Layer S to Resource Layer D.

Table 2. Algorithm of scheduling.
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4 Evaluation

In this section, we give a simulation scenario according to [3, 4]. The experiment uses
MATLAB R2017b as experiment platform, which is suitable for Windows 10, CPU
Intel 2.5 GHz, 8 GB. The simulation runs for 30 min. We give three times experiments
to avoid errors.

We construct a simulation area as 10 * 10 (km2). There are two emergency rescue
centers in the area with coordinates (0, 0) and (10000, 10000). The rescue center has
full kind of resources, but it is far away from the rescue point; the coordinates and
resources of the rescue center are shown in Table 3. There are scattered resource
distributions in other locations throughout the region. We use a random function to
distribute periodically. The random function is shown in Eq. (6), and the distribution
period is set to 5 min, and 5 resources are distributed each time. We set up a rescue
zone with a center (5000, 5000) and a radius of 4000, in which a service request will be
generated. The task is generated every 3 min and 10 task requests will be generated
during the simulation time. The random function that generates the task satisfies Eq. (7)
(Fig. 4).

Table 3. Settings for the resource center.

Name X-coordinate Y-coordinate Resources

res center1 0 0 s1; s2; s3; s4; s5; s6; s7
res center2 10000 10000 s1; s2; s3; s4; s5; s6; s7

center2

d1

d2

d3

d4
d5

d6

d2

d4

center1

d3

S2

S1

d2

d6

d6

d5

resources

services

S3

resource
center

Fig. 4. Simulation area explanation
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res type ¼ rand 1ðÞ%7þ 1
x ¼ rand 2ðÞ%10000
y ¼ rand 3ðÞ%10000

8<
: ð6Þ

ser type ¼ rand 4ðÞ%3þ 1
x ¼ rand 5ðÞ%10000
y ¼ rand 6ðÞ%10000

ðx� 5000Þ2 þðy� 5000Þ2 � 40002

8>><
>>:

ð7Þ

In the experiment, three edge servers and one central server are set. The edge server
has an ideal service range and is divided into three areas. The corresponding x-axis
range is (0, 3333), (3333, 6666), (6666, 1000), the edge server can count all resources
in the area, maintain a resource table and update periodically. There are three types of
rescue services in the simulation scenario. Each type of service, sub-service, resource
requirement, delay threshold, and cost requirement setting are shown in Table 4. (Note:
vj and cj are 0, indicating that the service is a network service. For example, scheduling
sensor information), the scheduling cost information of specific resources is shown in
Table 5.

We calculate the actual scheduling time of all tasks LLi, and record the ratio of LLi
to the task’s threshold time Li as PL ¼ Li=LLi, which is a parameter of our comparison
experiment. On the other hand, we calculate the actual scheduling cost of all tasks CCi,
and record the ratio of CCi to the threshold cost Ci of the task as PC ¼ Ci=CCi, which
is another parameter. We calculated data for different tasks in three experiments and

Table 4. Settings for the services.

service type sub service res type LiðhÞ Ci

S1 s1; s2; s3; s4 d1; d2; d3; d4 0:5 20
S2 s2; s3; s5; s6 d2; d36; d5; d6 1 15
S3 s1; s4; s5; s6; s7 d1; d4; d5; d6; d7 0:3 30

Table 5. Settings for the resources.

res type trans costðcjÞ trans speedðvjÞ
d1 0 0
d2 50 30
d3 80 35
d4 40 20
d5 60 15
d6 90 20
d7 130 10
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recorded them in Table 6. In order to avoid the randomness of the experiment, we will
use the random letter to generate the data needed for the experiment in advance, and
use the same value for the three experiments.

From the data, it can be found that two service requests with the same type are too
concentrated in a time, the optimal schedule may have been used by the previous
schedule, and the performance of the second schedule will be significantly lower. For
example, the last two columns of data in Table 6, the same type of request S3, the
former is numerically superior to the latter.

We apply the same environmental settings to the algorithms proposed in [3, 4] and
give a comparison of these results. [3] identified as CS-GA proposed a decision-making
algorithm based on CS-GA to minimize the transportation cost and demand cost of
emergency materials. Another genetic algorithm optimization path based on an
emergency distribution VRP model in [4], we identify it as VRP. Our algorithm is
identified as RSE in the comparison chart.

In comparison, it can be found that PL and PC values of the RSE are relatively high,
which shows that the actual scheduling time LLi and the actual scheduling cost CCi of
RSE are lower, which is due to the distributed edge cloud can quickly sense the
resource update status within the service scope and obtain more accurate resource
status, thus achieving a more accurate scheduling scheme than the remote centralized
control of the cloud (Figs. 5 and 6).

Table 6. Result of resource scheduling.

Index S1 S3 S1 S2 S2 S3 S1 S2 S3 S3
PL 1.32 1.21 1.37 1.16 1.10 1.16 1.28 1.18 1.15 1.08
PC 1.35 1.31 1.41 1.20 1.14 1.20 1.30 1.24 1.23 1.12

Fig. 5. Comparison of PL

An Emergency Resource Scheduling Model Based on Edge Computing 363



We adjust the service request rate and give a comparison again. The above results
are basing on a service request rate of 1/3 (10 requests every 30 min), and then we give
a comparison with changing rates from 1/6 to 1. From Fig. 7, it can be found that three
algorithms have a decreasing PL in the case of increased rate, and the drop is obvious at
0.0667, but the performance of RSE is still better than the other two. In Fig. 8, PC of
the three algorithms also decrease with increasing rate, but the decrease of PC is not
particularly obvious, because the transportation cost does not fluctuate too much within
the limited range determined. The performance of RSE is still the best among them.

Fig. 6. Comparison of PC

Fig. 7. Comparison of PL
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5 Conclusion

Current emergency communication systems are facing multiple challenges, such as
insufficient bandwidth and delayed response, which seriously slow down the emer-
gency scheduling and rescue. The idea of Edge Computing is suitable for these
problems. We propose an edge-based architecture to realize an emergency system
which can assign some process from the cloud center to the edge of the network. Then,
based on this architecture, we give a resource scheduling model which takes latency
and cost into consideration. Through the collaboration of cloud and edge layers, the
algorithm can achieve a significant performance on scheduling time and transmission
cost. However, this model is focusing on a single-service scenario, when it comes to
multi-service and multi-resource scenarios, the algorithm should be improved to adopt
these factors. The following work is to optimize RSE to fix the scenario of multi-
service. Further, we will enrich the content of our architecture in more situations.
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