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Multivariate Information Collaborative Optimization of Emergency Management
Based on Chaos Theory

Abstracts: Extreme changes in natural climate have led to an increase in waterlogging in urbanization year after year. The study aims to optimize the multivariate information
synergy of emergency management and improve the efficiency and effectiveness of disaster response. First, the multi-objective problem model of emergency settlement
site selection and material distribution is constructed by means of mathematical modeling. Second, a non-dominated sorting genetic algorithm is used as the basis of the
optimization framework, and the Tent chaotic sequence in chaos theory is introduced for the optimization of population initialization and genetic steps. Finally, a multivariate
information processing model for emergency management is proposed. The experimental results indicated that the new model has the highest placement point generation
rate of 92% and the highest distribution route generation rate of 95% compared to the same type of chaotic model. Compared with the advanced technology models in this
field, the new model generated a maximum of 112 settlement schemes and the optimal scheme was 10. The maximum number of distribution route solutions was 121, and
the optimal solution was 11. It can be concluded that the introduction of chaotic mapping can significantly improve the global search capability of the model and the efficiency
of the algorithm. The study provides a new idea for urban emergency management, which is especially valuable when dealing with complex and dynamic disaster response

scenarios.
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1 INTRODUCTION

In recent years, many cities in China have faced
increasingly severe urban flooding disasters, which have
significantly impacted regional economies and disrupted
the daily lives of residents [1]. This situation highlights the
urgent need to optimize emergency management (EM)
strategies in response to sudden disasters. Current solutions
include data analysis and predictive methods powered by
artificial intelligence, decision-making support using drone
monitoring technology, and coordinated decision-making
via cloud data analysis [2]. These technological approaches
aim to improve decisions related to resettlement site
selection (RSS) and material distribution (MD) through
data analysis and real-time monitoring. However,
challenges remain, such as the inability to capture key
variables and ineffective resource allocation [3]. The
introduction of chaos theory (CT) offers new perspectives
in EM, particularly in optimizing complex decisions and
enhancing the system's ability to respond to sudden
changes, showing unique advantages [4]. This study
incorporates CT with the non-dominated sorting genetic
algorithm II (NSGA-II) to optimize EM by constructing a
multi-objective  information model that includes
contingency RSS and MD. The study's innovation lies in
introducing a chaos map (CM) to increase the algorithm's
stochasticity and traversal, thereby addressing the
limitations of optimization algorithms in complex systems.
The research aims to provide more efficient and accurate
decision support for urban EM. The research is structured
into four parts: the first part analyzes and summarizes
previous studies, the second part details the construction of
the EM model and the optimized processing model, the
third part tests the performance of the new model, and the
final part presents a summary of the findings.

2 LITERATURE REVIEW

In recent years, erratic climate changes and the
destruction of the natural environment by human activities

have led to a surge in urban flooding disasters across China.
In response, governments throughout the country have
implemented measures to improve urban drainage systems
while systematically optimizing emergency management
(EM) strategies. For instance, Do-Duy T. et al. explored the
allocation of time and efficiency in UAV-assisted
deployment scenarios, using the K-means -clustering
algorithm in emergency situations such as disaster relief
and public safety missions. Their experimental results
demonstrated that this method effectively addresses
resource allocation challenges, particularly in terms of
network energy efficiency and execution time [5].
Similarly, Yao Z. et al. identified the growing challenge of
secondary disasters, which complicates the deployment of
emergency wireless communication networks. To tackle
this, they proposed a new EM model that integrates UAV-
assisted technology with intelligent reflective surface
technology. The experimental outcomes showed that this
model offers higher capacity and energy efficiency for
post-disaster wireless communication networks compared
to traditional channel models [6]. In another study,
Arghandeh R. et al. pointed out the shortcomings of
existing techniques, particularly the lack of contingency
planning and data utilization during sudden disasters. To
address this, their research team developed a power
management system for extreme weather events by
integrating data mining and data processing algorithms.
The results indicated that the planned system provided
superior stability and operational quality [7]. Kyrkou C. et
al. also observed that current EM methods struggle to
handle complex data during natural disasters. In response,
their research team proposed an EM complex information
processing model, incorporating machine learning
algorithms. Experimental results revealed that this model
could rapidly categorize EM data and effectively provide
solutions [8].

Chaos Theory (CT) is a mathematical framework used
to describe the complex behavior of nonlinear dynamic
systems. Its capacity to understand and predict such
intricate systems makes it widely applicable across various
fields, including natural sciences, engineering, and
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biomedical sciences. For instance, Yildiz E. et al. proposed
a novel optimization strategy by integrating CT with data
mining to investigate the factors contributing to seismic
hazard formation. This approach aims to guide the
optimization of emergency management (EM) strategies.
Their experimental results demonstrated that this strategy
effectively categorizes and analyzes historical seismic
hazard data, providing valuable insights for disaster
managers [9]. Similarly, Fuller R. P. et al. developed a
management framework by incorporating CT principles to
enhance EM efficiency in post-disaster scenarios. The
experimental results revealed that this framework
significantly improves the execution and orderliness of EM
measures [10]. In another study, Liu R. sought to improve
existing EM and information intervention management by
proposing an EM information intervention method that
combines CT, crisis theory, and life cycle theory. The
experimental results indicated that this method exhibited
superior information processing efficiency during the 7-20
incident in Zhengzhou, offering a novel approach to EM
[11]. Additionally, Wang T. et al. tackled the challenge of
emergency material allocation and dispatching by treating
it as a combinatorial optimization problem. They
introduced an adaptive weighted dynamic differential
evolutionary algorithm, enhanced with chaos map (CM)
strategies, to address this issue. The experimental results
showed that their algorithm possesses stronger global
optimization capabilities and faster convergence rates
compared to other optimization algorithms, providing
significant benefits for smart city research [12].

In summary, while technologies such as Al, UAV
monitoring, and cloud data analysis have led to significant
progress in emergency management (EM), particularly in
optimizing resettlement site selection (RSS) and material
distribution (MD), challenges remain. These include
deficiencies in resource allocation effectiveness, system
flexibility, and real-time data processing. To address these
issues, this study seeks to apply Chaos Theory (CT) to EM
for urban flooding. Unlike previous approaches, this study
will combine CT with advanced optimization algorithms to
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develop a new processing model aimed at enhancing the
effectiveness and real-time response capabilities of disaster
management.

3 RESEARCH METHODOLOGY

The emergency management (EM) requirements for
sudden-onset disasters are particularly demanding,
especially regarding the siting of resettlement sites and the
distribution of emergency relief materials. To address these
challenges, the study first constructs a multi-objective
problem model through mathematical modeling for these
two critical aspects. Following this, an optimization
strategy is introduced to solve the problem, leading to the
proposal of a novel Emergency Management Multivariate
Information (EMMI) processing model. This model
leverages Chaos Theory (CT) to enhance optimization,
aiming to improve the overall efficiency and effectiveness
of disaster response.

3.1 Modeling of Emergency Settlement Points and
Emergency Material Distribution Multi-Objective
Problems

Emergency management (EM) is crucial for
effectively responding to sudden urban flooding, as it
involves a range of complex decisions and resource
coordination. In such scenarios, selecting appropriate
emergency resettlement sites and optimizing the
distribution of emergency supplies are essential tasks to
ensure the safety of lives and maintain social stability [13,
14]. Typically, resettlement sites are chosen from large
facilities like hospitals, schools, and gymnasiums.
However, given the limited availability of such sites within
a city, it is vital that selected resettlement sites are in close
proximity to the affected victims, ensuring convenient and
efficient relocation [15]. At this point, the disaster victims'
resettlement transfer schematic, as illustrated in Fig. 1,
provides a visual representation of the process.
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Figure 1 Schematic diagram of resettlement management for the affected population

In Fig. 1, to achieve large-scale resettlement of urban
residents, it is crucial not only to consider the resettlement

routes but also to search for and identify previously
unknown rescue resettlement sites. The study assumes that
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the locations of the affected sites within a given area are
known, and each affected site requires at least one
resettlement site. Given the limited capacity of these
resettlement sites, the study emphasizes the need to
maximize the capacity of each site. Additionally, it is
important to minimize the distance between neighboring
resettlement sites and to reduce the overall number of
resettlement  sites, which would help to avoid
complications in subsequent material distribution (MD) for
rescue operations. Based on these assumptions, the study
proposes a multivariate information problem model for
emergency resettlement site selection (RSS) using the
concept of radius radiation. This model aims to optimize
the placement of resettlement sites by minimizing the
average distance between resettlement points and affected
points. The computational formula for this minimization is
presented in Eq. (1).
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In Eq. (1), N represents the number of affected points,
while J denotes the set of candidate resettlement points,
with j e J . The variable dj represents the distance from the

affected point i to the resettlement point j. The formula for

maximizing the capacity utilization of the resettlement
points is provided in Eq. (2).
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In Eq. (2), u; represents the actual number of occupants

at resettlement site ;. ¢; denotes the maximum capacity of
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resettlement site j. The formula for minimizing the number
of resettlement sites is provided in Eq. (3).

O; =min|J]| (3)

In Eq. (3), all algebraic meanings remain consistent
with the previous explanations. At this stage, the
constraints related to the service area and distance
limitations for individual resettlement sites are presented in

Eq. (4).

inj >1
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In Eq. (4), D represents the distance threshold, and x;
denotes a binary variable. If the affected point i is covered
by resettlement site j, then x; = 1; otherwise, x; = 0. After
constructing the multivariate information management
model for resettlement site selection, the study considers
typical urban flooding scenarios where city houses are
generally less damaged but poorly suited for resettlement.
In such cases, the suburbs are often chosen as resettlement
sites for displaced populations [16]. To address these
challenges, the study proposes a three-point distribution
network that integrates material storage depots, material
transfer centers, and resettlement sites. This network
utilizes coordinated distribution methods, including water,
land, and air transport, to optimize the distribution path as
much as possible. The schematic diagram illustrating the
multiple distribution channels for emergency material
management is presented in Fig. 2.

Settlement 1

Figure 2 Schematic diagram of the distribution of multifaceted information materials for emergency management

In Fig. 2, the distribution process begins with the
material storage depot receiving the distribution request.
The depot then transfers the materials directly to the transit
center for storage, following the prioritized path. Next,
after planning and determining the resettlement points,
distribution paths, and materials to be delivered, the

relevant distribution information is transmitted to the
transit center, which then undertakes the deployment and
coordination of the distribution. During this phase,
depending on road conditions, distribution can be carried
out using land, air, or water transport to maximize
efficiency and effectiveness. To facilitate this multi-modal
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material distribution, the study makes several assumptions
about the model. First, the distribution process considers
only one-way trips, meaning that the return journey after
distribution is not calculated. Second, the material storage
capacity at the transit center is limited, and each
distribution tool also has a limited carrying capacity. Third,
the carrying capacity and average running speed of the
distribution tools are fixed. The objective function for
Emergency Management Multivariate Information (EMMI)
material distribution is provided in Eq. (5).

Zl = z Z Z (tabc *8abe 'xabc) (5)
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In Eq. (5), a, b and ¢ represent the material repository,
transshipment center, and placement point, respectively.
The variable x.. denotes the distribution task from
repository a to placement point ¢ via transshipment center
b. The variable .. represents the time cost of the entire
distribution task, while gu denotes the path cost of the
distribution task. At this stage, it is crucial to ensure that
the handling capacity of each transshipment center and the
materials received by each placement point do not exceed
their maximum capacities. The constraints related to these
conditions are provided in Eq. (6).
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In Eq. (6), C» and C. represent the maximum
processing capacity of the transshipment center b and the
maximum receiving capacity of the placement point c,
respectively. The coverage constraint and distribution
integrity constraint at this stage are provided in Eq. (7).
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In Eq. (7), ya» and zp indicate whether the paths from
repository a to transit center b and from transit center b to
placement site c are selected, respectively. In summary, the
study integrates the multivariate information problem
model for emergency resettlement site selection (RSS)
with the EMMI material distribution problem model to
construct a comprehensive Emergency Management
Multivariate Information (EMMI) model. The structure of
this model is illustrated in Fig. 3.
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Figure 3 Emergency management multivariate information modeling structure

In Fig. 3, the emergency coordination command center
oversees both the resettlement command center and the
emergency logistics platform, facilitating real-time data
reporting through the information flow. The resettlement
command center is responsible for directly coordinating
the planning between the disaster site and the resettlement
site. This coordination takes into full consideration factors
such as the transfer distance for disaster victims, the
capacity of the resettlement sites, and the challenges
associated with subsequent material distribution (MD).
Additionally, the emergency logistics platform manages
the procurement department, transportation department,
and management department under its jurisdiction. The
materials involved are first distributed from the storage
warehouse to the transfer center, and from there, they are
transported to the various resettlement sites as needed.

3.2 Emergency Multi-Objective Information Coordination
Strategy Based on Chaos and NSGA-II

After constructing the comprehensive EMMI model
for urban flooding, the study aims to introduce heuristic
algorithms to solve this multi-objective problem. Existing
solution algorithms can be broadly classified into three
categories: algorithms that convert the problem into a
single objective by applying weights, optimization
algorithms that prioritize objectives based on the
importance of weights, and algorithms that compute the
Pareto front of the problem [17, 18]. Given the post-
disaster context, where information flow is disrupted and
assessing the importance of individual objectives is
challenging, the study opts to use the third type of
algorithm. Among these, the Non-dominated Sorting
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Genetic Algorithm II (NSGA-II) is a Pareto-based
computational algorithm known for its superior running
speed and convergence properties. NSGA-II has been
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widely applied in various fields of multi-objective
problem-solving and has produced significant results [19,
20]. The algorithm flow of NSGA-II is depicted in Fig. 4.
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In Fig. 4, the NSGA-II algorithm begins by randomly
generating an initial population, which is then sorted using
a fast non-dominated sorting method. This process assigns
individuals to different non-dominated fronts. Next, the
crowding distance of individuals within each front is
calculated to maintain population diversity. After this, a
selection operation is performed to create a new parent
population. The selected parents then undergo crossover
and mutation operations to produce offspring. The parent
and offspring populations are merged, followed by another
round of fast non-dominated sorting and crowding distance
calculations to determine the best individuals for the next
generation. This iterative process continues until a
predetermined number of iterations is reached, resulting in
a near-optimal solution set that completes the multi-
objective optimization. However, when applied to dynamic
EM scenarios, the performance of NSGA-II can degrade
significantly due to the constant changes in environmental
data, which reduces its multi-objective optimization search
capabilities. To address this, the study introduces Chaos
Theory (CT) to enhance the algorithm. CT helps increase
the stochasticity and diversity within the NSGA-II
algorithm, enabling it to escape local optima and improve
its ability to search for global optimal solutions. Chaos
Map (CM) is a key concept in CT, often employed in
optimization algorithms to enhance the generation of initial
populations, parameter adjustments, and diversification of
search strategies, thanks to its nonlinear dynamic
properties. The Tent map, a classic CM sequence, is used
in this context. The distribution curve of the Tent map is
illustrated in Fig. 5 [21].

In Fig. 5, the curve distribution of the Tent Chaos Map
(CM) sequence is characterized by its uniformity and high
traversal ability. Additionally, the Tent map shows linear
growth and decline across various intervals, forming a
pattern resembling a tent. This characteristic suggests that
the chaotic nature of the sequence is preserved even with
slight changes in parameters, making it robust and reliable
for optimization purposes.
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Figure 5 Tent chaos distribution curve

The computational formula for the Tent chaos is
provided in Eq. (8).

T (x)={
7

In Eq. (8), T(x) represents the output of the Tent
mapping, where x denotes the current state, with values
ranging between [0, 1]. The parameter u represents the
Tent mapping parameters, which can take values between
[0, 2]. When applying Tent chaos in the stochastic
generation of the initial population for NSGA-II, the
optimized initial population is calculated using the formula
shown in Eq. (9).

H-x,if0<x<0.5

8
-(1-x), if0.5<x<1 ®)

X =17 (xy) 9)

In Eq. (9), X represents the initial value of the i-th

1
individual and xo denotes the initial condition of the Tent
mapping. The notation 7% indicates the application of the
Tent mapping i times. During the selection phase, a chaotic
sequence is generated using the Tent mapping, and
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individuals are selected based on the sequence values to
participate in the subsequent crossover and mutation
processes, thereby increasing the diversity of the
population. The computational formula for this selection
process is shown in Eq. (10).

S, =T(S;) (10)

In Eq. (10), Si and S; + 1 denote the i-th and i + 1-th
chaotic states, respectively. In the crossover phase, the
output of the Chaos Map (CM) can be used as a dynamic
adjustment factor for the crossover probability, enhancing
the diversity of solutions. The crossover computation
equation for this stage is provided in Eq. (11).

Pe = MNP s, T(S;)) an

In Eq. (11), p. denotes the crossover probability and
Pe, max denotes the upper limit of the crossover probability.
For the mutation operation, the sequence generated by the
Tent mapping is used to adjust the mutation probability of
an individual. The computational equation for this
adjustment is provided in Eq. (12).

Pmut (t) = TentMap(Pmut (l)) (12)

In Eq. (12), Pmu(i) denotes the variance probability of
the i-th individual and TentMap refers to the Tent Chaos
Map function. In summary, the study introduces an EMMI
model processing approach that combines the improved
NSGA-II algorithm with Tent chaos. The flow of this
model is illustrated in Fig. 6.
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Figure 6 NSGA-II-Tent emergency management multivariate information
processing flow

In Fig. 6, after constructing the EMMI model, the
model information is input into NSGA-II as initial data.
The process begins with generating initial population
individuals, such as placement points and distribution
paths, using the Tent Chaos Map (CM). Next, the fitness
evaluation of these individuals is conducted, which
involves calculating the location of the placement points

and the length of the distribution paths. If a new generation
of individuals is generated at this stage, the best individuals
are selected and merged with the parent generation. If not,
non-dominated sorting and chaotic inheritance -
comprising chaotic selection, chaotic crossover, and
chaotic mutation - are performed until a new generation of
individuals is produced. Once the merging is complete, if a
new parent generation is formed, chaotic inheritance is
repeated. Otherwise, non-dominated sorting, crowding
distance calculation, and individual selection optimization,
combined with an elite selection strategy, are executed
again until a new parent generation is created. Finally, if
the number of iterations reaches the specified threshold, the
optimal placement locations and material distribution paths
are output. If the threshold has not been reached, the
number of generations is incremented by one, and the
merging of parent and child generations and subsequent
operations continue.

4 RESULTS AND DISCUSSION

The study establishes a controlled testing environment
to first evaluate the performance of the NSGA-II Chaos
Improvement Algorithm. Following this, the study
compares the algorithm with other leading algorithms in
this field to identify the most effective approach. Finally, a
simulation test is conducted using a real-world case from
Kunming City to verify the validity and feasibility of the
proposed model.

4.1 Emergency Management Multivariate Information
Processing Model Performance Testing

The testing environment is equipped with an Intel®
Core i7-9700 CPU @ 3.00GHz x16, and a GPU of
NVIDIA GeForce RTX 3060. The batch size is set to 2000,
the update frequency to 10, and the test weight to 0.6. The
datasets used for testing are sourced from the Federal
Emergency Management Agency (FEMA) and the Global
Disaster Alert and Coordination System (GDACS). The
FEMA dataset contains historical disaster event
information, totaling more than 30,000 data entries.
GDACS, provided by the United Nations, includes over
30,000 pieces of information related to disaster event data
and early warning information. Additionally, the relevant
parameter settings for Resettlement Site Selection (RSS)
and Material Distribution (MD) are detailed in Tab. 1.

Table 1 Parameter configuration

Parameters Numerical value
Transfer speed 6 km/h
Rescue time frame 30 min
Number of settlements <3
Average speed of vehicles 40 km/h
Average speed of aircraft 200 km/h
Maximum vehicle load 5000 kg
Maximum aircraft load 2000 kg
Material 1 unit weight 30 kg
Substance 2 unit weight 50 kg
Number of transit centers <4

Based on the parameters set in Tab. 1, the study first
conducted a comparative test of the proposed method
against similar multi-objective optimization algorithms.
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This comparison was done using a Pareto frontier test, with
time as the independent variable and the placement point
generation rate and distribution route generation rate as the
dependent variables. The algorithms compared included
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Logistic-NSGA-II, Sine-NSGA-II, Chebyshev-NSGA-II,
and Henon-NSGA-II. The results of these tests are
illustrated in Fig. 7.
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Figure 7 Placement generation rate and distribution route generation rate testing

Fig. 7 presents the results of the comparative tests of
different algorithms. Specifically, Fig. 7a shows the
comparative test results for the placement point generation
rate, while Fig. 7b displays the results for the distribution
route generation rate. In these tests, the Henon-NSGA-II
and Sine-NSGA-II algorithms exhibited lower productivity,
with the placement point generation rate dropping to as low
as 65% and the distribution route generation rate to 70%.
In contrast, the Tent chaotic optimized NSGA-II algorithm
demonstrated significantly better performance, achieving a
placement point generation rate of up to 92% and a
distribution route generation rate of up to 95%, with an
average computation time of 9 hours. This improved

performance can be attributed to the Tent mapping's
cleaner structure and higher stochasticity in generating
chaotic sequences, which effectively mitigates issues such
as premature convergence and local optima during the
optimization process. Following these tests, the study
further introduced more advanced multi-objective
algorithms, including the Multi-Objective Evolutionary
Algorithm based on Decomposition (MOEA/D), the
Strength Pareto Evolutionary Algorithm (SPEA), and the
Non-Dominated Sorting Particle Swarm Optimization
(NSPSO). The results of these comparative tests are
presented in Tab. 2.

Table 2 Test comparison of optimization schemes for different algorithms

Data set Algorithm Settlement Distribution routes

MOEA/D (Generation Policy/Optimal Policy) 88 (5) 89 (4)
FEMA SPEA (Generation Policy/Optimal Policy) 87 (6) 82 (3)
NSPSO (Generation Policy/Optimal Policy) 90 (4) 80 (3)
Tent-NSGA-II (Generation Policy/Optimal Policy) 98 (6) 91 (4)

MOEA/D (Generation Policy/Optimal Policy) 96 (7) 101 (8)

GDACS SPEA (Generation Policy/Optimal Policy) 107 (7) 112 (10)
NSPSO (Generation Policy/Optimal Policy) 102 (5) 110 (7)

Tent-NSGA-II (Generation Policy/Optimal Policy) 112 (10) 121 (11)

In Tab. 2, the results of comparing the four advanced
algorithms across two datasets reveal slight differences.
The MOEA/D algorithm produces up to 96 placement
generation schemes, with 7 identified as optimal. It
generates a maximum of 101 distribution route solutions,
with 8 being optimal. The SPEA algorithm achieves a
maximum of 107 resettlement generation schemes, with 7
optimal solutions, and 112 distribution route schemes, with
10 being optimal. The NSPSO algorithm generates up to
96 placement point schemes, with 7 optimal, and a
maximum of 110 distribution route schemes, with 7 being
optimal. In comparison, the Tent-NSGA-II algorithm
stands out, achieving a maximum of 112 placement point
generation schemes, with 10 identified as optimal, and 121
distribution route schemes, with 11 optimal solutions.

These results indicate that the method proposed in the
study demonstrates notable superiority and reliability
compared to other advanced algorithms.

4.2 Emergency Management Multivariate Information
Processing Model Simulation Testing

The study uses the heavy rainfall and subsequent urban
flooding in Kunming's main city in July 2023 as the test
background. According to a report by Yunnan Daily,
during this rainfall event, the city recorded 190 stations
with light rain, 133 stations with moderate rain, 95 stations
with heavy rain, 59 stations with very heavy rain, and 6
stations with extremely heavy rain. The average rainfall
within Kunming's second ring area was 90 millimeters. In
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response, Kunming Drainage Company urgently issued an
alert warning and escalated to a Level I emergency
response. The emergency resettlement and material

distribution (MD) situation during this event is depicted in
Fig. 8.
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Figure 8 Schematic diagram of resettlement points and material distribution points for flooding in Kunming city

In Fig. 8, following the urban emergency flooding, the
urban area of Kunming was more severely impacted
compared to the suburban areas. Points 1, 2, and 6 are
notably farther from the urban center. The material storage
depots are also located at a considerable distance from the
emergency resettlement points. Due to the limited capacity
and range of material distribution (MD), some resettlement

points, such as resettlement points 8, 5, and 6, experienced
delays in receiving timely subsidies. To address these
challenges, the study also compares the effectiveness of
different algorithms, including MOEA/D, SPEA, and
NSPSO, in optimizing resettlement site selection (RSS)
and material distribution routes. The results of these tests
are presented in Fig. 9.

¢ Material repository ¥ Settlement () Scope of material distribution @ Transit center

Q

(c) NSPSO

Fig. 9 presents the RSS and MD planning results for
various algorithms: Fig. 9a shows the results under the
MOEA/D algorithm, Fig. 9b displays the outcomes using
the SPEA algorithm, Fig. 9c¢ illustrates the planning results
with the NSPSO algorithm, and Fig. 9d presents the results

(d) Tent-NSGA-II
Figure 9 Settlement points and material distribution programs under different algorithms

achieved by the Tent-NSGA-II algorithm. Compared to the
first three algorithms, the proposed method using the Tent-
NSGA-II algorithm effectively addresses the MD
challenges at edge placement points, such as point 6, by
incorporating a transit center. This approach also eases the
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distribution burden on individual material repositories,
with each transshipment point efficiently serving two
resettlement locations. The study further evaluates these

EZ1 MOEAD [E=H SPEA

4 [Om NSPSO Tent-NSGA-II
2.50r
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2.00[ 1 ]
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(a) Delivery time testing

four algorithms based on distribution time and demand
fulfillment rate indicators, with the test results shown in Fig.
10.
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(b) Requirements satisfaction testing

Figure 10 Delivery time and demand satisfaction rate tests with different algorithms

Fig. 10 presents the test results for the four algorithms:
Fig. 10a shows the delivery time, while Fig. 10b illustrates
the demand fulfillment rate. The results indicate that as the
number of placement points increases, the material
distribution (MD) time gradually rises, and the demand
fulfillment rate steadily declines across all four algorithms.
Upon comparison, the proposed algorithm demonstrates
the smallest increase in distribution time and the slowest
decline in satisfaction rate. Specifically, its delivery time
ranges from a low of 0.5 hours to a high of 1.24 hours,
while the demand satisfaction rate varies between 93% and
82%. These results suggest that the proposed algorithm is
more suitable for subsequent emergency resettlement site
selection and MD tasks, offering a high degree of
credibility and feasibility compared to the other algorithms
tested.

5 CONCLUSION

Urban flooding, as a sudden and widespread natural
disaster, has caused significant damage to many cities in
China. In response, this study focuses on addressing the
challenges of Resettlement Site Selection (RSS) and
Material ~Distribution (MD) through multivariate
information processing in emergency management (EM).
The approach begins by mathematically modeling the RSS
and MD problems. The NSGA-II algorithm serves as the
foundational framework, enhanced by the introduction of a
Tent chaotic sequence for optimization, culminating in the
development of an Emergency Management Multivariate
Information (EMMI) processing model. Experimental
results demonstrate that this model outperforms similar
chaotic models, achieving a placement point generation
rate of up to 92% and a distribution route generation rate
of up to 95%. When compared to advanced algorithms in
the field, the Tent-NSGA-II algorithm generated up to 112
placement schemes, with 10 identified as optimal, and a
maximum of 121 distribution route schemes, with 11
optimal solutions. Simulation tests further confirmed the
model's efficacy, particularly in managing MD challenges
at marginal placement points by incorporating transit

centers, which also helped to alleviate distribution pressure
on individual material storage depots. The model achieved
a distribution time ranging from 0.5 to 1.24 hours, with a
demand satisfaction rate between 82% and 93%. In
summary, the proposed model has proven effective in the
practical application of flood response in Kunming City,
providing robust decision support for urban disaster
management. However, the study does acknowledge
certain limitations, such as the need for further
investigation into the algorithm's stability in extremely
complex environments. Future work will focus on
enhancing the model's real-time dynamic adjustment
capabilities and exploring its generalizability across
different regions to meet a broader range of EM needs.

6 REFERENCE

[1] Lu,S., Christie, G. A., Nguyen, T. T., Freeman, J. D., & Hsu,
E. B. (2022). Applications of artificial intelligence and
machine learning in disasters and public health emergencies.
Disaster medicine and public health preparedness, 16(4),
1674-1681. https://doi.org/10.1017/dmp.2021.125

[2] Singh, S., Nandan, A. S., Malik, A., Kumar, N., & Barnawi,
A. (2021). An energy-efficient modified metaheuristic
inspired algorithm for disaster management system using
WSNs. IEEE Sensors Journal, 21(13), 15398-15408.
https://doi.org/10.1109/JSEN.2021.3074497

[3] Nanda, S., Panigrahi, C. R., & Pati, B. (2023). Emergency
management systems using mobile cloud computing: A
survey. International Journal of Communication Systems,
36(12), 4619-4620. https://doi.org/10.1002/dac.4619

[4] Lillywhite, B. & Wolbring, G. (2022). Emergency and
disaster management, preparedness, and planning (EDMPP)
and the "social": A scor review. Sustainability, 14(20),
13519-13520. https://doi.org/10.3390/su142013519

[5] Do-Duy, T., Nguyen, L. D., Duong, T. Q., Khosravirad, S.,
& Claussen, H. (2021). Joint Optimisation of Real-time
Deployment and Resource Allocation for UAV-Aided
Disaster Emergency Communications. [EEE Journal on
Selected Areas in Communications, 39(11), 3411-3424.
https://doi.org/10.1109/JSAC.2021.3088662

[6] Yao, Z., Cheng, W., & Zhang, W. (2021). Resource
Allocation for 5G-UAV Based Emergency Wireless
Communications. [EEE Journal on Selected Areas in

Tehnicki viesnik 32, 4(2025), 1303-1312

1311



Lei FU: Multivariate Information Collaborative Optimization of Emergency Management Based on Chaos Theory

Communications, 39(11), 3395-3410.
https://doi.org/10.1109/JSAC.2021.3088684

[7] Arghandeh, R., Uzunoglo, D., & Ozguven, E. (2022). Guest
Editorial: Data-Driven Reliable and Resilient Energy System
against Disasters. [EEE transactions on industrial
informatics, 18(3), 2075-2077.
https://doi.org//10.1109/T11.2021.3117615

[8] Kyrkou, C., Kolios, P., & Theocharides, T. (2022). Machine
learning for emergency management: A survey and future
outlook. Proceedings of the IEEE, 111(1), 19-41.
https://doi.org/10.1109/JPROC.2022.3223186

[9] Yildiz, E. & Bostan, S. (2024). Earthquakes as a natural
occurrence and disaster: A qualitative research from the
perspective of chaos theory. Systems Research and
Behavioral Science, 41(1), 119-133.
https://doi.org/10.1002/sres.2946

[10] Fuller, R .P., Pyle, A., & Riolli, L. (2022). Creating order out
of chaos? Development of a measure of perceived effects of
communication on the crisis organizing process.
International Journal of Business Communication, 59(2),
174-192. https://doi.org/10.1177/2329488420979657

[11]Hodges, L. R. & Larra, M. D. (2021). Emergency
management as a complex adaptive system. Journal of
Business Continuity & Emergency Planning, 14(4), 354-368.
https://doi.org/10.69554/GKBT 1226

[12] Liu, R. (2023). Intelligence Information Intervention in
Emergency Management of Emergencies: The Case of the
"7.20 Zhengzhou Rainstorm". Frontiers in Management
Science, 2(3), 18-27. https://doi.org/10.56397/FMS.2023.06.04

[13] Wang, T., Wu, K., Du, T., & Cheng, X. (2022). Adaptive
weighted dynamic differential evolution algorithm for
emergency  material  allocation and  scheduling.
Computational Intelligence, 38(3), 714-730.
https://doi.org//10.1111/coin.12389

[14] Liu, R, & Fan, B. (2023). Roles of institutions and dynamic
capability in the relationship between collaboration and
performance in emergency management: evidence from 110
cases in Shanghai. Journal of Chinese Governance, 8(2),
206-233. https://doi.org/10.1080/23812346.2022.2131988

[15] Abbassinia, M., Kalatpour, O., & Motamedzade, M. (2021).
Application of social network analysis to major
petrochemical accident: interorganizational collaboration
perspective.  Disaster medicine and public  health
preparedness, 15(5), 631-638.
https://doi.org/10.1017/dmp.2020.86

[16] Cao, H., Wu, Y., Bao, Y., Feng, X., Wan, S., & Qian, C.
(2023). UTrans-Net: A Model for Short-Term Precipitation
Prediction. Artificial Intelligence and Applications, 1(2),
106-113. https://doi.org/10.47852/bonviewAlA2202337

[17] Hooshyar, M. & Huang, Y. M. (2023). Meta-heuristic
Algorithms in UAV Path Planning Optimization: A
Systematic Review (2018-2022). Drones, 7(12), 687-688.
https://doi.org/10.3390/drones7120687

[18]Lu, Q., Qiu, Y., Guan, C., Wang, H., & Zhu, M. (2023).
Coordinated Multi-UAV Reconnaissance Scheme for
Multiple Targets. Applied Sciences, 13(19), 10920-10921.
https://doi.org/10.3390/app131910920

[19] Chen, R., Shu, H., & Shen, B. (2023). Breaking the temporal
and frequency congestion of LiDAR by parallel chaos.
Nature Photonics, 17(4), 306-314.
https://doi.org/10.1038/s41566-023-01158-4

[20] Hariri-Ardebili, M. A., Sattar, S., & Johnson, K. (2022). A
perspective towards multi-Hazard resilient systems: natural
hazards and pandemics. Sustainability, 14(8), 4508-4509.
https://doi.org//10.3390/su14084508

[211Li, Y., Zhou, Z., & Chen, C. (2023). An Efficient
Convolutional Neural Network with Supervised Contrastive
Learning for Multi-Target DOA Estimation in Low SNR.
Axioms, 12(9), 862-863.
https://doi.org/10.3390/axioms 12090862

Contact information:

Lei FU

Capital University of Economics and Business,

Beijing, 10070, China
E-mail: fu_lei@cueb.edu.cn

1312

Technical Gazette 32, 4(2025), 1303-1312




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


