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IMPROVED VARIABLE SCALE OPTIMISATION ALGORITHM
IN WATER SAVING LANDSCAPE DESIGN
AND ITSAPPLICATION

Abstract: With the acceleration of urbanisation, the probtemvater resource shortage is becoming increasingl
serious. Currently, the water use situation in €béncities is severe and the contradiction betweesupply and
demand of water resources is prominent, which here one of the main factors restricting sustdénab
development of cities. Traditional research on waswing landscape design focuses mainly on thiysiaa@f the
efficiency of water resource utilisation within engle area or city. The scope of the researchnigdd and the
research methods are individual, which cannot follget the current needs of sustainable urban waténg
landscape design. The improved variable scale égatan algorithm has become an indispensableinomiodern
landscape design and would play a more importdatindandscape design and ecological environmesteption

in the future. In response to the shortcominggaditional variable-scale optimisation algorithmssolving the
optimisation problem of water-saving landscapegtesor ecological sustainable development, thiglartvould
use an improved variable-scale optimisation alporito study the water-saving landscape designdological
sustainable development in Community X, City B,vittoe A. The research results indicated that thene three
experts who rated the effect of the water savingdaape design of the first group of designersoasl @r above,
accounting for 37.5 %. The number of people wheddhe effectiveness of water-saving landscapeudesithe
second group as good or higher was 8, represeh@igfo. The improved variable-scale optimisatiorogatgm
could effectively improve the application of wasaving landscape design in ecological sustainableldpment.

Keywords: water-saving landscape design, variable scalemiggtion algorithm, ecological sustainable
development, water resource

I ntroduction

Water scarcity is a global problem. There is a tstg@ of water resources in many
countries. To achieve sustainable economic andr@mviental development, optimising
urban landscapes through planning, managemengesign is an effective way to promote
sustainable urban landscape development.

In recent years, many new concepts have been prdpiosthe field of landscape
design, such as ecological design, water-savingaestc. Landscape design refers to the
planning and design of landscape and gardens.ldteemts include natural landscape
elements and artificial landscape elements; Ihtegrated with various disciplines such as
planning, ecology, and geography, and has differeatinings in different disciplines.
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These new concepts are the result of continuoustipeaand exploration by landscape
designers. Landscape designers recognise that wileoving human quality of life and
meeting human environmental needs, they must cendidth natural and economic
factors. For landscape designers, water-savinggdesi one of their key considerations.
In practical applications, water-saving design mftevolves multiple parameters, such as
water quantity, water quality, etc. Therefore, haw reasonably incorporate these
parameters into landscape design is an importaneis

This article improved the variable-scale optimisatialgorithm and applied it to the
design of water-saving landscapes for ecologicatasuable development. The results
showed that the improved variable scale optimisatidgorithm was easier to solve
problems and had better design performance comp#oedraditional algorithms.
This method provided a reference for selecting wsdwing solutions in actual landscape
design, and also provided an effective and prdcsiclution. The innovation of this article
lied in the fact that ecological sustainable depaient and water-saving landscape design
became an important development direction in takl fof landscape design. In the future,
more designers would join this field and make greatontributions to the sustainable
development of cities.

Related work

With the gradual popularisation of the conceptustainable development, improving
the utilisation rate of water resources is a camus research and practice topic in the
urban planning and landscape design industry. Anmtbegn, Marin and de Meulder [1]
took the transformation of the Limburg region imtal Belgium to a circular economy as
a design practice, and proposed that the constisictipproach to urban landscape design
might embed social and economic dimensions whenyisygpurban metabolism; urban
landscape design operated within its interventioieldf potentially promoting
interdisciplinary dialogue in urban metabolic desigsearch. Through the importance of
visual expression of communication between staldshelin the landscape planning and
design process, Raaphorst et al. [2] developechalytical framework based on semiotics
and iconology theory, which made it possible tolgs®the visual content of landscape
design expression and interpret it in iconologywHo use the advantages of technological
development to deal with the overall planning aedigh of urban spaces, and carry out
an effective evaluation, so as to formulate appabgr strategies for the overall
development of the city was necessary. Therefoiie, [8] conducted a questionnaire
analysis on Shandong province residents. The meseasults indicated that, in terms of
secondary evaluation, the most important aspecthea%ecological principle", followed by
the "consideration principle", the "application nmiple" and the "economic principle".
Among the 15 evaluation indicators, the five madtied were: reducing impact, improving
the environment, characteristics, environmentaildse and supporting greening. Based on
the research results, suggestions were proposetthigve environmental planning and
overall design through reasonable planning, andran® the overall quality of the
environment, to achieve sustainable developmentveder, the above studies were all
theoretical studies on landscape design and laalesientific algorithm for verification.

The variable-scale optimisation algorithm is a catafional model that simulates the
evolution process of natural rivers, thus achieuimg goal of controlling changes in river
morphology by changing the water and sediment ¢immdi of the river. Since its inception,



Improved variable scale optimisation algorithm iater saving landscape design and its applicatidd.

this algorithm has attracted the attention of satsoaround the world and has been widely
applied in areas such as hydrology and water ressuAmong them, the distribution of
non-convex cost functions is crucial for better emstanding optimisation algorithms
widely used in signal processing, statistics, aratmne learning. The famous Kuramoto
model has become an important mathematical modektiadying the synchronisation
phenomenon of coupled oscillators on various ndtwapologies. Ling et al. [4] combined
these two seemingly unrelated objects by studyihg bptimisation landscape of
a nonlinear function. Due to the commonly useddixeordinate system and not suitable
for different functional scenarios, naturally inga optimisation algorithms might not be
able to effectively search. To overcome this draskbdiu et al. [5] proposed a framework
called ACoS (Advertising Cost of Sales) to adapyivadjust the coordinate system in
natural inspired optimisation algorithms. In ACofgature coordinate systems were
established using cumulative population distributioformation, which could be obtained
based on adaptive strategies of the covariancexmaatd additional archiving mechanisms.
Due to the fact that population distribution infation to some extent reflects
the characteristics of functional landscapes, a&inspired optimisation algorithms in the
feature coordinate system had the ability to retsmgrthe morphology of functional
landscapes. These studies demonstrated the apiiijcabsome optimisation algorithms in
the field of landscapes, thus providing a foundafmr applying variable-scale optimisation
algorithms to the design of water-saving landscépesustainable ecological development.

Construction of ecological sustainable development
and landscape design

Introduction to relevant technologies

(2) Introduction to sustainable ecological development

Ecological sustainable development refers to ptistgand improving the ecological
environment, maintaining ecological balance, andviging sustainable resources and
environment for future generations while meeting #tonomic, social and cultural needs
of modern people. Ecological sustainable developrizeane of the common global goals,
involving economic, social and environmental aspettius aiming to achieve sustainable
economic growth, social justice and harmony, andirenmental health and stability.
The core of the concept of ecological sustainabi/ebbpment is to adhere to
people-oriented principles and promote coordinaleeelopment of economy, society, and
environment. It emphasises prioritising the interex current and future generations and
focusing on protecting the natural environment, stimproving resource utilisation
efficiency and promoting green and low-carbon deperlent, thereby promoting
sustainable consumption and production methodseasdring the stability and resilience
of ecosystems. To achieve the goal of sustainatuogical development, the international
community has formulated a series of global, regjlioand national policies and measures,
such as the United Nations Sustainable Developnmfsgenda, the Paris Climate
Agreement, the Convention on Biological Diversitthe Convention to Combat
Desertification, etc. At the same time, variousrdaas actively promote the practice and
exploration of sustainable ecological developmbrdugh legislation, policies, technology,
and markets.
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(2) Water-saving landscape design

Water-saving landscape design is a landscape desigmique that minimises water
consumption and improves the efficiency of watesotgce utilisation, to reduce water
costs while ensuring the aesthetics of the landscd@gng and Conqui [6], Toy and
Neslihan [7]. The purpose is to achieve water coag®n by controlling water
consumption from the source and scientificallyisitilg irrigation technology.

The design of water saving landscapes must be matthand improved from multiple
perspectives, such as site planning, plant cordigam, and irrigation systems Maki and
Tomoko [8], Bilous et al. [9]. An irrigation systerafers to the complete set of facilities in
an irrigation project, which includes three pamster sources (rivers, reservoirs, wells,
etc.) and channel buildings; the water supply sydteat takes water from the water source
and transports it to the irrigation area, includottannels or pipelines and their tunnels,
aqueducts, culverts, and inverted siphons; the n@igribution system for distributing
water in irrigation areas, including various levefschannels within the irrigation area, as
well as control gates, diversion gates, and slgates for controlling and distributing water
volume; temporary channels in the field. Usuallgring from site planning, different
types of vegetation can be classified, combined, amanged according to water demand
and planting methods. From the perspective of ptanfiguration, it is necessary to choose
plants that are drought resistant, disease resigtast resistant, rapidly growing, and have
strong ornamental properties. In terms of irrigatsystems, advanced technologies such as
drip irrigation, sprinkler irrigation, and microrigation can be used to control the amount
of water and irrigation time, so that plants cataobsufficient water.

Through water-saving landscape design, not onlyveater consumption be reduced,
waste avoided, and water costs reduced, but tHegical value of the landscape can also
be increased and people’s awareness of environhpotaction can be raised. Ecological
value refers to a special manifestation of “avenagjee” in philosophy. It makes economic
judgments in meeting the needs and developmentepsoof ecological environment
objects, ethical judgments by humans in dealindp Wit relationship between the subject
and object of the ecological environment, and fiemetl judgments of natural ecosystems
as independent systems that exist independentiymfin subjects. Therefore, water-saving
landscape design is increasingly valued in modebanu construction and environmental
protection Zhao et al. [10], Long and Cheng [11].

In this context, more and more landscape desigasFspaying attention to water
conservation design and exploring how to achievalggsuch as water conservation,
environmental protection, and sustainable developrimelandscape design. At present, the
current situation of water-saving landscape deigrecological sustainable development
is manifested mainly in the following aspects.

Emphasis on water conservation in landscape dedipre and more landscape
designers are paying attention to water consenvatitesign and reducing water
consumption by adopting water-saving irrigationtsyss and selecting plants suitable for
arid areas.

The application of environmentally friendly matdsialn landscape design, more and
more environmentally friendly materials are beirggd, such as biodegradable materials,
recycled materials, etc., to reduce their impacttba environment. Environmentally
friendly materials refer to a type of material thatder the action of light, water, or other
conditions, degradable materials would experiendecaease in molecular weight, physical
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properties, and gradually be absorbed by the emwiemt. They can also be called
degradable materials.

Construction of green infrastructure: Green infiasture refers to infrastructure that
provides services to the urban ecosystem throudbralasystems, such as rainwater
gardens, ecological roofs, etc. In landscape designconstruction of green infrastructure
has also become a trend.

Integration of landscape design and urban planniige integration of sustainable
ecological development, water-saving landscapegdeand urban planning is becoming
more and more close. Through landscape designuthan environment is improved.
The quality and stability of the urban ecosystemingproved and the sustainable
development of the city is realised.

Construction of variable-scale optimisation algorithms

(1) Variable scale optimisation algorithm

Water resources refer to water sources that cartiliged or are likely to be utilised,
which should have sufficient quantity and apprderiguality and meet the specific
utilisation needs of a certain place over a peobtime. China is a country with a shortage
of water resources. With the acceleration of urketion, the issue of water resources has
become more prominent. How to adapt urban landsdapign to the concept of ecological
sustainable development has become an importadnastopic in the contemporary urban
planning and landscape design industry [12, 13]jc&ithe birth of humanity, water has
been closely related to human life, such as agdtiallirrigation, industrial production, and
the use of living water. In the contemporary Chénasban planning and landscape design
industry, water has become one of the focuses tehtan, and water conservation is
an important component of China’s sustainable agmknt strategy. Therefore, how to
make water resources more reasonable and effigeot great significance for China’s
urbanisation process.

The variable-scale optimisation algorithm is animfgation method based on "scale
transformation”, which transforms the original peb into several optimisation
sub-problems through scale transformation. Thiseatffely avoids the "premature
convergence" and "local minima" phenomena thatittoahl variable weight coefficient
algorithms are prone to while solving multi-objeetioptimisation problems, and has high
optimisation efficiency.

(2) Model and algorithm flow of variable scale optimisation algorithm

With global climate change and population growtte shortage of water resources is
becoming increasingly prominent and water saving bhacome one of the important
directions for sustainable ecological developmémiandscape design, how to reasonably
utilise water resources and reduce water consumgiEs become an important issue.
The variable-scale optimisation algorithm is animgation algorithm based on natural
phenomena, with global search ability and efficienehich can be applied to the design of
water-saving landscapes for sustainable ecolod®atlopment.

The variable-scale optimisation algorithm is an layed global optimisation
algorithm that can be used to achieve comprehemgitimmisation of multiple indicators
such as water and soil in ecological landscapegdesihe basic idea of variable scale
optimisation algorithm is to simulate the evolutipnocess of species in nature, and
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gradually optimise the objective function througbnttnuous mutation, crossover, and

selection. Water-saving landscape design is a desigthod that achieves water-saving

goals by reducing water consumption and improvirgtew utilisation efficiency while
ensuring the aesthetics of the landscape. The iaoedhip between variable-scale
optimisation algorithms and water-saving landscd@sign is that the former can achieve
precise optimisation of ecological landscape deslgn analysing and simulating
environmental element information distributed iffetient scale spaces, thus effectively
controlling various factors in the design procesbjch has the characteristics of high
efficiency, accuracy, and reliability. The lattex based on the overall planning of the
garden landscape according to the actual situatipnadjusting the structure of the
vegetation, the irrigation methods and other meams achieve maximum water
conservation. The combination of the two can makel$cape design more scientific and
sustainable, while also contributing to urban camdion and ecological environment
protection. The basic idea of variable scale opatidbn algorithm is to simulate the
evolution process of species in nature and gragloallimise the objective function through
continuous mutation, crossover, and selection.hin design of ecologically sustainable
water-saving landscapes, the objective functionlmset to minimise water consumption,
maximise landscape benefits, etc. By using variab#de optimisation algorithms, the
optimal design scheme can be obtained, thus adlgekie goals of water conservation and
ecological sustainable development. Specificalig, variable-scale optimisation algorithm
can be applied to the following aspects:

1) Optimising plant configuration in landscape desi By using variable-scale
optimisation algorithms, the optimal plant configtion scheme can be obtained, thus
maximising landscape benefits [14, 15].

2) Optimisation of irrigation system in landscapesidn: Through variable-scale
optimisation algorithms, the optimal irrigation /% scheme can be obtained, thus
minimising water consumption while ensuring thevgtoneeds of plants.

In summary, the variable scale optimisation aldgmnithas broad application prospects
in ecological sustainable water-saving landscapségde and can provide effective design
tools and decision-making support for landscapeigdess. The process is shown
in Figure 1.

Variable scale
optimisation
algorithm

b

Designe

Ecological Water saving h
sustainable landscape design
developmen

4%

Improved variabl
scale optimisatio
algorithm

Fig. 1. Process of ecological sustainable developmvater-saving landscape design



Improved variable scale optimisation algorithm iater saving landscape design and its applicatidd 7

The solving model of the variable-scale optimisatalgorithm is analysed. In the
variable-scale optimisation algorithm, the indivadlfitness function is based on the global
optimal solution. Therefore, when the individuahéiss function exceeds the local optimal
solution, the algorithm would fall into the locaptamal solution; at the same time, the
selection operator, crossover operator, and tetiomacondition in the variable scale
optimisation algorithm have a greater impact on thdividual fitness function.
The selection of the fitness function directly affethe convergence speed of the genetic
algorithm and whether it can find the optimal simiot because the genetic algorithm
basically does not use external information in ¢welutionary search and only uses the
fitness of each individual of the population to rebabased on the fitness function.
Therefore, in response to the shortcomings of ticawil variable scale optimisation
algorithms in solving optimisation problems, thigide improved and optimised the
variable scale optimisation algorithm [16, 17].

Improved variable scale optimisation algorithm
for water-saving landscape design optimisation

(1) Vision of the spatial environment of the water-saving landscape
The formula can be obtained as follows:

a? — a?
@ = max [%, 0] (1)

wherea? is the local variation of the set of images fortavesaving landscape design, and
af is the optimal coefficient for images of water-s@yvlandscape design. This article
adopted the gradient descent method to reconsthetvisual environment of the
water-saving landscape space through regional sggtien, so that the sparse feature
values of the environmental design images of thetemgaving landscape space
environmental design images ntee D. Based on the results of a sparse prior expression
the optimal visual reconstruction threshold at fegim b) of the water-saving landscape
spatial environment design imagg,(a,b) was obtained. Template matching was
performed on the design images and the matchinfficieats were obtained as follows:
. Tdy,c<o<a-—-b»b
ho _{ h,, otherwise @
whereT is a standardised constant, which is combined thithsegmented region template
matching method to design and detect the spatidt@mment of the landscape with less
water,dy... h,... The maximum gray value is as follows:
19‘13’ (3)

(900)°

The visual reconstruction of the spatial environtrifrthe water-saving landscape was
carried out and a variable-scale optimisation afigor was used to achieve perception of

the fusion of water-saving landscape informatiohe Tnformation reconstruction model
was obtained and its expression form is as follows:

h(a,b) = g(a,b) + 6(a, b) 4)

whereg(a, b) represents the original water-saving landscapéiaspenvironment image;
h(a, b) - reconstructed image&(a, b) - a grayscale image. Based on the above analysis,

mqh =
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a variable scale optimisation algorithm can be glesil for water-saving landscape design
[18, 19].

(2) Improved variable-scale optimisation algorithm

The improved variable-scale optimisation algorithras extensive and important
applications in water-saving landscape design foolagical sustainable development.
Firstly, this algorithm can optimise the water savieffect by analysing, modelling, and
optimising environmental factor information at @ifént spatial scales. Specifically, it can
provide designers with an accurate and efficient to explore green gardens and low
water consumption methods to achieve design gdads. example, it can optimise
landscape design schemes by combining factors ssclwater resources, land use,
vegetation type, and structure, thereby improvingtew resource utilisation efficiency.
Second, the improved variable-scale optimisatigo@thm can comprehensively optimise
multiple factors based on the specific characiessand needs of landscape design,
including water, land use, vegetation structured atological security. This aligns
landscape design more with the principles of edoldgsustainable development, which
can better protect water resources and ecosystamsimprove the economic, social and
ecological value of the landscape. Finally, theualisation technology of this algorithm
can also improve the transparency and participadbtandscape design. Designers can
intuitively understand the weights and optimisatioesults of each factor through
visualisation technology, thereby better understapdiesign decisions and adjustment
plans [20, 21]. At the same time, visualisatiorhtemlogy can also improve the efficiency
of landscape design and communication with socétyg the public, which is of great
significance for protecting water resources and ieaiihg sustainable ecological
development. Therefore, this article would optintise water saving landscape design for
ecological sustainable development based on anoiepr variable-scale optimisation
algorithm. The specific steps are as follows: Birstombined with the segmented region
template matching method, the feature visual recoction of water-saving landscape
spatial environment design images is carried oaise® on the method of local feature
adaptive feature matching, an information fusiordeidor water saving landscape spatial
environment vision is constructed. Finally, a wegaving landscape spatial environment
artistic feature expression model is constructecidedd the improved variable-scale
optimisation algorithm, the information fusion e&psion is obtained as follows:

h=1Qg+m (5)
among them@ represents a convolution operator. By combinirgguiactor set of collected
images of the spatial environmental design of thatew saving landscape,
a decomposition model for the visual charactesstmf the spatial landscape was
established. The optimal resolution feature valfms water-saving landscape spatial
environmental vision were obtained as follows:

doon (W) = q(u —oUy — kU, — v U, — x,0) (6)
QQN OZOO kZ(:) d qa Yk
doon (1) = z frau — kUy) @)

k=—o0
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In the formula,U; is the optimisation iteration width of the genegwolution.
The segmented model for the design of the spatidt@ment of the landscape with water
savings is obtained.

The image pixel decomposition model is expressdadllsvs:

N L)

a(u) = Z Z Omd(u — Uy, — &) + w(u) 8
n=11=1
om IS the fuzzy feature component of the visual eswinent of water-saving landscape
space. The output of landscape optimisation ddsightained as follows:
a=Psinucosy 0<y<2m
jb =Psinusiny 0<u<m (9)
¢ = Pcosu P=F/2

whereu andy are the visual reconstruction function and thelenfginction of the
water-saving landscape space, respectivelyPardhe template matching coefficient.

Application experiments and evaluation in water-saving landscape
design for ecological sustainable development

Overview of City B in Province A
(1) Geographical location

City B is located in the center of Province A orvalley plain between two major
mountain ranges. The entire terrain of the citlyigh in the north and low in the south, thus
forming a dustpan shape. The highest point abosgeleseel is 3124 meters. The lowest
point is 769 meters and the average elevationaats®00 meters.

(2) Climatic conditions

Province A has a temperate continental monsoonatdinSpring is characterised by
rapid warming, large temperature differences, dsgneand windy and sandy weather;
winter is dry and cold, with mostly sunny weatheummer is hot with concentrated
rainfall; the number of sunny days increases inumut and the weather is stable.
The precipitation situation in Province A from 2002022 is shown in Figure 2.

As shown in the figure, the precipitation situatiarprovince A was very uneven, with
the main precipitation concentrated in June, Julgt August. The precipitation in late
winter and early spring was very low, thus leadiog shortage of water resources in the
province and making it one of China’s water-defitiprovinces. Therefore, the sustainable
ecological development of water-saving landscapgigdewas of great significance in
Province A [22, 23].
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Fig. 2. Precipitation for 2020, 2021, 2022: a) nhent-6, b) months 7-12

Water saving landscape in the Community X, City B, Province A

In the layout of modern urban landscape plannihg, water-saving landscape plays
a vital role, which also determines that the urbaater-saving landscape plays
an indispensable role in the city. Rainwater coitegcand use technology to maintain urban
water landscape is very important. However, the ram@ss of ecological sustainable
landscape design for water saving in daily lifedg high, especially for cities deficient in
water that are developing urban landscapes forreateservation [24, 25].
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Fig. 3. Water-saving landscape design in CommuXiitg) designer’s evaluation, b) expert evaluation

As the Community X is the first ecological commuyniih the City B, in the Province
A, it covers an area of approximately 0.75%kmmong them, the construction land is
approximately 200 acres, and the green land isoxppately 421 acres. The area of
pedestrian roads, squares, etc. is approximatedyaB®es. The motor vehicle lane covers
an area of approximately 172 acres, while the notmmvehicle lane covers an area of
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approximately 48 acres. The greening rate is aBdb and the number of households is
over 5200. Therefore, by taking the Community X aas example, this article invited
10 water-saving landscape designers and 8 expetteifield of water-saving landscape
design to evaluate their water-saving landscap@ule$he rating level was divided into
4 levels. Among them, scores below 60 represeraddré and scores between 60 and
70 represented just passing. A score of 70-80 wasd.gA score of 80-90 represented fine
and a score of 90 or above represented excell@heeresults are shown in Figure 3.

From the figure, it could be seen that the numbedesigners and experts who
believed that the water-saving landscape designQi¥mmunity X was unqualified 7,
accounting for 70 % and 87.5 %, respectively. Timdicated that the water-saving
landscape design of Community X urgently neededdrgment.

Compar ative experiments

To conclude whether the effect of the applicatidnttee improved variable scale
optimisation algorithm in ecological sustainablevelepment water saving landscape
design was better than the design method of thahlarscale optimisation algorithm, this
article selected the area Y of the Community X las éxperimental object, which was
a water saving landscape design area with a cestaile. Ten designers were divided into
two groups, with five members in each group. Thestfigroup was designed using
traditional algorithms, while the second group wedssigned using an improved
variable-scale optimisation algorithm. During thesigin process, two groups of designers
divided the Y area into two equally sized areas dostainable ecological water-saving
landscape design. They could freely play withinirtihespective areas, but they needed to
follow the same design requirements and constraliits design process and results of two
groups of designers were recorded and the desigm éind design effect were compared
[26, 27].

(1) Design time
The comparison of design time between two groupesigners is shown in Figure 4.
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Fig. 4. The time required for designers to des@rthe first group of designers, b) the second gafu
designers
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From Figure 4a, it was seen that the time requivedhe first group of 1-5 designers
was 10 days, 12 days, 9 days, 11 days, and 13 degmectively; in Figure 4 b, the time
required for the second group of 1-5 designers &vaays, 7 days, 5 days, 8 days, and
6 days, respectively; from the figure, it was st#®t the time required by the second group
of designers was significantly shorter than thattled first group, indicating that the
improved variable scale optimisation algorithm laaletter application effect in ecological
sustainable development water saving landscapegrdehian traditional variable scale
optimisation algorithms [27].

(2) Design effect

By comparing the design time data of two groupsesdigners, it can be preliminarily
evaluated that the improved variable scale optitiaisaalgorithm is more efficient in
ecological sustainable water-saving landscape desigwever, it should be noted that the
design time may not fully reflect the level of dgsiquality, and other factors must be
considered in a comprehensive way. Therefore dttisle once again invited eight experts
who rated the water-saving landscape design of Qamityn X to rate the effects of the
water-saving landscape design of the ecologicahmable development of two groups of
designers. The rating level remained unchangeshasn in Figure 5.

a) b)
100 100

B Number of people

—e— Proportion 80

IS

60

E S 7 =
g g €9 3
=Y 40 S g S 40 =
& = & BN Number/of people v
20 1 i 20
0 0 0
& & & & <& ) ) S S <
& & & & o~ & & & > S
< < & $ § § $ X
KON MEE M M MO M M S
& S D BN © & N \4 S &0
N $ NS ¢ N R
o $ F >
® Q%
Categories Categories

Fig. 5. Expert evaluation of the water-saving larage design effect a) the first group of designers,
b) the second group of designers

From Figure 5a, it could be seen that there ae fiwople, representing 62.5 %, who
scored 60-70 points on the effectiveness of wateing landscape design of the first group
of designers by experts. There were 2 people withoae of 70-80, which represents 25 %.
There was one person with a score of 80-96, whiah ¥2.5 %. There were no excellent or
failed scores. According to Figure 5b, it could been that there were 4 people,
representing 50 %, who scored 70-80 points on ffleeteof water-saving landscape design
of the second group of designers by experts. There 3 people with a score of 80-90,
which is 37.5 %. There was one person with a sob/@0 or higher, which was 12.5 %.
There were no scores for failing or just passingnkthe figure, it could be seen that the
number of experts who rated the effect of waterseovation landscape design of the first
group of designers as good or better was 3, reptiage37.5 %. The number of people who
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rated the effectiveness of water-saving landscagsigd in the second group as good or
higher was 8, representing 100 %. This indicated the landscape design effect of the
second group of designers was much better thanothtite first group of designers, and

further validated the application effect of the noyed variable-scale optimisation

algorithm in the water-saving landscape designcofagical sustainable development, thus
providing reference for designers in related fields

Conclusion

With the increasing scarcity of global water resesr and the increasingly serious
environmental problems, the design of water-sal@mglscapes for ecological sustainable
development has become a hot topic in the curemidcape design field. This article
would study the application of improved variabledsc optimisation algorithm
in water-saving landscape design for ecologicatasuable development, and designed
a comparative experiment. Compared with traditicadgbrithms, the improved variable
scale optimisation algorithm could reduce the tiraquired for design and had higher
design effectiveness. It had more advantages inewoly complete optimisation of
multiple indicators in the design of ecologicaldanapes. At the same time, the application
of the improved variable scale optimisation aldoritcould also improve the efficiency of
landscape design and reduce human and material sosas to make positive contributions
to ecological sustainable development. Therefdre, application prospects of improved
variable-scale optimisation algorithms in ecolobisastainable water-saving landscape
design are very broad, and it is one of the impanesearch directions for future landscape
design and ecological environment protection. Doensufficient knowledge reserves,
although ideal results were achieved in the desfgmater-saving landscapes for ecological
sustainable development, there were still doubtés Was mainly because this article took
Community X in City B, Province A as the experin@nibject. Although it had a certain
representativeness, whether it was applicabletergilaces still needed to be verified, so
as to make the experiment more rigorous. It is tdpat in future research, researchers can
expand the experimental subjects as much as pessitd reduce the impact of accidental
events, so as to draw more accurate conclusions.
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