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In order to improve the e�ect of rural garden landscape design, this paper combines virtual simulation technology to design rural
garden landscape and evaluates its design e�ect. Moreover, this paper proposes an optical modulation system for the application of
virtual simulation in rural garden landscape design. In addition, before the target is modulated, this paper converts the two-
dimensional image on the detector target surface into a one-dimensional stretched modulation image so that the beam emitted by
each object point is stretched and �attened on the detector target surface. Finally, this paper explores the in�uence of lens spacing
and �eld of view on the modulation image of the target surface and the characteristics of projected intensity attenuation after
modulation and designs a modulation model that optimizes attenuation. �e research results show that the garden landscape
design based on virtual reality technology proposed in this paper has a good e�ect and is of great signi�cance to the e�ect of rural
garden landscape design.

1. Introduction

For a long time, designers have e�ectively inherited the
regional agricultural production culture when planning
and designing the rural landscape, so that the regionality,
originality, and uniqueness are well re�ected. It can be
seen that rural landscape is an important heritage of
regional culture, which needs to be protected and ef-
fectively inherited. Moreover, even in the context of rapid
urban development, it is necessary to provide su�cient
space for the survival and development of rural culture.
At the same time, in the planning and design, it is
necessary to e�ectively integrate the elements of actual
rural life, so that urban people can come into contact with
more representative rural facilities, actively participate in
rural activities, feel pleasure and happiness in the process
of referring to landscape architecture, and cultivate their
own sentiments. For example, when designing landscape
gardens, we can design fruit and vegetable picking gar-
dens, plan planting areas, and organize people to carry

out picking activities, so that people can experience the
joy of harvest while enjoying the beauty of the garden.

�ere are also great di�erences in rural landscapes from
region to region. �erefore, when planning and designing
landscape gardens, we should pay attention to grasp the
integrity and conduct in-depth investigations, so that the
planning and design can conform to the speci�c conditions
of the garden and can be well coordinated with the sur-
rounding environment. In particular, it is necessary to focus
on the analysis of factors such as water �ow and topography
and reasonably choose the rural landscape, so that the two
can be naturally integrated and the overall coordination can
be well guaranteed [1].

Designers also need to pay attention to the coordination
of bene�ts and costs. Under the premise of conditions
permitting, they can transform rural consumption patterns
and set up style restaurants, entertainment facilities, and so
on. By combining these elements, commercial development
requirements, market development needs, and modern
people’s needs can be met. �e entertainment and
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construction needs are well met, ensuring the visibility of the
planning and design, which is more conducive to the in-
crease of local farmers’ economic income [2]. Construction
of farming landscape to create “practical integration” of
landscape architectures has been studied. In the process of
landscape architecture planning and design, the relevant
personnel should be based on the rural landscape and ef-
fectively integrate into the regional culture. In detail, when
planning and designing, it is necessary to fully respect and
pay attention to local culture, history, and customs, while
fully protecting economic crops, start the construction of
landscapes with regional characteristics. At the same time,
designers can appropriately introduce local economic ac-
tions when starting the planning and design of gardens and
promote the development of landscape gardens to “practical
integration” through appropriate crop planting [3]. It is also
necessary to focus on integrating into the unique local rural
landscape, continuously improve the level of regional
consumption, andmake foreign and local tourists have more
expectations for entering the landscape garden, which will
also play a certain role in driving the development of the
local economy. .rough reasonable planning and design,
after entering the garden, foreign and local tourists can carry
out a variety of outdoor activities, appreciate the unique
customs, and enrich their spiritual world [4]. In addition,
when planning and designing landscape architecture, rele-
vant personnel should also innovatively integrate into the
rural landscape, combine the characteristics of the times,
make the planning and design more creative, and carry out
reasonable innovation based on the local cultural foundation
and the actual situation of landscape architecture, so as to
better display the landscape architecture. Cultural conno-
tation and promoting the sustainable development of
landscape architecture are very important [5].

.e colorful garden landscape is inseparable from the
combination of design concepts and various technologies. In
recent years, with the help of powerful modern horticultural
technology, garden landscape design hasmade great progress in
both quality and quantity of works [6]. For example, in the
process of landscape design, computer software, 3DMAX, and
other auxiliary technologies can be used to optimize the real
effects such as landscape color matching in advance, thereby
making the layout of the real scene more reasonable and richer
in connotation. In the process of garden plant maintenance, the
reasonable use of small-scale irrigation technology suitable for
horticultural cultivation can not only make large-scale garden
green vegetation fully absorb water, improve water resource
utilization efficiency, play a role in energy conservation and
environmental protection but also reduce maintenance costs.
Cost and the investment of excessive human resources should
be considered [7]. It can be seen that the continuous devel-
opment of modern horticultural technology provides a better
platform for garden landscape design, avoids the direct copying
of previous constructionmodels in the design process of garden
landscape, and helps designers fully open their minds, give full
play to their imagination, and burst into inspiration, to design
an innovative landscape with both aesthetics and practicality
[8].

.ere are many influencing factors in the actual design
process of garden landscape. When designing for a specific
location, the local conditions should be considered, and
appropriate technical means should be used for design and
construction [9]. .e design process should be eclectic. For
example, the use of axisymmetric structural patterns in
buildings may not meet the aesthetic needs of garden
landscape design, while minor repairs based on the original
ecological environment can also make people’s eyes shine
may be even better in terms of economy and compatibility.
In addition, special attention should be paid to the layout
and planning of gardens. Reasonable regional spatial dis-
tribution and design can drive the flow of local tourists and
improve the aesthetics of tourists [10].

Garden landscape design and modern horticultural
technology are interdependent. Garden landscape reflects
the level of regional economic and technological develop-
ment to a certain extent and is an important indicator to
measure the satisfaction of local people. With the progress of
a new round of scientific and technological revolution and
industrial transformation, the introduction of modern
horticultural technology in the process of garden landscape
design can not only enrich the layout and modeling methods
of gardens but also put forward higher requirements for
horticultural technology itself, thereby promoting modern
horticultural technology as constantly evolving, bringing
forth new ideas. Landscape design and modern horticultural
technology are interdependent and mutually reinforcing,
and it is impossible to design satisfactory garden and garden
works by ignoring either party [11].

In traditional Chinese architecture, there are many
works of ingenious craftsmanship, and garden architecture
is an important part of these works. Garden works can not
only reflect the level of architecture but also reflect the level
of social civilization. .e level of architecture is not only
affected by the level of science and technology of the times
but also by the culture of the times. People put forward
higher requirements for building quality and style, which
promotes the improvement of building level [12]. .e ar-
chitectural level is of positive significance for the con-
struction and protection of rural landscape gardens, and
more excellent rural landscape gardens can be built through
the improvement of the architectural level [13]. In the
construction of rural landscape gardens, it is necessary to
fully integrate the culture of the times, which is the deep
excavation of the construction of rural landscape gardens. In
the construction of rural landscapes, different architectural
principles should be followed, different construction
methods should be adopted in different areas, and local
characteristics should be combined into the construction of
rural landscape gardens. In its construction, it is necessary to
ensure the development mode of combining landscape and
use and combine garden construction with local economic
development, which can not only promote the development
of garden construction but also promote the improvement of
the local economic level [14]. In the garden landscape, it is
necessary to deeply integrate the local characteristics of
economic development crops to make their development
more modern. In the construction of rural garden

2 Advances in Multimedia



landscapes, regional issues should be fully considered, and
landscape construction should be carried out within the
rural gardens [15]. When constructing rural gardens, it is
necessary to fully consider landscape construction, choose
natural landscapes that are more in line with reality, use as
few artificial construction methods as possible, and directly
select natural products to integrate them into gardens to
make the gardens more attractive and attractive. Compet-
itiveness is the most important factor inmany cases [16]..e
above construction requirements are a test of architectural
level and architectural art. Only superb architectural level
and art can build superb gardens. It is necessary to con-
tinuously strengthen research awareness and concepts to
truly achieve sustainable development [17].

.is paper combines the virtual simulation technology to
carry out the rural garden landscape design and evaluates its
design effect, so as to improve the rural garden landscape
design effect.

2. Virtual Imaging Technology

2.1. Principle of One-Dimensional Linear Projection Optical
Tomography. As shown in Figure 1, the image relay system
realizes the surrounding of the target section by the detectors
and pixel points in a similar virtual light, and the optical
modulation system realizes the modulation of the signal
after the image transfer into the projection of the target
object. In the past research, the light intensity distribution of
the target object on the camera target surface was collected
by the area array camera as the original information of the
two-dimensional distribution function of the target object,
and then the integral projection function was obtained
through calculation processing.

In the virtual light of garden landscape design, the line
integral of the attenuation coefficient of the object along the
specific path of the pixels collected by the detector is used as
a measurement result. As shown in Equation (1), p is the
projected measurement value and μn is the attenuation
coefficient on a specific path L.

p � 
L
μn · Δx. (1)

.e pixel point source and detector translate the ac-
quired data along paths parallel and equally spaced to each
other to form a set of projection measurements and then
repeat the projection measurements around the target object
at a fixed angle with a rotation center. It continues the whole
process until the cumulative rotation angle reaches more
than 180°, and the reconstructed virtual ray image is ob-
tained by calibrating the collected data and calculating and
reconstructing it, as shown in Figure 2. .e mathematical
modeling of this projection acquisition process is the Radon
transform. In the Radon transform, formula (1) can be
replaced by

RL � 
L
f(x, y) · ds. (2)

Among them, f(x, y) represents the target object, the
straight line L can be represented as xcosθ + ysinθ � d, d

represents the distance from the straight line to the coor-
dinate origin or the center of rotation, and θ is the direction
of the straight line. Equation (2) can be transformed into a
function of angle θ and distance d and expanded by using the
function δ, and then we have

R(d, θ) � Bf(x, y)δ(d − xcos θ + ysin θ)dxdy. (3)

.e radon transform is shown in Figure 3. In the normal
image capturing process, the light reflected by the object
passes through the lens group and falls on the camera target
surface as a real image of the lens imaging law. After that, the
area array detector obtains the distribution of the light in-
tensity of the object, and the process of doing a line integral
of the light intensity distribution along a specific direction is
a set of projection measurements in the virtual light. .e
combined Radon transform is shown in formula (4), p(d, θ)

is the line integral projection representation of the two-
dimensional light intensity function of the target object, and
l is the light intensity.

p(d, θ) � 
(d,θ)

l · ds. (4)

After obtaining the projection function p(d, θ) of the
target object, taking x� d when θ is 0 as an example, the
Fourier transform of the projection function about x is
obtained:

P(u) � 
+∞

−∞


+∞

−∞
f(x, y)e

− 2πωjxdxdy. (5)

.en, this paper performs a two-dimensional Fourier
transform on the target object function f(x, y) and then sets
v � 0 to obtain

F(u, v)|v�0 � 
∞

−∞

∞

−∞
f(x, y)e

− 2πωjxdxdy, (6)

F(u, v)|v�0 � P(u). (7)

From formula (7), it can be concluded that the Fourier
transform of the projection function of the target object
function when the angle is 0° is equivalent to the straight line

Target
Light

Relay system
Optical path

modulation system

Line array
detector

�e relay system enables
projection sampling at

different angles

Figure 1: Optical tomographic sampling model of one-dimen-
sional linear projection.
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along the same direction angle in the two-dimensional
Fourier transform of the target object function. Combined
with the rotating coordinate system of formula (3), the
projection of any angle can be generalized, as shown in
Figure 4.

�e coordinate system of f(x, y) is transformed into
f′(t, s), t � xcosθ + ysinθ, s � −xsinθ + ycosθ, and the
projection function of the transformed target original
function is subjected to Fourier transformwith respect to the
variable t:

P(ω, θ) � ∫
∞

−∞
∫
∞

−∞
f′(t, s)e− i2πωtdtds. (8)

In addition, coordinate transformation is carried out
with the Jacobian determinant and then substituted into
formula (8) to get

P(ω, θ) � ∫
∞

−∞
∫
∞

−∞
f(x, y)e− i2πω(xcosθ+ysinθ)dxdy. (9)

At the same time, this paper performs two-dimensional
Fourier transform on the target object f(x, y) to obtain

F(u, v) � ∫
∞

−∞
∫
∞

−∞
f(x, y)e− i2π(xu+yv)dxdy. (10)

It can be observed that when u � ωcosθ and v � ωsinθ,
formulas (9) and (10) are equal, and the line de�ned by the
two conditions u � ωcos θ and v � ωsin θ coincides with the
projection direction, resulting in the general form of the
previous conclusion, namely, the Fourier slice theorem: the
object f(x, y) obtains the Fourier parallel projection function
at the angle θ to generate a 256∗ 256 pixels Shepp-Logan
image using MATLAB. �e one-dimensional Fourier
transform of the 0° projection data is performed on the left as
shown in Figure 5, and then the two-dimensional Fourier
transform is performed on the Shepp-Logan head and body
membrane and the corresponding Fourier space map is
selected as shown on the right as shown in Figure 5. �e
second simulation argument is the same.

After completing the one-dimensional Fourier trans-
form of a series of projections at di�erent angles, the
reconstructed image can be calculated by directly per-
forming the inverse Fourier transform on the frequency
domain space according to the following formula:

f(x, y) � ∫
∞

−∞
∫
∞

−∞
F(u, v)ej2π(xu+yv)dudv. (11)

Transforming (10) into polar coordinates, we get

f(x, y) � ∫
2π

0
dθ∫
∞

0
F(ωcosθ,ωsinθ)ej2πω(xcosθ+ysinθ)ωdω.

(12)

Substituting P(ω, θ) for F(ωcosθ,ωsinθ) according to
the projected slice in the Fourier slice theorem, then (11) gets

f(x, y) � ∫
2π

0
dθ∫
∞

0
P(ω, θ)ej2πω(xcosθ+ysinθ)ωdω. (13)

Extending this formula and according to the symmetry
principle of the parallel beam sampling model, the projec-
tion data separated by 180° are opposite to each other and
equal to each other:

Detector array 

Cross section

Object
Radiographic

source 

Z

Y

X

t
Δx

un

p

p = ∫L μn ‧ Δx (1)

p = ∫L un ‧ Δx

Figure 2: Schematic diagram of virtual ray integral projection measurement.

f (x,y)

θ

d

dx

y

s

R (d,θ)

Figure 3: Radon transform.
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p(t, θ + π) � p(−t, θ). (14)

Figure 6 shows a schematic diagram of the symmetry of
parallel beam sampling.

Correspondingly, in the frequency domain space, their
respective Fourier transform expressions about the variable t
also satisfy the symmetry. .at is, P(ω, θ + π) � P(−ω, θ),
and the integral domain of the angle is reduced from (0, 2π)

to (0, π) .erefore, formula (13) can be simplified to get

f(x, y) � 
π

0
dθ
∞

−∞
P(ω, θ)e

j2πωt
|ω|dω. (15)

.e target object function f(x, y) can be obtained by the
inverse Fourier transform of P(ω, θ)|ω| about ω, and t is the
corresponding value ofω in the Fourier frequency space..e
|ω| function is an inverted right triangle and extends infi-
nitely. .erefore, P(ω, θ)|ω| can be understood as the fil-
tering of the projection function in the frequency domain
space through the |ω| function.

.e filter function |ω| is an ideal “ramp” filter, and its two
ends extend infinitely, so that the impulse response corre-
sponding to the filter function is infinite. In the computer
implementation, it is necessary to consider the finiteness and
discreteness of the data, so the reconstruction calculation
range is reduced from the frequency range (−∞,∞) in
formula (15) to setting the effective range (−Γ, Γ) and

determining the number of frequency samples. According to
the Nyquist sampling theorem, the sampling frequency
range is at least twice the reciprocal of the sampling space
interval d.

Γ � (2 d)
− 1

. (16)

.e windowing function q(ω) is used to limit the
sampling range to adapt the sampling number of the pro-
jection data, as shown in Figure 7.

.e window function q(ω) is

q(ω) �
1, |ω|< Γ,

0, |ω|≥ Γ.
 (17)

.e filter function after windowing is

H(ω) � |ω|q(ω). (18)
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Figure 5: (a) 1D FFT of Shepp-Logan 0° projection data. (b) 0°
component of Shepp-Logan 2D FFT.
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Figure 6: Schematic diagram of the symmetry of parallel beam
sampling.
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.e spatial domain form of the inverse Fourier trans-
form corresponding to H(ω) is an impulse function:

h(t) � 2Γ2sinc(2tΓ) − Γ2sinc
2
(tΓ). (19)

Based on the property that the product of the Fourier
transform in the frequency domain is equal to the spatial
convolution, the post integral in (14) can be converted into
the convolution integral of the corresponding spatial do-
main function:

f(x, y) � 
π

0
dθ

tm

−tm

p t′, θ( h t − t′( dt′. (20)

From formula (20), it can be found that the original
target image can be reconstructed by taking the angle in-
tegral of the directly sampled projection data and the cor-
responding airspace value of the impulse function. In the
computer discretization process, the impulse function h(t)
after the variable t is discretized as follows:

h(t) �

Γ2, t � 0,

0, t � 2, 4, 6 . . . ,

−4Γ2/(tπ)
2
, t � 1, 3, 5 . . . .

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(21)

.e inner integral part in formula (20) is converted to
spatial domain convolution as follows:


tm

−tm

p t′, θ( h t − t′( dt′ ≈ 
N−1

k�0
h(t − k)p(k, θ), (22)

where N is the number of samples for a single projection,
and the value of k in p(k, θ) ranges from 0 to N − 1.

Since the signal strength of the sampling projection
function is 0 outside [−N + 1,N − 1], it is only necessary to
calculate the impulse response in the range of
[−N + 1,N − 1]. In fact, in order to speed up the operation,
the fast Fourier transform is generally used in the computer,
so it is necessary to convert the h(t) function into a discrete
frequency domain function H′(ω) for calculation. For the
wrapping effect and the artifacts at the edge of the image
caused by the aperiodic convolution operation, it is also

necessary to pad the projection data with zeros in the spatial
domain before the operation.

Usually, using a certain window function can greatly
improve the noise performance of tomography. In this
study, we added a sinc window function to the filter function
and set the upper and lower frequency limits to control the
cutoff frequency to correct the image. .e sinc window
function is

qS(ω) �

1, |ω|≤ωL,

sin π |ω| − ωL( / ωH − ωL(  

π |ω| − ωL( / ωH − ωL( 
, ωL <|ω|≤ωH,

0, |ω|<ωH.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(23)

Compared with the matrix window function, the sinc
window function focuses on compressing the high-fre-
quency part, and the image noise is generally a high-fre-
quency signal, so it can significantly reduce the image noise.
However, it will lead to a slight decrease in spatial resolution,
which can be optimized by adjusting the cutoff frequency.

2.2. One-Dimensional Optical Modulation System. Pechan
prism is composed of a half pentagonal prism and a Schmidt
prism in parallel with inclined planes, and the air gap be-
tween the two prisms generally has a thickness of 0.1mm.

As shown in Figure 8, the angle between the incident
light and the optical axis is a, which enters the prism from
face 1 and exits from face 6 at an exit angle of −a after five
reflections. To establish a rectangular calibration coordinate
system (x′, y′, z′), the object-image conjugate relationship of
the Pechan prism can be represented by the imaging matrix
T, and the optical characteristics of the Pechan prism can be
obtained:

T �

1 0 0

0 −1 0

0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (24)

When the Pechan prism is rotated around the optical
axis by an angle θ, the corresponding conjugate image vector
is

A″ � R x′ ,θ( )TR(x,−θ)A, (25)

where R(x′ ,θ) is the rotation matrix representing the rotation
of the prism around the optical axis.

R x′ ,θ( ) �

1 0 0

0 cosθ −sinθ

0 sinθ cosθ

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (26)

Because of R(x′,θ) � RT(x′, −θ), by plugging it into
formula (23), we get

Finite-bandwidth
filter

(2δ)-1

(2δ)-1

H (ω)

-(2δ)-1 ω

Figure 7: Finite bandwidth filter of rectangular window function.
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A′′ �

Ax′

−Ay′cos2θ − Az′sin2θ

−Ay′sin2θ + Az′cos2θ

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (27)

.is shows that when the prism rotates θ and the image
plane rotates 2θwith the optical axis as the center of rotation,
the angle between the component A⊥′ of the image vector
conjugate A′ perpendicular to the optical axis and the
component A′

′
⊥ of the rotated image in the same plane is

cos β �
A′⊥A′

′′

A′‖⊥


AA′′⊥
� cos2θ. (28)

.at is to say, the image rotation law of the Bielhan prism
is that the rotation speed of the image is twice the rotation
speed of the Bihan prism.

When the two segmented prisms in the Pechan prism are
deflected relative to each other at the cemented surface, the
outgoing optical axis is no longer collinear with the incident
optical axis. When one of the segmented prisms rotates ω
around the z-axis, the direction vector of the edge between
the A-plane and the C-plane in the rotated Schmidt prism is
P
→

� cos ω i
→

+ sin ω j
→
. According to the action matrix and

coordinate transformation matrix of the Schmidt prism, the
relationship between the outgoing vector and the incoming
vector can be obtained. After calculation according to for-
mula (25), it can be obtained that when the ω angle is not
large,

α � 0.7ω. (29)

From this, it can be obtained that when the main section
of the two-point prism has a slight deflection angle, the
outgoing light will be deflected to the main section deflection
direction by 0.7 times the main section deflection error
angle. .e tower aberration is corrected by placing a wedge
in the rotating prism assembly that produces opposite and
equal deflection angles.

.e second is the three-axis offset error. .e plane where
the incident ray and the outgoing ray are collinear is called
the prism axis section. First, it is assumed that the prism axis

coincides with the mechanical axis, and only the influence of
the prism axis and the incident beam axis on the image point
is considered. .e offset between the incident optical axis
AA′
′
and the prism optical axis OO′ is Δi, A′′ is the image

point after the offset, and its translation on the plane per-
pendicular to the prism axis will only cause the offset of the
image point on this plane.

When the incident light is perpendicular to the incident
surface of the prism, the angle of rotation of the prism is θ.
According to the translation error formula,

Δo1 � Δi1[sin(θ − α) + sinθ]. (30)

Because of normal incidence, α � 0 and Δo1 � 2Δi1 can
be obtained.

When the incident light axis and the prism axis have an
inclination angle ci1 on the perpendicular plane of the prism
axis plane at the incident plane, the corresponding image
point A′ will also be shifted accordingly, and the outgoing
light will also have a certain inclination angle relative to the
prism axis. According to the law of angle deviation of Pechan
prism, the angle of incidence co1 � 2ci1 can be obtained, and
the offset of the image point at the distance L from the main
section can be obtained according to the similarity of
triangles:

Δo2 � 2L sinci1. (31)

On the premise that the prism axis coincides with the
mechanical axis, after synthesizing the translational devia-
tion and angular deviation between the incident optical axis
and the prism axis, the comprehensive deviation can be
obtained as follows:

Δo3 � 2 Δi1 + L sinci1( . (32)

.emoving position of the image point can be expressed
by the following formula:

Δox � 2 Δi1 + L sinci1( cos β, (33)

Δoy � 2 Δi1 + L sinci1( sin β. (34)

45°
67.5°

112.5° 45°

a -a

2

3
4

5

6

1

Figure 8: Pechan prism.
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In the formula, β is the prism rotation angle.
When there is no deviation between the prism axis and

the optical axis of the system, there are also translation errors
and declination errors in the assembly between the me-
chanical rotation axis RR′ and the prism axis OO′. Unlike
the optical axis deviation, which does not depend on the
prism rotation angle in the translation deviation, the me-
chanical axis deviation can be obtained when the prism
rotates a certain angle to obtain the offset components of the
image point in two directions:

Δo′x � 2Δi2(1 + cos β), (35)

Δo′y � 2Δi2sin2β. (36)

.e two-component image point offset at the distance
from the center point L of the main section can be expressed
as follows:

Δo′′x � Lsinci2(1 + cos2β), (37)

Δo″y � Lsinci2(1 + sin2β). (38)

By synthesizing the translational deviation and angular
deviation of the mechanical axis, the corresponding image
point trajectory expression of the rotating prism can be
obtained:

Δox � Δi2 + Lsinci2( (1 + cos2β), (39)

Δoy � Δi2 + Lsinci2( sinβ. (40)

2.3. Image Quality Evaluation Index. Since the current im-
aging is mainly based on grayscale images, the main eval-
uation indicators in the reference evaluation are the mean
square error MSE, the structural similarity SSIM, and the
peak signal-to-noise ratio PSNR. We assume that both the
reference image and the reconstructed image are M∗N
pixels, the reconstructed image is represented by (i, j), and
the reference image is represented by x′(i, j).

.e mean square error (MSE) characterizes the image
quality by being the average of the sum of squares of the
differences between the measured value (reconstructed map)
and the reference value. Its calculation formula is

MSE �
1

MN


M

i�1


N

j�1
x(i, j) − x′(i, j) 

2
. (41)

.e smaller the average value is, the closer the recon-
structed image is to the reference image, so it can explain the
quality of the reconstruction to a certain extent.

.e peak signal-to-noise ratio (PSNR) is based on the
mean square error and is also a traditional evaluation index.
Its calculation formula is as follows:

PSNR � 10 log10
MAX2

MSE
 . (42)

.e unit of peak signal-to-noise ratio is decibel, where
MAX is the maximum intensity of the grayscale image,

generally an 8 bit image; for example, MAX is 255. .e peak
signal-to-noise ratio is different from the mean square error,
and the value is larger when the reconstructed image is closer
to the reference image. Mean square error and peak signal-
to-noise ratio, which are the basic evaluation indicators,
have extremely high requirements on the size and scale of
reference images and reconstructed images and even feature
positions. However, due to errors and image scaling in
tomography, these two indicators are often inconsistent with
subjective evaluations.

Compared with the peak signal-to-noise ratio, the
structural similarity of SSIM improves the defect of the peak
signal-to-noise ratio and is famous for its effectiveness and
efficiency. Its calculation formula is as follows:

l(x, y) �
2μxμy + C1

μ2x + μ2x + C1
, (43)

c(x, y) �
2σxσy + C2

σ2x + σ2y + C2
, (44)

s(x, y) �
σxy + C3

σxσy + C3
, (45)

SSIM(x, y) � l(x, y)
α

+ c(x, y)
β

+ s(x, y)
c

 . (46)

.eTenengrad gradient function uses the Sober operator
to extract the gradient values on the vertical and horizontal
components, respectively, and calculates the sum of squares
as the evaluation index..e Sober convolution kernels in the
x and y directions are Gx and Gy..e gradient at coordinates
(x,) is as follows:

S(x, y) �

���������������

Gx + Gy f(x, y)



. (47)

.e Tenengrad evaluation index is expressed as follows:

TEN �
1

MN


M

x�1


N

y�1
S(x, y)

2
. (48)

.e operator matrix of the convolution kernel corre-
sponding to the Sober operator is x-direction such as

−1 0 1

−2 0 2

−1 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (49)

and y direction such as

1 2 1

0 0 0

−1 2 −1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
. (50)

.e Laplacian gradient function can be obtained by
replacing the Sober operator in the Tenengrad evaluation
index with the Laplacian operator. .e Laplacian gradient
function uses the Laplacian convolution kernel to calculate
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the high-frequency components of the image. Usually, the
high-definition image in the same imaging picture has
higher high-frequency components. .erefore, the high-
frequency component can be used as an evaluation index of
image sharpness..e Laplacian operator matrix is as follows:

1
6

1 4 1

4 20 4

1 4 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
. (51)

.e Laplacian evaluation index is expressed as follows:

LAP � 
M

x�1


N

y�1
|G(x, y)|. (52)

In addition to various gradient indicators, based on
high-frequency components, there is also a grayscale dif-
ference function SMD that can be used to judge whether the
focus is accurate. In theory, the larger the grayscale trans-
formation, the clearer the reconstructed image. .e gray
difference product function SMD2 proposed based on the
gray difference function further expands the high-frequency
components. Its calculation formulas are as follows:
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Figure 9: Flow chart of rural garden landscape design based on virtual reality technology.
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SMD � 
M

x�1

N

y�1
|(f(x, y) − f(x, y − 1) +|f(x, y) − f(x + 1, y)|)|,

(53)

SMD2 � 
M

x�1

N

y�1
|(f(x, y) − f(x, y + 1))|∗ |f(x, y) − f(x + 1, y)|)· (54)

.e NRSS gradient structure similarity is based on the
structural similarity SSIM in the evaluation index with
reference, and the reference image Ir is obtained by low-
pass filtering the reconstructed image I with a Gaussian
low-pass filter. Moreover, the Sober operator is used to
extract the horizontal and vertical gradient information of
the reference image and the reconstructed image, and the
structural similarity SSIM is calculated by selecting the N
region with relatively large gradient transformation in the
reconstructed image and the corresponding region of the
low-pass reference image. .e low-pass reference image

generally represents the components that affect the defi-
nition in the reconstructed image, so the clearer the
reconstructed image, the lower the corresponding calcu-
lated SSIM index and the larger the NRSS index. Its cal-
culation formula is as follows:

NRSS � 1 −
1
N



N

i�1
SSIM xi, yi( . (55)

3. Evaluationof theApplicationEffect ofVirtual
Simulation Technology in Rural Garden
Landscape Design

.e virtual simulation technology is applied to the rural
garden landscape design, and the shot script is designed
according to the nearby environment and the planning of
the rural garden landscape. In the overall design, we must
follow the principle of smoothness, and the connection

(a) (b)

(c)

Figure 10:.e effect of garden landscape design based on virtual reality technology. (a) Grayscale image of garden landscape. (b) Rendered
image of the garden landscape. (c) Realistic image of garden landscape.

Table 1: Quantitative statistics of the effect of the garden landscape design system based on virtual reality technology.

Number Design effect Number Design effect Number Design effect
1 88.36 13 87.74 25 91.81
2 87.19 14 87.74 26 89.31
3 91.20 15 90.79 27 91.58
4 89.12 16 88.55 28 91.60
5 88.76 17 87.80 29 91.20
6 87.15 18 90.39 30 91.15
7 89.09 19 90.09 31 87.49
8 90.18 20 87.08 32 90.37
9 89.87 21 87.97 33 90.57
10 89.11 22 91.11 34 91.30
11 90.47 23 87.00 35 89.90
12 88.40 24 90.79 36 88.50
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between them must also conform to the law. In this process,
we also need to display the rural garden landscape under
different scenes, such as panoramic, medium, close-up, and
close-up (Figure 9).

Figure 10 shows the effect of garden landscape design
based on virtual reality technology.

.is paper quantitatively evaluates the effect of the
garden landscape design system based on virtual reality
technology and counts the design effect, as shown in Table 1.

It can be seen from the above research that the garden
landscape design system based on virtual reality technology
proposed in this paper has a good effect and is of great
significance to the effect of rural garden landscape design.

4. Conclusion

In the planning and design of landscape gardens, the relevant
elements in the rural landscape should be harmoniously and
effectively integrated to make the planning and design inno-
vative. Specifically, when planning and designing landscape
gardens, designers should appropriately reserve some cultivated
land and rural buildings on both sides of the road based on the
actual situation of the rural landscape. .ey can open farm-
houses and homestays in the play area to effectively integrate the
rural landscape. Moreover, they can set up rural activity areas,
focusing on highlighting the idyllic scenery with the continuous
advancement of the current urbanization construction. .e use
of rural landscapes in landscape architecture planning and
design requires relevant personnel to reasonably design specific
areas and be able to make reasonable use of farmland areas,
wells, farm houses, and pastoral landscapes. .is paper com-
bines the virtual simulation technology to design the rural
garden landscape and evaluates its design effect. .e research
shows that the garden landscape design based on virtual reality
technology proposed in this paper has a good effect and is of
great significance to the effect of rural garden landscape design.
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P. Sklenička, “Rural identity and landscape aesthetics in ex-
urbia: some issues to resolve from a Central European per-
spective,” Moravian Geographical Reports, vol. 25, no. 1,
pp. 2–12, 2017.

[2] C. L. Lin, “Establishing environment sustentation strategies
for urban and rural/town tourism based on a hybrid MCDM
approach,” Current Issues in Tourism, vol. 23, no. 19,
pp. 2360–2395, 2020.

[3] M. Das and A. Das, “Dynamics of urbanization and its impact
on urban ecosystem services (UESs): a study of a medium size
town of West Bengal, eastern India,” Journal of Urban
Management, vol. 8, no. 3, pp. 420–434, 2019.

[4] D. Ramsey and C. D. Malcolm, “.e importance of location
and scale in rural and small town tourism product devel-
opment: the case of the Canadian Fossil Discovery Centre,
Manitoba, Canada,” >e Canadian Geographer/Le Géographe
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[14] C. Herrero-Jáuregui, C. Arnaiz-Schmitz, L. Herrera et al.,
“Aligning landscape structure with ecosystem services along
an urban–rural gradient. Trade-offs and transitions towards
cultural services,” Landscape Ecology, vol. 34, no. 7,
pp. 1525–1545, 2019.

[15] V. Ferretti and E. Gandino, “Co-designing the solution space
for rural regeneration in a new World Heritage site: a Choice
Experiments approach,” European Journal of Operational
Research, vol. 268, no. 3, pp. 1077–1091, 2018.

[16] O. le Polain de Waroux, S. Cohuet, D. Ndazima et al.,
“Characteristics of human encounters and social mixing
patterns relevant to infectious diseases spread by close contact:
a survey in Southwest Uganda,” BMC Infectious Diseases,
vol. 18, no. 1, p. 172, 2018.

[17] M. Keane and Y. Chen, “Entrepreneurial solutionism, char-
acteristic cultural industries and the Chinese dream,” Inter-
national Journal of Cultural Policy, vol. 25, no. 6, pp. 743–755,
2019.

Advances in Multimedia 11


