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With the continuous development of social economy, interior design has gradually become an important content pursued by
people, especially the rise of European and American style, industrial style, and other design styles, which have a greater impact on
the style of interior design. In view of these needs and limitations, a topological information area matching model is introduced by
trial in this study. )e relationship of area matching is defined by trial through combining the business analysis flow of interior
design, accurately controlling the importance of color transfer, and effectively performing the effective transfer of coloring
according to the matching area, to improve the integrity of the color transfer, reduce the influence of the variegation in the color
transfer on the result according to the mutually harmonious color method, and significantly improve the mutual harmony of
colors. )e simulation experiment results show that the topological information area matching model is effective, can ensure the
true color of the image color, can be effectively adjusted according to the local matching relationship and color, and can support
the simulation of CAD interior design color transfer.

1. Introduction

With the continuous development of social economy, people
have higher and higher requirements for interior design and
decoration. In recent years, design styles such as industrial
style and European and American style have brought many
revolutionary changes to interior design [1, 2]. In the field of
interior design, how to ensure the effective transfer of colors
is extremely important. )e so-called color transfer is to use
statistics or color models to transfer the color of the target
image to the original image. )e image after the color
transfer and the target color image are subjected to effective
or similar color statistical information so that statistics is
performed for the color image after transferring, that is, the
color statistics of the target image, which can realize the
transfer of the target color, and it is meaningful for the color
design of the product. For color transfer, we can mainly
classify global color transfer and locally segmented color
transfer [3].

In the field of global color transfer, some scholars within
the industry adjust the parameters and calculate the image

matrix by setting the scaling factor, average value, etc., in
order to improve the effect of color transfer. For example, to
achieve the contrast between image pixel spatial information
and color information through gradient maintenance, it is
necessary to fully consider the size of the color image. If the
number of images is too large, more time will be consumed
on the relative overall image. On this basis, some scholars
use manual interactive evaluation, linear template mapping
evaluation, and image probability model evaluation, to
achieve effective color transfer between scenes and carry out
image similarity analysis, but these methods have higher
requirements for the original quality of the image.)erefore,
in the specific interior design process, CAD interior design
has many advantages, which can realize the design repro-
duction of planning layout and simulation, but there are still
certain limitations and deficiencies [4, 5].

In the color transfer of local segmentation, in order to
effectively realize that the uncontrollable color transfer of the
global algorithm, some scholars use image segmentation
methods to match color transfer, that is, segmentation is
achieved through mathematical modeling, and gray
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information indicators are used to perform regional
matching and finally complete the color transfer [6]. In
addition, some scholars use the delineation method to
operate the image area and realize the effectiveness of color
transfer through manual interaction; for example, the fuzzy
clustering algorithm is used to segment the image color, and
the weighted pixel color analysis is realized according to the
degree of membership to realize the consumed effective
color transfer of natural scene pictures [7]. On this basis,
some scholars have stylized the image color based on the
specific color themes formed by the specific style vocabulary
to transform the image color in the styles. However, the
transferred colors are fixed because of this method, and the
effect of transfer of those ones with relatively rich color or
too single ones is poor, so it is necessary to distinguish the
overall perception of the image from the overall perspective.

)e main essence of the color transfer of local seg-
mentation is to use the specific mean value of the region as
an index of image matching, so as to effectively match the
neighboring regions with similar brightness values. When
the number of specific segmented regions is equal, the
reasonable legality of the corresponding matching regions
is realized. In response to these shortcomings and needs,
based on the topological comprehensive information
matching model, by overcoming the color easily lost in
global algorithm, while avoiding the disadvantages of
poor effects caused by the partial segmentation of color
transfer, the importance of color transfer is controlled
accurately, and effective color transfer is performed
according to the matching area, and corresponding ad-
justments are made according to the input color area to
improve the integrity of the color transfer; the influence of
the variegation in the color transfer is reduced on the
result based on the mutually harmonious color method,
aiming to effectively improve effectiveness and efficiency
of interior design.

2. Flow of the Algorithm in This Paper

)e algorithm steps in this paper are as follows:

Input: original image and target color image.
Output: the image after color transfer.
Step 1: first, perform effective area division for the input
image, and on this basis, clarify the topological rela-
tionship between each area and use the corresponding
matching strategy to analyze and determine the cor-
responding relationship between the area matching. If
the result of the matching is not satisfied, the initial area
of the matching is realized according to the specific
interaction of the user, so as to realize the subsequent
matching process according to the specific topological
adjacency and improve the effectiveness and accuracy
of the color transfer.
Step 2: on the basis of step 1, the color adjustment of the
unmatched area is realized to improve the integrity of
the color transfer according to the analysis of the color
transfer of the matched corresponding area.

Step 3: on the basis of step 2, a harmonious color model
is used to specifically solve the problem of variegation
in color transfer, as well as the problem of inharmo-
nious colors in the small color in the image due to lack
of adjusting area, and focus on solving the degree of
harmony in color transfer.

On the basis of this step, the problem of insufficient color
in the global algorithm is changed in this study, and in the
meantime, the problem of the different numbers of image
segmentation in the local algorithm is avoided, and a more
complete area matching method is proposed for complex
color scenes. Based on color adjustment and the harmony of
colors, the final result of color transfer is enhanced.

3. Regional Matching Based on Topological
Comprehensive Information

)e first is to distinguish the color of the indoor scene area
and analyze the characteristics of rich colors. To some extent,
the global color transfer method can only obtain a relatively
single-color transfer result. In this study, the corresponding
algorithm is used to effectively segment the local area, realize
the topological segmentation of the area, and guide the
correlation matching of the area to obtain the specific
correspondence. In the interior scene design, the area be-
tween various colors is more distinct than the natural scene,
and the division of each area is also clearer [8].)erefore, the
corresponding algorithm is used to divide the region, es-
tablish a mixed Gaussian model, and realize achieve better
segmentation by making use of interaction.

Assuming that Vi represents the topological matching
vector of the ith region and its expression is
Vi � (Ni, Ri,ωLLi,ωSSi), then the specific calculation can be
carried out in detail by the following formula:
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In order to obtain the matching relationship F, the
specific calculation of the energy function is shown in the
following formula:

F � min
F
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When the target color image is divided and combined to
exceed the number of original image areas, it can be dis-
carded according to the remaining area of the target color
image. When the number of divided areas of the target color
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image is less than the number of original image areas, it can
be effectively adjusted according to the specific methods.

Simply matching regions through topological rela-
tionships often results in too large differences in the scene
structure and unreasonable results. )erefore, for this
specific situation, the following improvements can be
made:

Step 1: through the human-computer interaction, the
matching mapping relationship of the specific part of
the area can be clarified, that is, the selection of the area
for interior design, typically such as floor and ceiling.
Step 2: according to the determined matching rela-
tionship, restrict the matching operation of the
remaining area in its adjacent area.
Step 3: if there is a remaining area, it is specifically
matched and solved according to formula (2).

According to the abovementioned regional matching
algorithm, specific matching is implemented and analyzed
from the analyzed topological adjacency relationship, and
the subsequent matching result analysis is set, so there is no
specific and reasonable matching result.

In the specific interactive area process, usually only
fixed indoor scenes are selected for distinction, such as the
floor. For other areas, such as curtains and cabinets,
specific energy functions need to be matched to obtain the
overall effect. )e proportion of the number of adjacent
regions in each region of the target image is shown in
Figure 1, and the proportion of the number of adjacent
regions in each region of the original image in Figure 1 is
shown in Figure 2.

4. Principle of Similarity Evaluation Algorithm
Based on Optimal Matching of 3D
CAD Models

4.1. Model Representation. For the representation of the
CAD model system, the 3D CAD model can usually be
identified by the geometric method of the structural entity
and the B-Rep model. Among them, the structural entity
geometry method uses the primitive voxel Boolean opera-
tion to express the whole, but because the algorithm is
relatively easy, these commercial 3D CADmodeling systems
are all applied to analysis. However, for the number of the
same model of structural entities, different structures may
lead to different conclusions. For the B-Rep model, the finite
space enclosed by a closed boundary has the advantage of
containing more information about faces, edges, points, and
relationships. To evaluate specific information, the B-Rep
model is chosen in this study.

4.2. Analysis and Expression of Model Similarity Factors.
For the CAD model, the similarity is relatively vague, and
its essence is to include the similarity of human visual
perception and the similarity of specific engineering
attributes. )e similarity of two CAD models needs to be
measured from multiple angles, which is the synthesis

and expression of multiple information of the model. It
can be divided into geometric attributes and topological
attributes. In order to evaluate the specific similarity
between models in an appropriate and objective way,
these two attributes should be considered comprehen-
sively. )e B-Rep model can be regarded as an assembly
formed by connecting surfaces in different directions
through certain rules. )erefore, if the surface shapes of
the two models are similar and the connection methods
are similar or convergent, the models can be considered
similar [9, 10].

4.2.1. Splitting the Surface. )e B-Rep model encloses and
forms surfaces according to a certain relationship and can
effectively split the model to be compared into faces and
effectively classify them according to specific rules.

4.2.2. Matching and Abstraction of Surface. Similar surfaces
in the two models are paired. )e matrix shown in formula
(1) can be identified by the similar matrix in Figure 3. )e
number of surfaces in the assembly in Figure 3 is not exactly
the same. It needs to be completed to make the matrix a
square matrix for subsequent processing:
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Figure 1: Proportion of the number of adjacent areas in each area
of the target image.

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

Area

1
2
3
4

5
6
7

Figure 2: Proportion of the number of adjacent regions in each
region of the original image in Figure 1.

Advances in Multimedia 3



pi1 pi2 pi3 pi4 pi5 pi6

M0i �

p01

p02

p03

p04

p05

0

δ11 δ12 δ13 δ14 δ15 δ16
δ21 δ22 δ23 δ24 δ24 δ26
δ31 δ32 δ33 δ34 δ35 δ36
δ41 δ42 δ43 δ44 δ45 δ46
δ51 δ52 δ53 δ54 δ55 δ56
0 0 0 0 0 0

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.
(3)

4.2.3. Optimal Matching and Calculation of Surface Sets.
)e similarity of the two models should be determined by
the optimal plan for the overall pairing of the same type of
surfaces, rather than the optimal specific individual surfaces
of the pairing.

4.2.4. Calculation of Similarity Coefficient of Two Models.
As shown in Figure 3, to compare the similarity of the
specific two models, the optimal matching weight of each
surface set should be selected for comprehensive evalua-
tion. )e specific weight is calculated by the following
formula:

Δx � 
n

j�1
δn(j)j

Sem(j) + Sej

2
 . (4)

)e relative area of the jth surface of the same surface in
the model Model_i is calculated as the following formula:

Sei �
Si


n
j�1 Sj

. (5)

On the basis of formula (5), calculate the similarity
coefficient of each plane type, cylindrical surface type,
conical surface type, torus surface type, spherical surface
type, and free-form surface type.)e specific calculation is as
shown in the following formula:

Δ0i � ΔPL + ΔCY + ΔCO + ΔTR + ΔSP + ΔFR. (6)

)e obtained results are used as the similar parameters of
the two models so that the original model and the

comparison model can be used to calculate the similarity
coefficients.

4.3. Analysis and Calculation of Surface Similarity Factors.
Describe the dissimilarity of the two quantities a and b (a≥ 0,
b≥ 0); the calculation is as shown in the following formula:

d(a, b) �
|a − b|

max(a, b)
. (7)

When one of a or b is 0, the dissimilarity value between a
and b is 1 regardless of the amount of the other. In this study,
formula (8) is used to calculate the similarity quantitatively.
)e specific calculation is as shown in the following formula:

s(a, b) �

1 −
|a − b|

max(a, b)
, a> b and b> 0,

1 −
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max(a + 1, b + 1)
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, (8)

where the specific similarity coefficient that can be calculated
for the degree of similarity can be comprehensively con-
sidered through the following factors.

4.3.1. Area Factor. Since the absolute area of the surface is
affected by the size of the model, the relative area is used
here, that is, the area of the surface divided by the total
surface area of the model.

)e similarity ssij between the area of the ith surface and
the jth surface is calculated by

ssij � 1 −
sei − sej





max sei, sej 
. (9)

4.3.2. .e Shape Factor of the Surface. )e shape factors of
the surface mainly include the number of sides of the surface,
the change of the side length of the surface, and the angle
between the sides. As shown in Figure 4, the corresponding
shape is also different from left to right due to the different
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Figure 3: )e bipartite graph formed by the pairing of plane sets in the two models.
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amounts of side length change [11–13]. )e specific cal-
culation can be carried out by the following methods.

Taking Figure 4 as an example, due to the difference in
side length changes, Figures 4(a)–4(d) are different.)ey can
be calculated as follows.

(1) .e Influence of the Number of Edges on the Shape. )e
number of sides of the two surfaces is represented by nei and
nej, respectively, and the similarity of the number of sides of
the two surfaces can be calculated by the following formula:

senij � 1 −
nei − nej





max nei, nej 
. (10)

(2) .e Influence of the Change of Side Length on the Shape.
Because the side length changes of the two surfaces are
different, it is easy to cause the difference in shape.)erefore,
the specific quantitative definition of the specific side length
similarity is calculated by the following formula:

selij � 1 −
δi − δj





max δi, δj 
, (11)

where δi �

��������������
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, x � 1/n 
n
i�1 xi, xi is the

length of each side, and n is the number of sides of the
surface.

(3) Topological Connection of Surfaces. )e topological
structure of the CAD indoor model is extremely important
in the specific model similarity evaluation process [14, 15].
)erefore, for the B-Rep model, it can be expressed in a
specific topological relationship.

In terms of the topological similarity of the twomodels, a
specific model can be used to evaluate and analyze the to-
pological similarity between surfaces. )e specific similarity
can be specifically calculated by the following formula:

stij �
necij

max nei, nej 
, (12)

where necij represents the number of compatible edges in the
two surfaces and nei and nej represent the number of edges of
the two compared surfaces, respectively.

)e conditions satisfied by the angle θ1 and θ2 between
the two surfaces connected by each of the compatible edges
can be calculated by the following formula:

θ1 − θ2


≤ ε, (13)

where ε is a threshold that meets a certain accuracy, as shown
in Figure 5.

(4) Calculation of Similarity Coefficient of Surfaces. )e
similarity coefficient δij between a pair of surfaces that
belong to different models but the same type can be cal-
culated according to the following formula:

δij � αsssij + αensenij + αelselij + αtstij, (14)

where αs, αen, αel, and αt, are the weights of each item,
respectively, and the effect is better when αs � 0.1, αen � 0.3,
αel � 0.1, and αt � 0.5.

4.4. Color Transfer and Unmatched Area Color Adjustment.
After obtaining the corresponding image matching rela-
tionship, according to the number of specific area divisions,
it can be divided into two specific situations:

(1) )e number of divided regions of the target color
image is greater than or equal to the number of
regions in the original color image.
According to the matching relationship, the effective
color transfer of pixels is performed in the corre-
sponding color space.
)e calculation formula of each channel through
color transfer can be calculated by the following
formula:
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(2) )e number of divided regions of the target color
image is less than the number of regions in the
original color image.

(a) (b) (c) (d)

Figure 4: )e shape factor of the surface.
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In order to prevent the problem of mismatching, ef-
fective adjustments need to be made for some mismatched
areas.

)e analysis of the overlap rate of the regional boundary
is realized in the specific HSV color space in this study. )e
impact of sparseness is analyzed through the specific adja-
cent regions. )e specific calculation can be obtained by the
following formula:

Hz
′ � Hz +  ci μi′

H − μi
H . (16)

If the jth area is adjacent to the ith area, the boundary
overlap ratio of the jth area with respect to the ith area can be
calculated by the following formula:

cij �
lij

n∈ψlin
. (17)

Among them, lij represents the length of the overlap
boundary between the ith area and the jth area.

When the number of unmatched regions is large or the
area of these regions is small, the color harmony in Section 4
of this study can be used to adjust the color of these regions.
)e details are shown in Figure 6.

4.5. Optimization of Color Transfer Results Based on Color
Harmony. According to the color harmony theory, when
the tones in the image are in the corresponding area of the

template, the color of the entire image gives people a more
harmonious feeling [16–18]. On the basis of the existing
research, the rotation angle of the suitable template and the
color transfer without changing the color of the image can be
realized. )e specific steps mainly include

Step 1: first, the corresponding image needs to be
converted into the color space of HSV, and the cor-
responding image is extracted for color circle diagram.
)e specific calculation is shown in the following
formula:

F(X, (m, τ)) � 
p∈X

H(p) − ETm(τ)(p)
�����

����� · S(p). (18)

Step 2: on the basis of step 1, the appropriate rotation
angle of each template is analyzed and calculated. By
selecting the discordant sparse template as the target
template, the best rotation angle is determined to rotate
the color harmony template.
Step 3: in order to effectively improve the harmony of
the image, the color and the tone outside the harmony
template can be effectively transferred and calculated
through the tonal value. Specifically, it can be calculated
by the following formula:

H′(p) � C(p) +
w

2
1 − Gσ‖H(p) − C(p)‖( . (19)

It can be seen from the specific image tone results that
the overall color change of the image is not obvious, but it
can be seen from the details that the corresponding details
have been partially adjusted to make the changes in this area
more harmonious and enhance the harmony of the color
transfer results [19, 20].

5. Experiment and Result Analysis

5.1. Comparative Experiment of Each Step of the Algorithm in
.is Paper. In terms of region matching, a specific color
transfer result image can be obtained according to the
specific matching result [17, 21, 22]. It can be seen from the

Figure 5: )e concept of edge compatibility.
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Figure 6: )e mean value of tones and border overlap ratio in
adjacent regions.
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results that the matching algorithm can be used to obtain a
simpler sensory experience compared to the regional results
corresponding to the unadjusted initial matching. From the
color transfer results, the topological information area
matching model can significantly improve the overall color
transfer effect of the image, ensuring that the color com-
position of the transferred image is closer to the specific
target color graphics and makes people feel comfortable and
harmonious.

5.2. Comparison with Experimental Results of Other
Algorithms. In order to verify the efficiency of the algorithm,
the corresponding curves for algorithm comparison is
constructed by trial in this study while the topological re-
lationship of the surfaces is considered to ensure that there
are more surfaces constituting the model and to achieve
effective interior design color transfer, as shown in Figures 7
and 8. From the comparison result, the topological infor-
mation areamatchingmodel in this study is effective and can
support CAD interior design color transfer simulation.

5.3. Master the Design and Operation Skills. For the two
designers, on the one hand, they need to master the CAD
drawing skills, that is, the computer is used to select a fixed
target to expand and contract the screen as needed. For the
result of the mouse, the window operation can be realized by
dragging the layer. In the specific operation practice, you can

effectively frame selection through the regular image. On the
other hand, the designer needs to delete and cancel software
effectively [23, 24]. If it is in the execution state during the
drawing operation, the operation target can be determined.

5.4. Flexible Use of Design Templates. At the same time,
designers need to fully understand the business require-
ments, especially the business operation rules of interior
design, and carry out the drawing frame design, the clear
title, and the selection of the line type by following the
corresponding standard design, in order to obtain flexible
and available template, and finally clarify the auxiliary
function. In the specific toolbar, the sketch design of the
menu options can be realized, and the specific designers can
capture the options to realize the specific environment
design in order to realize the specific operation analysis.

5.5. Unified Design Standards. Although during the interior
design process, specific CAD technology has obvious ad-
vantages over manual drawing; there is still a problem of
inconsistent standards for different needs [25]. )erefore,
cross-regional cooperation is relatively difficult; especially in
specific drawing process, there is difficulty in unifying the
labeling method and data connection. )erefore, emphasize
shall be laid to the CAD coordination of interior design, to
improve the drawing efficiency, and to achieve the effective
unification of the standards.
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Figure 8: Precision-recall curve of the retrieval model in this study.
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5.6. Highlight Integrated Design Advantage. In the specific
process of using CAD software, the goal of high integration
cannot be achieved. )e software design is used for hori-
zontally integrated analysis. Different users can effectively
perform the same task for analysis and realize the effective
sharing and unified access of ports and realize the collab-
orative integrated analysis, while ensuring the communi-
cation and transmission of information and data and
improving the quality of software design.

6. Conclusions

With the continuous development of social economy, in-
terior design has received more and more attention as an
important decoration link; especially when different styles
appear, interior design pays more attention to color
matching. In view of these shortcomings and limitations, a
topological information area matching model analysis.
Different is introduced in this study, which is different from
the traditional global algorithm and local segmentation al-
gorithm.)e relationship between image regions is clarified,
and the importance of color transfer is controlled through
analyzing the business logic of interior design. Effective color
transfer is performed according to specific needs, to realize
regional color adjustment, achieve the effectiveness and
completeness of color transfer, implement specific result
impact analysis according to specific color methods, and
improve transfer simulation and analysis of color. )e
simulation experiment results show that the topological
information area matching model color is effective, can
ensure the true color of the image color, and support the
CAD interior design color transfer simulation.
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