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Abstract: To improve the effect of artistic environment design, this paper 
applies intelligent computer technology to environmental art design, and 
combines intelligent computer technology to provide mathematical analysis 
tools required for pre-computing optical energy transmission technology. 
Moreover, this paper discusses the diffuse and specular reflections at low 
frequencies, and conducts a detailed study of the rendering algorithm of the 
pre-computed radiance transfer (PRT) technology. In order to reconstruct the 
approximate function, this paper considers the opposite process of projection, 
and the SH function with scaled coefficients can be accumulated to 
approximate the original function. In addition, this paper constructs a 
simulation system for environmental art design. It is not difficult to see from 
the design evaluation results that the environmental art design system proposed 
in this paper can effectively improve the effect of environmental art design. 
This unifies the functionality of the colouring system, enabling people to 
handle more types of elements and flexibly utilise graphic pipelines. 
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1 Introduction 

Through the commands in the computer 3D drawing software to build models, light 
settings, material editing, etc., in the perspective view, an accurate perspective view 
calculated by the computer can be obtained. Moreover, the viewing angle, material, etc. 
can be changed at will according to customer requirements, and the works can be 
observed, examined and modified from different perspectives (Zannat and Choudhury, 
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2019). Expanding the creative potential of designers and improving the design expression 
and work efficiency of designers (Bibri, 2019). 

Viewers can watch space effects from different angles, giving people an immersive 
feeling (Mohamed et al., 2020). This kind of expression method of virtual space, which is 
so close to the effect of real space, is difficult to achieve by other means of expression 
(La Sorte et al., 2018). 

As a form of visual art, it should have artistic connotation. As an important factor, the 
aesthetic factor of art is stored in a certain aesthetic form, that is, the art form (Gamache 
et al., 2018). It arouses and stimulates people’s emotions through the beautiful form of 
art, and makes people resonate with art works (Gupta et al., 2019). All of this is built on 
the basis of science and technology, and is built on the fusion of computer technology 
and artistic connotation (Wen et al., 2020). Therefore, it can be said that science  
and technology influence and promote the generation and development of art in  
one definition; the development and achievements of art also promote and influence the 
progress and development of science, and the two interact and are indispensable 
(Manogaran and Lopez, 2017). 

In order to improve the effect of environmental art design, this paper applies 
intelligent computer technology to environmental art design to promote the intelligent 
development of environmental art. 

2 Related research 

The use of computer graphics technology in environmental art also has negative effects. 
The main manifestations are: first, computer technology has brought about the 
‘alienation’ of design, which is reflected in the specific design, which is to emphasise 
‘performance’ over ‘design’. In the process of designing a work, the time spent on design 
performance greatly exceeds the time spent on conception. Second, the limitations of 
computer technology and its software and the level of operators affect the design concept, 
stifle the fleeting design inspiration in the process of project conception, and make the 
design art creation mechanised. Third, in the teaching of environmental art design, 
students rely too much on computers, neglect basic skills training, pay little attention to 
the training of designing freehand sketches, or even give up completely, which eventually 
leads to the loss of design analysis, thinking, and creative ability, which greatly reduces 
the ability of students to design. Students’ design literacy (Rao, 2018). There are many 
kinds of software for drawing computer architectural renderings, each of which is large in 
scale, has many functions, and has its own strengths, and the version is constantly 
updated. It is to comprehensively use their different functions according to the 
advantages of different software, and finally achieve the desired effect (Kang et al., 
2018). 

A good environmental art design rendering is not only an intuitive drawing that can 
accurately and clearly reflects the final effect of the expected design, but also a work of 
art. Ghernaout et al. (2018) believes that connotation is the spiritual factors such as the 
mind and thought contained in the work. The implication embodied in the design 
expression diagram is the expression style and inner artistic atmosphere it presents. 
Whether it is hand-painted performance techniques or computer graphics performance 
techniques, the ultimate goal is the same, that is, the artistic expression and design image. 
Methods and techniques are the basic elements of expression technology. No matter 
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which expression method is used, it serves the designer. Designers should control the 
methods and techniques effectively in intuition and feeling, so that the designer’s design 
ideas can be freely and flexibly passed through various aspects. A variety of performance 
methods and techniques are shown, not limited to a certain method and technique. Faced 
with the continuous improvement of the public’s aesthetic taste and the mentality of 
seeking new and different, as a modern designer, we should have a sense of innovation. 
In the process of creation, designers should have the courage to try new expressive tools 
and methods to expand the expressive space and make expressive art an important means 
to adjust the relationship between visual experience and design image and the best 
language form for artistic interpretation of design plans (Thakur and Dharavath, 2019). 
Depending on the space to be expressed, the use of different expressive tools will 
produce very different design styles. From the perspective of visual arts, hand-painted 
expression techniques are more stylised and personalised, computer-aided design 
techniques are more homogeneous in style, and computer-aided design is more  
rigorous and more realistic than hand-painted expressions. After we understand the 
complementarity and commonalities of the two, we can take advantage of each other and 
avoid weaknesses in the application to give full play to their greatest advantages  
(Maya-Gopal and Chintala, 2020). 

In the performance of environmental art renderings, according to the characteristics of 
the space to be expressed, we can use the combination of hand-painted techniques and 
computer-aided design techniques, or use the combination of various computer drawing 
software to create unique effects and make it more with artistic charm. But computers 
and brushes are tools after all, and they can only be good helpers for us to design. They 
are controlled by designers and cannot replace the creative thinking of design. Therefore, 
the key to the success of indoor and outdoor environment design renderings lies in the 
designer’s design concept, artistic accomplishment and profound artistic skills (Lv et al., 
2017). 

The application of computer graphics software enables designers to design more ideal 
effects in a shorter period of time according to their creativity and imagination.  
At present, teaching institutions pay more attention to the teaching of drawing  
software, while ignoring the cultivation of students’ aesthetic concepts and artistic 
accomplishment, resulting in more graduates who enter the society as ‘painters’ who only 
use computer graphics software or ‘drawing tools’, works lack creativity and beauty. As 
far as design expression drawing is concerned, it is the product of the combination of 
technology and art. Computer-aided design is only a means of expression. In addition to 
being able to master the operation methods of relevant drawing software, designers also 
need to have a solid artistic foundation and cultural background (Lv et al., 2017). 
Designers are designing living environment space for human beings, giving it certain 
appearance quality and characteristics, and expressing and conveying certain information, 
expressions or emotions through them, which are perceived by people and trigger 
corresponding emotions and reflections of users. The aesthetic of the design is born from 
this. The aesthetics of design is mainly expressed in functional beauty, formal beauty and 
emotional beauty. As far as interior design performance is concerned, as a designer, as a 
designer, it is necessary to understand whether the functional beauty is scientific, whether 
the layout is scientific, whether the space division is reasonable, and whether the 
furniture shape and size conform to ergonomics (Pencheva et al., 2020). In terms of 
formal beauty, it grasps various shapes and forms related to people’s vision, such as the 
shape, colour, and pattern of interior furnishings, and then meets people’s psychological 
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needs on the basis of functional beauty and formal beauty, thereby creating emotional 
beauty. If students do not strengthen the study of this theoretical knowledge, they cannot 
achieve good performance only by means of technical means. For this reason, while 
attaching importance to computer graphics software, teaching institutions must not 
neglect the cultivation of students’ aesthetic concepts and artistic accomplishment 
(Mavragani and Tsagarakis, 2019). 

3 Research on algorithm of pre-computed light energy transfer 
illumination 

In order to improve the design effect of environmental art, this paper combines the 
intelligent computer technology to give the mathematical analysis tools required by the 
pre-computing optical energy transmission technology. Moreover, this paper discusses 
the diffuse and specular reflections at low frequencies, and conducts a detailed research 
of the rendering algorithm of the pre-computed radiance transfer (PRT) technology. 

3.1 Mathematical framework for lighting rendering of pre-computed light 
energy transfer 

The spherical harmonic function is a normalised orthogonal basic defined on a spherical 
surface S. For spatial coordinates and normalised polar coordinates, the domain s is: 

( )( , , ) sin cos , sin sin , coss x y z θ θ θ= = φ φ  (1) 

The basic function is defined as: 

( , ) (cos ), ,m m im m
l l lY θ K e P θ l N l m l∈ − ≤ ≤φφ  (2) 

Among them, P(l, m) is the associated Legendre polynomial and K(l, m) is the normalised 
scaling factor. 

(2 1)( )
4 ( )

m
l

l l mK
π l m
+ −=

+
 (3) 

The above defines a complex-valued basic function. The real-valued basic functions can 
be obtained by a simple transformation: 

( )
( )

0 0 0

2 Re , 0 2 cos( ) (cos ), 0

2 Im , 0 2 cos( ) (cos ), 0
, 0 (cos ), 0

m m m
l l l

m m m m
l l l l

l l l

Y m K m P θ m

y Y m K m P θ m
Y m K P θ m

−

 > >
 
 = < = − <
 = = 

φ
φ  (4) 

Since the SH basic functions are normalised and orthogonal, a scalar function of the  
S-domain can be projected onto its coefficients by integrating: 

( ) ( )m m
l lf f s y s ds=   (5) 

In order to reconstruct the approximate function, this paper considers the opposite 
process of projection, and the SH function with scaled coefficients can be accumulated to 
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approximate the original function. The approximation of low-order coefficients is often 
referred to as a band-limited approximation (band-limited refers to saving the part within 
the threshold value of the signal frequency and discarding the high-frequency part). 
Therefore, the reconstruction equation of the nth order is: 

1

0

( ) ( )
n l

m m
l l

l m l

f s f y s
−

= =−

=  (6) 

A low-order projection of a high-frequency signal will become a band-limited signal, that 
is, the signal transition is very smooth. 

When it is projected to order n, n × n coefficients are generated. Equation (2) is 
rewritten as a single index-based projection coefficient and basic function: 

2

1

( )
n

i i
i

f s f y
=

=  (7) 

Among them, i = l(+1) + m + 1. This equation makes it very convenient to reconstruct the 
function at s, which is to do the dot product of the n × n vectors fi and the basic function 
yi(s). 

g(s) = f(Q(s)). If Q is an arbitrary rotation about s, then 

( )( ) ( )g s f Q s=   (8) 

The normalised orthogonality of SH basic functions plays an important role in the fast 
calculation of the integral of two spherical functions. 

2

1

( ) ( )
n

i i
i

a s b s ds a b
=

=   (9) 

Convolution: This paper marks the convolution of a circular axis-symmetric kernel 
function h(z) and a function f as h ∗ f. 

The projection of the convolution satisfies: 

0 0 04( )
2 1

m m m
l l l l l l

πh f h f a h f
l

∗ = =
+

 (10) 

In other words, the projection coefficient of the convolution is simply the separate 
product of the coefficients of the two functions. h(l, 0) is obtained from the analytical 
formula. The convolutional nature can also be used to generate pre-filtered environments 
utilising narrower kernels. 

Product projection: The product of two spherical functions is c(s) = a(s)b(s), where a 
is known and b is unknown, and its projection can be regarded as an urgent linear 
transformation of the projection coefficient bj through matrix a. 

( )

( ) ( )
( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

i j i

i i j K i i K j ij j

c a s b y s y s

a s y s y s ds b a y s y s y s ds b a b

=

= = =
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The elements of a can be obtained recursively using the well-known Clebsch-Gordan 
series by integrating the triple product of the basic functions. It is also possible to use 
numerical integration without pre-SH projecting the function a. 

Here, the rotation formula (11) is: 

90 90( , , )SH γR γ Z X Z X Z− += β αα β  (12) 

The following shows a rotation matrix of the third order SH coefficients rotated by an 
angle a around the Z axis. 

1 0 0 0 0 0 0 0 0
0 cos( ) 0 sin( ) 0 0 0 0 0
0 0 1 0 0 0 0 0 0
0 sin( ) 0 cos( ) 0 0 0 0 0
0 0 0 0 cos(2 ) 0 0 0 sin(2 )
0 0 0 0 0 cos( ) 0 sin( ) 0
0 0 0 0 0 0 1 0 0
0 0 0 0 0 sin( ) 0 cos( ) 0
0 0 0 0 sin(2 ) 0 0 0 cos(2 )

Z

 
 
 
 
 − 
 =
 
 
 
 

− 
 − 

α

α α

α α
α α

α α

α α
α α

 (13) 

For a point in the scene, considering its material and viewing direction, a general GI 
integral formula is: 

( ) ( )0 0
Ω

% , , ( , )(cos ) , , ( , )L n x ω L x ω θ BRDF x ω ω V x ω dω=   (14) 

For the solution of this equation, a transformation matrix to convert the incident light 
source to a local light source considering the occlusion term according to the projection 
characteristics of the spherical harmonic function, so that the orthogonal characteristics of 
the spherical harmonic function can be used for rendering. For current programmable 
GPU hardware, the constant and variable registers and the number of instructions are 
very limited, and the method has a considerable storage overhead even with CPCA 
compression. 

Of course, the above formula can be simplified and approximated to make it suitable 
for GPU hardware accelerated applications. For most current applications, especially 
game development, the BRDF function term is actually not complicated, and the 
anisotropic BRDF is not widely used, so a BRDF function term based on spherical 
axisymmetric can be used for a simplification. 

In most cases, the traditional Phong lighting model can be used to replace the BRDF 
function term, so the integral formula becomes: 

( )
Ω

( ) ( , ) ( ) ( )shinessL ω V x ω A nω B nω dω× × + ×  (15) 

If the ambient light source is assumed to be at infinity, the L function does not depend on 
a particular position x. It is very difficult to integrate a function term with an exponential 
factor, and an analogue power function approximated by a linear combination can be 
adopted. Although the final result will blur the specular highlights, it greatly simplifies 
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the calculation and improves the calculation efficiency. After the constant term is 
proposed, the result is as follows: 

( )0
Ω Ω

% , , ( ) ( , ) ( ) ( ) ( , )( )L n x ω diffuse L ω V x ω nω dω gloss L ω V x ω rω dω= × × + ×   (16) 

The 
Ω

( ) ( , ) ( )diffuse L ω V x ω nω dω× ×  represents the diffuse illumination contribution, 

denoted by L1(x, n, 0), 
Ω

( ) ( , )( )L ω V x ω rω dω  represents the specular illumination 

contribution, denoted by L2(x, n, o). 

( )0, , 1( , , ) 2( , , )L n x ω L x n ω L x n ω= +  (17) 

A ‘bump-mapped radiosity’ method is proposed, in which a set of spatially orthogonal 
and normalised basic vectors is used, namely: 

2 10 , 0,
3 3

b
 

=  
 

 

1 1 11 , ,
6 2 3

b  = − − 
 

 

1 1 12 , ,
6 2 3

b  = − 
 

 

It is abbreviated as HL2 basic vector, b0, b1, b2 are the three axes of the basic vector, as 
shown in Figure 1. 

Figure 1 Half-life 2 basic vector (see online version for colours) 

 

In order to apply global illumination effects to the GPU, taking into account that the 
normal of each pixel is only known at render time by looking up the normal map in the 
pixel shader. This may cause the GPU’s pixel shader to run out of constant registers. 
Moreover, the amount of calculation is large, so this method is not considered. The HL2 
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vector decomposition method proposed in this paper can be solved with a small amount 
of storage and is more flexible. The details are as follows. 

This paper avoids the need for the SH matrix and the CPCA compression algorithm, 
and uses the HalfLife 2 basic vector mentioned to decompose the normal and observation 
vectors of each point for the emission vector of the normal: 

1 1 2 2 3 3

1 1 2 2 3 3

w w n w n w n
r r n r n r n

= × + × + ×
= × + × + ×

 (18) 

Finally, substituting equation (18) into equation (17), we get: 

( ) ( ) ( )
( ) ( ) ( )

1 1 1 1 2 2 2 3 3 3

2 1 1 1 2 2 2 3 3 3

( , ) , , ,
( , ) , , ,

L n x w L n ω w L n ω w L n ω

L n x r L n ω r L n ω r L n ω

= × + × + ×

= × + × + ×
 (19) 

Since n1, n2, n3 are all fixed, the illumination terms of the three axes in formula (16) and 
formula (17) can be obtained during pre-calculation. Then, calculate each weight w1, w2, 
w3 and r1, r2, r3 during real-time rendering, and the last calculation of the weighted sum 
can get the final lighting result, and the rendering is very flexible. In the following text, 
the conclusions derived and calculated here will be cited. 

3.2 Light rendering of precomputed light energy transmission for low frequency 
environments 

The integral formula for diffuse reflection from ambient light is: 

Ω
( ) ( , )( )L ω V x ω ωn dω  (20) 

Figure 2 Calculation method of diffuse reflection surface illumination for low-frequency light 
source (see online version for colours) 

 

Note: The left part represents the projection coefficient of the light source environment, 
and the right part represents the dot product of the precomputed visibility 
projection factor and the left factor. 
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It can simulate ambient lighting very well. Afterwards, projected L(x, ω) and V(x, ω) onto 
the spherical harmonic function family separately, saved a set of coefficients for each 
vertex, and then dot-producted this set of coefficients at runtime to get the global 
illumination contribution at that point. The principle is shown in Figure 2. This method 
has been used in some well-known commercial graphics engines. 

At runtime, the light source coefficient vector (length m) is multiplied by this matrix, 
and the distant ambient light source is converted into the local incident light source 
coefficient for the vertex, which already contains the occlusion information of the scene. 
The transformed coefficient vector is convolved with the BRDF kernel term to obtain the 
colouring of this vertex according to the current observation point. Its principle is shown 
in Figure 3. 

Figure 3 Specular light calculation method in low frequency environment (see online version  
for colours) 

 

Note: The left part shows that the ambient light coefficient is multiplied by the 
transformation matrix, the middle part shows the convolution of the converted 
local incident light coefficient and the core BRDF, and the right part shows that the 
current observation point position is substituted into the convolution result to 
obtain the final light colour. 

However, if we consider a calculation method for simulating a light source with  
16 spherical harmonic coefficients, each vertex needs to store a matrix of size 16 × 16, 
which is huge and unbearable for a high-precision model. 

3.3 Intelligent computer technology and its application in environmental art 
design 

From the perspective of overall unity, this paper re-plans and organises the relationship 
between various regions of the environment, optimises the functional complexity, and 
improves the utilisation rate of environmental resources (as shown in Figure 4). This 
paper comprehensively coordinates the various regional units in the planning and 
construction of the campus system, screens and categorises them according to the same or 
similar unit functions, and builds composite functions that form major areas (as shown in 
Figure 5). 
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Figure 4 Group analysis and composition of environmental functional areas (see online version 
for colours) 
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Figure 5 Statistical table of functional group classification of environmental art design system 

 

4 Analysis and discussion 

Through the induction and integration of the relevance and functionality of each region, 
the basic macro-level regional division is completed. On this basis, based on the design 
method of group structure and reorganisation, the integrity, relevance and expansion of 
each regional environment are constructed. The group construction process is: single 
module unit → regional module unit → group module unit (as shown in Figure 6). At the 
same time, a composite construction is carried out for the single function of each area of 
the campus environment. The single functional elements scattered in the area are 
screened for identity and similarity → the same element set is combined into a regional 
group → the group is systematically constructed into a group (as shown in Figure 7). 

Figure 6 The deduction process of the regional group structure and reorganisation of 
environmental art design (see online version for colours) 
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Figure 7 The process of group structure and reorganisation of environmental art design functions 
(see online version for colours) 

 

The environmental detection system mainly includes two major structures and  
seven modules. The organisational structure of the seven modules of these two major 
structures is shown in Figure 8. 

Figure 8 System module architecture (see online version for colours) 

 

After the above models are obtained, the effect of these models is verified, and the effect 
of the environmental art design model in this paper is evaluated by means of simulation 
design. The evaluation results are shown in Figure 9. 
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Figure 9 Evaluation of the effect of environmental art design system based on intelligent 
computer technology (see online version for colours) 

 

It is not difficult to see from the evaluation results that the environmental art design 
system proposed in this paper can effectively improve the effect of environmental art 
design. 

With the development of science and technology, the field of environmental art 
design urgently needs a new method of scheme display and discussion to make up for the 
shortcomings of traditional design scheme display methods, in order to more intuitively 
and accurately display its design intent and results to users. Applying VR technology to 
the display of environmental art design schemes can showcase the natural landscapes that 
exist in reality or the landscapes that will be constructed, or a combination of the two can 
be used to construct a three-dimensional model in a computer, and then use virtual reality 
technology to simulate the real-time visual environment. Through real-time computing  
on high-performance computers, real-time interactive roaming can be achieved from 
different perspectives and in different behaviour modes (driving, walking, flying, etc.). 

Integrating VR technology into the display of environmental art design solutions, 
utilising computers to generate realistic virtual three-dimensional environments, and 
utilising appropriate display devices to mobilise users’ visual, auditory, olfactory, tactile, 
and other senses, enabling them to experience and interact in the virtual environment 
space, obtaining an immersive feeling; at the same time, visitors can also directly 
participate in various dynamic changes of the plan, changing their emotions based on the 
situation and scenery, and deeply understand the concept, ideas, and content of the plan. 

Integrating intelligent computer technology into the display of environmental art and 
design schemes can describe various parts of the spatial scheme in real-time, achieve a 
human-machine interactive operating environment, and change the dull and passive state 
between users and traditional scheme display methods. The environmental art design 
solution that integrates intelligent computer technology realises and emphasises the role 
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of ‘people-oriented’, transforming digital information into multi-dimensional information 
that people can feel and deeply understand in the thinking process. 

5 Conclusions 

This paper applies intelligent computer technology to environmental art design, and 
combines intelligent computer technology to provide mathematical analysis tools 
required for pre-computing optical energy transmission technology. Moreover, this paper 
discusses the diffuse and specular reflections at low frequencies, and conducts a detailed 
study of the rendering algorithm of the PRT technology. In order to reconstruct the 
approximate function, this paper considers the opposite process of projection, and the SH 
function with scaled coefficients can be accumulated to approximate the original 
function. In addition, this paper constructs a simulation system for environmental art 
design. In order to improve the effect of artistic environment design, this paper applies 
intelligent computer technology to environmental art design to promote the intelligent 
development of environmental art. It is not difficult to see from the design evaluation 
results that the environmental art design system proposed in this paper can effectively 
improve the effect of environmental art design. 

The research of this article applies intelligent computer vision technology to 
environmental art design, and verifies the effectiveness of the method from a theoretical 
research perspective. There is a lack of support from multiple practical cases, and it is 
also necessary to ensure the intelligent learning effect of the method in this article and 
promote continuous improvement in technology. This is also the direction of future 
research 
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