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Abstract: This paper designs the interactive design system of urban environment landscape based 
on artificial intelligence technology, optimizes the hardware structure and software function of the 
system, and constructs a three-dimensional visual model landscape based on the real space scene, 
relying on geographic information technology, three-dimensional modeling technology and game 
engine. In addition, through the introduction of roaming logic, navigation logic and other control 
logic, users are allowed to roam and navigate in the virtual scene. The system has the 
characteristics of strong sense of reality, friendly interface and interactivity, which can meet the 
needs of modern urban environmental landscape in external publicity, internal guidance, urban 
environmental landscape planning and information management. Using virtual reality technology, 
using artificial intelligence technology to build three-dimensional model, with the help of artificial 
intelligence technology to build a virtual scene, and through C # programming, the introduction of 
the corresponding control logic, to build a realistic and interactive virtual urban landscape 
environment. Virtual city environment landscape supports roaming, navigation and other 
operations, and can be deployed on different platforms to provide services for urban environment 
landscape publicity, planning, information management and other aspects. 
Key words: Artificial intelligence; Urban environmental landscape; Landscape design; 
0 Introduction 

Since entering the 21st century, human settlements have become the focus of common 
concern. It is an important task for the development of human settlements and new urban landscape 
to embody the concept of human settlements in the process of rapid urban landscape. With the 
improvement of living standards, people's living environment, living environment requirements 
are also rising[1]. Therefore, it is an urgent need for people to have high-quality residential public 
environment in modern life. With the continuous improvement of people's quality of life, there are 
more and more forms of residential public environmental design. Some residential public 
environmental design takes "Humanistic" characteristics as the main element, some residential 
environmental design takes "landscape" as the design element, and some residential public 
environmental design emphasizes "public facilities and public supporting facilities" and so on. 
How to better design the public environment of residential area is an urgent problem for designers 
and even the society[2]. However, the design of residential public environment is fundamentally to 
improve people's quality of life and give people a comfortable and convenient life. Therefore, the 
public environment design of residential area is not only beautiful, but also the most basic and 
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important is to pay attention to the functional design and the humanized design of the whole 
environment and people. 
1 Interactive design system of urban environment and landscape 
1.1 hardware structure of urban landscape interaction design system 

Urban landscape 3D virtual interaction system has a large range of scenes, a large number of 
virtual models in the scene, complex scenes and large amount of data, so it needs to consume a lot 
of system resources. In real-time display, the system also needs to solve scene switching, entity 
interactive operation, dynamic scene loading, dynamic personnel tracking management, etc., all of 
which require a lot of calculation[3]. The system not only needs to achieve the fidelity of the virtual 
environment, but also has good real-time and interactivity, so it is necessary to choose a reasonable 
virtual system platform. Therefore, the hardware configuration is chosen as cpu2.99ghz. Main 
memory 3.63gb; The graphic display card is e8400. The operating system adopts Microsoft's 
Windows XP Professional 20020, and windows 2002 is based on NT technology[4]. The kernel is 
powerful and stable, and has friendly human-computer interaction interface. It is the mainstream 
operating system. It supports multithreading technology, which is conducive to the real-time of 
virtual simulation, and ensures the friendliness and timeliness of human-computer interaction. 
Interaction design is to change user behavior, display form and display content, promote the design 
system to be supported by users, and create a positive user experience. Integrating the scene 
interaction design into the dynamic environment makes the presentation of the form layer pay 
more attention to the visual design and the ability of visual elements to render the scene. The 
content layer pays more attention to the communication of scene information, while the behavior 
layer pays more attention to the interaction between scene and environment[5]. Due to the close 
relationship between the external factors and the dynamic environment, the two systems constantly 
exchange material and energy, and transform into various valuable products. Therefore, the 
hardware of the dynamic environment system is designed, as shown in the figure 1. 
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Fig. 1 hardware block diagram of environment interaction system 
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It can be seen from the figure 1 that the integration of scene and dynamic environment can 
produce interactive stress. People can directly extract the relevant production raw materials from 
the environment for activities, and the direct or indirect waste generated by economic activities 
will be contained by the dynamic environment to a certain extent[6]. However, if it exceeds the 
bearing range of the dynamic environment, it will cause the imbalance of the dynamic 
environment, seriously threaten the ecological environment and hinder the rapid economic 
development[7]. When the dynamic environment can not accommodate the rapid economic 
development, it is necessary to improve the dynamic environment in time, increase the investment 
in manpower, material resources and money, reduce the amount of waste discharge, and then 
improve the ability to maintain the dynamic balance of the environment. In the big data 
environment, the virtual design of three-dimensional landscape needs to be assisted by the 
network. Due to the advanced network technology and comprehensive functions, the design speed 
can be improved. In landscape design, the main contents include: terrain planning, vegetation 
planting, taking the building appearance and surrounding environment greening into account, 
designing scene dynamic browsing picture, making real rendering and three-dimensional virtual 
animation, and displaying the scene from multiple directions and angles[8]. The system can be 
divided into modeling and editing, planning and design, sprinkler design, data analysis and 
statistics, planting design, rendering animation and other modules. The system architecture is 
shown in the figure 2. 
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Fig. 2 Optimization of system configuration framework 

In the process of development and design of 3D landscape design system, we need to contact 
with professional landscape design for many times, fully understand the functional requirements 
of current landscape aided design system, and develop different module functions. It can be seen 
from the figure that the hardware of the system is composed of three parts: file reading and writing, 
resource library; Model scene design[9]. Data statistics. In order to make the relationship between 
two-dimensional picture and three-dimensional picture closer, geographic information is added to 
the landscape design, so that the virtual technology can better show and achieve the desired 
simulation effect. A system is composed of multiple hardware devices. In order to ensure that these 
devices can work well together, a central controller is needed to control these devices. The central 
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control chip is equivalent to a person's brain. Any operation requires the brain to give instructions, 
and the subordinate equipment below will perform the corresponding operation. Here, the central 
control chip plays the role of statistics, analysis, processing, query, management, system 
maintenance and so on[10]. The interactive network learning system based on three-dimensional 
mind map uses the central control chip of STM32F103VCT6 produced by Siemens as the main 
brain of the system, and its relevant parameters are set as shown in Table 1. 
Table 1 parameter setting of STM32F103VCT6 central control chip 
name Parameter setting 
working voltage 2.0V~3.6V 
Working current 20mA 
communication mode UART serial communication 
Maximum CPU speed 72MHz 

Flash 256KB 
Ram 48KB 
Operating temperature range -40℃~85℃ 
working frequency 72MHz 

The core of the chip is armcortex-m3, which has high efficiency and low power consumption. 
In addition, a high-speed memory, a CAN bus, four timers, DMB controllers and various 
communication interfaces are built in to meet the needs of the system. 
1.2 Software function of interactive design system for urban environment and landscape 

According to the operation process, the three-dimensional virtual interaction system of urban 
environment landscape mainly includes four aspects: the construction of three-dimensional virtual 
environment of urban environment landscape, the organization of scene data, the realization of 
scene interaction of urban environment landscape, and the realization of dynamic personnel 
management of urban environment landscape[11]. The 3D scene model is realized by modeling 
software; Scene data is organized by virtual scene optimization display technology; The 3D engine 
design realizes the interactive roaming of the scene and the dynamic personnel management 
display of the urban environment landscape[12]. Finally, the application of navigation map, query, 
distance measurement and other functions in the personnel management function is realized by 
combining GIS and 3D engine. The figure 3 shows the system function design diagram. 
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Fig. 3 system function structure optimization 

As can be seen from the figure 3, the system mainly designs and realizes the real-time display 
of the virtual scene, the dynamic loading and unloading of the scene model, the interactive roaming 
of the virtual scene, and the personnel management module of the urban environment landscape 
positioning[13]. The dynamic loading and unloading of scene model, interactive roaming and 
personnel management module of urban landscape positioning are the core functions of the system. 
The important feature of "interaction design" in residential public environment design is to pay 
attention to the interaction between residential and residential public environment. A single 
element can not form an environment. Only by connecting the elements according to the law can 
a harmonious whole be formed and its potential and function be exerted. Therefore, in the process 
of design, designers should find all the characteristics, laws and internal relations of the elements 
of residential public environment, so as to improve the design of residential public environment. 
3D landscape design virtual system uses regular grid method to complete terrain design, and uses 
local interpolation algorithm to process all terrain data, and uses triangle point-to-point method to 
construct terrain, and then converts it into regular grid data[14]. Using local interpolation algorithm, 
the terrain is transformed into digital form, and the sampling points are planned. The accuracy of 
3D terrain simulation mainly depends on the sampling accuracy and data information of the target 
terrain. The acquired information is converted into 3D digital model. In order to reduce the error 
caused by data sampling and affect the simulation effect, the artificial intervention method is used 
to control the error, which can achieve the desired effect[15]. Using the model for 3D terrain design 
can not only simulate the site, but also complete the site analysis, leveling and reconstruction, as 
shown in the figure 4. 
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Fig.4 flow of 3D landscape interactive virtual design 
In addition, "interaction design" also extends to all levels of other designs, which exist in 

planning, architecture and landscape design“ "Interaction design" emphasizes the design method 
of the system. In the design of residential public environment, there are different professional 
designers involved in each stage. For different stages of design, the focus of the design is different, 
but each design is interrelated, mutual basis and condition. At the same time, "interaction design" 
also contains a lot of design background factors[16]. It includes economy, functional form, natural 
ecology, geographical environment, historical culture and other factors. These background factors 
become the basis of "interaction design" and the source of design theory. Only by understanding 
these background factors can various problems in the design of residential public environment be 
solved. The relationship between the parts in interaction design is shown in Figure 5. 

 
Fig. 5 the relationship between parts in interaction design 
As shown in the figure 5, the cooperation of various design disciplines and the participation 

of different functional departments and professionals are required. Different fields and different 
personnel form a diversified interaction. Different functional departments not only refer to 
different functions and departments in the field of design, but also include different functions and 
departments among the members of the community. It is also the first part of the "interaction 
design" mentioned above - users[17]. Their participation in the design provides designers with two-
way information feedback, which is also an interaction. A high-quality residential public 
environment design must have the participation of users, so as to get the first-hand use information 
from the direct object of residential public environment. Through the feedback of users' behavior 
and psychological factors, a "humanized" residential public environment is designed, which is 
owned by residents and makes them have a sense of belonging“ The purpose of "interaction 
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design" should meet the needs of users[18]. Only in the process of understanding the needs of users, 
can designers make clear the main goal of design. Interaction design has two goals, one is the 
usability goal. In the interaction design of residential public environment, usability usually refers 
to whether the design of residential public environment is effective, whether the design is 
convenient for residents' life, and whether it can bring happy experience to residents. It designs 
the way of interaction between people and the public environment of residential area, so that people 
can live, work and learn more effectively in the public environment of residential area. The 
relationship between usability goal and experience goal is shown in Figure 6. 
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Fig. 6 Relationship between usability goal and experience goal 
In the "interactive design" of residential public environment, designers are required to grasp 

the whole design in the design process and design with open thinking method. Therefore, designers 
are required to have more comprehensive knowledge, broad design vision and comprehensive 
overall view. Otherwise, in the process of design, one-sided vision and limited thinking will lead 
to unreasonable design[19]. At the same time, the professional quality of the designer can lay a 
theoretical foundation and guide direction for the interaction design of the public environment in 
the residential area. What should be emphasized in the design is that the involvement of designers 
at all stages should be complementary and enlightening, rather than passive. The design results of 
different designers in their fields should provide the design basis for the next stage of design and 
be used in the design of each stage. In this way, in the process of design, designers and designers, 
design works and design works can interact effectively. 
1.3 The realization of interactive design of urban environment landscape 

In the three-dimensional virtual interactive system of urban landscape environment, the core 
content is to establish a three-dimensional virtual environment reflecting the real scene. In the 
process of model construction, different modeling methods are selected for different types of 
entities, which can reduce the complexity of the model and improve the fidelity. Firstly, the vector 
data and texture data are obtained according to the plane structure diagram and camera photos of 
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urban environment landscape[20]. Then, the entity scene and urban environment landscape object 
model are constructed by using geometric modeling technology. Then, the constructed model is 
processed by mapping, hiding and transparent culling, Optimize the scene and model, and finally 
form a realistic virtual scene of urban environmental landscape. The figure 7 shows the flow chart 
of urban landscape virtual environment modeling. 
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Fig.7 flow chart of urban landscape virtual environment modeling 
Adding blue sky and white clouds to the virtual scene outside the urban environment landscape 

will increase the reality of the scene. At present, the commonly used sky simulation methods 
mainly include spherical modeling method and box method. The basic idea of hemispherical sky 
model is to construct a hemispherical sky grid model, in which the texture is projected. When the 
camera's viewpoint moves in the dome surrounded by hemispherical shape, the sky scene can be 
simulated. This is a hemispherical sky simulation. Hemispherical sky simulation is the 
mathematical modeling of hemispheres by using solid geometry. The model equation is as follows. 

2 2 2 2( )f P X Y Z R    （1） 

Where P  is a point on the sphere and R  is the radius of the sphere. In spherical coordinate 
system, the deformation of hemispherical equation is as follows 

sin( )cos( )

( , , ) sin( )sin( )

cos( )

R

f R R

R

 
   



 
   
  （2） 

In virtual environment, geometric transformation is the operation of translating, zooming or 
rotating an entity. The transformation operation of this operation is represented by a 4 * 4 matrix. 
The geometric transformation in virtual environment is composed of two-dimensional 
transformation and space coordinate Z axis. For the virtual environment, the basic principle of 
translation transformation is to transform the entity through the three-dimensional transformation 
vector of the moving distance in the three-dimensional coordinate direction of the entity; Scaling 
transformation is realized by scaling factor; For rotation transformation in virtual environment, a 
total rotation matrix is established by using the given axis direction and rotation angle. The 
following is the operation of these three geometric transformations. The set transformation matrix 
of the entity is represented by T. 
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From the transformation of the matrix, we can see that it includes four sub matrices, the first 
three matrices are: 
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Among them, matrix 3AT  represents the scale and rotation transformation of the entity, row 

matrix 3/2T  represents translation transformation, column matrix 3/3T  is the projection 

transformation, a is the scale transformation. By the above matrix, the entity in the virtual scene 
can be manipulated by simple product multiplication. Translation transformation: set the position 
of the entity as (x, y, z), and do the translation transformation on the entity. The translation is (x, 

y, z) amount on each direction is , , zTx Ty T , let the translation result be  1 1 1, , zx y , the results are 

as follows: 

   1 1 1

1 0 0 0

0 1 0 0
, 1 , , , 1

0 0 1 0

7 1

, ,x y z x y z

Tx y Tz

 
 
 
 
 
 （7） 

When , , zTx Ty T  is brought into the above formula, the result can be transformed and the final 
result is as follows: 

 1 1 1, 1 ( 1), ,x y z x Txy Ty T    
    （8） 

The whole process of interaction design is closely around people's material and spiritual needs, 
which also determines its goal oriented attribute. The design process consists of four stages: target 
identification, requirement analysis, interface design and evaluation design. The four stages are 
advanced from top to bottom, and the final evaluation results are fed back to the target 
identification stage (as shown in the figure 8). In the whole process of interaction design, it does 
not declare the completion of a certain stage because of the end of the task, on the contrary, it will 
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continue to repeat and cycle to achieve its own continuous improvement. Each stage of the design 
is dynamically related to each other and interacts with feedback to maximize product performance 
and meet the experience of the target group. 

 
Fig. 8 landscape interaction task center design model 
According to the definition of interactive landscape, we can infer the definition of interactive 

landscape design, which is the process that designers use the concept of interaction to create 
interactive landscape with people. Specifically, it can be understood that in interactive landscape 
design, the design is guided by the needs of visitors. The designer stimulates the participants to 
send out information feedback by strengthening the landscape output information, and further 
optimizes the cycle of landscape output information through the collection and analysis of 
feedback information. The organization of interactive landscape design relationship is shown in 
Figure 9. 

 
Fig.9 organization of interactive landscape design relationship 
According to the research of environmental behavior, human behavior patterns in landscape 

space can be divided into "need" pattern and "field force" pattern“ The "need" mode is based on 
self inherent cognition, while the "field force" mode is the behavior that users choose to send out 
under the common influence of instinctive cognition and external environmental information. 
Therefore, in the interactive landscape behavior design, we should follow the principle of 
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reflecting the landscape environment, behavior and psychology. There is an interaction and 
feedback relationship among them as shown in the figure 10. 

 
Fig. 10 the relationship among behavior, psychology and environment in interactive 

landscape design 
The design needs to be able to respond to the basic psychological cognitive behaviors of 

visitors, such as the clustering effect and the sense of spatial domain. It also needs to consider how 
to define the function of the landscape and what kind of perception visitors can get in the landscape 
behavior. Because the "field force" behavior mode also includes individual behavior and group 
behavior, it is necessary to consider the different needs of individual and group activities in the 
design. 
2 Analysis of experimental results 

In order to ensure that the system program runs in the expected way, it is necessary to test the 
functions of the system design and implementation according to the user requirements and 
specifications. In the 3D interactive system of urban landscape environment, the entity geometry 
transformation operation and mouse picking of the system design run through the whole virtual 
simulation system. The main functions of the system are tested below. According to the system 
function test, the table form is used to count the system function test results, as shown in Table 2. 

Table 2 Statistics of interactive operation module test results 
Test 
module 

Test function Measured results result 

Interaction 
module 

Can I zoom 
the scene 

Scroll the middle mouse 
button to pan the scene 

The results are good and meet 
the system design expectations 

Can I pan the 
scene 

Press the middle mouse 
button to pan the scene 

The results are good and meet 
the system design expectations 

Can I pick up 
scene objects 
with the 
mouse 

Press the left mouse 
button to pick up 

The results are good and meet 
the system design expectations 

Can I rotate 
the scene 

Press the middle mouse 
button to rotate the scene 

The results are good and meet 
the system design expectations 
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Can the scene 
be loaded 
dynamically 

The left mouse button can 
rotate the scene in the 
navigation map and load 
it automatically 

It can be realized through the 
navigation map 

Table 3 scene roaming test results statistics 
Test module Test function Measured results Result analysis 

Free interactive 
roaming and 
automatic path 
finding roaming 

Can flying chess 
roam the indoor 
scene according to 
the preset path 

According to the 
scene setting of 
automatic routing 
roaming 

The main reason is 
that the routing 
algorithm is not 
perfect 

Can I roam the 
scene freely 
through keyboard 
combination or 
interface direction 
keys 

You can roam the 
scene by clicking 
the direction key on 
the interface 

The test results are 
good and meet the 
functional 
requirements of the 
system design 

According to table 2 and 3, the design and implementation of translation transformation, 
scaling transformation and rotation transformation of virtual objects basically meet the needs of 
system design and users. Users can easily make geometric transformation of virtual objects and 
scenes in the system by using mouse buttons. 

In the free interactive roaming function test of urban landscape virtual scene, the mouse 
picking function and dynamic scene loading function are tested with examples. The test results 
show that the virtual object can be picked up by the left mouse button, which meets the system 
design expectations; When the scene is loaded dynamically, the mouse picks up the floor loading 
scene in the navigation map, without considering the dynamic loading in the main scene, so the 
design and implementation of the dynamic loading scene function is not ideal. In addition, the 
interpolation of the key coordinate points is not very accurate. Although it realizes the start 
roaming, stop roaming, switch roaming mode, and roam according to the preset key point path, 
the test results show that the design and implementation of the function is not ideal. Therefore, we 
need to improve the path algorithm in the future. According to the above experimental content, the 
traditional system and the system designed in this paper are compared and analyzed on the 
accuracy of dynamic environment development trend, and the results are shown in the figure 11. 
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Fig. 11 analysis results of different system design trends 

The traditional system analysis of the dynamic environment development trend is not different 
from the system development trend designed in this paper. Around the actual data floating up and 
down, the traditional system analysis error is large, far away from the actual development trend, 
and the system designed in this paper is always consistent with the actual trend. Therefore, the 
dynamic environment design system based on scene interaction has the characteristics of high 
analysis accuracy. 
3 Conclusions 

The virtual urban environment landscape based on the design method in this paper uses 
artificial intelligence technology to build the model, and uses artificial intelligence technology to 
build three-dimensional virtual scene. In addition, the introduction of control logic solves the 
problem of interaction between external users and virtual scene. The virtual reality interaction 
system is realistic and practical. However, this method still has some limitations, such as the 
function of the system is relatively single, and the data does not have persistence. In the future 
research, enriching the interaction logic and connecting with the database to realize the dynamic 
access of data will be the focus. 
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