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Abstract—The research of digital landscape architecture springs up in recent 

years. The emerging digital technology provides a rational and objective method 

to mine and quantify the endogenous laws of landscape architecture. Remote 

sensing (RS) technology has become a new growth point in the current research 

and design of landscape spatial information. To develop the professional teaching 

of landscape architecture, it is important to fully integrate the RS technology into 

the teaching system of spatial information technology, carry out systematic spa-

tial information quantification and research-based teaching of landscape archi-

tecture, and collaboratively promote the teaching of landscape architecture de-

sign. This paper firstly analyzes the integration and application potential of RS 

technology into landscape architecture. Considering the demand and trend of in-

formation-based teaching of landscape architecture, the authors integrated the 

relevant technologies into an RS teaching platform for landscape architecture, 

and summarized an application model of RS technology in the teaching of land-

scape architecture theories and practices. Moreover, a landscape spatial infor-

mation chain, which is question-oriented, task-driven, and exploration-based, 

was constructed to promote the synergistic development between the students’ 

research and practice ability under spatial information integration. 

Keywords—spatial information technology, remote sensing (RS) technology, 

teaching platform, course practice, landscape architecture 

1 Introduction 

The research of digital landscape architecture springs up in recent years. The emerg-

ing digital technology provides a rational and objective method to mine and quantify 

the endogenous laws of landscape architecture, making the landscape architecture re-

search much more scientific and efficient. Spatial information technology has quickly 

permeated every aspect of the teaching, scientific research, and engineering of land-

scape architecture [1-10]. Representative spatial information techniques, including re-

mote sensing (RS), spatial big data, earth observation monitoring, and spatial position-

ing and simulation, directly drive the synergistic development between the teaching of 

RS in landscape architecture and the teaching of landscape architecture design, and 
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stimulate the continued breakthroughs and innovations of relevant teaching platforms, 

methods, and experimental means [11]. Suffice it to say that spatial information tech-

nology offers an important tool to tap the development potential and improve the teach-

ing quality of landscape architecture. 

The new round of industrial revolution has brought new opportunities and challenges 

in higher education. The new technologies, industries, and development trends give 

birth to the conceiving-designing-implementing-operating (CDIO) model for engineer-

ing teaching, which satisfies the latest demand for professional talents [12]. The core 

of CDIO is curriculum reform. Compared with traditional teaching mode, CDIO cur-

riculum reform aims to break traditional professional barriers, renovate learning meth-

ods, and understand the knowledge and logic behind through practice and research, and 

abide by the cognition law of professional learning [13]. 

Against this backdrop, the authors deeply analyzed and judged the advantages and 

trends of contemporary spatial information technology. Inspired by interdisciplinary 

applied teaching systems, this paper pursues integrated development and technological 

cooperation of the teaching of RS in landscape architecture through curriculum reform 

and innovative teaching module design, and synthetizes relevant technologies into an 

RS teaching platform for landscape architecture. Besides, a research and learning 

model, which is question-oriented, task-driven, and exploration-based, was constructed 

for landscape spatial information. The proposed model can promote the synergistic de-

velopment between the students’ research and practice ability under spatial information 

integration [14], and facilitate the RS teaching reform of landscape architecture. 

2 Industrial Application of Spatial Information Technology in 

Landscape Architecture 

The spatial information technology of landscape architecture is highly integrated 

with multiple disciplines. It is an enhanced digital technology capable of collecting, 

processing, managing, analyzing, expressing, communicating, and applying landscape 

information. In the field of landscape architecture, many modern technologies are 

deeply combined, including spatial technology, sensor technology, satellite positioning 

and navigation technology, and computational analysis [15]. RS technology provides 

landscape architecture with the easiest way of earth observation monitoring, and a 

forceful tool to analyze landscape environment information. 

Thanks to the rapid development of spatial information technology and the civilian 

use of high-space, high-resolution earth observation monitoring, RS technology can 

now monitor a wide range of the earth surface, and collect a huge number of positioning 

and quantification data in a real time and accurate manner. The technology makes it 

possible to expand the information platform for landscape survey, assessment and con-

trol, discover the quantitative law of landscape architecture at different scales, and im-

prove the technology level of landscape architecture [16]. 

Meanwhile, RS technology can satisfy the demand for resource surveys and special 

drawings of various landscapes, and assist with landscape architecture design, accord-

ing to the purposes of learning and research. In this way, RS technology provides a 
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strong technical support for contemporary landscape architecture research and practice 

[17]. At present, landscape RS is widely applied in the landscape architecture industry 

to survey landscape resources, extract information, and implement dynamic monitor-

ing. 

2.1 Landscape resource survey 

From the perspective of landscape architecture, landscape resource refers to the col-

lection and statistical analysis of natural resources or landscape environments, and to 

formation of professional judgments [18]. Since the 1980s, aerial RS images have grad-

ually been introduced to landscape survey and analysis. The relevant survey data lay 

the basis for landscape architecture research and design. The survey method and tech-

nology have become an important part of the knowledge system for landscape architec-

ture. 

With the continuous improvement of spatial information analysis technology, high-

resolution RS images, which are rich in geometric features and texture information, 

expand the scope and depth of landscape survey. Currently, spatial information analysis 

technologies like eCognition can comprehensively interpret landscape images based on 

the spectrum, texture, spatial structure, and geometry, providing an effective solution 

to the following traditional problems: it is inefficient and inaccurate to interpret the 

high-resolution landscape images containing multi-source data [19]. As a result, object-

oriented information extraction techniques have created the main application path for 

the landscape architecture industry (see Table 1). 

Table 1.  Main contents of landscape resource survey with spatial information analysis technology 

Natural elements 

Vegetation 
Vegetation communities and morphology, trees, shrubs, ground 
covers, aquatic plants, etc. 

Terrain 
Land and surface water distribution, elevation, slope, slope, catch-
ment surface, etc. 

Hydrology 
Water body form, water depth, water quality, aquatic plant distri-

bution, etc. 

Soil 
Bare soil quality, soil type, mountain surface rock distribution and 

type, etc. 

Artificial elements 

Structures 
Structure distribution, spatial morphology, structural height, con-

struction quality, etc. 

Historical remains 
Historical remains identification and discovery, morphological fea-

tures, material and color, etc. 

Environmental 

conditions 

Roads 
Road distribution, road width, construction condition, road mate-

rial, etc. 

Construction con-
ditions 

Land type, artificial facility distribution, construction activities, 
etc. 

2.2 Landscape information extraction 

Landscape information extraction from RS images is an effective way to analyze and 

grasp the current state and dynamic changes of landscape environment. With the aid of 
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superior spatial information analysis technology, single landscape elements can be rec-

ognized automatically and extracted by class, e.g., urban green space, urban buildings, 

scenic vegetation, water body, roads, etc. The landscape information can also be ex-

tracted from large-scale landscape environments with complex and diverse landscape 

patterns [20], such as river basins, mountainous terrains, mountain lakes, and surface 

covers. These landscape patterns involve landscape types like urban green space, wet-

land, farmland, forest, and scenic spots. 

Since spatial information technology has advantages in landscape image processing, 

multi-source data analysis, vegetation physiological features identification, and topo-

logical geometry analysis, RS technology gradually forms an effective way to cope with 

the current demand for spatial information of landscape architecture, in both vertical 

and horizontal dimensions [21]. The core RS techniques, namely, machine learning and 

deep learning, have been subjected to cross-application, providing important technical 

support for the intelligent, quantitative, and information-based development of land-

scape architecture, and opening an innovative path towards the digital and scientific 

teaching of landscape architecture. 

2.3 Landscape dynamic monitoring 

The landscape is defined as a multi-scale geospatial unit that dynamically and com-

prehensively comprises human landscape elements and natural landscape elements. 

Landscape monitoring aims to analyze the composition and spatial configuration of the 

target landscape. The main functions of landscape monitoring include detecting the 

changes in landscape pattern, capturing the situation and problems of landscape devel-

opment in time, and forecasting the trend and law of landscape pattern [22]. From static 

monitoring to continuous dynamic monitoring, landscape dynamic monitoring effec-

tively collects the dynamics of the landscape systems from the small local scale to the 

large national scale [23], including urban landscape system, agricultural landscape sys-

tem, forest landscape system, wetland landscape system, as well as grassland and desert 

landscape system. 

Whereas digital landscape and digital cities are key aspects of living environment 

construction, spatial information technology offers a golden opportunity for the devel-

opment of digital technology for landscape architecture, and provides the following 

works with a technical system and an operation platform: building a landscape environ-

mental information system integrating knowledge update, technological innovation, 

and data drivers; promoting the application of RS monitoring, Internet of things (IoT), 

and big data in the survey, analysis, design, control, and operation maintenance of land-

scape architecture; speeding up the construction of information application system for 

eco-protection and repair [24]. 
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3 Application of RS Technology in Landscape Architecture 

Teaching 

Currently, professional colleges of landscape architecture in most developed coun-

tries have opened courses on landscape information technology, and gradually in-

creased the class hours and credits of these courses. Harvard University and Technische 

Universität Wien have event replaced landscape engineering technology courses with 

landscape information technology courses. The 3S technology is the main teaching con-

tent of landscape information technology. It is a collective name for RS, geographic 

information system (GIS), and global navigation satellite system (GNSS) [25]. Most 

colleges agree that landscape architecture should be taught with GIS as the core, sup-

plemented by RS and big data technology. 

3.1 Features of RS teaching in landscape architecture 

Clear professional demand and technical requirements: In landscape 

architecture colleges, the RS courses generally focus on the professional features of 

quantitative study on ecology and form of landscape environment [26]. The course 

teaching has distinctive professional features. The teaching contents are driven by 

regional features, local environment, surface resources, land space utilization, and 

auxiliary planning and design. 

Meanwhile, the contemporary research of landscape architecture raises a high 

requirement on the extraction of spatial information and analytical elements. The 

traditional identification and definition of surface landscape elements can no longer 

satisfy the needs of modern landscape architecture and design. Apart from mastering 

the extraction technology for salient elements of RS images, the students need to learn 

the deep analysis and algorithm parsing of image data. Professional problems like 

landscape features, landscape form, blue-green landscape coupling call for the 

assistance from spatial information technology, and the evolution from shallow element 

recognition to composite parsing. Therefore, the in-depth exploration of analytical 

technology is more compatible with professional demand than simple applications [27]. 

 

Fig. 1. Key application fields of RS for landscape architecture provided by Web of Science 

(Cite Space data analysis) 
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Comprehensive knowledge structure and integration between theory and 

practice: The contemporary RS teaching for landscape architecture requires 

comprehensive use of the basic knowledge in measurement, cartography, RS, 

geography, botany, and hydrology. As spatial information technology injects new 

vitality into the development of landscape architecture, many scientific fields are 

urgently in need of this technology: plant landscape and habitat diversity protection, 

urban and rural green space systems, planning and design theories and methods, 

ecological technology and green infrastructure, landscape engineering and technology, 

landscape architecture history and heritage (see Figure 1) [28]. Therefore, teachers must 

pay equal attention to the basic concepts and theories of the relevant disciplines, and 

focus on the scientific issues and practical needs of landscape architecture. They should 

try to fully cover the basic principles, software, theories, cases, and practices in a limited 

teaching time. 

3.2 Main problems in RS teaching of landscape architecture  

Right now, the research scope of landscape architecture is quickly expanding. How-

ever, the research of the interaction between natural and human systems has just started. 

The class hours and credits of landscape architecture in higher education are not yet 

sufficient to meet the requirements of the teaching standard. Against this backdrop, the 

core issue of innovative development of courses on landscape spatial information tech-

nology is to improve quality and increase efficiency [29]. The main problems in RS 

teaching of landscape architecture are as follows: 

(1) The curriculum system needs to be optimized, and the teaching model is yet to 

be innovated. 

In the heavy presence of living environment, the issues of landscape architecture, 

from basic theories to application technologies, cannot be effectively handled without 

scientific methods from multiple disciplines. If the teaching goals and methods are un-

clear, the problems will not be pinpointed, the solutions will not be suitable, and the 

professional analysis will not be logic. 

(2) Empirical research is badly needed for the construction of information technol-

ogy teaching platform. 

The lack of digital teaching platform bottlenecks the teaching and research of landscape 

architecture, and constrains many teachers and researchers in the study. They should carry out 

empirical research driven by realistic problems, fully integrate experiments with practices. Due 

to the deficiency in empirical research, the frontier knowledge cannot quickly enter the class-

room, which affects the quality of learning and design. 

(3) Key knowledge points must be scientifically condensed, and the synergy with 

design courses is to be improved. 

The landscape architecture technology courses generally lack class hours. It is diffi-

cult to teach so many contents in a limited amount of time. To solve the problem, the 

preferred way is to highlight the key knowledge in the short period, and implement 

autonomous research and learning through organic integration with design courses. 
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4 Trend of RS Teaching for Landscape Architecture 

The emerging spatial information technology provides a new information-based dig-

ital analysis pathway and operation platform for professional landscape architecture 

teaching in the context of CDIO. Considering the cultivation goals of student abilities 

and industrial demand, the main trend of RS teaching for landscape architecture is to 

integrate and analyze RS and other spatial information analysis technologies, take ca-

pacity improvement as the goal of research and learning, and combine the landscape 

spatial information knowledge into a data chain and a logic chain, which are question-

oriented, task-driven, and exploration-based [30], with the goal to maximize the system 

effect. 

In addition, the teachers of landscape spatial information technology should fully 

integrate theoretical teaching with practical teaching, and highlight the integrated use 

of spatial information technology in landscape architecture design. Furthermore, spe-

cial attention should be paid to the fact that RS technology, operating system, and high-

definition image data have completed technological updates in recent years, making it 

imminent to renovate the teaching contents and research/learning model of RS. 

5 Architecture of RS Teaching Platform for Landscape 

Architecture 

RS teaching is a crucial part of information engineering teaching in landscape archi-

tecture. To cultivate research talents under the CDIO model, it is important to improve 

the following abilities of students: application of aerial RS images to landscape envi-

ronment analysis, professional design and management, as well as application and in-

novation. The course teaching should focus on the analysis of realistic problems, the 

building of RS technology application environment, and the creation of real-world sce-

narios [31]. As a result, this paper attempts to clarify the logical relationship between 

the basic layer, data layer, support layer, application layer and interactive layer of the 

RS teaching platform for landscape architecture. 

(1) Basic layer 

The platform adopts the browser/server (B/S) structure to ensure good compatibility. 

The basic layer is responsible for building computing resources, storage resources, and 

network resources. The components of this layer include core switches, network man-

agement and security devices, RS data servers, and RS data storage devices. 

(2) Data layer 

This layer mainly encompasses high-definition aerial RS image data, aerial data, and 

related vector data, raster data, internal management data, etc. These data can be gen-

erally split into structural resources and non-structural resources. By effective classifi-

cation of the database, this layer establishes a complete metadata on teaching manage-

ment, and makes efficient management and use of shared data. 

(3) Support layer 

Lying between the data layer and the application layer, the support layer covers im-

age storage standards, data reception and processing flow, data stream control system, 
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and information formation. To allow students to autonomously carry out experiments, 

research, and learning on terminals, the support layer also integrates virtual computing, 

relational database system, and object database system, creating a software environ-

ment necessary for data sharing. 

(4) Application layer 

This layer is responsible for remote teaching and data distribution, query and down-

load management of RS data, as well as acquisition and checking of terminal landscape 

learning results. The main components are various teaching applications like query and 

search, application and distribution, data management, factor extraction, and verifica-

tion of complex results. 

(5) Interactive layer.  

This layer enables teacher-student interaction through dialog boxes. Online video 

interaction module can be added to achieve remote learning, in addition to classroom 

teaching. On this layer, the released topic can be decomposed into multiple sub-topics, 

and the students can learn the sub-topics through collaboration. This effectively broad-

ens and deepens the scope of teaching. 

6 RS Teaching System and Curriculum Construction for 

Landscape Architecture 

6.1 Setting teaching goals and class hours 

Overall, the spatial information of landscape architecture is featured by the integra-

tion and complementation between multiple disciplines, the interaction and organic per-

meation between landscape space elements, and the comprehensive utilization of learn-

ing and practice of landscape architecture design [32]. Therefore, 3S integrated teaching 

should be pursued rather than setting up independent courses. The landscape spatial 

information technology and method should be taught in a -oriented, task-driven, and 

exploration-based model, reflecting the demand of professionals of landscape architec-

ture. The primary stage is manifested as the coordination between functions, which 

highlights the correlations between analysis systems. The advanced stage is manifested 

by the collaboration between functions to dynamically update the analysis data, and to 

support real-time query, analysis, and judgment right on the spot. 

Therefore, the RS teaching for landscape architecture should be guided by the de-

mand for landscape architecture analysis and research. After mastering the basic 

knowledge of spatial information on landscape and environment, the students should 

get familiar with the common preprocessing algorithms and professional software for 

RS image data, propose RS interpretation pathways for different landscape environ-

mental resources [33], and complete information acquisition and accuracy evaluation 

of the topic through practice. 

In terms of practical ability, the students are required to carry out landscape archi-

tecture resource surveys, make analysis decision-making on landscape architecture, and 
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prepare special drawings to assist with landscape architecture design [34]. The draw-

ings should have a good visual effect, with a proper scale, suitable elements, and right 

configuration. 

In terms of overall quality, the students should logically implement their scientific 

thoughts on spatial information to landscape architecture design, acquire innovative 

awareness and independent learning ability, and excel in independent research and de-

velopment as well as teamwork. 

Considering the overall teaching contents of landscape architecture spatial infor-

mation, it is recommended to reasonably configure the modules of the teaching system, 

namely, introduction module, GIS module, RS module, and GNSS module. The class 

hours for course teaching should not be shorter than 64, including 32 for undergraduate 

stage and 32 for graduate stage. An equal amount of class hours should be arranged for 

autonomous research/learning and design/application. Therefore, the total class hours 

amount to 192. Specifically, the RS teaching should at least cover 48 class hours (at 

least 16 for classroom teaching). The teaching plan and class hours should be designed 

and allocated for the following contents: basic principles of RS, object-oriented classi-

fication mechanism, interpretation of natural environment landscape, interpretation of 

artificial environment landscape (see Figure 2). 

 

Fig. 2. RS teaching contents of landscape architecture 

6.2 Theoretical teaching 

The theoretical teaching of RS for landscape architecture mainly covers the follow-

ing contents: 

(1) Basic principles of RS 
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This part mainly includes overview and current progress of RS applications in land-

scape architecture, principles of RS electromagnetic radiation, RS data sources, princi-

ples and processing methods of image interpretation, and comprehensive data analysis 

methods. The theoretical teaching needs 2 class hours (undergraduate stage). 

(2) Object-oriented classification mechanism 

This part mainly includes general simplified processes of image preprocessing, and 

principles, methods and operational techniques of object-oriented classification princi-

ples. To enable the students to quickly master the basic methods, the teachers need to 

explain the common and universal technical modules for landscape architecture. The 

theoretical teaching needs 2 class hours (undergraduate stage). 

(3) Interpretation of natural environment landscape 

This part mainly includes the methods and technologies for RS recognition, extraction, 

single factor analysis, and composite analysis of natural landscape elements. The recogni-

tion of landscape elements should reach the level of plant varieties [35]. The theoretical 

teaching needs 6 class hours (2 for undergraduate stage; 4 for graduate stage). 

(4) Interpretation of artificial environment landscape 

This part mainly includes the methods and technologies for RS recognition, extrac-

tion, single factor analysis, and composite analysis of artificial landscape elements. The 

recognition of landscape elements should reach the level of single building contours. 

For top students, the teaching contents can be expanded to the basic principles and 

methods of RS monitoring, as well as the latest RS data and analysis methods (e.g., 

nightlights) [36]. The theoretical teaching needs 6 class hours (2 for undergraduate 

stage; 4 for graduate stage). 

6.3 Practical teaching 

Practical teaching is an effective way to consolidate the theoretical knowledge on 

RS, deepen the understanding of landscape architecture, and further improve the 

relevant operations. It is an important link in the cultivation of innovative, high-quality 

landscape architecture researchers and designers. The practical teaching can be divided 

into autonomous research/learning and design/application. These two parts should be 

assigned an equal amount of class hours as theoretical teaching. Besides, four topics 

should be designed, namely, RS sign interpretation and field research, feature 

identification and quantification of landscape objects, information extraction from 

natural environmental landscape, and information extraction from artificial 

environmental landscape [37]. The latter two topics can be flexibly arranged in 

combination with the topics of design courses. 

Despite difficulties in teaching management and the consistency between teaching 

effect and standard, practical teaching, if properly implemented, can achieve more 

significant effect than theoretical teaching, especially on the student abilities of active 

exploration and learning. Therefore, the teaching activities should be designed more 

extensively and flexibly in conjunction with the collaboration between enterprises, 

universities and research institutes, engineering practice, design competition, and 

Summer Research Trainee Program (SRTP). 
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7 Conclusions 

The RS courses are an integral part of spatial information technology courses for 

landscape architecture. To maintain the vigor and vitality of these courses and promote 

the development of landscape architecture teaching, it is critical to adhere to the CDIO 

requirements on talent training, scientifically achieve theoretical teaching efficiency, 

give full play to practical teaching potential [38], and cleverly apply spatial information 

analysis methods and RS technology to reform the teaching of landscape information 

technology and construct the relevant courses. 

Based on the teaching needs and development trend of information-based landscape 

architecture, this paper fully integrates the related technologies into an RS teaching 

platform for landscape architecture, and develops innovative practices that are question-

oriented, task-driven, and exploration-based. The proposed method can greatly improve 

the research and practice abilities of the students, and consolidate their understanding 

and mastery of scientific knowledge and laws, so that they could make flexible use of 

the knowledge of multiple disciplines. In other words, our method helps to lay a solid 

foundation for cultivating new leaders for landscape architecture. 
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