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ABSTRACT

With the rapid advance of digital technology under the
fourth industrial revolution, digital landscape and smart
landscape architecture have gradually become the
research hot spots in design professions. The Internet

of Things (loT), as an emerging digital tool, has shown
great potential to assist operational information modeling
for built landscape projects. This article, focusing on the
post-operation for built projects, deliberates loT-based
approaches to operational information management (0IM)
through vacancy analysis and literature review. It first
argues that OIM’s main goals are performance evaluation
and refined management, and points out the absence

of effective monitoring tools for ecological performance
and dynamic modeling tools for data storage, analysis,
and visualization. Combing with existing cases, it also
demonstrates and summarizes the methods for loT-
based ecological performance monitoring and dynamic
information modeling, as well as the principles for
related application. In addition, landscape architects

and project managers should pay attention to emerging
research trends of loT technology, and more importantly,
emphasize authentic application scenarios to avoid blind
practice. As for the future of Landscape Architecture, this
article attempts to reveal the profession development
trajectory that technological upgrade leads to demand
upgrade, which will also bring about changes in landscape
architects’ contemporary mission and the methods for
talent training, and about the innovations of landscape
design and research tools.
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1 Introduction

With the rapid advance of digital technology under the fourth industrial revolution,
digital landscape and smart landscape architecture have gradually become the
research hot spots in design professions. Digital tools, including the Internet of
Things (IoT), are keeping upgrading to better assist operational information
management (OIM) for built landscape projects'' !,

IoT emphasizes utilizing wireless sensor networks (WSN) to establish real-
time connection between various sensors with the Internet for the information
management of the physical world. As early as the IBM Smarter City Initiative!*!
(2009) in the United States and the technical framework for Padova Smart City in
Italy (2014), concepts such as IoT-based smart city environment and smart living
have been explored”’. As the Chinese government has proposed tactical agendas on
new infrastructure and dual circulation economy, [oT will see a broader application
in smart city construction and smart landscape architecture'®. IoT plays an essential
role in urban operational scenarios such as industrial production, transportation,
logistics, and energy extraction”’. Disciplines like Electronic Engineering,
Communication Engineering, and Computer Sciences witness constant efficiency
improvement in data acquisition, transmission, and analysis to support quantitative
and real-time data exchange in operational scenarios. In contrast, OIM and
performance evaluation for built projects are less carried out by Chinese landscape
scholars"™, especially to help address technical issues in post-operation stage.

This article, focusing on the post-operation for built projects, deliberates IoT-
based OIM’s approaches through vacancy analysis and literature review. It first
analyzes OIM’s main goals and points out the absence of effective monitoring tools
for ecological data and modeling tools for data storage, analysis, and visualization.
Combining with existing cases, it also demonstrates and summarizes the methods

for IoT-based ecological data monitoring and dynamic information modeling (Fig. 1).

2 Main Objectives of OIM for Built Landscape Projects

Information management refers to a cycle of processes that support “identifying
information needs, acquiring information, organizing and storing information,
developing information products and services, distributing information, and using
information”"”’. Landscape architects often focus on the conceptual design of a

project but seldom carry out plans for post-operation OIM. One reason is that

(1) The authors retrieved research papers with the keywords “Internet of Things" and “loT” on CNKI database
and the Web of Science database and mapped a knowledge domain to provide a primary loT technology
framework for landscape architects. Current loT research interests include 1) sensing equipment and
protocols, 2) data transmission efficiency and security, 3] cloud computing and machine learning, and 4) loT
applications. Smart City is a research hot spot in loT application. Related disciplines utilize loT to improve
physical, digital, or semi-physical simulation models and establish a digital twin system to improve the built
environment’s full life-cycle management.
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the information management disjunction between the designer, constructer, and
operator of a project, which hinders data sharing. On the one hand, the separate
workflow makes landscape architects difficult to formulate specific evaluation and
plans to improve the design, ecologically in particular. As a result, genetic ecological
strategies are often adopted at a conceptual level which challenges the performance
evaluation. On the other hand, due to the absence of guidance from the design
team, post-operation maintenance will inevitably be out of touch with the original
plan, resulting in the failure of forming an effective OIM system.

Impelled by relevant policies and the High-Quality Development strategy
proposed by Chinese government, designers, constructors, and project operators
in architectural science, as well as scholars, have ascertained the importance of

""" "and should promote OIM with joint efforts.

whole life-cycle managemen
Considering the current trends and research hot spots in Chinese Landscape
Architecture, the authors summarize two main objectives of OIM for built

landscape projects.

2.1 Objective One: Landscape Performance Evaluation

As part of green infrastructure, landscape projects provide ecosystem services
of provision, regulation, support, and culture. Landscape performance evaluation
offers designers, managers, and users with quantitative scientific knowledge that
support evidence-based design''*"?,

At present, Landscape Architecture finds more qualitative literatures showcasing
green infrastructure design, but fewer studies concentrate on quantitative
evaluation based on authentic data"*!, Existing research focuses on the evaluation
and improvement of overall ecosystem service of large-scale green infrastructure
systems, less for middle- or micro-scale landscape projects, especially on quantitative
measurement'"”. Moreover, scholars in China and abroad are currently paying
more attention to developing evaluation indicators than evaluation approaches
and digital tools. International standards like SITES, LEED-ND, and the Landscape
Performance Series (LPS) developed by Landscape Architecture Foundation
have established a series of evaluation indicators and gained methodological
achievements. However, due to the lack of data acquisition methods, the traditional
paradigm that relies on designers’ investigation on individual cases cannot

effectively promote performance evaluation in the profession.

2.2 Objective Two: Refined Management

In addition to evidence-based evaluation research, OIM-related new technology
can also contribute to the refined management of landscape projects. In recent
years, landscape projects are increasingly integrating with digital technology,
and many intelligent platforms supporting multiple functions such as ecological
protection, energy-saving, emission reduction, and interactive recreation have been
developed"®. These platforms are primarily used to guide the propaganda, post-
operation, and refined maintenance of built projects, mainly for demonstrative and

interactive purposes. This article does not intend to distinguish similar concepts
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such as “smart landscape system,” “greening management platform,” or “smart
park,” but aims to explore strategies of dynamic information modeling for the
improvement of post-management.

At present, there are few cases of whole life-cycle management in design
practice’”!, and the superiority of OIM in landscape design has not been fully
demonstrated. The disjunction or function overlap of design and management
models also limits the promotion of OIM. For instance, spatial models for design
presentation or detail construction models often cannot be utilized for OIM
directly, when a new OIM model needs to be developed by a third party. However,
most existing third-party platforms only support static maps, information queries,

and picture displays that cannot meet the requirement for digital management'"",

3 The Gaps of Digital Tools for OIM of Built Landscape Projects

The authors believe that the unsatisfactory application of OIM in Landscape
Architecture is ascribed to the absence of digital tools, instead of the inadequacy
in policy, awareness, or theoretical research. Considering existing landscape design
toolkits and projects’ life cycle of design—construction—operation, integrating
quantitative and qualitative methods for strategy generation, design analysis, and
performance simulation will leverage the discipline’s core competitiveness. Digital
tools can provide evidences for landscape design research, some of which have
been widely applied, such as the use of unmanned aerial vehicles (UAVs) for terrain

[19]

survey'"”, morphology generation by parametric programming®”, suitability and

multi-scenario analysis based on GIS mapping', and performance prediction with

221231 ‘However, such tools can

hydrological and meteorological simulation tools
mainly deal with static or historical data and be used to deliberate design strategies,
rather than operational data processing. Research and technical efforts are expected
for developing two types of digital tools that can increase the management

efficiency of built projects.

3.1 Ecological Monitoring Tools

From the authors’ view, it is not difficult to acquire post-operation usage data
or image data of built landscape projects. Nevertheless, ecological benefits that
designers and owners concerned about the most are hard to monitor or measure.
In other words, landscape architects do not lack tools for data screening or mining,
but the proactive acquisition about ecological information.

In Urban Planning and Architecture, social media, mobile phone signals, and
streetscape images are now the primary data for information management and
evaluation. Because these data are relatively easy to collect from smart phones,
UAVs, and city cameras”. Moreover, image computing, statistical analysis, spatial
GIS mapping, and machine learning have formed a new research paradigm in this
field. Research on landscape design upon such data sources focuses on 1) city-
scale element identification, and semantic segmentation of landscape images”**’);

2) training urban streetscape models by machine learning to evaluate urban space

VOLUME 9 /ISSUE 2/ APRIL 2021
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quality; and 3) analyzing citizens’ usage patterns in landscape projects upon
social media data™’".

The above applications can guide the management and maintenance of built
projects to a certain extent, and most of them are used to study social performance.
However, landscape projects involve complex natural processes, where ecological
performance in soil improvement, stormwater management, and micro-climate
regulation requires precise quantitative analysis. Therefore, landscape architects
need to change their workflow from the mining of given data towards proactive
data acquisition. Landscape architects have currently encountered bottlenecks in
ecological performance monitoring, including 1) measured data of various regulation
ecosystem services of landscape sites are insufficient™; 2) existing monitoring often
spans a short period of time with a poor data accuracy””; and 3) the acquisition
of core data in hydrological regulation, micro-climate regulation, and pollution
control replies on individual cases and lacks coupling research"®',
Simultaneously, in Ecology and Geography, approaches to monitoring urban
cooling, carbon fixation, noise reduction, pollution treatment, and biodiversity
protection have been well explored””. Compared with laboratory experiments and
model simulations, long-term and real-time ecological data monitoring assisted by
new tools can effectively inform the performance evaluation and management of

built projects. Landscape architects are recommended to master the knowledge and

technics for such data acquisition with an cross-disciplinary vision.

3.2 Information Modeling Tools

Beside data acquisition, information management also leverages information
modeling to classify, store, analyze, and visualize data. At present, information
modeling tools in related disciplines include city information modeling (CIM),
building information modeling (BIM), and landscape information modeling (LIM).
LIM is used to describe landscape elements, as well as their attributes and relations
in design, construction, and operation stages to assist the mapping, management,
and optimization of landscape projects'*”. Text and graphics are two primary

? (e.g. texts)

formats of LIM: in a LIM for post-operation, real-time data streams
can reflect the project’s dynamics; and 3D graphics can visualize the project’s spatial
layout and information points. However, it still requires a lot of efforts for LIM
developing from design modeling to operational modeling because of the lack of
open LIM technical standards that can integrate various sorts of static and dynamic
data.

At present, popular modeling tools for landscape design like SketchUp and
Rhino have easy operation system and outstanding shape-generation and rendering
capabilities, but, as offline static models, they do not support real-time data
import or processing. These tools also show poor multi-platform compatibility
for interdisciplinary collaboration, where a single modification in the design can
affect the whole workflow that would cause inconvenience to comprehensive
management. Although professional BIM platforms (e.g. Revit) can support

interdisciplinary collaboration, they are not well promoted because of their closed-
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source software systems, and the deficient transmission of real-time data with static
models (it often requires paid graphic programming tools and to establish database
by users on their own). Besides, existing BIM platforms lack clear standards for

data collection of common landscape elements (e.g., plants and outdoor structures).

4 Ecological Data Acquisition in Post-Operation Stage with Online
Monitoring Tools

4.1 Advantages of IoT Online Monitoring

Online monitoring is to utilize sensors to form a self-organizing or multi-
hop wireless network that coordinates sensing, collecting, and processing target
information within the transmission network coverage. Taking [oT’s advantage in
long-term proactive data acquisition, I[oT-based online monitoring will significantly
improve the convenience and accuracy of ecological monitoring and performance
evaluation for built projects, and eventually promote evidence-based design in
Landscape Architecture. Through continuous, stable minute-level data monitoring,
designers can analyze complex ecological processes to rectify and iterate design
simulation”!. As the decrease of the cost of sensors and data transfer units (DTU)
and the increase of 5G base stations, online monitoring and maintenance will show
a sharper cost-effectiveness. Under the fierce competition during the current global
economic depression, the market in traditional design industries is becoming glut.
Landscape architects need to seize the opportunity to leverage the evidence-based
design assisted with monitoring tools as part of the industry’s technical system to

enhance the profession’s competitiveness!®!'*,

4.2 Case Studies on IoT Online Monitoring

At present, scholars have carried out post-operation data collection and
performance evaluation with IoT online monitoring tools, mainly on revealing the
ecological performance of landscape projects.

In terms of streetscape, the Sensable City Lab from the Massachusetts Institute
of Technology utilized the “Internet of Vehicles” to design a “City Scanner” for
urban environmental data collection”’. In this project, motor vehicles serve as
mobile sensing agents to collect streetscape images and environmental data such
as temperature and air quality, and support the real-time visualization of the
overall quality of the monitored urban streets. A team from Southeast University
used [oT to monitor precipitation and runoff indicators on the Tianbao Street
Ecological Road in Nanjing. This research quantitatively evaluated the street’s
overall performance regarding surface runoff reduction, rainwater reuse, habitat
improvement, and economic benefits"*',

As for green infrastructure in high-density cities, Green City Solutions from
the United States has designed CityTree, an innovative seating furniture that can
absorb harmful particulates from the air and monitor air quality””. A research
team from the University of Maryland built 16 green-roof experiment platforms on

the campus cooperated with an equipment supplier—Decagon Devices. They used
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IoT to monitor the real-time soil moisture and stability of the green roof to inform
the evaporation and runoff control™. A team from the University of Bristol in UK
carried out an online water quality monitoring project called “Bristol Is Open”. The
researchers designed an automatic monitoring box and used a Wi-Fi network to
collect key indicators (e.g. pH value, conductivity, dissolved oxygen, and oxidation-
reduction potential) at the city’s waterfront. Real-time water quality data were
updated on the project webpage™. In China, a Tsinghua University team has built
an IoT-based stormwater management monitoring platform on the campus by using
a number of sensors to visualize the runoff reduction by canopy trees and bio-
retentions on the site!*’

Besides, many Chinese and foreign enterprises are making efforts in upgrading
urban green infrastructure, covering design, on-site installation, post-maintenance,
evaluation, etc. Pilot projects have been launched in the United States, China, and

other countries'*".

4.3 Principles of the Application of IoT Online Monitoring

For landscape architects, the principles of the application of IoT online
monitoring include:

1) Considering the characteristics of each sensor and the experience from
existing practice cases, online monitoring is suitable for medium-/site-scale projects
or individual green infrastructure projects around 1 hm?, and for revealing detailed
ecological processes. Since larger-scale projects often cost more in monitoring,
remote sensing measures combined with local monitoring should be adopted.

2) Utilize available sensors that can collect structured ecological data, such as
temperature, humidity, light intensity, wind speed, precipitation, and water quality.
Such data can be further categorized into meteorological conditions, air and water
quality, stormwater management, soil health, and plant growth according to
different monitoring objectives**.

3) Sensors should be stable and relatively low-priced, and avoid blind intelligent
updates as well.

4) Prioritize monitoring the locations that are key to the environmental
protection and public safety, and ensure online analysis, warning, and real-time
feedback.

5) Online monitoring involves sorts of indicators, and landscape architects need
to refine key ones, design specific monitoring devices, and optimize the sensing
system on their own.

And 6) the selection of monitoring indicators needs to be with exhibition
and educational considerations, to help citizens better understand and perceive

landscape design.

5 IoT-Based Dynamic Landscape Information Modeling

5.1 Advantages of IoT-LIM integration

With the increase of data sources, the authors believe that exclusive data
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systems for landscape projects will be established to meet new OIM requirements in
efficient storage, analysis, and visualization. In short, online monitoring contributes
to the neglected acquisition of ecological data, and dynamic modeling can support
systematic data organization and presentation. In current BIM workflow, dynamic
modeling for post-operation is the weakest but emerging part.

Current BIM workflow allows designers, model engineers, structural engineers,
cost analysts, and constructors to work on the same digital platform and work on
the same plan, increasing the efficiency of cooperation, analysis, and mapping'*.
Nevertheless, BIM’s advantage is far more than that. Dynamic modeling can
effectively contribute to the real-time data analysis, evaluation, and decision-making
in the operation, maintenance, and management of built projects. This means that
dynamic modeling is not simply a multi-software workflow; instead, its superiority
lies in real-time feedback. IoT-BIM integration has achieved real-time data feedback
and visualization in industrial manufacturing, power supply facility monitoring,
construction safety, building energy management, etc."”] which offers references of
dynamic LIM to landscape architects: 1) automatic storage and analysis of post-
operation data can inform project evaluation and management'**; 2) dynamic
modeling combined with visualized interfaces facilitates problem-finding in
design and maintenance stage, optimizes facility layout, and avoids over-design or
gratuitous overhead; and 3) clarify the responsibility and duty of each stakeholder,
and particularly for government-funded or PPP projects the payment should depend
on the whole life-cycle performance (i.e. design, construction, and management) of

the project®’.

5.2 Approaches to IoT-LIM Integration and Case Studies

At present, there are two mainstream approaches to [oT-LIM integration: 1)
performing secondary programming through application programming interfaces
(API) to connect with existing BIM software and real-time relational databases
(Fig. 2); and 2) using hybrid methods like Semantic Web to create new query
languages and visualization platforms (Fig. 3).

As the most widely studied and practiced approach, the first one utilizes well-
developed software (e.g. Revit, ArcGIS) as the database and operates API (e.g. Revit
DB Link, Dynamo, Grasshopper) to import data streams into the LIM platform.
With a game-engine and Revit DB Link, Jeong-Han Woo et al. built a virtual
campus model that updates the real-time energy benchmarking of buildings'*". Ding
Kai et al. developed a whole life-cycle BIM system for steel bridges using Revit,
which can integrate multiple mechanical, construction, and maintenance simulation
models'*”. However, this software also have limitations: compared with BIM which
follows the Industry Foundation Classes (IFC) standard, there is no systematic
LIM standards internationally, and IFC database does not stipulate the data
storage method to landscape-related indicators—Like a “PDF format” of BIM, IFC
provides an uneditable model copy can be exchanged between different software
platforms. However, for now, this format is not compatible with landscape design

scenarios! "%,
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The second approach provides an alternative idea to solve the incompatibility:

IoT can support LIM development on the Semantic Web that can considerably

save designers’ time to learn to use the software mentioned”". For example, in the

OntoFM project, Cardiff University in UK researchers converted the IFC format

into a web language and achieved real-time indoor environment monitoring.

They established a database to store sensors’ data and implemented shape-text

integration on a website

[52

|, An Aalto University team from Finland made in-

depth exploration on the open-standard workflow of IToT-BIM integration and

built a model on Otaniemi 3D’s web platform to update the campus’ temperature,

humidity, illuminance, and traffic flow in real time (Fig. 4)"*”. In China, Beijing

Haidian Park has undergone an intelligent transformation by the Smart Deck

team who built a model for real-time feedback and interactive activities based on

multiple platforms such as web and mobile phone applications, demonstrating the

IoT-LIM integration in built landscape projects”. In his highly cited review article,

Tang Shu et al. pointed out that the future development of [oT-BIM integration

needs to focus on service-oriented architecture and web-based modeling to

gradually establish new data standards

[55]

The above mentioned dynamic modeling cases are site-scale projects. Efforts

of such modeling application at more scales are expected. From national reserves

(under the One Bluemap Policy of China’s National Spatial Planning), urban parks,

2.
3.

ETFRAREFELIMSI0TRIRBES
HFSemantic WebfJLIMSloTHIES

2.
3.

loT-LIM integration based on existing BIM software
loT-LIM integration based on semantic web
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to smaller green spaces (e.g., community gardens), all kinds of landscape projects
demand GIS or spatial models. Although the scales and planning/design goals of
landscape projects vary a lot, they share the exact dynamic modeling requirements:
unifying base map, improving work efficiency, minimizing information deviation,
and obtaining opportune feedback. Specifically, 1) dynamic LIM for national
parks can be established on GIS platforms, updating real-time monitoring data
and visualizing spatial analysis; 2) dynamic LIM for urban parks can be developed

on web models to update real-time data of foot traffic, hydro-thermal comfort,

stormwater management, meteorological condition, and air pollution; and 3) for

[ ' Mechanical Engineerin Cafeteria ata . . . .

‘A e == dlelzi e smaller green infrastructure, software (e.g. Revit) or web models combined with

i earcly Choose time frame ) ) . . ) . ) .

. .- X el S = online monitoring can achieve detailed performance evaluation. The application
3-Eg 201_Corridor E ast Month e Monday Jun 5, 22:29:57.308 306 3s0ppm . . . . .
| pai : Rimtrie S scenarios, goals, and methods of [oT-LIM integration are summarized in Table 1.
| ¢ Humidit i elect range
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‘ [ Ezs.on : : & Compared with online monitoring, dynamic LIM poses a bigger challenge for
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‘ j e Bl T S ” § landscape architects in format conversion and standardization. Targeted data types
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ot “include 1) RS-485 port and Modbus transport protocols of the monitoring device;

N ‘ 2) real-time data processing and storage in relational databases; 3) compatible

4 EFSemantic WebBIFI/RIEAS ISR ( SMEEAMISA) , ) ‘ ‘

4. The real-time model built by the Aalto University team (Source: Ref. [53]) formats for the 3D mesh of the design model and its materials, such as .obj or .stl
format files; 4) IFC formats output by detailed integrated models for structural,
water, and electrical engineering design; and 5) XML or other formats that can be
responded to on the Semantic Web. Instead of a single software or a fixed standard,

5.3 loThigyahASLIMA R J5E 0 dynamic LIM requires a compatible and integrated workflow, where IoT plays a

AHBCTAELMI , B LIMAR Z X BT R B — e PR crucial role. Besides, given modeling’s convenience and generalizability, landscape

HE AR WD RSB Lo TR ZMEEAR X5 — 5564, w5 architects should choose open-sourced models over commercial software with poor
FEE AL ER L R BRI 1) W AR RS-485% [T 5Modbusf&%  popularity.

#1: LIMSloTHEEHSMMAGR. BiskAH

Table 1: Application scenarios, goals, and methods of loT-LIM integration

RFRHR IR A ERERTE MBMB iRt
Application scenarios Goals of dynamic modeling Platforms Dynamic modeling methods Monitoring indicators
BARIPH “—kE” MIWERES; REHR ArcGIS ArcGISHHZEAPI ARE; SR KX TEEWES; siEyEn
Natural reserves Planning Information Unified to One APIs for ArcGIS 8
Bluemap; scientific research Foot traffic; meteorological, hydrological, and soil

conditions; animal and plant monitoring

by YN TEIERTT; WAEgE; REHE; RFEHR | ArcGIS. Revit, Revit#8API ( #Revit DB Link. Dynamo. Rhino. [&EE; SRERMER; PETEE; WiEEHE
Urban parks Evidence-based design; maintenance; Rhino. SketchUp Grasshopper ) ; MTUmHIEEERSE; MIUKOBIERARA (FRERE); ARE; EahRkFERER

education; scientific research APIs for Revit (e.g., Revit DB Link, Dynamo, Rhino, Weather; air pollutant; thermal comfort;
Grasshopper); web-based GIS; web-based .obj format model stormwater management (runoff reduction); foot
traffic; interactive facilities

PR EEMIZNE TEIERTT; BSTR; RG4S Rhino. SketchUp. Revit#83API ( #Revit DB Link. Dynamo. Rhino. EYEK. TR CRE. &KE) ; WiE
Site-scale green Evidence-based design; scientific research; | Revit Grasshopper ) ; MTUmHIEEERSE; MIUKOBIERAZA E; AT (REE) ; PEEE
infrastructure maintenance APIs for Revit (e.g., Revit DB Link, Dynamo, Rhino, Plant health and soil condition (temperature and

Grasshopper); web-based GIS; web-based .obj format model moisture content); stormwater management;
micro-climate regulation (temperature and
humidity); thermal comfort
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The authors propose a primary procedure of dynamic LIM for landscape
architects based on the Semantic Web:

1) Build a spatial model of the monitoring site with commonly used design
software (e.g., Rhinos, Blender), and output .obj format files;

2) Layout the text and graphical content using platforms such as WebGL,
design and program the webpage with Python, Html, JavaScript, or CSS, invoke the
Python Dash Datacamp for data visualization, and integrate analysis algorithms
with the .obj format model;

3) Set up a cloud server for the project, apply for available domain names, and
program background administrational algorithms;

4) Establish a relational database on the cloud server using MySQL for data
storage;

And 35) link the webpage to the relational database, and set the frequency of

automatic updates to synchronize the real-time data.

6 Conclusions

This article summarizes IoT’s superiority in supporting real-time, high-
precision, convenient, long-term, and low-cost modeling. Through case studies and
literature review, it highlights the vacancies and requirements of OIM tools for built
landscape projects from the following two aspects:

1) The acquisition of ecological data assisted with IoT online monitoring.
Current practice often integrates IoT and landscape scenarios to collect real-time
data of climate regulation, stormwater management, and pollution remediation. In
these cases, landscape architects deploy sensors to acquire high-accuracy data of the
project’s ecological performance with new networks such as 5G and Nb-IoT.

And 2) ToT-based dynamic LIM. By building a high-quality information model
linked with IoT monitoring database, automatic analysis and visualization packages
can be developed with multiple platforms (Semantic Web). The model stores
indicators collected as structured text; the 3D representation of the monitoring
site is in a graphical form (as a base map for data visualization); and visualization
algorithms present the analysis results as cumulative graphs, correlation graphs,
heat maps, or distribution graphs.

To integrate IoT with design research, landscape architects should pay attention
to emerging research trends of IoT technology, and more importantly, emphasize
authentic application scenarios to avoid blind practice. As for the future of
Landscape Architecture, this article attempts to reveal the profession development
trajectory that technological upgrade leads to demand upgrade. In the authors’
opinion, this integration will also bring about many changes in landscape industry:

1) Landscape architects’ contemporary mission changes. In smart city
construction, landscape projects are expected to improve urban spatial quality while
serving as part of “the city’s brain,” which requires landscape architects to change
mindset and respond to new profession demands. The future smart landscape

system includes not only natural elements but also artificial sensing facilities; and
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