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ABSTRACT

Traditional landscape measurement methods
often lack automation and cost lots of time and
manpower, resulting in a low level of digitization
in the field of Landscape Architecture. This paper
introduces new research and application of UAV
measurement in Landscape Architecture and
related fields for generating terrain and three-
dimensional scenes and landscape correlation
analyses. It also forecasts the application

of UAVs in other fields that may inspire the
practice of Landscape Architecture. The paper
suggests that, compared with the traditional
satellite measurement and ground engineering
surveying, UAVs can quickly obtain two- and three-
dimensional data by using airborne sensors with
relatively high accuracy, high resolution, and short
timeframes, capturing diverse data that supports
the research and practice of landscape planning
and design and improves the working efficiency.
Therefore, this method is highly compatible

with the existing research and practice mode.
Through fusion and modeling, these multi-source
data can help construct basic digital models to
assist the analysis, planning, and design of sites.
Taken together, this improves the overall level

of digitization of the profession of Landscape
Architecture.
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(right)

SR /183

23 AN B A 2 3 ) B0 3 PRI, 0 T S 0 1 s O T ) B Ak
2,

Ty b 00 e 00 22 2 5 RS e i) S A AR . RGeSO
REMA 2L, GPSIRE . WOLHM I ERAHT N TGN 4,
I R 5 SRR b B AR T AR, FERTAE ), HANEE TR
K. ANTEAEESRAFE L 2B . (A58 2 PG R 1
JEAAHL (Unmanned Aerial Vehicle, 455 HUAV ) $REUZEHEI: T
NS HHEAT A B ARAL BRI AT, AT AR R 29 ] 5 N ) BAs
FlEF, o AN REER L IR B Al A 4 11, T 95 A 5 0048 A
R, Jfit— I RE e 3 A RS B &, M4 S = LT
&SN

2 Jo AN 24

2.1 T NHISr R BIE M55t

TEAL (FEF ST IR HBEFR N Drone ) i o JoLk A& P ol L4
HRHLRS A Sh R A 3 57 AT dr . SRFEE B 5 RATA AR
b, AN AR TE R . DU S R T fE R i A TS5
M T AN TE B A SR R GE, MU S A B A5 ) R e 2T S ]
e, IR/ - AT, & T RN . 457, TANE
SR T A I ORE AR SRR
R RIS PSR G, Jf EE m e s G
R AT S A R I

BN H LB T AU R [ E F AL eI TC AN (1) o
FEFEIC ML MR R AT ), B3 C AL i 2 e S i 8l g
— i, AETRER IO, [FE R IC AN SETRE B, (AL

— © Wikimedia Commons user Epb87

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

onstad

T © Blake Br

039

1 Introduction

The research and application of informational sensing, analysis,
and expression technologies such as Internet of Things (IoT),
Geographic Information System (GIS), Building Information
Modeling (BIM), and the Smart City-related technologies,
provide an information-based platform for Architecture and
Urban Planning that updates the workflow of research, design,
and consulting services with a higher efficiency. By contrast,
the overall level of digitization of Landscape Architecture is
still in its primary stage because the large variation of spatial
scale and the diversity of site types and research objects make
the collecting of basic landscape spatial data, such as terrain,
quite difficult.

Site surveying and mapping is the groundwork of landscape
planning and design. Traditional measurement methods are
often carried out manually with total stations, GPS devices,
and laser scanners and thus are unsuitable for dangerous or
extremely large sites. Besides, data collecting, processing, and
modeling usually take considerable time and manpower!'".
Unmanned aerial vehicles (UAV) use a variety of sensors and
the data of a site can be best obtained, then processed and
analyzed by computer automatically, saving time and cost.
They can also work as a bridge for multi-source data fusion
to build a basic digital landscape model which can be further
improved into a well-functioning integrated interface that
would enhance the overall level of digitization of Landscape
Architecture.

2 A Review on UAV Measurement

2.1 UAV Types and Applicable Scenarios

Unmanned aerial vehicles (also called drones) are aircrafts
that are controlled by radio or onboard computer systems
without operators aboard. Compared with manned aircrafts,
UAVs are more suitable for dull or potentially dangerous
measuring missions””. They are better for targeted applications
because of their smaller size and lower cost, thanks to their
simple cabin structure and control systems without any life-
supporting device. UAVs have been widely used in aerial

WIB1 emergency rescue'™”), film

(8] [9][10]
b

mapping", precision agriculture

and television, festival performance™, archaeology survey

and other civilian fields, also spreading to cargo transport!'"),
postal communication'”, health care'"”, and urban
management“”.

The two most common types of UAVs are fixed- and

rotary-wing (Fig. 1). Fixed-wing UAVs provide lift through the
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wings, and rotary-wing UAVs are powered by blade rotation.
Compared with rotary-wing UAVs, fixed-wing UAVs usually have
a greater range ability, but they cannot hover, retreat, make single-
point rotations, or move vertically. Currently, fixed-wing UAVs
are mainly used for urban-scale missions and rotary-wing ones are
more employed for small-scale and fixed-point missions.

UAVs adapts to various scenarios. In measurement missions,
UAVs usually fly at a lower altitude, which are less affected
by cloud cover and need only a small take-off space with
lower clearance requirements. Some UAVs can also make a
vertical take-off or by bouncing or hand throwing. For large-
size or remote sites, UAVs can arrive quickly and measure
tens of square kilometers each day with ground transporting
and communicating devices. In the future, smaller sensors and
improved airborne control systems and batteries with a higher
energy density will make the UAVs even lighter and applicable
to more complex missions, including urban street, forest, and
indoor scenarios.

UAV measurement shows a high efficiency in image
capturing. An UAV under one person’s control can complete the
measurement of small- or medium-size sites, and output high-

resolution images quickly, bridging the gap between traditional
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aerial photography and ground engineering surveying (Fig. 2).
Equipped with other sensors, UAVs can also obtain diverse
non-image data for specific design or research purposes.

In addition, UAV measurement sees an outstanding cost-
performance. Today, in most cases without a dedicated ground
station, UAV measurement missions can be implemented with

consumer UAVs and mobile phones or computers.

2.2 Data Acquiring and Processing

UAVs acquire environmental data by on-board sensors.
These sensors collect physical and chemical data, recording
variations in illumination, pressure, heat radiation,
displacement, contaminant concentration, temperature,
humidity, and other factors to support multiple professional
research!™. The 3D space coordinates and time information
of these data can also be collected by UAV measurement,
working as the bridge for multi-source data fusion.

Data acquired by UAVs can be stored, processed, analyzed,
and visualized in two- or three-dimensional formats. Specially,
the data obtained by spectral sensors such as cameras and
multi-spectral cameras are stored as two-dimensional (2D)
image files, which can be processed into orthophotos through
correction and splicing. It can also be processed into point
clouds by 3D reconstruction, building a model for data
mapping. The data obtained by Light Detection and Ranging
(LiDAR) are stored as 3D point cloud files, which can
generate visualized 3D models by point linking. By anchoring
spatial coordinates, data such as air contamination indicators,
temperature, and humidity can also form 3D datasets.

The 2D image file is the primary medium for landscape
planning and design practice. The pictures and videos captured
by UAVs can be directly transmitted to the ground station for
on-site identification and interpretation or further processing
and analysis. For example, the orthophotos can be used as
base maps for design, and images acquired through rotating
fixed-point photography can generate a 720° panoramic
image after being jointed and completed for screen browsing
and virtual reality (VR) experiences.

Using the Structure from Motion (SFM) method, a series
of partly overlapping UAV images can be used to reconstruct a
3D model. By image feature matching, the camera’s positions
and angles can be derived to identify image control points
before more and more details of the target’s image can be
recognized as a 3D point cloud dataset by multiple iterations
(Fig. 3)""91"! The dataset has millimeter- and centimeter-level
accuracy that does not require an accurate recording of the

.. . 18]~[20 . .
camera’s position during measurement'*"*%; combined with
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additional site surveys, its integrity and accuracy can be further
improved.

The use of 3D data for site analyses and design will be a
common practice in landscape architecture™, in forms of 3D
point cloud, Digital Surface Model (DSM), Digital Terrain
Model (DTM), polyhedron model, etc. Specially, the 3D point
cloud stores data as spatial points. It can be analyzed and
visualized through methods such as kernel density estimation or
processed into DSMs or DTMs for GIS topographic analyses.
DTM can also work as a basis for developing contour maps,
layered topographic maps and sections, and other topographic
maps. Through point linking and texture projection, the point
cloud data can generate polyhedron models, which can be used
in diverse design platforms like 3D Max, CAD, and SketchUp, or
for the browsing and design in VR and physical model building
with 3D printers or computer numerical control machines
(CNCs).

Point cloud data is an important medium for 3D calculation,
analysis, and representation of data acquired by UAVs. A form
of reverse engineering, the spatial points are generated by
LiDAR or 3D reconstruction and stored in table formats with
coordinate and optical information. In landscape architecture
projects, point cloud datasets often have large volumes and
should be managed and edited in PCL, PostgreSQL or other
point cloud databases. By adding new fields and assigning
values, point cloud datasets can be more informative as an
integration of multi-source data.
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Artificial Intelligence (AlI) can assist in screening and
processing of massive data from UAVs. Object recognition
algorithms can recognize and segment the features from
the UAV images, extracting vegetation, buildings, and other
objects”*, The current technological advances of trainable
deep Convolution Neural Networks (CNN) supports a mass
processing of high-resolution UAV images to get accurate
classification and boundary data'®’'. The recognition results
of the 2D images can be projected onto point cloud datasets
through 3D reconstruction to annotate point cloud datasets".
Algorithms of direct recognition and classification of 3D data
are still under development with a breakthrough in automobile
LiDAR applications. It is expected to extend to aerial measuring

and classification of larger-scale point clouds™.

2.3 Application in Research and Practice

In Landscape Architecture and related fields, UAVs can
acquire, process, and analyze data to support diverse research
and application purposes, including remote-sensing and
mapping, and monitoring on vegetation, disaster and emergency,
climate, and air contaminant distributions (Fig. 4), in which a
few of significant fields and the corresponding practice cases are
listed below.

Development and construction investigations are one of
the most common utilizations of UAVs. Through UAV real-
time transmission, image mosaic and positioning, and 3D
reconstruction, current UAV site measurement and investigation
has been applicable in city, countryside, farmland, mining
pit, and river to conduct land resource investigation and
classification, and illegal land use monitoring*®'.

UAVs can quickly acquire images at different resolutions,
offering great support for research in Agriculture, Forestry, and
Ecology. In Ecology research, UAVs can help high-resolution
vegetation investigation at a landscape scale, filling the gap
between sample plot surveys and satellite remote-sensing at
regional scales””. The high-resolution images of UAVs can
also be used for plant identification (individual species or
communities) and related spatial distribution analyses'”*. Christa
L. Zweig et al. used UAV technology to generate orthophotos
of wetland plant habitats, identifying and classifying vegetation
species in forms of high-accuracy distribution maps®”. Stephan
Getzin et al. used high-resolution images acquired by UAVs
to assess the biodiversity of temperate forests by extracting
forest gaps, calculating landscape patch indexes, and exploring
the correlations between the results and the sampling data in
plot and soil®. Jesper Rasmussen et al. calculated vegetation

indexes by examining the farmland images acquired by UAVs
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with true color cameras and infrared cameras”'!. By using UAV
monitoring platforms and the decision tree algorithm, Han
Dong et al. realized an automatic and instant classification of
vegetation types and the vegetation coverage at a landscape

12l Wang Guifang et al. used UAV measurement to acquire

scale
land-use images with a resolution of 0.09 m for quantitative
analyses of the scale effect of landscape pattern in Luohe City,
Henan Province, combining with GIS spatial analyses"”.

UAVs also have great prospects for monitoring, 3D analysis,
and visualization of urban spaces. Park Keunhyun and Reid
Ewing conducted the monitoring and statistical analysis of
human activities in urban parks through UAV low-altitude
shooting"". Liang Huilin et al. conducted the statistics of 3D
green quantity of urban park based on orthophotos acquired
by UAVs™. Tarek Rakha and Alice Gorodetsky used UAVs
with infrared sensors to measure and 3D-visualize the thermal
radiation of a building"”®.

The mobility of UAVs make them an ideal tool for dynamic
monitoring and responses to disasters and emergencies. Thomas
R. Walter et al. used UAVs to measure a same site before and
after hurricanes and studied the geological changes with surface
models derived from 3D reconstructions””. Sotiris Valkaniotis
et al. explored the location, volume, and formation mechanism
of landslides by comparing the 3D point clouds before and
after earthquakes"”,

Climate research based on UAVs is still in preliminary
tests but has shown great potentials. Heino Kuuluvainen et al.
used UAVs as mobile platforms to measure the vertical profile
structure of lung deposition surface area (LDSA) concentrations
in urban street canyons in Helsinki, Finland"!. Yang Yuzhe et
al. developed an air-quality index (AQI) detection system based
on a consumer UAV platform, and conducted measurements
and calculations of AQI in both 2D and 3D scenarios*”. Andrés
M. Cardenas et al. developed a small airborne air-quality
monitoring device to measure the concentration of various air
quality indicators such as ozone, methane, carbon dioxide,
carbon monoxide, nitrogen dioxide, and fine particles matter,
and piloted it in Republic of Colombia*".

The application of UAVs in other fields may have cross-over
with Landscape Architecture. For example, UAV transportation
may affect the spatial structure of future human settlements by
changing the traffic modes in high-density urban environments
or remote areas. As a key technology of UAV transportation,
the autonomous path planning algorithm is expected to be
further studied to promote the research of sensor data fusion,
improving UAV’s sensing ability and the development of urban

3D environmental databases. The application of UAVs in
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leisure and entertainment can provide new ways of expressing
landscape architecture. For example, the combination of UAV
and VR can provide an immersive flight experience, creating an
aerial perspective to examine the built and natural environments.
In the future, the control technology of UAV fleet performance
may promote the development of synchronous measurement
technology, further improving the efficiency and spatial accuracy
of UAV measurements.

3 Application Cases

The Digital Technology and Geo-Design Laboratory of
the College of Architecture and Landscape (CALA), Peking
University has been using the UAV as a working platform in

=11 “KEBOIH BRATUIRITUERN

Table 1: Flight and measurement performance of DJI Phantom 4 Pro

e 2%
Item Performance
B ARPRER K TR 2930 4

Nominal maximum flight time of single battery About 30 minutes

£920-25575h
About 20~25 minutes

Bt ol AT E R 8

Measuring time of single battery

MESHEREES (LTI, TEH)
Nominal effective distance of signal
(without intervention or obstacle)

2,000 ~ 7,000 m

B R E R RITE
Maximum distance for stable control of ground
station

HZPEE1000m~1500m
1,000 ~ 1,500 m (straight distance)

120mE B T 425 7E500m x 500m XA
Smaller than 500 m x 500 m at height of 120 m

BORTATRIZAR M ERIAR A
Best grid size for single flight

=2: ZUERITHEIMEERE

Table 2: Environment configuration for calculation of cases in this paper

e BSRESH
Item Model and parameter

Intel Xeon Gold 5118 * 2
BCPU+Z#ly, Z+MLFR / Single CPU, 12 cores, 24 threads

cPU CPUF4j1/ Base Frequency : 2.3GHz
FZSINEIAZR / Max Turbo Frequenc: 3.2GHz

ne 128GB ( 16G*8) 2,666MHz

RAM

NVIDIA Quadro P5000
GPU 277 /VRAM: 16GB GDDR5X

% =it E8E S / FP32 Performance: 8.9 TFLOP
Z#CUDA / CUDA Enabled

frss

X Samsung PM961 512GB M.2 NVMe SSD + Western Digital 4TB HHD
Hard drive

R

. Windows 10 Pro
Operation system
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missions of site measurement, data calculation, visualization,

and analysis, covering urban design, rural construction, post-
disaster rebuilding, and ecological assessment in cities,
villages, or even wastelands. All the measurement tasks used
DJI Phantom 4 Pro as the flight platform (Fig. 5) and the
default camera (Table 1). Pix4D Capture Applet was used as

a ground station for route setting. The calculation was done
by Agilsoft Metashape (formerly PhotoScan) based on SFM
algorithm (Table 2).

3.1 Wangfen Town, Shandong Province: Measurement for Post-
Disaster Rebuilding

In August 2018, Typhoon “Wambia” in Qingzhou and
Shouguang City of Weifang, Shandong Province saw heavy rains
and severe floods, causing huge economic losses. In September
2018, a joint team of the China Academy of Urban Planning and
Design and Peking University was asked to develop an assessment
and a planning scheme for the post-disaster rebuilding of the
attacked communities and campuses of Wangfen Town, Qingzhou
City. For speed and a lower cost, the project team decided to use
UAV measurement to acquire high-resolution images of the site.

Given various landscape types, different flying heights were
adopted during the measurement: for the rivers and farmlands
with sparse terrain, the flight height was set at 100 meters; for
areas with dense buildings and streets, the flight height was set
at 50 meters. Following field measurement, the photos were
aligned to generate an overall connection point network. The site
was then divided into east, middle, and west sections. For each
section, the corresponding photos were used to reconstruct a dense
point cloud model. Finally, three dense point clouds were merged
into a unity via the connection point network (Fig. 6).

The unity dense point cloud model contains 3D structural
data of all objects on the site, which can be transformed into
a DSM directly. The point cloud data can further be screened
and classified into different features to generate diverse subject
models and a DTM. Due to the aerial shooting, it was difficult to
acquire images of the ground features obscured by vegetation or
structures, making interpolation calculations necessary. If there
is not so much vegetation blocking or many complex structures
on the site, the interpolated DTM can be accepted as was in the
Wangfen case (Fig. 7).

Using the UAV, the project completed the measurement
and preliminary calculations of the site in a week (Table 3),
illustrating a great efficiency in acquiring data on hazardous
sites, and obtained several high-accuracy maps for various
research purposes (Fig. 8). For example, the DSM and DTM were
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Table 3: Information of the measurement task in Wangfen Town

7ETR £91.4km”
Site area About 1.4 km’

400m x 500m ( 100m ¥47= A ) . 150m x 200m ( 50m&
BRITRIGEAN TeE)

Single flight extent 400 m x 500 m (flying height: 100 m), 150 m x 200 m
(flying height: 50 m)

BATIRE

Number of flight 14

EROKIESIEE R A 50m, HAhXE100m

HITEE
. = ; 50 m above the launching point™ (for the town center);
Flying height . . .
100 m above the launching point (for the rest of the site)
ML R ETE 2R
Measuring period 2 days
SHERHE 5377
Number of acquired photos 5,377
EEARRE" 409 361 10745

Volume of the unity dense point cloud” 409,341,107 points

BEARIZERE 235NN
Calculation period of dense point cloud® | Apout 35 hours

) RSELTAVE YWHMES. ANEESH, TANSRER CRNERRENSEREEN
BESHVITE, E—MEENERSE L YT, AXFEUEIRES, JHMRY, NEFESTE
SEFME . ETSRETAR EFF R,

2 BESTHEBSHARE. SRR TERESEXR,

@ EHEMEMRIEMEASFETEEANE NS ACHRES NS, HtTE (S TE. S08E
. EBARBIESRIE) Pt R EARITAR,

Notes:

) Launching point is where the UAV takes off. During a measurement task, the UAV flies at a fixed
flying plane determined by the launching point and the preset flying height. In practice cases, the
UAV may have to take off on the ground, a roof, or an automobile’s calash according to the site
conditions.

(2) The volume of dense point cloud is determined by the number, resolution, and calculation setting of
the photos.

(3 The calculation period here refers to the duration from the photo alignment begins to the calculation
of dense point cloud without color finishes. The time spent on other operations such as preparation,
data cleaning, and production is not included.

W
0 100 300  500m
e 7

directly used for planning research and provided data support
for further research on hydrology and vegetation. The DSM and
orthophoto created a visual basis for various analyses of detailed

damages.

3.2 Xixinan Village, Anhui Province: Mapping of Village
Buildings and Streets

Xixinan is a well-preserved 1,200-year-old village located in
the west of Huizhou District, Huangshan City, Anhui Province
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and enjoys a sound conservation. In the spring of 2018, CALA
organized a design studio course there themed on “Construction
of Beautiful Countryside.”

The course collected geographic information from the
village and its surrounding countryside at first. Given the
complexity and variety of objects on the site, the UAV flew
the site several times at slightly different heights to acquire
enough images that cover all the necessary information. The
mapping of street facades was conducted to inform alley
design of the village. Because some of the alleys were too
narrow for the UAV photography, ground photography was
also adopted (Fig. 9).

Since the UAV photography and ground photography
were taken in varied shooting angles, an additional alignment
and mergence was required: Firstly, a semantic segmentation
algorithm and exclusion masks were used to eliminate
unnecessary elements such as sky, people, cars, and open water
surface. Secondly, UAV images and ground-photographed
images were transformed into point cloud models of the whole
village and all the alleys, respectively, then the image integrity
was verified. Thirdly, through manual comparison, several open
spaces were marked as the main control nodes with auxiliary
control nodes set along the ground photography route. With
all these control nodes, the two models were aligned, merged,
and recalculated (Fig. 10) to let the ground photography data
inherit the precise geographic coordinates of the UAV data,
forming a 3D point cloud dataset with high accuracy.
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Given the large volume of the overall 3D point cloud
dataset, only a few parts of it were selected for further study
at different scales and accuracies. The village’s overall point
cloud data was processed into a DSM and an orthophoto as
base maps for buildings and alley fabric drawings. By splitting,
3D linking, and texture projection, the point cloud data of the
alleys generated a facade model with spatial position and size
information of all objects, becoming reference for detailed
mapping tasks (Fig. 11). Point clouds of some key areas
were processed into 3D models with texture information for
other design and display purposes (Fig. 12).

In this case, a combination of UAV and ground
photography completed the field measurements, helping
generate high-accuracy site models and significantly reducing
time and labor costs, compared with traditional manual working
modes (Table 4). Moreover, the merging of UAV and ground
photography images realized a combination of 2D and 3D
data at different scales and accuracies into an integrated
dataset (Fig. 13), providing a significant basis and reference
for design and research.
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Table 4: Information of the measurement task in Xixinan Village

1Bt ER £910hm’

Site area About 10 hm?*
BRTBATRIEA 500m x 200m
Single flight extent 500 m x 200 m
KITIRE

3
Number of flight

¥ITEE BE RS Tk 50~60m
Flying height 50 ~ 60 m above the launching point
HERE

Length of the street 300m

4N ( EAFL S EAERER )
4 hours (when the UAV and ground photography were
conducted simultaneously)

MR AE
Measuring period

SMERgE 10925k T AHAE R +76 15k b EAE A
Number of acquired photos 1,092 UAV photos and 761 ground photos
FELRRDH 466765 6891

Volume of the unity dense point cloud 466,765,689 points

BERTIZHE 2926\
Calculation period of dense point cloud About 26 hours

4 Conclusion and Discussion

Using the UAV can efficiently and economically acquire site
data with high accuracy and resolution. The data can be processed
into orthophoto, DSM, DTM, and other formats compatible with
the existing landscape research and design process; it can also be
reconstructed as 3D models for further 3D analysis and design,
and the construction of 3D digital landscape systems. However,
there are some lessons learned from the authors’ authentic
experience and the precedent practices.

First, because there has not been an established protocol for
civil UAVs globally, operators should be vigilant for potential
safety and legal risks during the flight. In landscape architecture
measurement, UAVs usually fly quite high for a large-size site
investigation that is hard to monitor with the naked eyes; since the
UAV flight is usually controlled by its ground station, the on-board
obstacle avoidance system will automatically turn off which would
increase the crash risk. In urban environment where the clearance
and the electromagnetic conditions are often more complicated
than those in rural areas or the wild, the UAV measurement faces a
number of uncertainties. Therefore, before each task, it is necessary
to obtain the legal flight license according to local restrictions and

get public permission from the communities on the site.
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Secondly, storage, analysis, and rendering technologies of 3D
data need to be improved. There is still not any broadly accepted
3D file format which supports the value assignment and
parameter adjustment under a universal geographic coordinate
system. Besides, the large volume of 3D point cloud dataset built
on images requires a high-performance computer for calculation
and rendering. The number of facet of the derived multi-facet
model is considerable that cannot be well refined with existing
reverse engineering algorithms. At present, however, common
landscape design software still does not allow assignment or
editing of 3D models, or any direct analysis or design of them.
Specialized software for multi-facet modeling offers little
help during other stages of the research, analysis, and design
workflow. Therefore, in actual analysis and design scenarios, 3D
data usually has to be reduced into 2D formats, or can simply be
used for display.

In the future, the application of UAV measurement
in landscape architecture research and practice might be
much broader. Through the efforts by the UAV industry and
government departments, the application and management
regulations on UAV flights will be further established. The
development of UAV design and manufacturing technologies is
expected to improve the integration level of UAV while reducing
its size and cost. The advances of UAV fleet control technology,
built-in sensors, and path calculation, as well as the accuracy
enhancement of 3D maps can improve the automatic control
of UAVs. In addition, the development of point cloud database,
Level of Detail (LOD), visual perspective renderings, 3D GIS
analysis can support the analyses and editing of 3D data in
design tools.

Besides, new scenarios of UAV application should be
explored continuously in landscape architecture industry to
encourage new methodologies of design and research as well as
technique innovation in data collecting, information feedback,
post-occupancy evaluation, and interaction between people and
the environment with UAVs. These developments will contribute
to the construction of sound multi-functional digital landscape
information platforms, supporting the landscape digital design
and research in 3D environment. LAF
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