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Abstract: A time series of detailed point clouds of an experimental planting trial were captured at 
regular intervals using photogrammetry techniques. Each point cloud was segmented into individual 
plant specimens, which were analysed to determine growth parameters. These parameters describe the 
approximate growth and seasonal characteristics of the subject species and can be used to inform future 
designs. The outcomes of these design experiments support the use of spatial data capture tools to make 
decisions about species selection and design in the future practice of landscape architecture.  
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1 Introduction 

There is growing awareness of the importance of structurally complex planting within our 
public spaces to increase biodiversity (THRELFALL 2017, SMITH 2006, MEYER-GRAND-
BASTIEN 2020, GUNNARSON 2016, SCHEBELLA 2019, DEARBORN 2010). Successful urban 
plantings require an awareness of the dynamic growth patterns and maintenance requirements 
of plant species (DUNNETT & HITCHMOUGH 2004). Designed experiments and physical plant-
ing trials are an essential step in creating new evidence-based knowledge and understanding 
(RAYNER 2016, AHERN 2013, FELSON & PICKETT, 2005). As the call grows for the further 
development of evidence-based practices and knowledge in the profession of landscape ar-
chitecture (Brown 2011, CHEN 2013), developments in botanical and ecological research may 
offer new methods for the incorporation of evidence and data in the design process. In this 
study, spatial data was captured in the form of point clouds to describe experimental in-situ 
planting trials at multiple points in time throughout the trial period. This data describes the 
spatial and colour changes that occur in the urban landscape over the first years of growth of 
understorey vegetation. Growth and form characteristics extracted from these trials can be 
used to explore possible outcomes of future urban plantings. 

Point Clouds in Landscape Practice 
Spatial data represented as an arrangement of discrete points in coordinate space are referred 
to as point clouds (LEVOY & WHITTED 1985). Recent advances in graphics technology allow 
the capture and display of much larger and more detailed cloud geometry on consumer hard-
ware. These point clouds have found successful application in landscape architecture teach-
ing, research and practice as a tool for measuring and communicating complex geometry 
(GIROT 2018, MELSOM 2022, SPIELHOFER et al. 2017, URECH 2019, LIN & GIROT 2014). 
Point clouds are also frequently used in the scientific study of plant structures both at a wide 
landscape scale in ecology and at the individual level in botanical and agricultural sciences 
(SAHA et al. 2022, FIAVOLA et al. 2022, CAMMARETTA et al. 2021). While there has been 
some previous application of point clouds to studying urban vegetation in the context of land-
scape architecture, there has been little discussion of their use and application in capturing 
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the characteristics of individual species in situ, for application in a process of designing urban 
plantings. 

2 Methods 

An experimental planting trial was installed in September 2022 and monitored for 12 months. 
This paper focuses on the point cloud data capture used for monitoring of the trials. Further 
information on the methodology, objectives and outcomes of the horticultural study are avail-
able in the [Withheld] trials report and urban planting guide. The subject site is a heavily 
disturbed area of urban development, with all plantings on site in an imported soil profile, 
consisting of a 300mm depth layer of mineral based green roof material introduced for the 
trials. The trial site was subdivided into 32 plots with typical measurements of 2.7m x 2.7m. 
These plots each contain 56-75 plants of varying species organised into mixes or typologies. 
The plants were installed as a mix of tubestock and 150mm pots in a randomised configura-
tion. Of the 32 plots tracked for the planting trials, 2 were selected for detailed spatial data 
capture that is the subject of this paper. 

 

 
Base Layer Qty Mid Layer Qty Emergent Layer Qty 
Arthropodium milleflorum 14 Lomandra 'Lime Tuff' 8 Austrostipa flavescens 8 
Brachyscome multifida 26 Pelargonium australe 8 Geranium homeanum 8 
Chrysocephalum apiculatum 19 Pimelea spicata 12 Chrysocephalum semipapposum 10 
Dampiera diversifolia 10 Calocephalus citreus 12 Patersonia occidentalis 7 
Actinotus minor 8 Eryngium ovinum 8 Poa labillardieri 16 
Bulbine bulbosa 10 Calocephalus lacteus 12 Pycnosorus globosus 10 

Fig. 1: i) Photograph of experimental planting trial plot. A two weeks after installation in 
October 2022 Species composition, quantities and initial location of plants at Day 0. 
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The above figure details the species composition and quantities introduced at the start of the 
planting trial in July 2022 in each of the subject plots. An orthophoto was constructed with 
manually labelled species distribution. This initial tracking of species location was used to 
aid in the segmentation and classification of the captured point clouds in later steps. 

 
Fig. 2: Diagrammatic Overview of methodology showing i) raw point cloud including col-

our data produced in RealityCapture from images taken on site; ii) point cloud seg-
mented in CloudCompare into concrete, soil and vegetation classes; iii) seed loca-
tions identified from orthophoto to define start points for plants; iv) point cloud seg-
mented into individual plants. 

The following methodology outlines the steps involved in the data capture process: 

i) Photo Capture: Photographs were captured from multiple angles with consistent lighting 
following general principles of photogrammetry. A handheld digital camera was used to cap-
ture site photographs. The camera was placed at predetermined positions within and around 
the planting trial area. Photography was conducted periodically throughout the experimental 
period, creating a time series of point clouds. Scans were typically taken on a 3-monthly 
basis, depending on the growth rate of the vegetation, and the interruption of the scan sched-
ule due to poor weather. Detailed records of the equipment setup, scan locations, and envi-
ronmental conditions were maintained throughout the study. 

ii) Point Cloud Construction: After each scan session, photographs were used to construct 
coloured 3D point cloud using Reality Capture software. Point cloud data was registered and 
aligned to create a single, coherent dataset. This point cloud captures the spatial structure of 
the planting, while also including an RGB colour value at each point in space. To ensure 
accuracy, the captured point clouds are compared with ground-truth measurements, such as 
manual measurements of fixed concrete structures on site. 

iii) Time Series Alignment: The time series of point clouds were aligned to the master cloud 
containing manually tagged origin points of species, and prepared for cloud processing using 
CloudCompare software. 

iv) Cloud Processing: For each cloud, points were removed that captured the ground layer 
and  any non-vegetation structures. Overall vegetation height, percentage of vegetation ver-
tical cover and volume were recorded from the remaining points. The remaining points are 
segmented into individual plant-clouds, by detecting local maxima and generating a con- 
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toured top surface, then using a watershed algorithm to define boundaries. Growth parame-
ters were extracted from each individual plant-cloud and compiled to provide a tracking of 
individual plant specimens across the duration of the planting trials. 

v) Aggregate Species Data: Following segmentation, the point clouds can be used to accu-
rately describe the following characteristics: a) height, width and volume of species at time 
intervals; b) rate of growth computed from (a); c) seasonal flowering and structural changes 
in vegetation. 

vi)   Design Exploration: Following the extraction of individual plant clouds aligned over 
the time series, new alternative planting arrangements were reconstructed from the seg-
mented clouds for conceptual design exploration and testing.  

This methodology is proposed as a system of learning from in-situ urban plantings and pass-
ing data on to the design phase, creating a tool that enables greater possibilities in the planting 
design process.  

3 Results 

 

Fig. 3:  
Raw point clouds captured over the trial period 
showing progression of plant growth and sea-
sonal change over time 

Characteristics of Individual Plant Species 
Following the methods outlined above, data was captured from the physical planting trials 
and processed to provide descriptive measurements of individual plant specimens over the 
trial period. The measurements indicated in the above table are the mean of all specimens of 
that species captured.  
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Fig. 4: Alternative planting arrangements generated by recombination of extracted clouds 

to test and imagine new design possibilities 

4 Discussion and Conclusion 

There are a number of challenges associated with the point cloud capture process for vegeta-
tion with high structural complexity. The methodology used for capturing point clouds of 
urban vegetation in an experimental planting trial offers several noteworthy benefits and pre-
sents a set of associated challenges. The methodology tested provides an acceptable resolu-
tion of spatial data, enabling non-invasive monitoring of urban vegetation. Planning camera 
paths and conducting scans at regular intervals demands careful attention and may necessitate 
significant time investment. Environmental conditions, such as poor lighting, rain or strong 
winds, can prevent the capture of sufficient quality images to produce point clouds. This may 
require adjustments in the data collection schedule. Resolution and accuracy may be im-
proved with the use of specialised terrestrial laser scanning or LIDAR equipment, however 
this equipment is expensive and requires training. In the initial capture series point clouds 
were also recorded using LiDAR with a Zeb Revo RT handheld scanning device. The cap-
tured clouds were found to be of insufficient quality and resolution to provide the necessary 
data at this object scale. For this reason LiDAR scanning was discontinued after the initial 
series. Handling, registering, and processing large point cloud datasets can be computation-
ally intensive and time-consuming, requiring software licensing and expertise. The time se-
ries aspect of the methodology offers unique advantages. It permits the tracking of vegetation 
growth in space over time, aiding in the assessment of growth patterns, plant health, and 
responses to environmental variables. These time-captures may provide a significant aid in 
the teaching and understanding of plant growth to young designers. In conclusion, while the 
methodology proposed for capturing point clouds of urban vegetation in experimental plant-
ing trials offers valuable insights into the dynamics of urban greenery, it comes with several 
challenges that include costs, data complexity, and the need for careful planning. Neverthe-
less, the benefits in terms of high-quality, time-series data and detailed analysis make it a 
powerful tool for landscape architects and researchers studying urban vegetation dynamics. 
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