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ABSTRACT
While ecologists have long been using remote sensing techniques such as lidar to recon-
struct and study ecosystems, landscape architects have recently begun exploring the 
potential of point clouds from lidar as a new creative medium. Lidar captures the messy 
complexity of landscape such as the form of the built environment, the morphology of 
trees, the shape and texture of the ground, and the incidental – the tangle of power lines, 
the stray bird, and the passerby. Point clouds from lidar can represent this complexity 
in precise, albeit often noisy, immersive detail, allowing for close readings of landscape. 
Landscape architects have been experimenting with processes for point cloud modeling 
so that they can design landscapes in more of their complexity. Landscapes can be de-
signed from scans by disassembling, transforming, and reassembling point clouds. How-
ever, due to the limitations of lidar, plants, especially herbaceous ones, have only been 
represented abstractly as sparse point clouds in these experiments. The challenges of 
capturing and segmenting herbaceous plants with an immersive level of detail using 
lidar have limited the scale and versatility of this modeling process. We demonstrate how 
emerging techniques for neural rendering can be used to rapidly capture challenging el-
ements of the landscape – such as trees, shrubs, forbs, grasses, and ground cover – in 
unprecedented detail for point cloud modeling. We have developed a process using point 
sl�ºw° �¬�m neº¬al ¬enwe¬in�° t� m�wel lanw°sa©e° in imme¬°iÃeë �i�� fiwelitÆ wetail 
across scales from territory to leaf, from forest to branch.
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INTRODUCTION
Landscapes are challenging to model since they are 

s�m©leÅ anw in s�n°tant ÎºÅð P�e t¬ee° wit�in a lanw°sa©eë 

for example, have complex, irregular forms with fractal 

branching structures shaped by competition for space 

anw li��tð P� m�wel t�i° me°°Æ s�m©leÅitÆ wit� �i�� fiwelitÆë 

landscapes can be generated procedurally (Deussen et 

alð ÖÞÞÝõ Deº°°en ×ÕÕÚ) �¬ ¬es�n°t¬ºstew º°in� ¬em�te 

sensing. Terrain can be algorithmically generated using 

procedural, cellular, and fractal noise and simulations 

of geomorphic processes like erosion and deposition 

(4º°�¬aÃeë -�lrë anw 4ase ÖÞÝÞ)ð Dlant° san re m�welew 

procedurally using Lindenmayer systems (Prusinkiewicz 

anw #anan ÖÞÝÞõ D¬º°in�iewisÉ anw /inwenmaÆe¬ ÖÞÞÕ)ë 

°©ase s�l�niÉati�n al��¬it�m° (Dalºris�i et alð ×ÕÕÞ)ë anw 

�¬�wt� e«ºati�n° (`i et alð ×ÕÖÝ)ð ^�ile ©¬�sewº¬allÆ �ene¬-

ated plants are used extensively in landscape architectural 

visualizations, these simulated plants are uncanny, at once 

hyperreal, yet also synthetic. Alternatively, landscapes can 

be reconstructed using remote sensing to capture some of 

their complexity and uniqueness. Unlike simulations, recon-

structions are indexically grounded in reality, but since 

reality is messy and dynamic, reconstructions are marred 

by noise, occlusions, and environmental change. With 

emerging technologies for remote sensing, landscapes can 

now be reconstructed and designed in immersive detail 

that is grounded in place.

Remote sensing technologies like lidar and image-based 

modeling can be used to computationally reconstruct land-

°sa©e° in �i�� fiwelitÆ wit� imme¬°iÃe wetailð /iwa¬ ÿ ¬em�te 

sensing with lasers – has been used to reconstruct terres-

trial ecosystems at scales ranging from the globe (Dubayah 

et alð ×Õ×Ö) t� t�e �¬�ani°mð AwÃanse° in liwa¬ �aÃe º°�e¬ew 

in ¬eÃ�lºti�n° in ��¬e°t °siense (Dan°�n et alð ×ÕÖÝ) anw 

lanw°sa©e a¬s�itestº¬e ( i¬�t ×Õ×Õ)ð ^�ile es�l��i°t° a¬e 

using lidar analytically to computationally reconstruct 

forests in order to estimate their biomass stocks and study 

their carbon dynamics, landscape architects are using 

lidar creatively to redesign reconstructed landscapes. Now 

with emerging techniques for neural rendering (Mildenhall 

et alð ×Õ×Ö)ë eÃen °mall ©lant° san re ¬es�n°t¬ºstew ¬a©iwlÆ 

in precise, immersive detail with only a camera.

Forest Science

Ecologists use lidar to reconstruct terrestrial ecosystems 

such as forests in three dimensions in order to estimate 

their structure, above ground biomass, and carbon 

dynamics (Malhi et al. 2018; Calders et al. 2020; Jackson et 

alð ×Õ×Õ)ð /a°e¬Ā°san° �� ��¬e°t° a¬e al°� º°ew ��¬ ¬awia-

tive transfer modeling and to calibrate and validate other 

remote sensing products such as satellite imagery. With 

airborne lidar, entire forests can be captured rapidly from 

above at submeter point densities, while uncrewed aerial 

°Æ°tem° w�is� ÎÆ l�we¬ anw °l�we¬ë san ¬es�¬w �esta¬e° 

of woodlands from above at subcentimeter point densities. 

Tree canopies, however, partially occlude the capture of 

aerial lidar, so terrestrial laser scanning is used to better 

capture the woody biomass of the forests from the ground 

up. Terrestrial laser scanning in forests, however, is chal-

lenging due to their structural complexity. To reconstruct 

t¬ee° in �i�� fiwelitÆ ��¬ ri�ma°° e°timati�n in ��¬e°t°ë 

2 Point cloud acquired by uncrewed aerial system with lidar of Hilltop Arboretum, Baton Rouge, Louisiana.
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ecologists scan in dense grids with an overlapping scan 

eÃe¬Æ �ºnw¬ew °«ºa¬e mete¬° (^il�e° et alð ×ÕÖÜ)ð P�e°e 

surveys are challenging, time intensive, and expensive due 

to the scale and complexity of forests, the need for dense 

sampling, the logistics, and the cost of equipment.

Landscape Architecture

While the sciences have focused on analytical applications 

for lidar, the design disciplines are exploring creative 

applications for lidar. Architects, for example, have been 

experimenting with creative applications of terrestrial 

laser scanning such as parametric modeling (Zwierzycki, 

�Ãe¬°ë anw Pam�e ×ÕÖÛ) anw °sannin� i¬¬e�ºla¬ timre¬ ��¬ 

¬�r�tis a°°emrlÆ (]e°ta¬ta° ×Õ×Ö)ð 4eanw�ileë lanw°sa©e 

architects have been exploring the creative potential of 

point clouds from lidar as a new design medium (Girot 

×Õ×Õ)ð /iwa¬ ©�int sl�ºw° a¬e al°� º°ew rÆ lanw°sa©e a¬s�i-

tects for computational terrain modeling (Hurkxkens and 


e¬n�a¬w ×ÕÖÞ)ë aºt�n�m�º° ea¬t�w�¬�in� anw w¬ÆĀ°t�ne 

s�n°t¬ºsti�n (,ºw et alð ×Õ×Öõ ,��n° et alð ×Õ×Ø)ë anw �e¬i-

ta�e s�n°e¬Ãati�n (#a¬m�n anw 5am ×Õ×Ù)ð

Point clouds from laser scanning can document the 

complexity of landscape in much of its messy, unruly detail, 

capturing, for example, the fractal branching structure of 

trees, the rustle of grasses, sedges, and forbs in a wind-

blown meadow, the texture of the ground, and the muted 

s�l�¬ ©alette �� miwwinte¬ (�i�º¬e ×)ð 
Æ sa©tº¬in� °lise° �� 

time, these point clouds can capture some of the phenom-

enological character of landscape – such as traces or 

cues of seasonal change, meteorological, ecological or 

geomorphological processes, disturbance regimes, and 

a�¬isºltº¬al �¬ inwº°t¬ial ©¬astise° (�i�º¬e Ø) ÿ ©¬esi°elÆë 

albeit noisily, in three dimensional detail. As precise multi-

dimensional data that can record the built environment, the 

structure of ecosystems, traces of cultural practices, and 

the aesthetic character of landscape, point clouds from 

remote sensing are emerging as a new medium for land-

scape architecture with a unique set of representational 

affordances. As indices of light, they represent multidi-

mensional slices of space and time that are physically and 

casually connected to reality, but as digital media they 

are algorithmically mediated, symbolically encoded, and 

iconically, albeit abstractly rendered (Harmon and Serrano 

×Õ××)ð 

Landscape architects have developed creative processes 

– such as the acquisition, preparation, disassembly, trans-

formation, reassembly of point clouds (Urech 2019; Urech 

et alð ×Õ×Õõ T¬es�ë ]�n Gis�t���enë anw  i¬�t ×Õ××) ÿ ��¬ 

modeling with this medium. In the initial acquisition phase 

of this process, point clouds are either collected by remote 

sensing – such as uncrewed lidar missions or terrestrial 

laser scanning surveys – or are retrieved from existing 

data repositories. In the disassembly phase, the point cloud 

of the landscape is segmented into classes such as terrain, 

vegetation, buildings, and infrastructure. Discrete elements 

from the landscape – such as trees, streetlamps, and 

landscape furniture – can be segmented and compiled into 

a library of modeling assets. Then, in the transformation 

3 Point cloud acquired by uncrewed aerial system with lidar of Mulatto Bend Cemetery, Port Allen, Louisiana.
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phase, the landscape point cloud is edited; points are 

selectively segmented out, transformed, or segmented in to 

remove buildings and other landcover, sculpt the terrain, 

and place new buildings, trees, and other elements. In this 

phase, not all geometry need be point clouds; buildings, 

hardscape, and landscape furniture may be modeled as 

surfaces or meshes, while the terrain may be transformed 

º°in� me°�ë wi°tanse fielwë �¬ ¬a°te¬ �©e¬ati�n°ð In t�e final 

reassembly phase, all geometry is converted into point 

clouds and fused together. Point cloud modeling has been 

used to analyze and design landscapes (Bartesaghi-Koc 

×Õ×Õõ T¬es� ×ÕÖÛ)ð It �a° al°� reen º°ew t� °imºlate ��w 

design interventions might change physical processes 

such as wind currents (Urech, Mughal, and Bartesaghi-Koc 

×Õ××) enarlin� a �eewras� l��© retween °siense anw we°i�n 

(Kalli�º et alð ×Õ×Ø)ð

Limitations

Despite the promise of point cloud modeling, there are 

many challenges to the adoption of this emerging medium. 

Barriers to adoption include the limitations of technologies 

like lidar and the dearth of libraries of point cloud assets. 

Modeling a landscape at a site scale requires a library of 

point clouds with enough detail to express the character 

of the design. The landscapes designed to date using point 

cloud modeling have relied on custom libraries of plants 

reconstructed using lidar. Landscape architects virtually 

reconstructing trees for point cloud libraries, however, 

face many of the same challenges as forest scientists 

reconstructing forests with lidar. Trees are hard to scan 

with lidar because of their structural complexity, the need 

for dense sampling, the cost of equipment, and the logistics 

�� fielww�¬�ð P�e s�°t al�ne �� te¬¬e°t¬ial la°e¬ °sanne¬° 

and uncrewed aerial systems, e.g. drones, with lidar 

sensors can be prohibitive. While a minimum of six scans 

per specimen is recommended for forest surveys (Wilkes 

et alð ×ÕÖÜ)ë ¬es�n°t¬ºstin� a t¬ee wit� en�º�� wetail ��¬ 

site scale design using terrestrial laser scanning often 

requires additional scans at greater height to capture the 

upper story of the specimen. Additional equipment such as 

4 Point cloud of bald cypress captured with terrestrial laser scanning. 5 Point cloud of American sycamore from neural rendering of drone video.
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METHODS
We developed a computational design process for modeling 

lanw°sa©e° a° �i�� fiwelitÆ ©�int sl�ºw°ð �i¬°t neº¬al 

rendering techniques are used to rapidly reconstruct 

challenging elements of the landscape. After the neural 

¬awianse fielw° a¬e eÅ©�¬tew a° ©�int sl�ºw°ë t�eÆ a¬e 

segmented, cleaned, and compiled into a point cloud library 

of landscape elements. The point clouds in the library can 

be transformed and composited together to create novel 

scenes. Scripting can be used to procedurally design 

complex landscapes. To demonstrate the potential of this 

approach, we compiled a point cloud library of landscape 

elements and then used visual programming to design a 

landscape structured by procedural noise.

Neural Radiance Fields

Neural rendering can be used to reconstruct landscape 

elements such as trees, herbaceous plants, groundcover, 

¬�s�°ë anw weaww��w in �i�� fiwelitÆ �¬�m ima�e¬Æ ¬a©iwlÆ 

collected in the wild. While terrestrial laser scanning 

requires expensive, bulky equipment, imagery for neural 

rendering can be captured using photography or vide-

ography. To build a library for landscape modeling, we 

s�llestew ima�e¬Æ in t�e fielw �� ©lant° anw �t�e¬ lanw°sa©e 

element° ��¬ ¬es�n°t¬ºsti�n a° neº¬al ¬awianse fielw°ð ��¬ 

comparison, we also laser scanned specimens including 

t¬ee° (�i�º¬e Ù) anw �e¬rase�º° ©lant°ð ^e º°ew �anw�elw 

cameras to capture footage of small landscape elements 

such as young trees, shrubs, herbaceous plants, and 

groundcover. We also used drone videography to capture 

footage of a large tree, a mature specimen of Platanus 

�ssiwentali° �¬ Ame¬isan °Æsam�¬e (�i�º¬e Ú)ð P� ¬es�¬w 

a pneumatic mast, a crane, an articulated lift, or a scaffold 

is needed to scan the upper story, adding to the cost and 

�º¬t�e¬ s�m©lisatin� t�e l��i°tis° �� fielww�¬�ð ^�ile t¬ee° 

are challenging to scan with lidar, herbaceous plants are 

even more challenging. 

Herbaceous plant materials are challenging to scan in 

°itº in t�e fielw wit� liwa¬ resaº°e �� t�ei¬ fine °saleë l�w 

¬eÎestanseë anw m�ti�n in t�e winwð :Ãe¬ wi°tanseë la°e¬ 

beams diverge and their footprint – the area illuminated by 

the beam – grows. Therefore, the footprint of a laser beam 

may be wider than the edge of a leaf or stem, resulting in 

only a partial hit. Partial hits with phase-based scanners 

san ¬e°ºlt in ���°t ©�int° (4�¬°w�¬� et alð ×ÕÖÝ)ë w�ile winw 

causes plants to deform resulting in mis-registrations and 

t�º° n�i°e (]aa�a et alð ×ÕÖÛ)ð ^�ile ima�eĀra°ew m�welin� 

techniques such as structure-from-motion photogram-

metry have been used to reconstruct herbaceous plants 

in �i�� fiwelitÆ in a lar °ettin�ë t�e°e tes�ni«ºe° a¬e eÃen 

more sensitive to environmental conditions.  Environmental 

factors like occlusions, wind, weather, sun angle, and 

changing illumination can result in incomplete reconstruc-

ti�n° anw n�i°Æ ©�int sl�ºw° (I�l�aºt et alð ×ÕÖÞ)ð

Neural Rendering

Emerging techniques for neural rendering, however, can 

be used to rapidly reconstruct challenging scenes – such 

as trees and herbaceous plants in the landscape – in high 

fiwelitÆð 5eº¬al ¬awianse fielw° a¬e a mas�ine lea¬nin� 

technique for novel view synthesis that can be used for high 

fiwelitÆ t�¬ee wimen°i�nal ¬es�n°t¬ºsti�n° �¬�m a °©a¬°e 

°et �� ima�e° (4ilwen�all et alð ×Õ×Ö)ð A neº¬al ¬awianse 

fielw i° a s�ntinº�º° Ã�lºmet¬is �ºnsti�n ¬e©¬e°entin� a 

scene that is approximated and then optimized by a neural 

network trained on a set of images. Given camera poses for 

the input images, this volumetric function returns emitted 

radiance and density. The pose of the cameras – the 

spatial coordinates and viewing direction – can be calcu-

lated using structure from motion and multi-view stereo 

(Ks�¢nre¬�e¬ anw �¬a�m ×ÕÖÛõ Ks�¢nre¬�e¬ et alð ×ÕÖÛ)ð 

The scene is rendered by casting camera rays through the 

¬awianse fielwð P�e ¬awianse fielw i° t�en �©timiÉew rÆ mini-

mizing the difference between the rendered view and the 

original photos. Novel views – views that were not captured 

in the original set of photographs – can be synthesized by 

casting rays from virtual cameras through the radiance 

fielwð ^�ile neº¬al ¬awianse fielw° we¬e �¬i�inallÆ intenwew 

for rendering images or videos, they can also be modeled 

as point clouds. In this paper we demonstrate how neural 

¬enwe¬in�° san re º°ew t� ¬a©iwlÆ s¬eate �i�� fiwelitÆ 

reconstructions of plants for point cloud modeling.

6 D�int sl�ºw �¬�m neº¬al ¬enwe¬in� �� rlan�etÎ�we¬ ( ailla¬wia a¬i°tata)ð
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each specimen, we orbited in a spiral path around the 

subject capturing hundreds to thousands of frames, while 

attempting to maintain a steady distance from it in order 

t� �ee© a ¬elatiÃelÆ fiÅew ��sal len�t�ð ^e º°ew 5e¬�°tºwi� 

(Pansi� et alð ×Õ×Ø)ë an �©en °�º¬se DÆt��n �¬amew�¬�ë wit� 

t�e 5e¬�ast� m�wel t� ©¬�se°° �º¬ neº¬al ¬awianse fielw° 

and export dense point clouds.

Point Cloud Modeling

To compile a point cloud library of landscape elements, 

specimens should be isolated by segmenting them out of 

their surroundings, cleaned, and color balanced. To isolate 

each specimen, we manually segmented the point clouds in 

Rhino. While isolated specimens of plants could often simply 

be segmented to a circular region, entangled specimens 

required careful virtual pruning to isolate. Reconstructions 

of ground cover – such as bark, pebbles, grass, and 

creeping jenny – which were often captured on irregular, 

sloping topography, were segmented into circular regions 

and levelled with the ground plane. Because point clouds 

�ene¬atew �¬�m neº¬al ¬awianse fielw° san �aÃe °i�nifi-

cant noise, we cleaned them automatically using noise and 

°tati°tisal �ºtlie¬ ¬em�Ãal filte¬° in Cl�ºwC�m©a¬eð Kinse 

our scans were captured in the wild under dynamic and 

heterogeneous lighting conditions, we used colorimetric 

segmentation to remove white points and applied color 

balancing. Once processed, specimens were added to our 

point cloud library. Once a point cloud library has been 

collected, a landscape can be modeled by copying elements 

from the library, translating them into position, and then 

scaling and rotating them. Our modeling process was 

implemented using our own collection of scanned speci-

mens as assets for point cloud modeling, Grasshopper for 

visual programming, the Bitmap Plus plugin for procedural 

n�i°e �ene¬ati�n (4an° ×Õ×Ø) wit� t�e �a°t5�i°e /ite 

lir¬a¬Æ (Des� ×Õ×Ö)ë anw D�t¬ee ��¬ ©�int sl�ºw ¬enwe¬in� 

(Ks�½tÉ ×Õ×Õ)ð

RESULTS
As a proof of concept to demonstrate the potential of 

point clouds as a medium for the computational design 

of landscapes, we designed the Cloud Garden– a garden 

�ene¬atew rÆ ©¬�sewº¬al n�i°e (�i�º¬e Ö)ð ^e º°ew �¬awient 

noise to procedurally model this woodland garden using 

the Cloud Forest Library – our point cloud library of plants 

(�i�º¬e Û)ð :º¬ ©lant ©alette inslºwew ,a©ane°e ma©leë 

Japanese cedar, saucer magnolia, bay laurel, cherry laurel, 

plum yew, autumn fern, and lamb’s ear, while our ground 

cover included creeping jenny, mulch, and gravel. To model 

the garden, we generated a gradient noise map and trans-

lated the intensity gradient of noise into plant communities 

with the highest range dominated by overstory plants, 

the mid-ranges by understory plants, and the lowest by 

�¬�ºnws�Ãe¬ (�i�º¬e Ü)ð

DISCUSSION
Point clouds have a pointillist aesthetic that can be precise, 

detailed, and yet abstract. While they can be precise and 

are often treated as authoritative data, scanned point 

clouds are inherently incomplete, discontinuous repre-

sentations of space, capturing only scattered points on the 

surface of things. While rendered point clouds may cohere 

7 Cloud Garden
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into continuous images if they are dense enough, their poin-

tillist aesthetic still evokes their inherent incompleteness 

and thus a sense of contingency. As an inherently abstract 

medium, point clouds resist the pitfalls of hyperrealism; 

incompleteness and thus contingency and imperfection 

are expected. Given the abstraction of this medium, point 

clouds of varying density and detail can be combined 

into coherent scenes. By nesting massive point clouds of 

varying scale within each other, landscapes can be visual-

ized across scales. Multiscale scenes can be constructed 

at planetary scale with space-borne lidar, at regional scale 

with airborne lidar, at landscape with drone lidar, and now 

at t�e °sale �� a lea� wit� neº¬al ¬enwe¬in�ð 5�w t�at fineĀ

scale landscape elements like herbaceous plants can be 

reconstructed rapidly with neural rendering, point cloud 

modeling can be used to model across multiple scales of 

landscape. 

The adoption of point cloud modeling in landscape archi-

tecture has been slow due to the cost and logistics of laser 

scanning, the hardware requirements for working with 

large point clouds, the lack of robust support for point 

clouds in design software, and the dearth of libraries of 

point cloud assets. With advances in software and scan-

ning, however, it is growing easier to work with point 

clouds. Software for point clouds – including program-

ming libraries (Rusu and Cousins 2011; Zhou, Park, and 

-�ltºn ×ÕÖÝõ 
ºtle¬ et alð ×Õ×Ö)ë ¬enwe¬ en�ine° (Ks�½tÉ 

×Õ×Õ)ë anw we°i�n t��l° ( i¬a¬weaºĀ4�ntaºt et alð ×ÕÕÚõ 

�Ãe¬° anw cwie¬ÉÆs�i ×ÕÖÛõ Kettimi et alð ×Õ××) ÿ i° rein� 

developed rapidly. With level-of-detail data structures like 

octrees, massive point clouds with billions of points can be 

Ãi°ºaliÉew e�fisientlÆ rÆ ¬enwe¬ en�ine° li�e D�t¬eeð ^it� 

emerging techniques for neural rendering, challenging 

elements of the landscape like trees and understory plants 

san re ¬es�n°t¬ºstew in �i�� fiwelitÆ �¬�m ���ta�e sa©tº¬ew 

by drones or handheld cameras.  With the publication of 

the free and open source Cloud Forest Library, designers 

have access to detailed point cloud assets for landscape 

modeling. Furthermore, now that designers can easily scan 

local plants, they can begin to build their own point cloud 

collections of local species. They can work digitally with 

°©esifis °©esimen°ë w�et�e¬ t��°e eÅi°tin� �n °ite �¬ aÃail-

arle in nea¬rÆ nº¬°e¬ie°ð ^it� �i�� fiwelitÆ ©�int sl�ºw° �� 

°©esifis ©lant°ë we°i�ne¬° san s�m©ºtati�nallÆ eÅ©e¬iment 

with management regimes and thus aesthetics of care 

(Kºtt�n ×Õ××) º°in� tes�ni«ºe° °ºs� a° Ãi¬tºal ©¬ºnin� 

(Ges�Éie�el et alð ×Õ××)ð

CONCLUSION
With the Cloud Garden we demonstrate how point clouds 

from neural renderings can be used to model landscapes 

in immersive detail. While laser scanning has been used 

to model landscapes at scales from the forest to the tree, 

neural renderings from imagery captured in the wild 

can record details down to the branch. Now, with point 

cloud modeling, landscape architects can design not only 

wit� °ite °©esifis t¬ee°ë rºt al°� ºnwe¬°t�¬Æ ©lantin� anw 

groundcover. With scans of decaying deadwood or plants in 

rl��m (�i�º¬e Üs ĳ °)ë w�¬mansÆë �¬ °ene°senseë lanw°sa©e 

architects can model aspects of the ephemera of land-

scape. With scans of found objects like Hodge Podge (Figure 

Ý)ë t�eÆ san w�¬� wit� t�e iwi�°Æns¬a°ie° �� Ãe¬nasºla¬ 

landscapes. With techniques like virtual pruning, they can 

explore strategies for management and care.

DATA
Our datasets are released under Creative Common Zero public 

domain dedication and are archived on Zenodo. Cloud Garden can 

be explored online in full resolution in an interactive point viewer 

powered by the Potree render engine at xyz.cct.lsu.edu or in low 

resolution on Sketchfab.

Cloud Garden: https://doi.org/10.5281/zenodo.15670829

Cloud Forest Library: https://doi.org/10.5281/zenodo.8194066

Potree: https://xyz.cct.lsu.edu

Sketchfab: https://skfb.ly/pyp9U 
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8 Point cloud from neural rendering of Hodge Podge.



TOPIC (ACADIA team will fill in) 9COMPUTING FOR RESILLIENCE

REFERENCES
Bartesaghi-Koc, Carlos. 2020. “Blanche Point Coastline.” Sketchfab. 

https://skfb.ly/6XSEy.

Butler, Howard, Bradley Chambers, Preston Hartzell, and Craig 

Glennie. 2021. “PDAL: An Open Source Library for the Processing 

and Analysis of Point Clouds.” Computers & Geosciences 148 

(4a¬s�)êÖÕÙÛÝÕð �tt©°êööw�ið�¬�öÖÕðÖÕÖÛö�ðsa�e�ð×Õ×ÕðÖÕÙÛÝÕð

Calders, Kim, Jennifer Adams, John Armston, Harm Bartholomeus, 

Sebastien Bauwens, Lisa Patrick Bentley, Jerome Chave, et al. 

2020. “Terrestrial Laser Scanning in Forest Ecology: Expanding the 

#�¬iÉ�nðĈ Gem�te Ken°in� �� �nÃi¬�nment ×ÚÖ (Desemre¬)êÖÖ×ÖÕ×ð 

https://doi.org/10.1016/j.rse.2020.112102.

Danson, F. Mark, Mathias I. Disney, Rachel Gaulton, Crystal 

Schaaf, and Alan Strahler. 2018. “The Terrestrial Laser Scanning 

GeÃ�lºti�n in ��¬e°t �s�l��ÆðĈ Inte¬�ase ��sº° Ý (×)ê ×ÕÖÝÕÕÕÖð 

https://doi.org/10.1098/rsfs.2018.0001.

Deussen, Oliver. 2005. Digital Design of Nature: Computer 

Generated Plants and Organics. 1st ed. Berlin, Heidelberg: Springer 

Berlin / Heidelberg.

Deº°°enë :liÃe¬ë Dat #an¬a�anë 
e¬nw /inte¬mannë Gaw�m�¬ 4}s�ë 

Matt Pharr, and Przemyslaw Prusinkiewicz. 1998. “Realistic 

Modeling and Rendering of Plant Ecosystems.” In Proceedings of 

the 25th Annual Conference on Computer Graphics and Interactive 

Techniques - SIGGRAPH ’98, 275–86. ACM Press. https://doi.

org/10.1145/280814.280898.

Dubayah, Ralph, Michelle Hofton, James Blair, John Armston, Hao 

Tang, and Scott Luthcke. 2021. “GEDI L2A Elevation and Height 

Metrics Data Global Footprint Level V002.” NASA Land Processes 

Distributed Active Archive Center. https://doi.org/10.5067/GEDI/

GEDI02_A.002.

Evers, Henrik Leander, and Mateusz Zwierzycki. 2016. “Volvox.” 

Centre for Information Technology and Architecture. https://www.

food4rhino.com/en/app/volvox.

Girardeau-Montaut, Daniel, Michel Roux, Raphaël Marc, and 

Guillaume Thibault. 2005. “Change Detection on Point Cloud Data 

Acquired with a Ground Laser Scanner.” International Archives 

of Photogrammetry, Remote Sensing and Spatial Information 

Ksiense° ØÛ (,anºa¬Æ)ð �tt©°êööwwwðwaniel�mðnetö©�wöi°©¬°÷

laserscanning_2005_dgm.pdf.

Girot, Christophe. 2020. “Cloudism.” In Architecture and Naturing 

Affairs, edited by Mihye An, Ludger Hovestadt, and Vera Bühlmann, 

96–101. Birkhäuser. https://doi.org/10.1515/

9783035622164-013.

Harmon, Brendan, and Hye Yeon Nam. 2024. “3D Printing Heritage 

Trees.” Journal of Digital Landscape Architecture 9:605–13. 

https://doi.org/10.14627/537752055.

Harmon, Brendan, and Nicholas Serrano. 2022. “Point Cloud 

Aesthetics.” Journal of Digital Landscape Architecture 7:335–44. 

https://doi.org/10.14627/537724033.

Hurkxkens, Ilmar, and Mathias Bernhard. 2019. “Computational 

Terrain Modeling with Distance Functions for Large Scale 

Landscape Design.” Journal of Digital Landscape Architecture 

4:222–30. https://doi.org/10.14627/537663024.

Iglhaut, Jakob, Carlos Cabo, Stefano Puliti, Livia Piermattei, James 

O’Connor, and Jacqueline Rosette. 2019. “Structure from Motion 

Photogrammetry in Forestry: A Review.” Current Forestry Reports 

Ú (Ø)ê ÖÚÚÿÛÝð �tt©°êööw�ið�¬�öÖÕðÖÕÕÜö°ÙÕÜ×ÚĀÕÖÞĀÕÕÕÞÙĀØð

Jackson, Tim D’Urban, Gareth J. Williams, Guy Walker-Springett, 

and Andrew J. Davies. 2020. “Three-Dimensional Digital Mapping 

of Ecosystems: A New Era in Spatial Ecology.” Proceedings of the 

G�Æal K�sietÆ 
ê 
i�l��isal Ksiense° ×ÝÜ (ÖÞ×Õ)ê ×ÕÖÞ×ØÝØð �tt©°êöö

doi.org/10.1098/rspb.2019.2383.

Johns, Ryan Luke, Martin Wermelinger, Ruben Mascaro, Dominic 

Jud, Ilmar Hurkxkens, Lauren Vasey, Margarita Chli, Fabio 

Gramazio, Matthias Kohler, and Marco Hutter. 2023. “A Framework 

for Robotic Excavation and Dry Stone Construction Using On-Site 

4ate¬ial°ðĈ Ksiense G�r�tis° Ý (ÝÙ)ê ear©ÞÜÚÝð �tt©°êööw�ið

org/10.1126/scirobotics.abp9758.

Jud, Dominic, Ilmar Hurkxkens, Christophe Girot, and Marco Hutter. 

2021. “Robotic Embankment: Free-Form Autonomous Formation in 

Pe¬¬ain wit� #�ADðĈ C�n°t¬ºsti�n G�r�tis° Ú (×)ê ÖÕÖÿÖØð �tt©°êöö

doi.org/10.1007/s41693-021-00061-0.

Malhi, Yadvinder, Tobias Jackson, Lisa Patrick Bentley, Alvaro 

Lau, Alexander Shenkin, Martin Herold, Kim Calders, Harm 

Bartholomeus, and Mathias I. Disney. 2018. “New Perspectives 

on the Ecology of Tree Structure and Tree Communities through 

Pe¬¬e°t¬ial /a°e¬ Ksannin�ðĈ Inte¬�ase ��sº° Ý (×)ê ×ÕÖÜÕÕÚ×ð 

https://doi.org/10.1098/rsfs.2017.0052.

Mans, David. 2023. “Bitmap+.” https://interopxyz.gitbook.io/

bitmap-plus/.

Mildenhall, Ben, Pratul P. Srinivasan, Matthew Tancik, Jonathan 

T. Barron, Ravi Ramamoorthi, and Ren Ng. 2021. “NeRF: 

Representing Scenes as Neural Radiance Fields for View 

KÆnt�e°i°ðĈ C�mmºnisati�n° �� t�e AC4 ÛÚ (Ö)ê ÞÞÿÖÕÛð �tt©°êööw�ið

org/10.1145/3503250.

Morsdorf, F., D. Kükenbrink, F. D. Schneider, M. Abegg, and M. 

E. Schaepman. 2018. “Close-Range Laser Scanning in Forests: 

Towards Physically Based Semantics across Scales.” Interface 

��sº° Ý (×)ê ×ÕÖÜÕÕÙÛð �tt©°êööw�ið�¬�öÖÕðÖÕÞÝö¬°�°ð×ÕÖÜðÕÕÙÛð

Musgrave, Forest Kenton., C. E. Kolb, and R. S. Mace. 1989. 

“The Synthesis and Rendering of Eroded Fractal Terrains.” 

AC4 KI  GAD# C�m©ºte¬  ¬a©�is° ×Ø (Ø)ê ÙÖÿÚÕð �tt©°êööw�ið

org/10.1145/74334.74337.

Palubicki, Wojciech, Kipp Horel, Steven Longay, Adam Runions, 


¬enwan /aneë Gaw�m�¬ 4}s�ë anw D¬ÉemÆ°law D¬º°in�iewisÉð 

2009. “Self-Organizing Tree Models for Image Synthesis.” 

AC4 P¬an°asti�n° �n  ¬a©�is° ×Ý (Ø)ê ÖÿÖÕð �tt©°êööw�ið

org/10.1145/1531326.1531364.

Peck, Jordan. 2021. “FastNoise Lite.” https://github.com/Auburn/

FastNoiseLite.

Prusinkiewicz, Przemyslaw, and James Hanan. 1989. Lindenmayer 

Systems, Fractals, and Plants. Vol. 79. Lecture Notes in 

Biomathematics. New York, NY: Springer New York. https://doi.

org/10.1007/978-1-4757-1428-9.



ACADIA 202510

Prusinkiewicz, Przemyslaw, and Aristid Lindenmayer. 1990. The 

Algorithmic Beauty of Plants. Springer-Verlag.

Reckziegel, Rafael Bohn, Jonathan P. Sheppard, Hans-Peter Kahle, 

Elena Larysch, Heinrich Spiecker, Thomas Seifert, and Christopher 

Morhart. 2022. “Virtual Pruning of 3D Trees as a Tool for Managing 

Shading Effects in Agroforestry Systems.” Agroforestry Systems 96 

(Ö)ê ÝÞÿÖÕÙð �tt©°êööw�ið�¬�öÖÕðÖÕÕÜö°ÖÕÙÚÜĀÕ×ÖĀÕÕÛÞÜĀÚð

Rusu, Radu Bogdan, and Steve Cousins. 2011. “3D Is Here: Point 

Cl�ºw /ir¬a¬Æ (DC/)ðĈ In ×ÕÖÖ I��� Inte¬nati�nal C�n�e¬ense �n 

Robotics and Automation, 1–4. Shanghai, China: IEEE. https://doi.

org/10.1109/ICRA.2011.5980567.

Salliou, Nicolas, Tony Arborino, Joan Iverson Nassauer, Diego 

Salmerón, Philipp Rudolf Walter Urech, Derek Vollmer, and 

Adrienne Grêt-Regamey. 2023. “Science-Design Loop for the 

Design of Resilient Urban Landscapes.” https://doi.org/10.3929/

ETHZ-B-000600966.

Schönberger, Johannes L., and Jan-Michael Frahm. 2016. 

“Structure-from-Motion Revisited.” In 2016 IEEE Conference on 

C�m©ºte¬ ]i°i�n anw Datte¬n Ges��niti�n (C]DG)ë ÙÖÕÙÿÖØð /a° 

Vegas, NV, USA: IEEE. https://doi.org/10.1109/CVPR.2016.445.

Schönberger, Johannes L., Enliang Zheng, Jan-Michael 

Frahm, and Marc Pollefeys. 2016. “Pixelwise View Selection 

for Unstructured Multi-View Stereo.” In Computer Vision – 

ECCV 2016, edited by Bastian Leibe, Jiri Matas, Nicu Sebe, 

and Max Welling, 9907:501–18. Lecture Notes in Computer 

Science. Cham: Springer International Publishing. https://doi.

org/10.1007/978-3-319-46487-9_31.

Schütz, Markus. 2020. “Fast Out-of-Core Octree Generation for 

4a°°iÃe D�int Cl�ºw°ðĈ C�m©ºte¬  ¬a©�is° ��¬ºm ØÝ (Ü)ê ÖÿÖØð 

https://doi.org/10.1111/cgf.14134.

Settimi, Andrea, Petras Vestartas, Julien Gamerro, and Yves 

Weinand. 2022. “Cockroach: An Open-Source Tool for Point Cloud 

Processing in CAD.” In POST-CARBON, Proceedings of the 27th 

International Conference of the Association for Computer- Aided 

A¬s�itestº¬al De°i�n Ge°ea¬s� in A°ia (CAADGIA) ×Õ××ë ×êØ×ÚÿØÙð 

Hong Kong. https://doi.org/10.52842/conf.caadria.2022.2.325.

Sutton, Parker. 2022. “A New Aesthetic of Care.” Journal of 

A¬s�itestº¬al �wºsati�n ÜÛ (×)ê ÖØÜÿÙÙð �tt©°êööw�ið�¬�öÖÕðÖÕÝÕöÖ

0464883.2022.2097532.

Tancik, Matthew, Ethan Weber, Evonne Ng, Ruilong Li, Brent Yi, 

Terrance Wang, Alexander Kristoffersen, et al. 2023. “Nerfstudio: 

A Modular Framework for Neural Radiance Field Development.” 

In Special Interest Group on Computer Graphics and Interactive 

Techniques Conference Proceedings. Los Angeles CA USA: ACM. 

https://doi.org/10.1145/3588432.3591516.

Urech, Philipp. 2016a. “Terraced Garden.” Sketchfab. https://skfb.

ly/o8ty7.

Urech, Philipp R. W. 2019. “Point-Cloud Modeling: Exploring 

a KiteĀK©esifis A©©¬�as� ��¬ /anw°sa©e De°i�nĈð ,�º¬nal 

of Digital Landscape Architecture 4:290–297. https://doi.

org/10.14627/537663031.

Urech, Philipp R.W., Maria Angela Dissegna, Christophe Girot, and 

Adrienne Grêt-Regamey. 2020. “Point Cloud Modeling as a Bridge 

between Landscape Design and Planning.” Landscape and Urban 

Dlannin� ×ÕØ (5�Ãemre¬)êÖÕØÞÕØð �tt©°êööw�ið�¬�öÖÕðÖÕÖÛö�ð

landurbplan.2020.103903.

Urech, Philipp R.W., Muhammad Omer Mughal, and Carlos 

Bartesaghi-Koc. 2022. “A Simulation-Based Design Framework 

to Iteratively Analyze and Shape Urban Landscapes Using 

Point Cloud Modeling.” Computers, Environment and Urban 

KÆ°tem° ÞÖ (,anºa¬Æ)êÖÕÖÜØÖð �tt©°êööw�ið�¬�öÖÕðÖÕÖÛö�ð

compenvurbsys.2021.101731.

Urech, Philipp R.W., Aurel Von Richthofen, and Christophe Girot. 

2022. “Grounding Landscape Design in High-Resolution Laser-

Ksannew P�©��¬a©�ÆðĈ ,�º¬nal �� /anw°sa©e A¬s�itestº¬e ÖÜ (Ö)ê 

58–69. https://doi.org/10.1080/18626033.2022.2110422.

Vaaja, M. T., J.-P. Virtanen, M. Kurkela, V. Lehtola, J. Hyyppä, and 

H. Hyyppä. 2016. “The Effect of Wind on Tree Stem Parameter 

Estimation Using Terrestrial Laser Scanning.” ISPRS Annals 

of Photogrammetry, Remote Sensing and Spatial Information 

Ksiense° IIIÿÝ (,ºne)êÖÖÜÿ××ð �tt©°êööw�ið�¬�öÖÕðÚÖÞÙö

isprsannals-III-8-117-2016.

]e°ta¬ta°ë Det¬a°ð ×Õ×Öð ćDe°i�nĀt�Ā�ar¬isati�n ^�¬�Î�w ��¬ 

Raw-Sawn-Timber Using Joinery Solver.” PhD Thesis, Lausanne: 

�D�/ð �tt©°êööw�ið�¬�öÖÕðÚÕÜÚöe©ÎĀt�e°i°ĀÝÞ×Ýð

Wilkes, Phil, Alvaro Lau, Mathias Disney, Kim Calders, Andrew 

Burt, Jose Gonzalez de Tanago, Harm Bartholomeus, Benjamin 

Brede, and Martin Herold. 2017. “Data Acquisition Considerations 

for Terrestrial Laser Scanning of Forest Plots.” Remote Sensing 

�� �nÃi¬�nment ÖÞÛ (,ºlÆ)êÖÙÕÿÚØð �tt©°êööw�ið�¬�öÖÕðÖÕÖÛö�ð

rse.2017.04.030.

Yi, Lei, Hongjun Li, Jianwei Guo, Oliver Deussen, and Xiaopeng 

Zhang. 2018. “Tree Growth Modelling Constrained by Growth 

�«ºati�n°ðĈ C�m©ºte¬  ¬a©�is° ��¬ºm ØÜ (Ö)ê ×ØÞÿÚØð �tt©°êööw�ið

org/10.1111/cgf.13263.

Zhou, Qian-Yi, Jaesik Park, and Vladlen Koltun. 2018. “Open3D: 

A Modern Library for 3D Data Processing.” arXiv. https://doi.

org/10.48550/ARXIV.1801.09847.

Zwierzycki, Mateusz, Henrik Leander Evers, and Martin Tamke. 

2016. “Parametric Architectural Design with Point-Clouds - 

Volvox.” 673–82. Oulu, Finland. https://doi.org/10.52842/conf.

ecaade.2016.2.673.

IMAGE CREDITS
All images by the authors.

Brendan Harmon is Associate Professor of Landscape 

Architecture at Louisiana State University. His research programs 

include geospatial software development, computational ecology, 

and heritage conservation.

Hye Yeon Nam is Associate Professor of Art and Design at the New 

Jersey Institute of Technology. Her work as a new media artist 

explores the entanglement of humans, technology, and nature.



TOPIC (ACADIA team will fill in) 11COMPUTING FOR RESILLIENCE


