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Urban planning has become increasingly complex, necessitating the use of digitized data, large-scale city scans,
and advanced tools for planning and development. Recent advancements in open-source 3D modelling software
Blender have introduced powerful procedural editing tools like geometry nodes alongside robust mesh and curve
manipulation capabilities. These features position Blender as a viable and cost-effective alternative to proprietary
solutions in urban planning workflows. This study identifies common requirements, tasks, and workflows
associated with cityscape transformation and visualization, implementing them within Blender’s environment.
Documented working examples are provided, including procedural editing, cloud painting, and mesh transformation
operations, demonstrating Blender’s versatility. To evaluate its practicality and performance, we conducted a

comparative analysis with the Rhinoceros Grasshopper, a widely used tool in urban planning.
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| 1. Introduction and Background

Point clouds are sets of points in space, where each point is defined by its coordinates and an arbitrary number of
attributes. We find point clouds in many perception and 3D recognition tasks, simulations, as well as real
environment modellinglIB4], The latter has become popular due to advances in capturing technologies such as
LiDAR or photogrammetry!2. Point clouds of scanned urban areas can contain hundreds of millions of points, each

representing a portion of a surface in the 3D environment.

As far as urban design is concerned, point clouds are usually used only as a means of storing captured data and
for visualisation, since point editing is often impractical and not compatible with recent visualisation techniques,
such as 3D Gaussian Splatting®.

To edit point clouds, we often need to convert them into a representation with more mature editing support, e.g.,

mesh geometry or curves. This conversion can result in inaccuracies and loss of information[8].

Some commercial solutions for point cloud editing exist, such as Rhinoceros 3D, Autodesk Revit, Pix4D, ArcGIS,
DJI Modify, Tcp Point Cloud Editor, Vega, 3D Survey, and CloudCompare, but are limited either to certain specific
features (empty space filling, recolouring, transforming the point cloud as a whole) or do not have fine-grained

control over individual points and their attributes, and lack good point visualisation capabilities.

We therefore propose a non-destructive approach to point cloud editing, showcasing some novel forms of editing

with painting tools as well. Non-destructive editing allows for adding, removing, and swapping
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operations without having to repeat the same procedure each time, making it suitable for creative decision-making

and iterative urban design workflows.

We extend the open-source 3D modelling software Blender to better support the LAS point cloud file format. We
use Blender's Geometry Nodes feature to showcase non-destructive editing and combine it with Grease Pencil
tools to explore some interesting editing possibilities. Finally, we compare editing and rendering of point clouds with

Rhinoceros and its node editor, Grasshopper.

For point cloud visualisations, Tokyo LIDAR data was used, which is openly available on Tokyo Digital Twin 3D
Viewer, under the section Shinjuku Ward, figure 09LD1638.

| 2. Methods

We constructed a point cloud editing pipeline as presented in the graphic below. We extended Blender's user
interface (Ul) to allow importing LAS files. After the file is read and preprocessed, it is added as a collection of
mesh objects. Then, Geometry Nodes, Grease Pencil, and other Blender tools can be used to operate on the point
cloud. Once we are done with editing, we can proceed to export the data into one of Blender's supported formats

or render an image.

The point editing and visualisation workflow. The point cloud is preprocessed and imported into Blender, then

edited using Geometry Nodes and optionally Grease Pencil, and finally rendered or exported.
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2.1. Preprocessing

We used our extension to load LAS point cloud files in Blender. Because the overall point locations may be far from

the Blender world origin, the cloud is re-centred for easier navigation and editing.

The extension then separates points into levels of detail (LoD), which allows for the point cloud to be shown at

different resolutions. Based on hardware and system requirements, the user can increase or decrease point cloud
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resolution. After LoD sorting, points are further split by their classification identifiers (ground, building, vegetation,

etc.).

Afterwards, the points are integrated into Blender's working environment as mesh objects, with points represented
by unconnected vertices. Here, each object contains points of specific LoD and classification, so we can exploit

Blender's object visibility system to offer LoD and classification visibility toggling.

Mesh objects are converted to point clouds via Geometry Nodes (with Mesh to Points node). This step could also
be done after other Geometry Nodes operations (but before setting the material onto points), since we only need
this point representation for previews and rendering.

We found that for previewing point clouds in Blender's viewport, Material Preview shading mode is sufficient,
providing colouring and basic shading of points. When using the EEVEE rendering engine, disabling shadow

calculations greatly improves rendering performance.

2.2. Editing

We tested some editing operations that we found useful in urban planning scenarios. All operations were

performed with Geometry Nodes.

Geometry Nodes take geometry data as input, operate on it, and output the result for Blender to use in previews
and rendering. Individual nodes can represent operations on geometry, such as geometry removal, ray-casting,
and transformations, or mathematical operations (vector maths, comparisons, etc.), or other capabilities, e.g.,

importing other objects from the scene, generating random values, or applying procedural textures.

An example of the Geometry Nodes node tree, applied to the blue plane, can be seen above. At the top, the
Blender viewport renderings of various stages in Geometry Nodes processing are shown: the first one shows
geometry before Geometry Nodes are applied, the second one shows the geometry with Delete Geometry node
applied, the third shows the effect of Mesh to Points node on the plane (we also see that the geometry loses its
material), and finally the effect of Set Material is shown. In the bottom half of the graphic, we see the corresponding
node tree.
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In our operations, we set some parameters (which points should be affected by the operation, for example) to
depend on external objects in the scene, e.g., mesh cubes, spheres, and empty objects. Modifying these objects

with Blender's tools was, in our case, more intuitive and provided better control over the operation.

It is important to note that after each modification of geometry, it loses its applied material, so it has to be applied
again afterwards with Set Material node. Our approach was to set the material in a separate Geometry Nodes

group that was always last in the execution stack; therefore, all editing had been done before that.

For some operations, Grease Pencil tool was used. It allows for drawing lines in 3D space and represents strokes

with curves, which can be manipulated with Geometry Nodes as well.
The following editing operations were performed:

» Point Copying. A selection of points is duplicated and transformed in space. Quick designs of new buildings,
trees and other structures can be made by reusing existing parts of the point cloud. The operation is shown

below.

Point copying example. We show the original point cloud on the left, and the result of the
copying operation on the right. Copied points are coloured green.
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» Point Removal. A selection of points is deleted. Structures can be removed from the point cloud. The operation

is shown below.

Point removal example. We show the original point cloud on the left, and the result of point
removal on the right.

» Point Flattening. A point cloud region is flattened to a plane, e.g. to remove a building and reconstruct the

ground in its place. The operation is shown below.

Point flattening example. We show the original point cloud on the left, and the result of
point flattening on the right. The flattened points are marked with green colour.
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» Mesh to Point Conversion. A modelled mesh object can be converted to a point cloud by sampling points on
its surface. This helps integrate custom 3D models made with traditional modelling and sculpting techniques
into the point cloud.

» Point Drawing. Grease Pencil is used to draw 3D curves, on which the points are sampled. This approach is
useful when filling irregular surfaces, modelling organic shapes, or marking specific regions.

» Point Painting. Specific points can be marked for planning purposes by drawing Grease Pencil strokes over
them.

» Point Erasing. Points contained in Grease Pencil strokes are erased. This can be used in removing specific
artefacts and noise, or regions with irregular shapes and densities. The operation is shown below.

Point erasing example. We show the original point cloud on the left, with Grease Pencil

stroke displayed in red colour. On the right, we see the result of point erasing, with the
Grease Pencil stroke hidden to showcase the absence of points.

The last three operations introduce some novel ways to edit point clouds via more artistic and free-form
manipulation.

2.3. Visualization
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In previous sections, we mentioned how to set materials on point clouds. We use materials to instruct Blender on
how to render surfaces. We can visualise different point attributes, such as colour, normal vector, classification,
infrared channel, etc. Blender allows us to choose between two rendering engines: Cycles, which offers

photorealistic path-traced rendering, and EEVEE, which is faster but less physically accurate.

| 3. Results

For editing, we compared selected operations in Blender and Rhinoceros Grasshopper, excluding Grease Pencil
operations since we could not find a comparable tool in Rhinoceros. Blender version 4.4 and Rhinoceros 8 were
used. Geometry Nodes performed the same operations a few orders of magnitude faster and with fewer nodes
than Grasshopper. The latter also had limited access to point attributes and could not modify them efficiently.
Rhinoceros did, however, respond better when transforming the point cloud as a whole, with Blender producing
noticeable lag on the same dataset. Overall, Rhinoceros was more prone to crashes and extended periods of

unresponsiveness.

When using Grease Pencil on large point clouds, we noticed a considerable reduction in performance, too

significant for uninterrupted drawing.

We also compared the visualisation capabilities of Blender Cycles renderer and Rhinoceros's integrated renderer.
The results of Cycles are visible in the images below. Rhinoceros rendered point clouds the fastest, but also did not
use shading or shadow-casting, which made the visualisations look flat and less visually appealing. Both Blender
engines were slower, with EEVEE being faster than Cycles. The visualisations were more appealing, adding

shading to the points, and allowed for presenting different attributes as point colours.

Point cloud rendered in Rhinoceros. Interesting regions are highlighted, showing that points are not shaded and do

not scale with the 3D view, causing the surfaces to disappear upon zooming in.
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Point cloud rendered in Rhinoceros. Interesting regions are highlighted, showing that points are not shaded and do

not scale with the 3D view, causing the surfaces to disappear upon zooming in.

| 4. Conclusions

Blender remains stable while handling even large point clouds. Geometry Nodes provided a valuable tool for the
design and editing of point clouds. It allows for fast non-destructive editing of geometry and is suitable in

combination with other modelling techniques for flexible editing of point clouds for urban planning applications.
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Fine-grained control over point attributes also offers more editing and visualisation options. All this makes Blender

a promising candidate for augmenting urban design processes in the future.
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