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Increasing urbanization intensifies daylight access challenges. Addressing this requires an integrated decision-
making process that incorporates daylight considerations into urban design and planning. Integrated decision-
making, from urban planning to building design and indoor performance, poses substantial challenges, such
as data complexity, computational demand, conflicting objectives, and workflow integration. Integrating
Building Information Model (BIM), Geographic Information Systems (GIS), and environmental simulation models
creates an integrated decision-making platform with an intertwined design-feedback loop support. This study
explores the design and development of a web application that combines script-based parametric modeling,
cloud-based daylight simulation and geometry processing, and interactive geospatial visualization, allowing
seamless BIM interaction to assess how dynamic changes in an urban environment affect daylight performance.
This application computes facade-focused Aperture-Based Daylight Modeling (ABDM) metrics alongside tradi-
tional indoor-focused Climate-Based Daylight Modeling (CBDM) metrics. Our results demonstrate how to

streamline daylight simulation to support building and urban design decision making.

1. Introduction

To address the increasing population and the resulting pressure on
the housing market, many Dutch cities are planning significant expan-
sions in housing. For instance, Amsterdam aims to build 7,500 new
homes annually until 2035 [1]. The construction of new buildings can
compromise the visual comfort of neighbouring occupants, particularly
by reducing access to daylight and views. In the UK, this concern is
formally addressed through the “Right to Light” law, which protects
existing buildings from substantial loss of natural light due to nearby
developments [2]. Visual comfort often involves a trade-off between
various factors, and daylight simulation software is widely used to assess
and compare different visual comfort parameters, with the goal of
minimizing the negative impacts of new buildings during the planning
phase [3]. In recent years, urban-scale daylighting research has gained
increasing attention, with a strong focus on solar access, radiation
analysis, and energy performance [4-6]. However, these studies often
overlook the role of architectural elements and the reflective properties
of building materials. This gap is significant, as material reflections can
greatly influence daylight distribution and visual comfort in surround-
ing buildings—especially in dense urban settings where new
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developments alter existing light conditions.

Daylight simulation tools are essential for evaluating and optimizing
natural lighting in architectural designs, playing a crucial role in
enhancing occupant comfort, energy efficiency, and overall building
performance. By providing accurate predictions of daylight distribution
and intensity, tools based on Climate-Based Daylight Modeling (CBDM)
allow designers to assess the impact on the interior environment of
various design decisions, such as window placement, material selection,
and building orientation [7]. Aperture-Based Daylight Modelling
(ABDM) offers an alternative approach to assess the potential of a facade
to admit daylight indoor, at early design phase, when the interior layout
is yet to be decided on [8]. In the context of sustainability, effective
daylighting can significantly reduce reliance on artificial lighting,
contributing to energy savings and a lower environmental footprint [9,
10]. Daylight simulation tools support the creation of healthier indoor
environments by ensuring sufficient natural light, which has been linked
to improved well-being, productivity, and mental health [11]. As ur-
banization increases and environmental concerns grow, the use of these
tools becomes ever more important in achieving buildings that are both
energy-efficient and conducive to occupant health.

A survey conducted by Fernandez-Antolin et al. in Spain [12,13],
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involving 157 architecture professionals, identified several barriers to
the adoption of building performance simulation tools, such as
complexity of use, excessive data input requirements [14], and inade-
quate user interfaces [12,13]. For these professionals, compatibility
with computer-aided design (CAD) tools is the most important criterion.
In real-world projects, architects must navigate a variety of daylight
simulation tools, which can be overly complex [15]. Despite these
challenges—and the fact that such tools are frequently requested by
clients [12]—91.78% of young professionals with less than five years of
experience reported having confidence in the simulation tools them-
selves [13]. This highlights the need for user-friendly simulation tools
that offer clear guidance for optimal daylight analysis, especially amidst
rapid urban development and increasing construction demands. Radi-
ance, a validated physics-based ray-tracing engine, is behind most
architectural software interfaces for daylight performance evaluation
[16]. However, because different software platforms use varying
methods, daylighting analysis requires the use of specialized,
platform-specific simulation tools. This not only complicates collabo-
ration within design teams but also impedes the sharing of results,
hinders workflow integration, and increases the complexity of software
learning.

1.1. Problem statement

In the field of urban planning, especially in the early stages of design
and planning, the ability of users to interact with 3D city models through
interfaces is critical for effective indoor daylighting simulations and for
analysing the impact of additional buildings on existing buildings and
vice versa. However, the current workflows and existing tools face
several challenges. One major issue is the difficulty in user interaction
with 3D city models. Additionally, integrating BIM with daylight
simulation tools and GIS platforms is complex. This complexity hampers
the intelligent identification and segregation of components by room,
which is crucial for accurate and automated daylight simulation. As a
result, users cannot interact efficiently with per-room BIM segments,
reducing BIM's overall utility in daylight analysis. Furthermore, recently
proposed ABDM metrics are promising indicators for urban-scale
daylight studies but their correlation with more widespread CBDM
metrics is yet to be tested. Lastly, the impact of detailed LODs on
computational efficiency poses another challenge.

1.2. Research questions
The main research question is:

e To what extent can a web-based application perform per-room
daylight analysis on BIM models to demonstrate the impact of dy-
namic urban context changes?

To answer the main questions, the following research sub-questions
have been investigated:

How can 3D city models be served through the application interface,
and how are these models loaded into Rhino for simulation and
analysis?

How can BIM models be integrated with Rhino and GIS to auto-
matically identify room-level components and enable per-room
daylight simulation and interaction?

To what extent are ABDM metrics (SBI and view-lumen) suitable for
urban-scale daylight analysis in terms of accuracy and simulation
time compared to CBDM methods, and how can these be imple-
mented and visualized in the application?

How do different levels of detail (LODs) in 3D city models and spatial
extent affect computational accuracy and performance, and how can
the workflow be optimized for efficiency?
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2. Related work
2.1. Indoor per-room daylight analysis

2.1.1. Urban canyon’s impact

The geometry of adjacent buildings, such as their height, spacing,
and orientation, as well as the reflective properties of their facade ma-
terials, are key factors influencing a building’s access to daylight [17].
The use of highly reflective facade materials in newly developed
buildings can help mitigate interior daylight losses in surrounding
structures.

The Obstruction Angle (OA), typically defined as the angle between
the horizontal ground plane and a line extending from the center of a
window to the top of an adjacent building, is a well-established
parameter in daylight assessment and planning guidelines [18]. OA
serves as a practical tool for real estate developers to evaluate potential
daylight performance and ensure compliance with regulatory standards
during the early stages of urban design. In practical applications, when
the existing building remains unchanged and only the surrounding
context is altered, the OA is primarily affected by two factors: the roof
type and the height of nearby buildings, including any proposed addi-
tions or roof modifications. Other important parameters influencing the
amount of solar radiation and daylight reaching a building facade
include the geometry of urban canyons, surface reflectance, external
shading devices, street orientation, and the Sky View Factor (SVF) [19].

2.1.2. Daylight standard and metrics — CBDM & ABDM

Daylight metrics are quantitative measures used to evaluate the
availability and quality of natural light in buildings, supporting design
decisions that improve visual comfort, reduce energy use, and enhance
occupants’ well-being. Traditional standards relied on static measures
such as the Daylight Factor, while modern Climate-Based Daylight
Metrics (CBDMs) use annual climate data to capture variations in
daylight throughout the year. CBDM evaluates daylight performance in
buildings, typically measuring how often and how well spaces achieve
useful daylight levels, accounting for location, orientation, and weather
conditions [20]. This method has been used in different daylight per-
formance applications [21-23].

European standard EN 17037 for daylight in buildings was approved
in 2018 and became applicable to all participating countries in 2019
[24]. Although EN 17037 does not explicitly adopt defined CBDM
metrics such as Daylight Autonomy (DA), spatial Daylight Autonomy
(sDA), and Useful Daylight Illuminance (UDI), it introduces a daylight
provision method based on similar climate-based simulation principles.
DA measures the percentage of occupied time in which daylight pro-
vides the specified illuminance at a particular spot in a space, indicating
daylight availability and non-reliance on electric lighting. sDA annually
assesses the portion of a space that meets a certain DA target. The target,
as set in this thesis paper, is 300 lux for at least 50% of the occupied
time, as recommended by LEED v4 daylighting criteria [25]. The metric
sDA is typically calculated using a daylight simulation that evaluates
illuminance levels for every hour of the year, as defined by the IES
LM-83-12 standard [26]. The UDI metric expresses the time frequency of
annual illuminance falling into three ranges: insufficient (<lower bin),
excessive (>upper bin), and autonomous (in between). Exceeding UDI
values can cause issues like glare and overheating, while too little leads
to insufficient illumination and reliance on electric lighting [27]. This
research uses the typical thresholds of 100 1x and 3000 lux for the lower
and upper bins respectively. In this study, sDA, DA, and UDI are selected
as representative CBDM metrics due to their wide recognition in
daylight performance evaluation and their conceptual alignment with
the assessment method outlined in EN 17037, for further comparison
between these established metrics and the proposed ABDM approach,
within a European regulatory context.

ABDM introduces a novel approach to daylight simulation, focusing
on assessing how effectively apertures connect with sunlight, with the
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sky and with the external environment [8]. ABDM offers the advantage
of analyzing windows and potentially available daylight without
requiring knowledge of the building’s interior layout [8] highlighted the
importance of this criterion in urban environments, noting its significant
potential to make reasonable extrapolations of indoor daylight perfor-
mance. This capability aids decision-making processes during the pre-
liminary planning stages. This method also demonstrates potential for
evaluating the impact of new housing developments on the daylighting
of existing buildings. In theory, any 3D CAD/BIM tool capable of
assessing on-site visibility between two points—one within the building
model and the other representing the position of the sun on the sky
dome—can compute Sunlight Beam Index (SBI) and Aperture Skylight
Index (ASI) [28]. Consequently, the computations of SBI and ASI can
significantly reduce computation time compared to traditional daylight
analysis that accounts for inter-reflection via ray tracing. SBI provides a
quantifiable estimate of potential sunlight availability, while the ASI is
considered an indicator of skylight availability. These metrics are
designed to measure the available daylight in urban settings, providing a
clear quantification of how the outdoor environment impacts window
daylighting capacity. Because this concept is relatively new, its appli-
cation remains limited and only a small number of case studies and
dedicated analytical tools exist to date. Recognizing this research gap,
this paper aims to incorporate this new method into an urban planning
design workflow. In the absence of defined target values within ABDM,
results are discussed relative to annual daylight metrics like DA, sDA and
UDI, bridging the gap between the ABDM method and conventional
CBDM approaches.

[8] highlighted factors such as space types, obstruction scenarios,
and climate conditions that need further investigation to provide cali-
bration data for comparative assessments between CBDM and ABDM. In
practice, room and window configurations involve variables that affect
indoor daylight levels (e.g., windows number, orientation, and mate-
rials), consequently influencing the relationships among SBI, sky lumen,
and daylight metrics such as DA, sDA, and UDL. In this study, simulations
were conducted in room settings under varying conditions to investigate
correlations between SBI, sky lumens (ABDM), and CBDM daylight
metrics, while considering potential moderating variables (i.e., room
size, layout, aperture height, shape, orientation, and the layout and
number of apertures for a given total opening).

2.1.3. Existing workflow for BIM daylight simulation

Daylight simulation within BIM environments conventionally re-
mains within the Revit ecosystem, using built-in or plugin-based solu-
tions such as Autodesk Insight, AfterRad, IES Virtual Environment, and
Honeybee integrated with Dynamo (Ladybug Tools'). These tools sup-
port varying degrees of daylight simulation and visualization, with
Dynamo providing additional flexibility for parametric modeling and
data extraction [29]. However, despite their accessibility, these work-
flows face key limitations regarding output formats and visualization
capabilities. Results are typically exported as structured data files—such
as XML, CSV, Excel, SDF, or SPD—without the ability to generate
simulation visuals like images or 3D meshes. Visualization is generally
confined to internal previews within the Revit interface, making it
difficult to share results externally or integrate them into custom plat-
forms or web applications. visualization tools. Additionally, both Revit
and Forge are fundamentally tailored to building-level modeling and do
not natively support large-scale Furthermore, the Forge Design Auto-
mation platform, which enables automated computational tasks within
Revit, is primarily geared toward data processing and task automation
rather than high-quality visualization. It does not support the generation
or external hosting of detailed simulation outputs such as irradiance
meshes, and users are restricted to viewing outputs via the Forge Viewer,
which lacks compatibility with third-party urban geometries such as 3D

1 https://www.ladybug.tools/
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city models. Formats like CityGML, OBJ, or GIS-based data are not well
supported, which limits the scalability of these workflows in broader
daylight simulation studies beyond individual buildings.

To overcome these limitations, this research adopts a workflow
based on Rhino.Inside.Revit, which combines the BIM modeling capa-
bilities of Revit with the flexible simulation and visualization environ-
ment of Rhino and Grasshopper [30]. This setup allows for the direct
transfer of geometry and parameter data from Revit into Rhino, ensuring
that essential BIM metadata is preserved throughout the simulation
process. In contrast to translation methods like DXF or Speckle, which
can result in the loss of semantic data or object relationships, this
approach maintains data fidelity and improves workflow consistency.
Within Rhino, advanced daylight simulations are performed using
Ladybug Tools, and results can be visualized externally using Rhino.
Compute. This cloud-based infrastructure allows for the hosting and
interaction of simulation results via customized interfaces, making it
easier to integrate daylight analysis into iterative design processes. A
key advantage of this workflow is the potential for automation: rather
than manually triggering simulations within Grasshopper, the setup
enables simulations to be initiated through a user-facing web interface.
This facilitates the efficient exploration of multiple design scenarios
with minimal manual intervention. Finally, Rhino offers broader
compatibility with large-scale urban geometries and GIS-based data,
making it a more scalable and adaptable platform for daylight simula-
tion tasks that extend beyond the building scale.

2.2. 3D city models and daylight analysis

The availability and resolution of 3D city models are key consider-
ations for urban environmental analysis, including daylight assessments.
Currently, the most comprehensive standard for semantic 3D city
models is CityGML (City Geography Markup Language), developed by
the Open Geospatial Consortium” and the most used version is CityGML
2.0.

[31] recommend using LOD1.3 3D city models for daylight analysis,
since most of the results show that both LOD2 and LOD1.3 yield similar
OA-value results that don’t differ more than 1° in most roof types.
However, in neighborhoods characterized by buildings with gabled
roofs, it should preferably be handled utilizing 3D city models whose
LOD allows for a more detailed representation of the roof geometry as
the difference in OA degrees sometimes exceeds 10°. LOD 1.2, 1.3, and
2.2 are supported by the regional database of Delft in the Netherlands
[32]. In this research, LOD1.3 and LOD2.2 of the model will be used and
compared.

2.3. REST API-based daylight simulation

Rhino, with its visual programming language GH are particularly
popular choice for modern workflows working with parametric models.
However, like many CAD tools, Rhino and GH have a high level of
learning complexity, which limits their leverage in different applications
and analyses. Sending the GH script to the designer's desktop and
running it locally would require the designer to understand GH and
properly set the correct inputs and outputs on the script canvas. This
issue was also observed by Kohn Pedersen Fox (KPF), a leading archi-
tecture firm, in their implementation of digital workflows [33]. As 3D
modelling and design grow more intricate, more designers and engineers
are opting for cloud-based solutions to simplify their workflows and
enhance collaboration with colleagues, clients, and other stakeholders
(ShapeDiver®). Rhino Compute, unlike Rhino Desktop, can perform ge-
ometry calculations through a cloud based stateless REST API, and ac-
cess 2400+ RhinoCommon API calls from outside Rhino, and provides

2 https://www.ogc.org/standards/citygml/
3 https://help.shapediver.com/doc/shapediver-rhino-compute
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libraries with standalone C#(.NET), Python and JavaScript [30]. It is an
open source project that enables running Rhino.Inside on a local server
or in the Mcneel Rhino Compute cloud, allowing accessing Rhino and
GH through a web API to run the program [34]. Rhino Compute reduces
the entry barrier by simplifying complex workflows for typical archi-
tectural designers, while also offering greater flexibility for computa-
tional designers. As a geometry solver back-end, it enables the creation
of user-friendly front-end applications that can be accessed via a web
browser, allowing architects to execute complex parametric workflows
with minimal technical effort [33].

2.4. BIM - GIS integration

The integration of Building Information Modeling (BIM) and
Geographic Information Systems (GIS) has been recognized as essential
for improving the efficiency, safety, and performance of complex urban
infrastructure projects [35-38]. This integration is also becoming
increasingly important for daylight simulation, as it enables a more
holistic and accurate approach to assessing daylight access and perfor-
mance in urban environments [39]. BIM provides detailed, geometrical
and semantic data-rich models of individual buildings, while GIS offers a
broader spatial context, including surrounding structures, topography,
and geographic factors that influence sunlight exposure. Through their
combination, designers and planners can simulate and analyze daylight
conditions across both individual buildings and entire urban landscapes,
accounting for factors such as solar radiation, shading, and site-specific
climatic conditions. This integration enhances the precision of daylight
simulations and enables better-informed design decisions. Moreover,
BIM-GIS integration facilitates collaboration among multidisciplinary
teams, allowing for a more seamless exchange of data and insights
throughout the building lifecycle, from initial design to ongoing per-
formance monitoring.

The reliability of daylight simulations depends on the geometric
detail and accuracy of material properties used in the models. Insuffi-
cient levels of detail (LoDs) or inaccurate material data can compromise
simulation outcomes and lead to misleading design decisions. Higher
LoDs improve the realism of daylight simulations by better representing
real-world features such as balconies, window frames, and facade ar-
ticulations. However, they also increase model complexity and simula-
tion time, especially at the urban scale. A balance between detail and
efficiency is therefore essential for effective BIM-GIS integration in
daylighting analysis [40].

However, a significant challenge to this integration is the inherently
disparate data formats. When domain-specific data are not interoper-
able, they create data silos that restrict access to information and re-
sources for other stakeholders. These data silos impede productivity,
efficiency, innovation, and service quality [41]. Several available map
libraries, including Mapbox®, Cesium®, and kepler.gl° require technical
expertise to integrate map views into applications and to enhance their
functionalities [42]. BIM integration with asset management and GIS
technologies often results in isolated, non-interoperable systems, known
as "island solutions". These integrations are typically platform-specific
and lack scalability or extensibility [43,44].

2.5. BIM and simulation in Mapbox GL

Conventional BIM-GIS integration workflow mainly focus on the
(static) visualization of BIM models on a GIS-based web platform, while
not many applications can process and manipulate BIM models [45].
While some studies demonstrate BIM-GIS interactivity, models imported
into GIS platforms typically behave as static visualizations, offering

* https://www.mapbox.com/
5 https://cesium.com/
6 https://kepler.gl/
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limited or no access to element-level properties or interactions. For
instance, Revit models can be viewed in Mapbox using Autodesk Forge
[46]. Additionally, BIM models can be positioned anywhere within
Mapbox, with IFC properties accessible by clicking on elements before
placement [47]. A tool for analyzing NYC parks’ also integrates Rhino,
Vue.js, Mapbox.gl, ApexCharts, Three.js®, and Tailwind CSS°. The World
Avatar project combines BIM and GIS within CesiumJS [42], and the
CDC BIM campus digital twin is implemented using WebGL in a browser
(CIMS Lab').

The challenges of interacting with BIM data within MapboxGL are
multifold. Objects in the model often lack proper alignment with the GIS
coordinate system and do not retain their hierarchical or relational
structure. As a result, the imported model is interpreted as a single un-
differentiated geometry, rather than a collection of individuals,
semantically rich components with distinct properties and relationships.
When positioned using geodesic coordinates, individual objects face
difficulties [45]. WebGL does not natively support any BIM format,
necessitating conversion to a format that preserves semantic informa-
tion alongside 3D geometries for further processing and supports in-
terconnections between objects. Many BIM-to-GIS solutions are
one-directional [43]. Additionally, converting between the
Web-supported Mercator projection and geodesic coordinate systems
presents another significant challenge [45].

2.6. Research scope

This research explores the system architecture design and develop-
ment of an innovative cloud-based daylight simulation application, built
within a WebGL-based 3D GIS platform to perform room-specific sim-
ulations using a BIM model. Users can interact with and modify the
urban environment, such as adding new buildings, adjusting heights,
and changing roof types. A major goal of this research is to explore how
effectively the developed application can demonstrate the impact of
dynamic changes in the urban environment, such as modifications in
building typology, location, and surrounding structures, on daylight
availability within individual rooms and how these insights can support
informed urban planning and architectural design decisions. For this
purpose, we explored the effective integration of BIM, a 3D GIS-based
city model, and real-time daylight simulations within a unified
WebGL-based platform. Through the developed web application, this
research also quantitatively examines the relationship between ABDM
metrics and CBDM annual metrics to ascertain whether SBI and ASI
could serve as a proxy for indoor daylight performance, facilitating the
simulation of indoor daylight in urban planning decision-making. This
comparison is an integral part of the software development, as assessing
the correlation between CBDM and ABDM metrics guides the incorpo-
ration of a proper metric into the developed application. This study
implements ABDM capabilities in a building simulation interface for the
first time. The impact of urban context extent on the performance of
daylight simulations (through the developed application), in terms of
accuracy and computational time, has been evaluated in this study.

3. Methodology and implementation

This research is centered around three primary themes: BIM, GIS,
and daylight simulation (per-room), culminating in a web application
that integrates these elements into a cohesive workflow. The workflow
utilizes GH script as the back-end, Rhino Compute as the API connecting
the front-end and back-end, and MapboxGL as the front-end and GIS
platform for user interaction (Fig. 1). It includes the transformation

7 https://nyc.emptybox.io/

8 https://threejs.org/

9 https://tailwindcss.com/

10 https://cims.carleton.ca/project/Digital Twin_Prototype
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Fig. 1. Methodological framework.

process of semantic data and 3D geometrical information across multi-
ple platforms. This study uses the BIM model of the Faculty of Archi-
tecture at Delft University of Technology as a case study.

The system is implemented as a web-based application that connects
front-end user interaction, back-end processing, and cloud-based simu-
lation through a Grasshopper script and Rhino Compute server. Building
data and urban geometry are sourced from BIM and GIS datasets and
integrated through a BIM-GIS interoperability layer, enabling consistent
spatial referencing and geometry exchange. User-driven design changes,
such as adding a building or modifying its geometry or material via an
interactive map interface, are synchronized in real-time with the simu-
lation environment. These updates trigger automated geometry pro-
cessing and daylight simulations on the cloud, allowing scalable
computation without local hardware constraints.

Daylight performance evaluation is conducted using two comple-
mentary metric families: traditional indoor-focused CBDM metrics and
facade-focused ABDM metrics. CBDM metrics are computed per room
using detailed BIM-derived interior models and standard climate-based
simulations, serving as a benchmark for indoor daylight performance. In
parallel, ABDM metrics are calculated at the facade level using exterior
aperture characteristics and urban context, significantly reducing
computational demand. The methodology enables studies that establish
correlations between ABDM and CBDM metrics, testing ABDM’s capa-
bilities to function as a proxy for indoor daylight performance during
early-stage urban design, where rapid feedback is critical.

The comparative approach in this study evaluates performance
trade-offs between accuracy and efficiency by analyzing results from
different LoDs and the spatial extent of surrounding buildings. Config-
uration parameters, including climate data, simulation settings, spatial
resolution, and facade or room definitions, are managed within the
back-end to ensure consistency across simulations. By integrating
parametric modeling, cloud-based daylight simulation, and interactive
geospatial visualization into a feedback loop, the proposed workflow
addresses data complexity, computational scalability, and interdisci-
plinary integration, supporting daylight-aware decisions from urban
planning to building design stages.

The developed platform enables users to interact with the web

application, utilizing BIM data extraction workflow in MapboxGL and
custom per-room daylight simulations, seamlessly integrating BIM into
GIS for effective urban planning and design (Fig. 2).

3.1. Daylight simulations

This research combines the use of existing simulation tools with
custom-developed scripts to evaluate daylight performance. For CBDM
metrics, the simulations were conducted using off-the-shelf tools pro-
vided by the Honeybee plugin in Grasshopper. In contrast, for the
simulation of ABDM metrics, custom Grasshopper scripts were devel-
oped specifically for this research, as these metrics are not yet imple-
mented in existing tools. Following is the description of the applied
daylight simulation metrics.

SBI has units of m hours, and it works for any given period of time.

Sae = Agcoscos 6 At €8]

In Eq. 1, the SBI value S,, for a duration of time can be calculated by
the direct sunbeam enters a glazed aperture of area A, with an angle of
incidence 0 for a time period At [28]. The individual S; values spanning
the entire year can be utilized to populate a two-dimensional matrix, T
(Eq. 2). For hourly data with a time step of 1 h, T possesses dimensions of
24 x 365.

T = [S11 S35 ™ i Saq 1 - Saa. 365 | (2)

ASI quantifies the degree of connectivity between an opening and the
sky vault by assessing the illumination it receives from a uniformly
bright sky dome, with the measurement averaged over the opening. As
shown in Eq. 3, the illuminance of three layers of sky, ground and
obstacle adds up to 2000lux [8].

2000 = Egy + Eop + Egu ©)]

And according to Eq. 4, the total lumens ¢ of an aperture with an area
of A can be determined by multiplying A by the mean illuminance E.

¢ = EA 4

The "lost" lumens refer to those lumens that are obscured due to the
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Fig. 2. System’s components and their inter-relations.

shading effects of the reveal can be calculated using Eq. 5. ¢g,, which
holds paramount importance in the study can be calculated in a similar
approach.

Plost = 2000A — ((ﬂsky + Pops + (pgnd) (5)

In an apartment ABDM evaluation, the sky lumens lost through the
balcony, overhang, and external obstruction can be calculated and
visualized, and the actual lumen loss is always larger than that which
seems apparent from the hemispherical image [8].

For ABDM metrics, to compute total annual SBI, the cumulative sum
of SBI throughout the entire year with a sun altitude greater than 0 was
computed. Following the recommendation of [28], a 15-minute time
step is used to ensure sufficient solar position accuracy, with a maximum
deviation of approximately 2.38°, which is comparable to that of a
9-minute interval, while maintaining computational efficiency. To
address the substantial impact of low-angle sunlight on vertical aper-
tures and its consequent effect on the SBI value, [24] proposed a revised
formulation incorporating a new airmass coefficient, following the
concept first introduced by [48]. This coefficient serves as an attenua-
tion factor that characterizes the optical density of the atmosphere from
sea level to the zenith. As a result, the original SBI-Classic formulation is
updated to SBI-AM.

The calculation of this factor requires the solar constant, represent-
ing the solar irradiance outside Earth's atmosphere under air mass
0 conditions, which is 1.353 kW/m?2. The elevation level above sea level
to calculate this factor is in km [49]. Another metric called
SBl-efficiency can be calculated by dividing SBI by the area of the
aperture.

In the case study of this research, all apertures of the BK building are
perpendicular to the ground. Consequently, the angle of incidence (the
angle between the sunlight and the window normal), is numerically
equivalent to sun altitude. On the Netherlands topographic map, the

elevation level of Delft, especially around the BK building, is 0.004 m.
This also functions as the elevation input for LB Construct Location
component in GH. Note that this input should be provided in meters.

To compute view lumen, the hemispherical fisheye view is of greater
accuracy in depicting the illuminance received at the sensor point in
comparison to the angular view [8]. Existing photo processing methods
predominantly entailed the transformation of fisheye images into con-
ventional viewpoints, thus, the techniques for generating hemispherical
fisheye views and conducting subsequent color analysis emerged as the
starting point for resolving this challenge. The approach adopted in this
research employs the imaging principle of a hemispherical fisheye to
construct circular geometric sensor units directly in Grasshopper. Inside
these units, different segments corresponding to building projection, sky
projection, ground projection, and shade projection are assigned specific
colors. Subsequently, the area of each color-coded section was calcu-
lated, and its respective proportions within the sensor unit were
assessed. This approach is inspired by Inanici’s research [50]. The 3D
geometry of the surrounding buildings is first projected onto a hemi-
sphere that is perpendicular to the aperture plane. Subsequently, this
projection onto the hemisphere is further transformed onto a circular
sensor unit aligned parallel to the aperture. The combined illuminance
contribution from the sky, ground, and obstacles adds up to 2000 lux,
and the total lumens of an aperture can be determined by multiplying its
area by the mean illuminance [8]. The "lost" lumens, which refer to those
lumens that are obscured due to the shading effects of the reveal [8], are
calculated by subtracting the combined contributions from the sky,
obstacles, and ground from the theoretical total lumens. In the end, for
any aperture of specific dimensions, the task is assessing the relative
allocation of area occupied by different colored patches.

Our developed application supports the evaluation of daylight per-
formance using annual daylight metrics, including DA, sDA, UDI, and
the validated SBI metric. Users select the desired metric through a front-
end interface, which triggers the retrieval of the corresponding
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simulation data and visualization settings. Depending on whether CBDM
or ABDM is applied, the simulation grid is generated using either floor
coordinates or window coordinates, respectively. For CBDM analyses,
simulations are performed at predefined surface heights to represent
typical workplane (0.80 m) and seated eye-level (1.20 m) conditions,
enabling consistent and task-relevant assessment of indoor daylight
availability.

The SBI method uses facade geometry, including apertures, to
calculate a single SBI value for an interior space while processing mul-
tiple facade surfaces simultaneously. The result depends on aperture
characteristics and how apertures are grouped within a defined space.
Developed to reduce daylight analysis time, the method supports rapid
evaluation in web-based tools and studies. Its main goal is to identify
correlations between SBI or sky lumen values and standard CBDM
metrics, enabling early estimation of CBDM performance using only
exterior information—such as facades, apertures, shading, and sur-
roundings—without detailed interior modeling or full simulations.
Although SBI cannot replace CBDM, required for certifications like
LEED, it provides a fast, computationally efficient means to support
early design decisions and reduce simulation effort.

3.2. BIM-GIS-daylight simulation integration

The initial phase of the workflow involves the preparation and
integration of data from Building Information Modeling (BIM) and
Mapbox. This process can be divided into three main steps: (1)
extracting room-related information from BIM elements and preparing it
for import into Rhino, (2) importing the interactive BIM model into the
Mapbox platform, and (3) synchronizing user-generated buildings in
Mapbox with the backend Grasshopper system. The integration of BIM
data into WebGL follows the workflow established by [51]. This process
begins by separating BIM data into geometric and non-geometric (se-
mantic) components. The geometric data is then converted into the open
standard gITF format, which is an efficient, interoperable format for
transmitting 3D models and scenes, well-suited for web applications and
real-time rendering environments. Non-geometric (semantic) data, is
exported as lightweight JSON files, which are linked to the corre-
sponding geometric elements via unique "Element IDs." This separation
and subsequent linking of data improve the flexibility and efficiency of
the data integration process. The geometric relationships are established
using bounding boxes, such as determining whether a bounding box
contains a center point or intersects with another bounding box. The
methodology also incorporates filtering elements and automating pro-
cesses for each room, including the conversion of the BIM model into
Grasshopper. A challenging aspect of this approach is managing inputs
and outputs within Rhino Compute to ensure that simulation results are
displayed at the correct coordinates on the front end.

Upon the selection of a room by the user, in the front-end interface,
the room number is extracted and sent to Rhino Compute as input. The
room number and its category name are then queried within GH on the
back-end to distinguish between the different rooms for sunlight simu-
lation. To simulate sunlight accurately, the geometry of each room is
processed to differentiate between its components and apply the
appropriate materials. Notably, since ceilings are not predefined as a
separate category in BIM, they are created by duplicating and offsetting
the floor geometry.

The integration of per-room daylight simulations consists of several
stages, including the front-end, back-end, data processing, and Rhino
Compute (Fig. 3). Upon user input, the data is transmitted to Rhino
Compute in the form of integers, numbers, and strings. Based on the
selected Level of Detail (LOD) and desired metrics, Rhino Compute
identifies and executes the appropriate GH script. Subsequently, the
server performs sunlight simulation according to the instructions spec-
ified in the GH script. Additionally, when the user adds extra buildings in
Mapbox, data such as coordinates, materials, rotation angles, and other
attributes are transmitted as lists. This ensures that null values are
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avoided, even in cases where certain building types are missing.

To assess the impact of alternative design scenarios and support
informed urban planning and design decisions, comparative analysis of
daylight simulations enables systematic evaluation of how different
building configurations and simulation parameters affect daylight
availability. In this application, for each simulation run, the resulting
daylight performance data are temporarily stored, enabling direct
comparison with subsequent simulations. This approach allows users to
evaluate and contrast multiple design scenarios under consistent envi-
ronmental conditions. As a result, the platform supports iterative design
exploration and informed decision-making regarding daylight
performance.

3.3. Workflow optimization

To optimize the workflow, it is essential to compare the impacts of
different Levels of Detail (LODs) as well as the coverage range of 3D city
model on the simulation performance. This benchmark comparison as-
sesses both the time efficiency and accuracy of daylight simulations
using LOD 1.3 and LOD 2.2. It is assumed that LOD 2.2 yields more
accurate results due to its inclusion of more detailed roof information,
which enhances the precision of the Open Area (OA) values used in per-
room daylight simulations (Eq. 6).

|ValueLOD 1.3 — ValueLOD 2.2|

100%
Valueyopz.2 x100% ©

Percentage Difference =

To optimize the workflow, the influence of the spatial extent of
surrounding buildings on the accuracy and computational duration of
daylight simulations is also evaluated. The geometric center of the BIM
model was used as the origin for range radius expansions, encompassing
200m, 250m, 300m, and 350m (Fig. 4).

The benchmark for simulation accuracy regarding radius is based on
the 350m range radius. This range is considered the most accurate as it
encompasses the most extensive model information, ensuring a
comprehensive analysis of the surrounding buildings' impact on daylight
simulation. Therefore, all other radius options (200m, 250m, and 300m)
are evaluated against the 350m radius to determine their effectiveness
and efficiency. The ground average reflectance was set as a standard
value of 0.20.

4. Results and discussions
4.1. User Interface design and workflow for daylight simulation

Fig. 5 illustrates the User Interface design of our developed platform.

The first step involves setting up the static urban environment and
selecting the site-specific EnergyPlus Weather (EPW) data, which typi-
cally do not require frequent adjustments. The current implementation
allows users to manually obtain EPW file links by selecting a location
and copying the associated link. The second step features a drop-down
menu offering three prototypes for adding new buildings. These build-
ings are initially positioned in a default location and can be resized using
a slider. Users can preview adjustments. All newly added buildings or
selected ones can be deleted by the user. In the third step, users can
modify the materials of the newly added buildings, choosing from three
available options. Material changes can be previewed in Mapbox, with
corresponding color changes. Users can click on any newly added
building to view its material information. The fourth step involves
selecting the room for simulation. Rooms can be queried either by name
(through the drop-down menu) or upon clicking. In the latter case, the
bounding box in Threebox is automatically generated upon a hover or
click event. Upon selecting a room by the user, or conducting a query
and opting to "preview Room," the unselected segments of the BIM
model are rendered 97% transparent to emphasize the selected room
visually. The fifth step requires selecting metrics from a drop-down
menu for sunlight simulation and setting the simulating surface height
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Fig. 4. Four radii for static 3D city model for case study.

as needed. The sixth and final step involves obtaining the simulation
results, along with descriptions and comparisons with previous simu-
lation results under the same conditions.

4.1.1. Simulation results comparison

In this interface, numerical results from each calculation are
temporarily recorded for comparison with subsequent simulations.
Initially, the result comparison column is blank. When the application is
first run, this column remains empty. If it's the first calculation under a
specific LOD or grid surface level option, it will display "This is the result
of the first simulation in this case." If the LOD or grid surface level
changes during the simulation, the results will be re-recorded (Fig. 6).

4.1.2. 3D city model incorporation
The 3D BAG model, as the 3D city model open data of the
Netherlands, is imported in Mapbox using RhinoJSONCity. Upon

initiating an HTTP request, data within the existing Mapbox scene is
categorized by building typology and transmitted to the GH backend for
geometric modifications: duplicating, rotating, scaling, and moving, to
ensure synchronization with Mapbox data, and the final geometry is
organized according to the materials to build the HB Shade component.
Alterations to the Treebox source code are necessary to add attributes to
each imported object, thereby enabling customization of their select-
ability, rotatability, draggability, and altitude adjustability, which is
essential for implementing different levels of control between existing
surrounding buildings and the added buildings. This application sup-
ports LOD options of 1.3 and 2.2, with the default setting at 2.2, which
can be adjusted via a radio button interface.

4.1.3. Material selection
In the early stages of building planning, three alternative materi-
als—float glass, reflective glass, and brick—were evaluated for facade



Y. Liu et al. Building and Environment 293 (2026) 114376

- CGHO WEATHER EFW § =D CITY LOD
You should click a place on the map, right-click, and then select "Copy Link Address"
Step 1: [Link to EPW Map & | P
-
Choose surroundings LOD: () LOD13 @ LOD22 [
[oke]
= ADD SURROUNDING BUILDINGS 'Add new buildings 8
[ Add new buildings 8 |
unit: meter(m) Ypenburg ZH NLD
o Depth
2 .
Step 2: ® Height
® Width
[Apply ®
[ Clean all added buildings @ | | Delete selected @ |
Type 2
[ Choose material (Defautt Brick) & |
- CHOOZE ADDED EBUILING MATERIAL
Step 3: | Choose material (Default: Brick) & | T
Float Glass (pa 3%, Td35%,
The facade's material is | Reflective glass == T ——
- SELECT ROOM EBY NAME Room Preview Q
Step 4: — Query Room Name — | [ Room Preview Q | 01.Mid.010 & Type3
Select room or query by name. (Example: 01.00st 330) 01.Mid100
‘ 01.Mid.801
- GHOOSE DAYLIGHT METRIGS (Computz & |
01.Mid.802
Step 5: [ Compute @ rnsons Daylight Autonomy (DA)
@® Desk Surface Level (0.8m) O Seated Eye Level (1.2m) 01.Mid.804 | Spacial Daylight Autonomy (sDA)
S— ! Useful Daylight Illuminance (UDI)
- RESULT 01Mid8s3 Sunlight Beam Index (SBI)
- = N
e 0 2 % 4 w @ 0 ® o W 01.Mid854 =
On average, the selected room receives at least 300
lux daylight for | 53.48% | of the occupied hours
throughout the year. with a standard deviation of
2%41%) (DA)
Step 6:
= RESULT COMPARISON
This is the first time you run DA simulation on this
room with the surface level height and LOD value
you chose.
Fig. 5. User Interface.
This is the first time you run <Metric Name>
simulation on this room with the surface level
Yes height and LOD value you chose.
e | e LD
Comparison T \_simulation? A
Message No Surface Level conditions?
The <Metric Name> value <decreased /
increased> by <difference> % due to the
change you made last time.
Fig. 6. Result comparison message showing in the application.
application in this case study. These materials provide a representative parameter is diffuse reflectance. A typical reflectance value of 0.5 is used
sample of local options, effectively showcasing the potential impact of for this material. By default, brick is applied as the material for all newly
new buildings. Notably, when using reflective glass, the HB Glass added buildings. Additionally, the "HB Shade" is the lightest among HB
Modifier is not applied, as the material already includes predefined objects, as it lacks boundary conditions or children and these material
reflective properties. Instead, the HB Translucent Modifier'' component modifiers are also linked to the shade component.
is used, which allows for the customization of four key inputs: diffuse
reflectance, transmitted diffuse, transmitted specular, and specular 4.1.4. Daylight metric selection
reflection, offering greater flexibility in material settings. The brick This application incorporates standard annual daylight metrics,
material is sourced from the library provided by the HB Search Modi- including DA, sDA, UDI, and SBI, which proved (as shown in section 4.2)
fiers. For materials with low transparency, such as brick, the critical to have potential to supplant the conventional CBDM metrics at early
design stages. Users select these metrics via a dropdown menu on the
front-end, with the system recording a sequence number corresponding
1 Translucent modifier. https://docs.ladybug.tools/hb-radiance-prim to the chosen metric and retrieving the appropriate file based on this
er/components/1_modifiers/translucent_modifier identifier. The legend for each metric appears only after the user makes a
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selection from the dropdown menu. The coordinates of the mesh grid
also differ depending on whether CBDM or ABDM is selected. CBDM is
based on the indoor layout and requires floor coordinates, whereas
ABDM is based on aperture and necessitates the coordinates of the
windows. Given the regular type and distribution of windows in this case
study, the window heights can be determined based on the floor heights.
This application also provides comprehensive explanations for each
metric to assist designers in comprehending the implications of the
daylight metrics.

For simulating surface levels for CBDM metrics, two radio buttons
are available, offering options of 0.8 m and 1.2 m, with the default set to
0.8 meters. A height of 1.2 m simulates daylight conditions at the
average eye level of a seated person, accurately reflecting lighting for
tasks like reading or computer work. Conversely, a height of 0.8 m as-
sesses daylight performance on desk surfaces, helping designers evaluate
natural light adequacy for tasks such as writing, reading, or using a
computer. When the corresponding simulation grid is imported into
Mapbox, the varying heights of the simulation surfaces will be reflected
accordingly Fig. 7.

4.1.5. Simulation results

Fig. 8 provides an example of the simulation results for SBI metric,
imported into Mapbox through Rhino Compute Appserver. It includes
importing the simulation grid into the Mapbox interface (with the SBI
based on the window positions) and displaying the numerical results in
the result column of the sidebar.

4.2. Analyses of simulation performance and daylight metric correlations

A regular rectangular shape and an L-shaped layout were created for
the correlation study. In addition, three aperture shapes were consid-
ered: rectangular, octagonal, and extended arch. The simulation also
accounted for variations in window sill height, the number and position
of apertures, and size of the rooms to achieve more generalized results.
For each room configuration shown in Fig. 9, eight orientations were
analyzed, both with shading (overhang extending 0.5 m horizontally
from the facade) and without shading.

In the simulation, the surrounding geometries are modeled as a low-
density urban area with low-rise buildings, reflecting the typical urban
context of Delft.

Maternial 1

g
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J I
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L L
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The average simulation time for CBDM metrics was approximately
50 seconds per session for small rooms and 1.1 min per session for larger
rooms. In contrast, the calculation time for ABDM metrics was
negligible.

4.2.1. DA and SBI-AM

Based on the definition of ABDM metrics, shading was identified as a
potential moderator of the results because it directly affects the aperture
surface exposed to sunlight. To account for this influence, the dataset
was divided into two groups: with shading and without shading, and
separate correlation analyses were performed for each scenario. The
following sections adopt this same structure.

Fig. 10 shows a moderate-strong positive association (R2 ~ 0,619)
between DA and SBI-AM under all modeled conditions. Higher DA
consistently leads to higher SBI-AM values. The R2 values for with
shading and without shading are 0,624 and 0,617 separately, both close
to the combined value, suggesting that shading has little effect on the
strength of the correlation.

While the R2 ~ 0,619 values indicate a meaningful linear associa-
tion, about 38% of the variance remains unexplained by DA alone. This
residual scatter is consistent with the influence of other drivers, such as
orientation, window-to-wall ratio, aperture shape and size, sill height,
and room layout, which can all modulate SBI-AM outcomes indepen-
dently of DA.

4.2.2. sDA and SBI-AM

Fig. 11 illustrates the correlation between sDA and SBI-AM, with R?
~ 0.489, indicating a moderate relationship, weaker than the DA vs.
SBI-AM correlation analyzed earlier. This suggests that sDA explains
only about 50% of the variance in SBI-AM, leaving roughly half influ-
enced by other factors, making SMI-AM a less reliable predictor of sDA.

Given the definition of sDA, which includes threshold settings for
annual occupied hours and indoor spatial distribution, in addition to
target illuminance, a weaker correlation compared to DA is expected.
The R2 values for the shaded and unshaded scenarios (0.499 and 0.47)
are close to the combined value, indicating again that shading has little
effect on the strength of this relationship.

4.2.3. UDI and SBI-AM
Fig. 12 shows the correlation between UDI and SBI-AM. The overall
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Fig. 7. Room DA value alterations due to material changes of obstruction.
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Fig. 8. Simulation results for SBI metric.

Fig. 9. Room layouts and aperture variations for correlation study.

R? value is 0,353, indicating a weak relationship between the two
metrics. Shading significantly reduces the slope of the correlation, with
the R? value decreasing from 0.404 to 0.303 under the shading condi-
tion. This indicates that shading is an important factor influencing the
relationship and has a greater impact when UDI values are considered.
SBI-AM is a poor predictor of UDI compared to DA or sDA because UDI
measures illuminance within a useful range with both lower and upper
thresholds, rather than total daylight exposure, which is more directly
related to ABDM definition.

4.2.4. DA and Sky Lumen

Fig. 13 shows a weak linear relationship between DA and sky lumen.
For a given sky lumen value, DA value spans a wide range, reflecting its
strong dependence on orientation and solar path. In contrast, sky lumen
remains relatively stable when the surrounding geometry density is
unchanged across all directions. This variability makes it difficult to fit

11

the data into a reliable regression model. Shading primarily shifts the
level of sky lumen rather than strengthening the relationship, shading
reduces the level but has little effect on correlation strength. Overall, sky
lumen is a poor predictor of DA.

4.2.5. sDA and Sky Lumen

Similarly, as shown in Fig. 14, the correlation between sDA and sky
lumen is also weak. The reason is comparable to the DA - Sky Lumen
relationship, sky lumen is not orientation- or sun-path-based, and in a
typical low-density urban context such as Delft, it tends to remain
relatively constant for a given aperture in all directions. In contrast, SDA
is highly dependent on orientation and includes an additional threshold
for annual occupied hours. Shading has a significant impact on sky
lumen because it directly obstructs a large portion of the view, but the
correlation strength stays the same.

4.2.6. UDI and Sky Lumen

As shown in Fig. 15, UDI also shows a weak correlation with Sky
Lumen. Shading significantly influences the relationship, and because
all UDI values are above 25%, the data are less dispersed, resulting in a
slightly higher R? value. This can be explained based on the definition,
UDI considers only illuminance within a useful range, which makes it
difficult to establish a strong correlation with sky lumen.

The correlation analysis between ABDM metrics and CBDM metrics
reveals that among the ABDM metrics, DA shows the strongest associ-
ation with SBI-AM. In contrast, SDA demonstrates a moderate correla-
tion, while UDI exhibits only a weak relationship. These differences
reflect their definitions: sDA incorporates indoor spatial distribution,
and UDI focuses on a useful illuminance range rather than total daylight
exposure. Across all cases, shading primarily affects the slope and
intercept of the regression lines but has minimal influence on correlation
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Fig. 11. Linear regression plot of the relationship between sDA and SBI-AM.

strength, except for UDI, where its impact is more pronounced. For Sky
Lumen, correlations with DA, sDA, and UDI are consistently weak. This
is expected because Sky Lumen depends on surrounding geometry and
view obstruction rather than orientation or sun-path, whereas DA and
sDA are highly orientation-dependent. Shading significantly reduces Sky
Lumen values by blocking direct views but does not improve correlation
strength.

Overall, SBI-AM has the potential to act as a proxy for DA results
obtained at a later design stage, while the Sky Lumen cannot be directly
linked to any CBDM metric. The role of Sky Lumen has more potential in
relation to studies on view out. This hypothesis and the scalability of the
SBI-DA correlation need further studies to be confirmed.
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4.3. Workflow performance analysis

4.3.1. 3D city model LOD1 versus LOD2

The DA metrics were analyzed to examine the impact of LOD vari-
ations on accuracy and computation time. For this analysis, 11 rooms,
located on the outer part of the BK model, were selected to compare the
DA metric results. The differences in simulation results are minimal
across all rooms, indicating that LOD 1.3 closely approximates the re-
sults of LOD 2.2 (Fig. 16 and Fig. 17). However, the percentage differ-
ences in simulation time vary significantly, with certain rooms (e.g.,
Room 35, Room 227, and Room 378) showing substantial increases in
time required for LOD 2.2 compared to LOD 1.3. In particular, rooms
with large window openings or those facing detailed external geometry
tend to be more sensitive to the increase in LOD, resulting in a more
significant rise in simulation time due to the added complexity of light
bounces and occlusion calculations in the ray tracing process (Fig. 18).
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This may be attributed to Delft's characteristics of low housing
density and relatively short building heights. Despite the prevalence of
pitched roofs in Delft, the impact of the building shapes is mitigated by
the overall low density. Consequently, this finding might not be appli-
cable to other locations, such as the city center of Amsterdam, where a
higher density could result in a higher variation in simulation results
between LOD 1.3 and LOD 2.2. In denser urban environments with taller
buildings, tighter spacing, and more complex roof and facade geome-
tries, higher LOD representations may exert a stronger influence on both
daylight performance metrics and computational demand. While LOD
1.3 offers an efficient and sufficiently accurate option for the tested
context, the proposed workflow allows users to adopt higher LODs when
applying the method to high-density urban settings where geometric
detail becomes more critical.

In conclusion, within this workflow, it is recommended to use LOD
1.3 for simulations as it delivers results comparable to LOD 2.2 without

prolonging computational time. Nevertheless, users retain the flexibility
to select either LOD 1.3 or LOD 2.2 for the final application.

4.3.2. Impact of 3D city model extent on daylight simulation performance

To estimate the impact of 3D city model extent on the daylight
simulation performance, seven rooms of differing orientations were
selected for the study. The mean DA value for each room was used as the
evaluative metric for daylight simulation accuracy. All simulations were
conducted with a LoD 1, a grid size of 0.6m, and a height of 0.8m, using
the LOD 1.3 model from 3D BAG. Fig. 19 and Fig. 20 presents a
comparative analysis of the mean DA values and computation times for
different range radii.

Across all rooms, the DA mean values are quite consistent regardless
of the range radius, indicating that increasing the radius beyond 200m
doesn't significantly affect the accuracy of the daylight simulation re-
sults. This also suggests that smaller radii might be sufficient for
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accurate daylight simulations, so in the GH script of all the metrics and
LOD options, the 200m radius model is used for regular simulations due
to its efficiency in computation time without compromising accuracy. As
the range radius expands, computation time increases in most cases.
Grasshopper records time with only one decimal place when it is more
than 1 ', potentially obscuring minor variations. Despite this, the overall
trend shows a clear upward trajectory, highlighting the increase in
computational load as more model details are included.

The identified 200 m spatial extent should be interpreted as context-
dependent and specific to the low- to mid-density urban morphology of
Delft represented by the LOD 1.3 3D BAG model. In denser, high-rise
urban environments, longer shadow-casting distances, reduced sky
view factors, and complex inter-building interactions may extend the
spatial influence on daylight performance beyond 200 m, potentially
requiring larger model extents to fully capture relevant daylight in-
teractions. While increasing the spatial radius leads to higher compu-
tational costs, the proposed workflow and web-based platform support
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flexible adjustment of the simulation extent, enabling users to balance
accuracy and efficiency based on urban density, building height, and
climatic context.

The impact of considering spatial context in daylight simulation has
been investigated [39]. Our analysis of simulation radius effects re-
inforces literature on context dependency and computational burden in
urban daylight modeling. Our observation that DA mean values remain
stable beyond a 200 m radius suggests that expanding the spatial extent
of urban context does not proportionally improve simulation accuracy
but does increase computational load. This finding provides quantitative
support for radius thresholds in daylight performance assessments, of-
fering a practical guideline for optimizing computational resources
without compromising analytical value.

The investigation into the effect of model LOD on Daylight Auton-
omy (DA) accuracy and computational effort confirms and extends
recent observations that appropriate and context-specific geometric
simplification can substantially improve performance simulation
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efficiency without significant loss of fidelity [52]. This aligns with
emerging discussions on balancing model complexity and simulation
practicality in urban daylighting studies. Whereas earlier research has
often adopted higher-resolution models by default, without rigorous
evaluation of their necessity in daylight metrics (e.g. [53,54]), our re-
sults provide empirical evidence that supports strategic LOD selection as
a design parameter rather than an assumed prerequisite for accuracy.
This outcome provides insight into the potential for streamlined
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integrated workflows for both planners and designers. This resonates
with broader challenges in daylight simulation accuracy and validation,
where geometrical representations and computational scalability are
key themes in recent reviews [55]. The flexibility to choose either LOD
1.3 or 2.2 in the final application also offers practical adaptability across
early-stage exploration and detailed refinement phases of urban design.

Furthermore, the successful deployment of MapboxGL as an inter-
active GIS platform for integrating BIM and urban models aligns with a
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growing trend towards web-based visualization environments that
enhance user interaction and accessibility in environmental analysis
workflow. For example, integration of BIM and GIS in a web viewer
environment has been demonstrated for infrastructure asset manage-
ment, enabling interactive exploration of combined model data [56,57]
have employed Mapbox GL JS to render interactive maps in web-based
systems for spatial visualization and analysis, demonstrating its viability
for research-oriented geospatial applications (e.g., usage in a web-based
interactive mapping system leveraging Mapbox GL JS for rendering and
data handling.

The developed tool streamlines the daylight simulation workflow by
providing an intuitive web-based interface. Users can add surrounding
buildings through simple actions such as clicking, dragging, and drop-
ping, without requiring prior knowledge of BIM, Rhino, or daylight
simulation. The BIM model is pre-processed and loaded in a room-based
format, while a Grasshopper script is automatically linked on the
backend. Using cloud computing accelerates the simulation process
compared to local execution on desktop Rhino and Grasshopper. This
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approach eliminates the need for Rhino installation and enables inter-
active access via a webpage, making it ideal for collaborative design
reviews during early urban planning stages. For example, stakeholders
can assess the impact of adding new buildings on daylight performance
at the room level (or floor level with adjustments). The key advantage of
this workflow is that a single expert can set up the system, allowing team
members to run simulations and obtain results without specialized
software or technical expertise.

5. Conclusions

In this study we have developed a web application for room-level
daylight simulation considering its spatial context. This web applica-
tion has been developed through an effective integration of BIM-GIS-
daylight simulation triplet. This system integrates Grasshopper scripts,
Rhino Compute, and MapboxGL to facilitate seamless interaction be-
tween BIM data, 3D city model, and simulation models, enabling flexible
and customized daylight simulations. Furthermore, this system
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introduces the first interactive interface incorporating ABDM metrics
that express facade daylight potential, in addition to the conventional
CBDM metrics DA, sDA and UDI. In current BIM-GIS daylight work-
flows, performance is typically assessed using CBDM metrics derived
from ray-tracing simulations. Although accurate, these methods are
computationally intensive and therefore difficult to implement in large-
scale or iterative processes. To date, ABDM has not been incorporated
into BIM-GIS workflows.

This study investigated whether ABDM-based metrics could provide
meaningful information within a BIM-GIS daylight assessment frame-
work and function as alternative or supporting indicators in practice.
The results indicate that their applicability is metric-dependent: SBI-AM
demonstrated a strong correlation with DA, suggesting its potential as an
early-stage proxy in contexts where ray-tracing simulations are
impractical or overly time-consuming. Accordingly, the final application
integrates SBI as a selectable daylight simulation metric that can reliably
provide a proxy of indoor daylight performance at early design stages.
While ABDM cannot replace CBDM, specific metrics such as SBI-AM may
complement simulation-based approaches in computationally con-
strained workflows, or serve as additional daylight indicators during
early design phases when detailed indoor information is not yet
available.

Sky Lumen was found to be weakly correlated with the investigated
CBDM metrics, as less dependent on orientation and sun position. At the
moment, it was therefore not implemented in the final application. It
might be however a metric of interest for studies on view and should be
investigated further in future research.

MapboxGL demonstrated to be an effective GIS platform for inte-
grating BIM models in room-level daylighting simulations, offering a
user-friendly interactive system for efficient manipulation of newly
added buildings. The 3D city model of the Netherlands, as open data, is
served in the platform at two different detail levels, to include the spatial
context and facilitate their leverage on daylight simulation based on the
required detail level and computational time for different applications.
The integration of Rhino Compute technology facilitates user interac-
tion, transfer, and access to both geometric and numerical daylighting
data seamlessly.

The application offers practical value to multiple stakeholders.
Urban planners and architects can leverage the application to assess and
optimize daylight performance in building designs, enhancing energy
efficiency and occupant comfort. City authorities and policymakers can
use it for informed sustainable urban planning strategies, ensuring that
new developments maximize natural light while minimizing energy
consumption. Environmental researchers, sustainability consultants,
developers, and construction professionals benefit from actionable in-
sights into daylight availability across urban environments, promoting
smarter and more sustainable urban design.

Software availability

Name of software: Cloud-based room-centric daylight simulation
tool for environment design

Developer: Yangyu Liu, TU Delft, liuyangyu82@outlook.com

Date first made available: July 2024.

Software required: Web browser, Visual Studio, Rhino, Node JS

Program Language: JavaScript, Python, C#, HTML/CSS

Source Code: Accessible to anyone at https://github.com/ottert
je/compute.rhino3d.appserver.

Cost: Free.
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