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41. Introduction - New houses’ daylight impact

Daylight Autonomy for Architecture Building without new building(a) and with new 
building(b). (Rajus et al., 2022)

before after

New building under construction  Pascoe, R. (2023）

Housing shortage in the Netherlands Pascoe, R. (2022）

Introduction



51. Introduction - New house & Urban canyons’ impactIntroduction

Hierarchy of the factors affecting the amount and quality of solar 
radiation (Nasrollahi & Shokri, 2016)

Influence of street direction (left two) and influence of roof shape (right two), both 
with east-west street(left) and north-south(right). (Van Esch et al., 2012)

Obstruction angle (OA)’s impact on indoor daylight 

Simulation on existing building after change the surroundings on urban scale
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A refined version of LOD definitions in CityGML 2.0. LOD4 
indoor representations are not included. (Biljecki et al., 2016)

Examples of how lower LOD versions of the same building may generate higher OA than 
their corresponding LOD2 counterpart, when the roof type is gabled roof

2. Background- 3D City Models & Daylight AnalysisIntroduction

Building built time in Netherlands (3D tiles in MapboxGL)Rotterdam 3D 3D BAG CityJSON



71. Introduction – Daylight simulation tool

Daylight simulation tools with Radiance embedded (Radiance, n.d.)

According to a survey of satisfaction Fernandez-Antolin’s  
group (2020-2022) with 170 people working in 
architecture field,

 complexity of use
 large amount of data entry 
 a poor interface 

Wanted:
 User-friendly
 Less data entry, automated workflow
 Nice integration with other tools

Introduction

Building Information Modelling (BIM)
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Revit or Rhino ?

Introduction 1. Introduction – Revit or Rhino?



91. Introduction – Daylight standard & metrics

Climate-Based Daylight Modeling
CBDM Standard

Aperture-Based Daylight Modeling
ABDM Method

EN 17037
ABDM schema: certainty outside, uncertainty inside (Mardaljevic, 2016)

DA (300lux)

sDA (50% 300lux)

UDI (100-3000lux)

SBI

Sky Lumen

Introduction



102. Background- New building & Urban canyons’ impact

Different ways of daylight penetration into the building: Directly from the sky. Direct reflection from an external barrier. Reflection from 
the floor and ceiling. Reflection from the ground, ceiling and the walls.  (Nasrollahi & Shokri, 2016)

Introduction

Illuminance level = SC        +    ERC        +          IRC

Static City Model BIM

Added New 
Building



112. Related work – Rhino Compute Simulation

KPF Scout. (n.d.) Rhino plugin, 2022

IAAC MaCAD track student projects (Ingrassia, M, 2021)Arup InForm. (n.d.)

Introduction



122. Related work – BIM and simulation in web viewer

View Revit models inside Mapbox using Autodesk Forge (Wallabyway, 2019)

Place BIM model everywhere in Mapbox, reading IFC properties by 

clicking elements before placing. (Helenkwok, 2023)

NYC park analysis tool using Rhino, Vue.js, Mapbox.gl, apex-charts, Three.js, and Tailwind CSS (Pachuca, 2021)CDC BIM campus digital twin WebGL browser (CIMS lab, 2023)

Introduction



133. Research Questions

How to integrate BIM, GIS, and Daylight simulation, user interaction together?

Introduction

Per room 

automation

City Model 

&

User

Interaction

Accuracy 

& 

Efficiency

ABDM as

Alternative Metrics?

To what extent can a                               conduct                                                                   on                       to                                         
the influence of                                   within an                             ?

cloud-based

per-room

daylight analysis

BIM models

effectively demonstrate

dynamic changes

urban context

web application
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Methods
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5. Implementation



154. Methodology

Theoretical Framework

Methods

Cloud-based application



164. Methodology

Methodology

Workflow

Methods

Cloud-based
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18Settings & Data preparation – 3D City Models in GH

Load 3D BAG cityJSON models in GH

Static city model in GH

◼ R = 200m
◼ R = 250m
◼ R = 300m
◼ R = 350m

◼ LOD 1.3
◼ LOD 2.2

Methods



19Settings & Data preparation – 3D City Models interaction in MapboxMethods

User-added buildings BIM 

Create attributes
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21Settings & Data preparation – BIM data preparation

Tag ROOM Info Per Category

Methods

WebGL based interactive application workflow - BIM / 
GIS (Yan, Z et al., 2023.)
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Comparison of First Compare object Second Compare object Moderating variables to be validated

1 vs 2 0.9m 1.4m height of window sills

1 vs 3 3m x 3.5m 5m x 4m room’s layout

3 vs 5 portrait window landscape window portrait and landscape window 

orientations

1 vs 4 single window two separate windows distribution type of windows

4 vs 6 1m x 1m 0.5m x 1.5m shape of combined windows

A-H vs I-P with shading without shading presence or absence of shading

A, B, H, I, J, P vs D, E, F, 

L, M, N

facing South facing North orientation of windows

Settings & Data preparation – Correlation study settingsMethods

CBDM ABDM
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255. Implementation – Load BIM in Mapbox per room & Interaction

Comparison of different load in methods

Load in per roomLoad in per element

Methods
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275. Implementation – 3D City Models interaction in Rhino & Mapbox

3 material settings

• Classify by material to build HB Shade
• Avoid empty inputs

Methods

Relationships between Geodetic, ECEF and Scene ENU coordinate systems. (Wikipedia, 2010) 

• Synchronize - reproduce
 Duplicate
 Scale
 Move
 Rotate
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295. Implementation – Daylight Simulation Workflow AutomationMethods
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315. Implementation – Rhino Compute Workflow AutomationMethods
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Get Coordinates for simulation grid



335. Implementation – Daylight Simulation Workflow Automation

Load floors to get JSON coordinates then parse in JS object for BIM building

Get Coordinates for simulation grid

Methods
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355. Implementation – SBI Script

Airmass (AM) as a function of solar zenith angle θz (Mardaljevic & Brembilla, 2021)
correlation between altitude angle, zenith angle and angle of incidence

Methods



365. Implementation – View Lumen ScriptMethods



375. Implementation – Data analysisMethods



385. Implementation – Data analysisMethods

CBDM Metrics ABDM Metrics



395. Implementation – Data analysis: DA - SBI 

y = 183.24x + 482.85
R² = 0.9119

y = 122.51x + 2257.9
R² = 0.8657

y = 58.654x + 762.46
R² = 0.9073

y = 123.52x + 966
R² = 0.8508 y = 55.983x + 1650.8

R² = 0.8578

y = 11.321x + 1680.6
R² = 0.0851
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Analysis:

• Overall very strong correlation
• South better fitting than North
• Greatest impact moderating variable :Geometric features of rooms

Methods



405. Implementation – Data analysis: sDA - SBI  

y = 183.24x + 482.85
R² = 0.9119

y = 122.51x + 2257.9
R² = 0.8657

y = 58.654x + 762.46
R² = 0.9073
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Analysis:

• Overall strong correlation, 1 exception
• South better fitting than North
• Greatest impact moderating variable :Geometric features of 

rooms

Methods



415. Implementation – Data analysis: UDI - SBI 

y = 158.35x - 6492.8
R² = 0.8133

y = 145.75x - 5452.1
R² = 0.8187

y = 229.54x - 14123
R² = 0.2212

y = 286.56x - 15436
R² = 0.9695

y = 669.79x - 46776
R² = 0.4035

y = 243.27x - 11900
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Analysis:

• Overall strong correlation, 2 exceptions
• South better fitting than North

Methods
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y = -0.4551x2 + 17.905x + 2351.4
R² = 0.3374

y = -0.0797x2 + 7.0298x + 3688.6
R² = 0.7522

y = -0.0926x2 + 5.4822x + 2411.5
R² = 0.7026

y = -0.0687x2 + 5.7254x + 3681.6
R² = 0.758

y = -0.0628x2 + 6.7915x + 2355.8
R² = 0.7414

y = -0.0596x2 + 8.1485x + 3567.9
R² = 0.7603

y = -0.1277x2 + 10.443x + 3624.2
R² = 0.7194

y = -0.0522x2 + 6.1237x + 3061.5
R² = 0.714

y = -0.053x2 + 6.8297x + 3637.1
R² = 0.7529

y = -0.0492x2 + 4.6996x + 3748.7
R² = 0.7653
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8. Data analysis : DA – Sky Lumen 
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Analysis:

• Overall good correlation
• Greatest impact moderating variable : Shading condition

Methods
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5. Implementation – Data analysis: sDA – Sky Lumen 
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Analysis:

• Overall good correlation
• Greatest impact moderating variable : Shading condition

Methods
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y = -0.5838x2 + 68.429x + 520.41
R² = 0.4344
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5. Implementation – Data analysis: UDI – Sky Lumen 
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Analysis:

• Overall good correlation，3 exceptions
• Greatest impact moderating variable : Shading condition

Methods



455. Implementation – Data analysis: LOD compute time and accuracy
D
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465. Implementation – Data analysis: different radii compute time and accuracyMethods
D

A



475. Implementation – Data analysis: different radii compute time and accuracyMethods

New YorkAmsterdam BIM on different scale

High-density area

LOD Radius Radius
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Results

AR3B025_ Building Technology Graduation Studio

3 Demo
6. Results
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https://www.youtube.com/watch?v=I1yJrKcFfYs



516. Results – User interface

Step 1

Step 2

Step 6

Step 3

Step 4

Step 5

Results



526. Results – North vs. SouthResults



536. Results - Potential to utilize SBI & Sky LumenResults

Conclusions:

• SBI: has strong correlation with traditional 
metrics : DA & sDA, UDI.

• Outliers: occasional lack of correlation in 
real-world scenarios (North)

sDA (50% 300lux)

UDI (100-3000lux)

• Implementation: influenced by all 
moderating variables



546. Results – Implement SBI Results



556. Results – Moderating variablesResults

• Further research: 
 more moderating variables
 quantitative relationship study
 broader and more comprehensive 

experiments
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Conclusion

AR3B025_ Building Technology Graduation Studio

4 7. Conclusion
8. Future work



577. Conclusion

1. 3D city models loaded in Rhino and application for simulation and interaction?

2. How can BIM model be integrated into Rhino and GIS platform for automated per- room daylight simulation ?

Results

Front-end (Mapbox) Connector (Rhino Compute) Back-end (GH)

Add new buildings
(Settings)

Coordinates conversion Sync to GH 
(Avoid empty imput)

Static Extrusion Layer 3D BAG Static 

Front-end (Mapbox) Connector (Rhino Compute) Back-end (GH)

Load BIM (glTF) per room Dynamo + Rhino.inside.Revit

User interface + Select room Input + GH script  + Output 
(Settings)

4 Simulation Metrics 
Query attributes



587. Conclusion

3. Implement promising new metrics (SBI & sky-lumen) on application?

4. Impact of varying LODs in 3D city models on accuracy and time, workflow optimization.

Results

SBI - CBDM Sky Lumen - CBDM Conclusion

Linear relationship Quadratic relationship SBI has potential

North not applicable SBI can’t replace CBDM

Implementation: Window coordinates

Radius LOD Conclusion

200m 1.3 Time > accuracy

HB component, BIM load per room …



597. ConclusionResults

More than just an application …



60Requirements for BIM as inputConclusion



61Workflow scale upConclusion
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+ + +

Building Room Element
Daylight Structure CFD …

Mapbox

facade Category

Workflow scale upConclusion



638. Future workConclusion

Implement 

Sky Lumen

Client 

Selection

ElementCategoryStructure CFD …

xScale 

up

Urban

Studyx

Open 

Source 

Data

User 

Experience

3D Tile 

Mapbox
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To what extent can a web application conduct per-room daylight analysis on BIM models to

effectively demonstrate the influence of dynamic changes within an urban context?

Results

MapboxGL Rhino Compute Rhino.inside.Revit SBI User Interface



65

Thank you!

AR3B025_ Building Technology Graduation Studio
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