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Introduction / Daylight & Indoor environments



Presenter Notes
Presentation Notes
Daylight plays a defining role in the life in indoor environments.
Lighting conditions affect not only humans but also the behavior of the buildings.
Consider for a second the different feeling you have in these two different conditions for instance.

https://www.pexels.com/photo/brown-wooden-sofa-set-with-lighted-table-lamp-189333/
https://www.pexels.com/photo/green-leafed-plants-380768/
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Introduction / Daylight & Indoor environments
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Presenter Notes
Presentation Notes
Daylight is significant for humans’ well-being both physiologically and psychologically.
In terms of buildings’ behavior, it affects drastically the energy consumption not only for lighting but also for cooling and heating through the solar gains.
For these reasons, it is vital to consider it carefully during the design of new buildings as well as in retrofitting projects.
International standards and certificates for buildings include lighting in buildings in the core of their frameworks. 
Since estimating the daylight conditions and its effects on humans and buildings is not an easy task simulations are utilized.
Simulations can estimate the interaction of light with the indoor environment and calculate metrics that help designers and engineers.
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Introduction / Daylight simulations

19 January 2026

Daylight simulation program

Scene
- SCene geometry

- surrounding landscape

- terrain reflectance

- optical properties of material
- state of shading technology
- state of artificial lighting

Area of interest || Space usage Sky model
- viewpaoint - type of space - date, time
- sensor network - lighting requirements - longitude, latitude
- points - schedule - sky condition
(cloudy, clear)
- weather data

Y
“\

Daylight simulator
(raytracing, radiosity, ...)

Intermediate results
- illumination
- luminance

Results processor

y

Simulation result
- performance metrics
- simulations

Hensen and Lamberts (2019) as cited in Dolnikova (2025)


Presenter Notes
Presentation Notes
This diagrams illustrates the different components needed to perform daylight simulations.
In this study we focus on the scene which is highlighted with the red rectangle and especially the geometry.


Introduction / 3D modeling
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https://creativecommons.org/publicdomain/zero/1.0/deed.en
https://commons.wikimedia.org/wiki/File:Lufkin_Universal_50_ft_tape_measure.jpg
https://commons.wikimedia.org/wiki/File:Lufkin_Universal_50_ft_tape_measure.jpg
https://creativecommons.org/licenses/by/2.0
https://commons.wikimedia.org/wiki/File:HoloLens_2.jpeg
http://creativecommons.org/licenses/by-sa/3.0/
http://creativecommons.org/licenses/by-sa/3.0/
http://creativecommons.org/licenses/by-sa/3.0/
https://commons.wikimedia.org/wiki/File:Lidar_P1270901.jpg
https://commons.wikimedia.org/wiki/File:Lidar_P1270901.jpg
https://commons.wikimedia.org/wiki/User:Ayamano2021
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://commons.wikimedia.org/wiki/File:IPhone_15_Pro_Max_Camera.jpg
https://commons.wikimedia.org/wiki/File:IPhone_15_Pro_Max_Camera.jpg
https://www.pexels.com/photo/engineering-equipment-in-close-up-shot-13279686/

Introduction / 3D modeling

3D reconstruction

Geometric modeling is the process of constructing simplified
representations of the 3D shape of building components, such as walls,
windows, and doors, from point cloud data.

Semantics

Semantic modeling is the process of labeling a set of data points or
geometric primitives extracted from the data with a named object or object
class.

Topological modeling

Relationship modeling refers to the modeling of spatial relations between
objects (i.e., aggregation, topological, directional)

19 January 2026

Duplex apartment IFC test model from: https://github.com/youshengCode/IfcSampleFiles



https://github.com/youshengCode/IfcSampleFiles

Introduction / RoomPlan

Source: https://developer.apple.com/augmented-reality/roomplan/
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Research questions

Main research question

“How feasible and accurate is the use of iPhone for generating 3D indoor models suitable for
daylight simulation?”

Sub-questions

1. What are the possibilities of using the RoomPlan APl and accessing data from iPhone’s
sensors for daylight simulations?

2. How can the RoomPlan API’'s model be transformed into a format compatible with daylight
simulation tools?

3. How do RoomPlan generated models perform compared to manually reconstructed models
with respect to geometrical accuracy and daylight simulations results?

19 January 2026 9



Methodology
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GeoinfolLab

BGW640

11
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Presenter Notes
Presentation Notes
3 case studies and we follow a comparative experimental research


Methodology

Data acquisition Tool Automatic
with development 3D Models
iPhone
¢ / N
USD > »| HoneyBee
Models
Manual > HoneyBee
3D Models manually . Models
|
v
A .
i Simulations Set up " Simulations | [ Evaluation
ST T execution (metrics)
Alignment of ) PIT Grid-based Geometry Daylight
Model Sensor grids I Lrid-base Chamfer distance  [|luminance
0aets i PiT View-based .
L Views )L ) \Hausdorffdlstance DGP

19 January 2026
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Presenter Notes
Presentation Notes
The Chamfer distance captures the average surface deviation
Hausdorff distance reflects the maximum local discrepancy.


Data/Manual/Room BGW640

19 January 2026 13 \733



Data/Manual/Room 01050

19 January 2026
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Data/Manual /GeoinfolLab




Data/RoomPlan/Room BGW640




Data/RoomPlan/Room 01050




Data/RoomPlan /GeoinfolLab

Parametric



Data/RoomPlan

Xform default

Section_grp Xform default
Mesh_grp Xform default
Parametric_grp Xform default
Model_grp Xform default
Arch_grp Xform default
Wall_o_grp Xform default

Door1 Mesh
Door1_color Material
wallo Mesh
Wall0_color  Material
Wall_1_grp Xform default
Wall_2_grp Xform default
Wall_3_grp Xform default
Floor_grp Xform default
Object_grp Xform default

Hierarchical structure of USD data format.

Known semantics and relations

19 January 2026 19



Simulation ready geometry

How windows and doors can be modelled in the world of HoneyBee




Simulation ready geometry

Convert USD model to HoneyBee models




Solution approach
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o
Simulation setup @

* Manually for manual models in Grasshopper
* Directly from the script for Roomplan models

_geo
_hame_ report
_type_
_bc_ O
ep_constr_ faces

rad_mod_

-geo
name report

operable_

ep_constr_

Aperture

apertures
rad_mod_

_geo

_name._ report

glass_ I

ep_constr_

Geometry
Door

doors
rad_mod_

rooms_
faces_
shades
apertures_
doors_

_name_

report D

8

model D

_geo
_name_ report
S h a d e attached_ E

1
ep_constr_

ep_trans_sch_ shades

P W W . W . . . W F o WY o Y Y Y OO O O O

rad_mod_
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del

*Manually for both models in Grasshopper

_rooms

_grid_size orid
_dist_floor_ 4, .
quad_only_ 'Q’ ERE

remove_out_
wall_offset_ el

_model
grids_ model

views_

Assign grid & views

_name_
_position
_direction
_up_vector_ @ view D
_view_type_
_h_angle_

_v_angle_

( colored_

_epw_file
hoys_ E[EI; wea

timestep_

Recipes
_model
_sky
_metric_ report B
_resolution_
it i [
view filter_ BT

skip_overture_
radiance_par_ results D
run_settings_

_run

Point-in-Time View-based

_model

—sky report D

_metric_
id fi 9 _ &
grid_filter_ T
radiance_par_

run_settings_ results D

P .. .\

_run

Point-in-Time Grid-based
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Simulation set up

HoneyBee models

BGW640
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Simulation set up/Sensor grids

Grid size: 0.5x0.5m
Distance form ground: 0.8 m

19 January 2026
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Simulation set up/Sun paths

Spring Equinox Summer Solstice Autumn Equinox Winter Solstice
20 March 21 June 22 September 21 December

% # * s

19 January 2026 ’ 26 c&?



Darkest spot

lation set up/Convergence test

> Choose parameters which produce similar results
between runs. (£5%)

> Stochastic nature of daylight simulations.

Why?
Objective

Simu

Aoeinooy

Precision

27

19 January 2026



Simulation set up/Convergence test

Parameters
ad as ar aa ab
Set1 32 16
Set 2 64 32
Set 3 128 64
90
Set4 256 128 85 -
8 80 {
Set5 512 256 751
70 -
Set6 1024 512 — 65 -
0.4 % 60 1
Set 7 2048 1024 =55 1
@ 50
Set 8 1 E 45 |
Set9 16 = 40 1
E 35
Set10 32 E %
Set 11 64 — %
Set12 128 1
5
Set13 0.2 0 -
4096 2048
Set 14 0.1
Set 15 0.05
Set 16 32 2
Set17 3
0.02
Set18 4
Set 19 5
19 January 2026

[luminance results with different sets of parameters
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Simulation set up/Convergence test

Coefficient of Variation of different sets of parameters Average illuminance with the different sets of parameters
2004 =
20.04
175 o
2175 ¢
150 E .
9 ‘E15.0
2125 g
o] —_
201004 2 12.5]
g &
& 754 5 10.04
g z
B 50 7.5
251 5.01
0 : : ; 2.54
\W%%ﬁbﬂ%Q%\\Q’b%%\b’\\{’l \‘L’b%%b’\‘bosz@'(f\{v{b\%%\b\\@@
coQa CJQ' CJ'E" COQ.- COQ; COQa coQa coe.r CJ'E" CQQ’ COQ‘ Gf" CQQ’ Coe‘ CJQ" Cg"} cj-é'\' Cjé} Cﬁé} C‘O‘Za COQ; co‘l.- COQ; COQ.- COQ.' COQ/ COQ.' %Qx %@ CQQ" COQ’ Q)Q’ CQQ" @ COQ‘ CQQ’ 0_7@‘ coe
Set of parameters Set of parameters

The error bars denote +5%

Set 18 -ad:4096 -as: 2048 -ar 32 -aa: 0.902 -ab: 4
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Simulation set up

—

Dates of Interest Spring Equinox Summer Solstice Autumn Equinox Winter Solstice
20 March 21 June 22 September 21 December
* * — =12 Points in Time
Hours of Interest 9AM 12PM 15PM -
3 models H H
for eachroom
— =9 models
Extruded Not extruded
3rooms BGW640 W01050 GeoinfolLab
Simulations types Grid-based View-based =2

216 simulations in TOTAL
19 January 2026 30 c)J?



Results

Geometric assessment

Daylight assessment

19 January 2026
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o
Results / Geometric assessment

BGW640 GeoinfolLab WO01050

Distance M-R M-N R-N M-R M-N R-N M-R M-N R-N

Chamfer(m2) | 0,1111 | 0,1171 | 0,0049 | 0,0021 0,004 | 0,0031 | 0,0092 | 0,012 0,0099

Hausdorff(m) | 0.8987 | 0.8983 | 0.2695 | 0.2825 | 0.3457 | 0.3456 | 0.4568 | 0.4568 0.3435

M: Manual
R: RoomPlan Extruded
N: RoomPlan Not Extruded

19 January 2026 32


Presenter Notes
Presentation Notes
Difference in ceiling
Missing windows
Difference in window


Results / Daylight assessment / Heatmaps

RoomPlan RoomPlan
Extruded

Not Extruded

=

19 January 2026
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Presenter Notes
Presentation Notes
Examples of heatmaps in the same point in time for the 3 different versions of the models

Not extruded overpredicts


Results / Daylight assessment / Heatmaps
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Results / Daylight assessment / Heatmaps
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Results / Daylight assessment / Heatmaps
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Results / Daylight assessment / Renders

> Example: GeoinfolLab
22-September 9AM

Grayscale False-color

19) 2026 <]
anuer TUDelft

ccccc
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Results / Daylight assessment / Renders

> Example: GeoinfolLab
22-September 12AM

Grayscale False-color
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Results / Daylight assessment / Renders

> Example: GeoinfolLab
22-September 15AM

Grayscale False-color
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Results / Daylight assessment / Renders

>Example: BGW640 Mgnual RoomPlan Not Extruded
20-March 9AM

DGP:0.20194 DGP: 0. 20385 DGP: 0. 20972

Category: Imperceptible Glare Category: Imperceptible Glare Category: Imperceptible Glare *Daylight Glare PrObabmty(D,GP)

19 2026 7 40 -0
ey TUDelft <:


Presenter Notes
Presentation Notes
DGP: DGP is an indication of the percentage of people who would be disturbed by glare


Results / Daylight assessment / Renders

>Example: W01050  Mgnual RoomPlan Not Extruded

T —

DGP: 0.23637 DGP: 0.23503 DGP: 0.23551

Category: Imperceptible Glare Category: Imperceptible Glare Category: Imperceptible Glare *Daylight Glare Probability(DlGP)

19) 2026 x 41 -0
ey TUDelft o)


Presenter Notes
Presentation Notes
DGP: DGP is an indication of the percentage of people who would be disturbed by glare
DGI: is a quantitative measure of discomfort glare caused by daylight entering an interior space.
Explain metrics
Add class to DGI


Results / Daylight assessment / Renders

> Example: GeoinfolLab
20-March 9AM

{llm [ /lllnl\

DGP: 0.20392 DGP: 0.20595 DGP: 0.21268 . . .
Category: Imperceptible Glare Category: Imperceptible Glare Category: Imperceptible Glare Daylight Glare PrObab'l'ty(D,GP)

19) 2026 x 42 -0
ey TUDelft <:


Presenter Notes
Presentation Notes
DGP: DGP is an indication of the percentage of people who would be disturbed by glare
DGI: is a quantitative measure of discomfort glare caused by daylight entering an interior space.
Explain metrics
Add class to DGI


Results / Daylight assessment /

> Statistics

RMSE -

Manual DGP

19 January 2026

00044,

0.5

RoomPlan DGP

Manual DGP

0.5
Not Extruded DGP

0.2 0.4
RoomPlan DGP

Manual DGP

=

-2

DGP

Manual

]
TUDelft

=]

=
b

=

b

REMSE : 0.0155.

0.2 0.4
RoomPlan DGP

0.2 0.4

Not Extruded DGP

=
.

Manual DGP

fa

0.2

0.4 0.6

Not Extruded DGP

RMSE

Roomplan Not Extruded
BGW640 0.0044 0.019
W01050 0.0155 0.024
GeoinfoLab 0.0053 0.019

43



Limitations

_model

sky report D

_metric_
id fi LN
grid_filter_ PIT
radiance_par_

run_settings_ results b

_run

Point-in-Time Grid-based

_model

_sky

_metric_ efeieli |1

_resolution_

view fier. 53 Furniture were not used

skip_overture_
radiance_par_ results D

run_settings_

. W N . W W . . W . .\

_run

Point-in-Time View-based

Only 3 rooms were tested Only

Pointin Time
simulations

19 January 2026



Conclusions

Main contribution

Python-based tool to convert RoomPlan’s model option to
HoneyBeelSON, which also allows for integration with the
_adyBug ecosystem for other types of buildings’ simulations.

RoomPlan provides a fast and intuitive way to scan indoor
environments compared to TLS.

* The results for the luminance are more accurate than the results
for the iluminance.

45



o
Answering research questions

Main research question

“How feasible and accurate is the use of iPhone for generating 3D indoor models suitable for
daylight simulation?”

Sub-questions

What are the possibilities of using the RoomPlan APl and accessing data from iPhone’s sensors
for daylight simulations?

Answer:

Using the sample code, it is easy to utilize the APl and acquire the data. The lack of previous
experience in developing iPhone apps limited the exploration to integrate the orientation of the
phone while capturing the data so that the models are oriented.

19 January 2026 46


Presenter Notes
Presentation Notes
1. Using the sample code, it is easy to utilize the API and acquire the data. The lack of previous experience in developing iPhone apps limited the exploration to integrate the orientation of the phone while capturing the data so that the models are oriented.


Answering research questions

Main research question

“How feasible and accurate is the use of iPhone for generating 3D indoor models suitable for
daylight simulation?”

Sub-question

How can the RoomPlan API’s model be transformed into a format compatible with daylight
simulation tools?

Isolation of the interior faces of the walls.
Creation of faces without holes or cavities.
Creation of windows’ frames.

Creation of the floor and the ceiling.

I

Creation of HoneyBee Model.

19 January 2026 47 ‘;\))


Presenter Notes
Presentation Notes
1. Using the sample code, it is easy to utilize the API and acquire the data. The lack of previous experience in developing iPhone apps limited the exploration to integrate the orientation of the phone while capturing the data so that the models are oriented.
2. By transforming the cube based on the transformation matrix. Attention should be given on cleaning duplicate vertices.
3. By using the already existing ones.
4. Based on the method used to reconstruct the floor and the ceiling using he walls the models are watertight.
5. So far –based on only one case study- the discrepancy is low, and the results are comparable. I want to test it on spaces with lower walls <=3.6 meters.


o
Answering research questions

Main research question

“How feasible and accurate is the use of iPhone for generating 3D indoor models suitable for
daylight simulation?”

Sub-questions

How do RoomPlan generated models perform compared to manually reconstructed models

with respect to geometrical accuracy and daylight simulations results?

Geometrical accuracy

Daylight accuracy

[lluminance (grid-based)

M.A.E: 269 lux

Luminance (view-based)

BGW640 GeoinfolLab W01050
Distance M-R M-N R-N M-R M-N R-N M-R M-N R-N
Chamfer (m2) 0,1111 0,1171 0,0049 0,0021 0,004 0,0031 0,0092 0,012 0,0099
Hausdorff (m) 0.8987 0.8983 0.2695 0.2825 0.3457 0.3456 0.4568 0.4568 0.3435
19 January 2026

RMSE less than 0.01
1 category mismatch
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Presenter Notes
Presentation Notes
1. Using the sample code, it is easy to utilize the API and acquire the data. The lack of previous experience in developing iPhone apps limited the exploration to integrate the orientation of the phone while capturing the data so that the models are oriented.
2. By transforming the cube based on the transformation matrix. Attention should be given on cleaning duplicate vertices.
3. By using the already existing ones.
4. Based on the method used to reconstruct the floor and the ceiling using he walls the models are watertight.
5. So far –based on only one case study- the discrepancy is low, and the results are comparable. I want to test it on spaces with lower walls <=3.6 meters.
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GitHub repo

https://zenodo.org/records/18222557
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https://github.com/IlioTheG/roomplan_to_honeybee
https://zenodo.org/records/18222557
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