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Extreme transparency
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Building is occupied
(Comfort is prioritised)

Blinds go in position
(up/down) for the entire
event if modelled IRR > X

Event in calendar
and duration

Manual or time-dependent
control

Slat angle set to cut off angle




Building is occupied
(Comfort is prioritised)

Event in calendar
and duration

Higher comfort
Lower energy

Blinds go in position
(up/down) for the entire
event if modelled IRR > X

Optimised slat angles for
given performance

Daylight-linked control

Presentation : Ewp > 300 Ix
Meeting : Ewp > 500 Ix
Workshop : Ewp > 750 Ix




Penny Theodoropoulou’s thesis

Optimised strategy:

Optimized control strategy

: . for Venetian blinds in an With thanks to:
- Higher comfort (DGP+view) event spagewith fully glazed Roel Schipper
facades Christian Louter
- Slightly higher energy for electric The ease study of the Co-C NN Wouter Beck

Taoning Wang

| i g h ti n g Master Thesis

Panagiota, Theodoropoulou

« Lower solar radiation ingress
Practical findings:

- Real-time control possible only
with 3PH or pre-computed/training
dataset

» Cylindrical illuminance promising
as control target for open spaces

Higher comfort
Lower energy



Ratio desk/ceiling
iluminance

Night-time:

- Fairly constant across
space and dimming
levels (till ~20%)

Day-time:

« Non-linear relationship
throughout the day

- Non-linear effect of
blinds deployment

Higher comfort
Lower energy
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Existing illuminance meters
4 outdoors + 1 indoors
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The Cube

&

The Camera




Thanks to:

e Online documentation
peciro e Ia Barra Luegmayer including design of DIY calibration benches

Wouter Beck
Marijn Leeuwenberg

eoe0e M+ < 2

110

github.com e @ + [E]

5 TUDelftv [ Careersv [ Fundings v (5 Conferencesv (3 IBPSAv (5 PrLang v [ Light v [ Instruments v (5 Utilities v 5 Blogs v &: translate = TUD Weather Community

= 0 ZAWAJAN / Acapulco-Sensors Q Type (/]to search 8|~ + |

<> Code () Issues 1 19 Pullrequests () Actions [ Projects (O Security [~ Insights

@ Acapulco-Sensors Fubic ®Unwatch 2 - % Fork 0 Y star 1

¥ main ~ # 1Branch ©1Tag Q Go to file Add file ~ <> Code ~ About

A repository with open source

hardware documentation for Acapulco Fi en
Research Project at TU Delft Green /
Village.

@ ele-b Update CITATION.cff 974c9c0 - 2 months ago @41 Commits

BB Camera Adding images and updating README.md 3 months ago
B Cube Change Main Cube Image 3 months ago
[ CITATION.cff Update CITATION.cff 2 months ago

[% LICENSE Create LICENSE 3 months ago

illuminance

[ README.md DOI badge 2 months ago Readme

GPL-3.0 license
[J README &8 GPL-3.0 license A — Cite this repository v

Activity

1 star
DOI 10.5281/zenodo.14795108

2 watching

% 0 forks

Acapulico Light Sensors: The Cube and The Camera

Report repository

Releases 1
ANV

© AcapulcoLight 1.0.0 | Latest

on Feb 3

Packages

No packages published

Publish your first package

Contributors 2

@ ZAWAJAN Jan Zawadzki

) ele-b Eleonora Brembilla

https://github.com/ZAWAJAN/Acapulco-Sensors



The Camera

The Cube




| 5 The

Virtual
network
(SD-WAN
end-to-end
encryption)

Every 5 minutes:
Ox LDRI
1x illuminance

—> 1x HDR

RP1 48 Camera

|cce BMS

i RPi Zero

OW The Cube laptop

~
----------------------------------------

Every 1 minute:
6x illuminance
1X temperature
1x relative humidity

TUD

storage

i

Alert
message for

failed
transfers



IHluminance [Ix]

The Cube (6 illuminance values / 1')
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The Camera (1 HDR / 57)

2000010

17427.474
11246.826
2667.042
B32.455

1421978
39,505
8.433
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Valerio Gori's thesis

With thanks to:
Azita Dabiri

Nima Forouzandeh
The Green Village

Simulation-based training:
- faster commissioning
- ‘Human-centred’ position

of virtual sensors

3PH

ML
training

ML-based
control

The Cube

Cylindrical illuminance
Diffuseness

Big DeBig Désks 0.91  Big es ’
ig Desks 0.84 1

Bl ‘:\v ‘ ) 2
"' Big Desks 096 DBig Desks Q.97:sks

| “~ |l 1
0 9 b W e -

Blinds
control

Masks on black: image0

The
Camera

Desk illuminance

Lighting
control
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Nima Forouzandeh

]
TUDelit PhD candidate - since 2021




The theme

%
TUDelft

Neighboring
obstructions

Key inputs for daylight models

Geometrical
information

Optical
properties

Sky luminance
distribution

Nima Forouzandeh
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The theme

%
TUDelft

Key inputs for daylight models

Geometrical
information

Optical
properties

Nima Forouzandeh
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The theme

. Geometrical
. information

Formalization Automation

E Optical
. properties

] .
TU Delft Nima Forouzandeh 25



Geometrical
information

X

Optical
properties

Nima Forouzandeh




Formalization

]
TUDelft

%

Size

L\J
...ro_l...

M
Semantics

@<\

Solid angle from the
sources

Geometrical
information

X

Nima Forouzandeh
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Formalization
Errors 18.05% 11.21% 6.55% 1.08%

GLOD O GLOD 1 GLOD 2 GLOD 3 GLOD 4

 Ceiling " Desk | Herae o ®
- Floor g - Flipboard =i ' Chair holder & Radiator i §
- Wall = . Wall painting & | Screen (~407) © Monitor o %y
: Window system Hi - Fan coil @ o 4 Lighting unit = ¢
: Plinth & - Large screen (60°<) | |  AC unit gf
- Doors B ' Fan ® : Chair g i
- Beam and column | - White board 6o i Lectern 4 3‘i
. Stairs &) - Lectern - dF | Video projector =
Moanacansassnsssnanssssssannssnsansssnes . ' Shelf IE ' Clpesssencenrssanssessssansansancsaants

- Sofa - |

- Locker M

. Radiator @

Size-wise

/f Forouzandeh, N., Brembilla, E., Nan, L., Stoter, J., & Jakubiec, A. (2024). Influence of geometrical levels of detail and inaccurate material optical .
TU Delft properties on daylight simulation. Energy and Buildings, 306, 113924. Nima Forouzandeh 28



Formalization = <<\

Solid angle from the
sources

NSA %SI(')/ImZ]

0.008

0.006

0.004

0.002

Directional illuminance
Workplane illuminance

]
TU Delft Forouzandeh, N., Grobe, L., & Brembilla, E.. Paper in preparation.

GLoD3

GLoD2

GLoD1

GLoDO

Nima Forouzandeh
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Optical
properties

Nima Forouzandeh




Formalization

RAD popp opos|
-~ poon aenss

CLASSIC |
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Optical
properties

/‘ Forouzandeh, N., Brembilla, E., Nan, L., Stoter, J., & Jakubiec, A. (2024). Influence of geometrical levels of detail and inaccurate material optical .
TU Delft properties on daylight simulation. Energy and Buildings, 306, 113924. Nima Forouzandeh 31



Formalization
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Influence of material accuracy on annual daylight results — @
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Main Themes

Geometrical
information
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Automation

Reconstruction algorithms
Minimal user interactions

Watertight

Accurate window
boundaries

4 .
TU Delft Nima Forouzandeh 34



Automation
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RMSEpgp

’

EUDI a [%]

ours

Manual

Output surface model

Input point cloud

0.0042

4.77

0.0034

1.02

0202

0

-5.38

‘\.v!uilm\,

vV \

0.0034

9.75
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Image-based material characterization

Input Process Outputs Ground truth

r . —

Visible reflectance

1Ch HDR

llluminance proxy

3-channel visible reflectance

3Ch HDR
= Ferwerda
Luo
Phone images Spectral visible reflectance

4 .
TUDelft Nima Forouzandeh 39



Ground truth llluminance proxy Ferwerda Luo

HDRI

Input

......................................................................................................................................................

' 2. 0.8
M) |- 056
0.2

4 .
TU Delft Nima Forouzandeh 40




Ground truth

%
TUDelft

Piecewise y
correction

llluminance proxy

Chromatic adaptation, D65 to
illuminan E conversion

Ferwerda

yellow

Average over
area of

interest

Luo

(gt - est)

Abab: 21.49

white

L:81.09a: 336b:542

Nima Forouzandeh

AEab: 21.42

41



Ground truth llluminance proxy Ferwerda Luo

Single-Image SVBRDF Estimation with Learned Gradient Descent

X. Luol®, L Scandolol®, A. Bousseau'?”) and E. Eisemann'

ey s L IDelft University of Technology, The Netherlands
1.Initial SVBRDF prediction gL (e S

2.Render initial estimate
3.Compute reconstruction loss
4.Compute gradient

5.Feed into recurrent network
6.Predict update

7.Apply update

8.Repeat refinement

Input Output Renderings under novel lighting

Synthetic

Real

4 .
TU Delft Nima Forouzandeh 42



MBE 18 13 22

Ground truth llluminance proxy Ferwerda Luo

RMSEpgp 0.0103 0.0103 0.0130
Py [%] 101 65 133
eUDI,a [%] 10 > 16

4 .
TU Delft Nima Forouzandeh 43



Spectral uplifting

to

4 .
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Spectral uplifting

~ M

[ Sample from SpectralDB ]9[ Extract tristimulus Uplift* Uplifted sample
/L { Absolute error [%] } J
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Wavelength [nm]
TU D Ift * Jakob, Wenzel, and Johannes Hanika. "A low-dimensional function space for efficient spectral upsampling.” Computer Graphics Nima Forouzandeh 48
e Forum. Vol. 38. No. 2. 2019.



Spectral uplifting

Extract tristimulus ]9[ Uplift* Uplifted sample

)

{ emillx }
oY -@®- Uplifted- RMSE:0.27 GT (Ix] Uplifted [Ix] PE[%)]
./' ““t\ —— o June 21st-13:00 1206 1148 4.8
8 - \\* June 21st-14:00 1541 1455 5.6
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E g Ty June22nd-11:00 765 748 2.3
Ng 6 | [III ) T \\\ -
B / / \\\ TS
—~ 4
3 /I ik «
% 4 . .—— [ \\
a= / X~ ..
< / \ ~ >~
E // — \\.x *‘ /
/ H ~ \\.N *\
2 - ‘/// Sy = Nt\\
== —_— _: o~ O~ — ‘\\\
===
O -

Wavelength (nm)

TU Delft * Jakob, Wenzel, and Johannes Hanika. "A low-dimensional function space for efficient spectral upsampling.” Computer Graphics

Nima Forouzandeh 49
Forum. Vol. 38. No. 2. 2019.
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i 1-minute Tropical Atmosphere Ocean :
: (TAO) data for Global Horizontal Irradia- :
: tion (GHI) :

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Measurement

® 0000000000000 00000000000000000000000000000000

Free online
Urban 3D datasets

°
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.....Y ......................
! Point-cloud registration, clean- t R o . _
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