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This paper details an imagery dataset of interior and exte-
rior ambiances to assess and represent photobiological out-
comes of the built environment in northern territories. The
images were obtained using a Raspberry Pi Camera Module
(RPiCM) mounted in a holder that fixes the camera in place.
This holder allows to rotate the camera by 30° and take 12
high dynamic range (HDR) images which are then combined
to create a panoramic image. The HDR images enable the cal-
culation of photobiological effects concerning photopic light
intensity for vision, and the spectral dominance regarding vi-
sion and circadian stimulation. This dataset includes 13 cap-
tures in 7 interior and 6 exterior settings, each divided into
4 subfolders containing the photographic data: the sequence
of low-dynamic range images (LDR), the tone-mapped im-
ages obtained from the HDR calculation, the analysis of pho-
topic luminance and false color, and 360° panoramic images
(tone-mapped HDR, false color luminance, and spectral dom-
inance). Each space is also supplemented with photometric
data presented as a .csv file containing lux and EML units
obtained via a radiometer. This dataset is valuable for archi-
tects, designers, and neuroscientists to identify opportunities
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for enhancing human-centric lighting in existing architecture
and landscape, as well as to propose solutions that promote
vision and circadian stimulation in northern territories. This
research was partially used in previous studies from [10]. The
dataset is published and shared through a Mendeley reposi-
tory [9].
© 2024 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Specifications Table

Subject
Specific subject area

Data format

Type of data
Data collection

Data source location

Data accessibility

Related research article

Architecture

The datasets provide information on photobiological impact of existing buildings in
Quebec City and Nunavik.

Raw, analyzed.

Table, Image, Chart, Graph

Bracketed low dynamic range (LDR) images were captured in existing buildings
and outdoor points in Inukjuak, Quebec, Canada, using a Camera Module v2
(RPiCM) mounted on a Raspberry Pi Microcomputer. This camera model has a
f-stop of 2.0, a focal length of 3.04 mm, and an 8-megapixel Sony IMX219 7.4 mm
sensor which could produce images with a resolution of 3280 x 2464 pixels. It is
characterized by a horizontal 62.2° and vertical 48.8° field of view (FoV).

LDR images were captured from dark to bright exposure values (e.g., from -2EV to
+2 EV) with an ISO-100 and a D65 fixed white balance. A Python script [1] was
utilized to remotely trigger the data capture and produce the LDR images. The
hdrgen module from Radiance was performed to compute the HDR images and
false color maps.

The photometric information was captured using an ILT5000 research radiometer
from International Light Technologies. The sensor possesses a horizontal and
vertical 180° field of view, equipped with an optical photopic and melanopic filter
to capture lux and EML units.

Institution: School of Architecture, Laval University, Quebec City, QC, Canada
Latitude and longitude: 46 °48 N, 71 °12 W

Repository name: Imagery dataset of interior and exterior northern
architectural spaces for photobiological lighting analyses. [2]

Data identification number: doi: 10.17632/gpd7r5tngg.1

Direct URL to data: https://data.mendeley.com/datasets/gpd7r5tngg/2

The data sets are partially used in the following paper:

[3]. Representing the photobiological dimension of light in northern
architecture. Indoor and Built Environment 1420326 x 231178188.
10.1177/1420326 x 231178188

1. Value of the Data

« This dataset is composed of images that allow analyzing the photobiological potential of sub-
arctic latitudes such as the northern territory of Quebec. These images can be used to im-
prove the decision-making process of new architectural buildings or renovations considering
human photobiological needs for vision and circadian potential.

« This dataset is open to architects, designers, neuroscientists, and researchers studying the
photoperiodic conditions and their relationship with the built environment of subarctic lati-

tudes.

« This dataset can be used to create immersive experiences in renovation projects of architec-
tural spaces and new buildings in natural spaces in isolated territories through numerical

visualization.
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2. Background

Architectural daylighting design strategies play a pivotal role in enhancing the quality of
indoor spaces by increasing their connection with the outdoors and, in the case of Nunavik,
the land. These strategies directly influence human photobiological responses concerning light,
specifically in vision and circadian rhythms [4,5]. Nevertheless, these strategies remain a chal-
lenge in Nunavik due to its subarctic climate, photoperiod, and solar geometry. This paper nar-
rates the calculation process and methods of representation of daylight in Nunavik's existing
architecture. It focuses on spatial representations of quantitative information as an appropriate
tool for assessing light ambience, suggesting a better dialogue between architects and stake-
holders in the building industry by communicating the spatial qualities of different architectural
environments. Light is represented for the photopic (daytime vision) and melanopic (biological
clock) portions of the electromagnetic spectrum, measured respectively in lux and equivalent
melanopic lux (EML) [6]. The combination of photographic and photometric data aims at iden-
tifying melanopic- and photopic-dominant zones on panoramas in relation to the architectural
composition and surface reflectance, as well as to note architectural components that appear to
have a greater impact on light intensity.

a. Interior spaces b. Exterior spaces

School-Stairs

Igloo-Interior

School-Corridor School-stairs-exterior
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Fig. 1. Summary of the interior and exterior spaces that make part of the dataset.
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Table 1
Acronyms used to name the main files.
Acronym Description
LDR Low dynamic range
EML Equivalent Melanopic Lux
EPL Equivalent Photopic Lux
FC False color
HDR High dynamic range
PA Panoramic
SD Spectral Dominance

3. Data Description

This database is composed of 13 environments that provide information on the lighting con-
ditions for vision, biological clock and their spectral dominance potential for photobiological ef-
fects of light. The database presents information to reproduce panoramic representations of ex-
terior and interior spaces in Inukjuak, Quebec, Canada. The database is divided into two main
groups, exterior and interior, which in turn are divided into 6 subfolders for exterior and 7 sub-
folders for interior spaces as illustrated in Fig. 1.

The subfolders are named according to the date on which the images were captured, and
the name of the space under study. The acronyms used to name the folders are mentioned in
Table 1. Each folder space contains the 1 LDR, 2 HDR, and 3 FC folders that support the results

20190305_1045_Igloo_Exterior

v

v v v v v v v v v v
Folder 1 Folder 2 Folder 3 Folder 4 Folder 5 Folder 6 Folder 7 Folder 8 Folder 9 Folder 10 Folder 11 Folder 12

¥

‘ s =

1dr_06 jpg Idr_07.jpg

ldr_01jpg  ldr_02jpg Idr_03jpg Idr_O4jpg  ldr_05jpg

b

Fig. 2. Folders composition of each architectural space.
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Igloo exterior
2019-03-05 10:45 AM

HDR image

False color map
(photopic)

SD - panoramic
M/P Ratio

SD - polar
M/P Ratio

Fig. 3. 360° representations of each evaluated ambience: HDR panoramic image, false color photopic panoramic map,
SD panoramic map, and SD polar map.

presented in 4 PA, and a.csv file corresponding to the photopic illuminance and melanopic il-
luminance in a 360-degree plane measured using an ILT 5000 Radiometer [7] as presented in
Fig. 2. Folder 1 LDR contains the folders in which all the LDR images are captured to create
the HDR images. Folder 2 HDR contains all tone-mapped images from the HDR image generated
from folder 1 LDR. Folder 3 FC contains all the false color images in photopic luminance values
(cd/m?) retrieved from the HDR images. It is worth mentioning that the value range changes
between indoor and outdoor spaces: 3,000 cd/m? for interior spaces and 50,000 cd/m? for ex-
terior spaces. The content of folder 4 PA is illustrated in Fig. 3 and it comprises the panoramic
images formed from 2 HDR and 3 FC, specifically the tone-mapped image obtained from HDR,
the false color image in photopic luminance, and the spectral dominance either photopic (in red
zones) or melanopic (in blue zones) and equal dominance (black or white, depending the case).
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The spectral dominance of the images is displayed in two representations: panoramic and polar
(Fig. 3).

4. Experimental Design, Materials and Methods

Image data acquisition and processing: the experimental setup for image acquisition and
FOV of the camera are illustrated in Fig. 4. A Raspberry Pi Camera Module V2 (RPiCM V2) was
used to obtain the images between 05 and 08 March 2019, during a research visit to the North-
ern Village of Inukjuak (58.5° N, 78.0° W), Nunavik region in the province of Quebec, Canada.
A Raspberry Pi corresponds to an easy handling microcomputer that permits remote control
through a VNC viewer. Compared to professional camera devices, the Raspberry Pi permits the
connection with a RPiCM v2 characterized by its high resolution and simplicity to set camera
properties including ISO and shutter speed. The RPiCM was mounted on a Raspberry Pi micro-
computer [8], which was controlled at distance to avoid handling and motion. The camera cor-
responds to a Sony IMX2019, which can be easily interfaced with the microcomputer and can
be calibrated to ensure the scientific validity of the captured photographic data. A specially de-
signed camera holder therefore enabled easily positioning the camera at 30° increments for the
capture of 360° panoramas. The RPiCM'’s horizontal field of view of 62.2° requires a minimum
of 12 images to provide a sufficient image overlap.

a. Photographic tool capture setup

a) C\? b)

Fig. 4. a. Photographic tool capture setup including the Raspberry Pi Microcomputer, the RPiCM v2, and holder installa-
tion.
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Fig. 5. Camera response curve created using hdrgen [10].

Images are processed on the Raspberry Pi using an open-source script developed by McNeil
[9], which includes hdrgen for HDRi generation [10]. The script was set in the Raspberry Pi and
executed for each ambience capture. The script was configured to obtain seven exposures, ref-
erenced with the middle image [11]. Camera settings (ISO and shutter speed) are configured
for each physical context (exterior, interior) to ensure proper brightness range corresponding
to highly variable scene brightness. Shutter speeds range respectively from 0.05 to 50 ms for
exterior captures, 0.3 to 200 ms for interior captures, and 5 to 1500 ms for night captures.

Capturing all seven exposures takes about 10 seconds for each orientation, and would require
an additional 40 to 60 seconds for image processing. As capturing an entire 360° panorama could
take up to 12 min, which is long enough for daylight conditions to change over time, LDR images
were captured for all twelve orientations, and then subsequently batch-computed as HDRi. The
script used to generate the tone mapped images from the HDRIi is configured to optimise space
on the Raspberry Pi, which prevents the .hdr and .pic images from being saved. The HDRi are
possible to store by modifying the script available at https://github.com/andyrew/piHDR.

The camera response function underwent calibration before the captures, utilizing a Col-
orChecker © [12] chart known for its expansive chromatic representation. Despite the fact that
hdrgen [10] already provides accurate luminance levels, this research followed the step-by-step
process indicated by Pierson et al. [13] to gather an appropriate camera response curve for lumi-
nance maps. This function was computed as illustrated in Fig. 5 from a set of low dynamic range
(LDR images), meticulously captured under consistent daylight conditions, with exposure dura-
tion spanning from 0.8 to 800 milliseconds. By establishing a response function as illustrated
in Fig. 5, optimal white balance and color fidelity are ensured in the resulting of high dynamic
range image (HDRi), subsequently applied during image acquisition utilizing seven LDR images
for enhancing accuracy.

Photometric data acquisition: As mentioned, the photographic data is complemented with
photometric information collected using an ILT5000 research radiometer [7]. The sensor pos-
sesses a field of view that is comparable to humans and can be equipped with two optical filters
that correspond to photopic (lux) and melanopic (EML) light. The sensor head is mounted on a
tripod at the height of 1.5 m to correspond to a standing observer as illustrated in Fig. 6, and
vertical illuminance (lux, EML) is acquired through a horizontal panoramic sweep for all orien-
tations of a 360° rotation, performed over approximately 60 seconds, at the rate of one value
per second. The capture is repeated with both optical filters to capture vertical illuminance at a
specific time following the method developed in previous experiments from Lalande et al. [14].
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Capture method for the panorama acquisition
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Fig. 6. Illuminance and EML capture using the ILT 5000 Radiometer. a) Angle of capture for the vertical plane, and b)
angle of capture for the horizontal plane.

Panorama stitching: the fusion of images to form panoramic and polar representations was
performed through Autopano Giga 4 [15]. The software places the imported images side by side,
and for each cluster of 2 images, it automatically detects visually similar points (control points).
Control points can then be modified, adjusted, added, and deleted manually as required, and
each control point displays a reliability value (accuracy/imprecision), between 1.00 (perfect) and
100.00+ (poor). There were between 80 and 120 good quality control between each of the im-
ages to ensure proper stitching.

Spectral dominance calculation: The spectral dominance of an image refers to the ratio be-
tween the photopic and melanopic illuminance levels, also known as M/P Ratio. A higher ratio
indicates that the melanopic levels are more predominant than the photopic levels. Conversely,
a lower ratio indicates that photopic levels are more predominant than melanopic levels. To per-
form this calculation, a relative calculation script was created based on the research from Jung
and Inanici [16] and presented in the following equations:

Equation 1: Relative photopic luminance calculation.

pLR =179 x (0.2121 x R+ 0.7166 x G+ 0.0713 x B)
Equation 2: Relative melanopic luminance calculation.
mLR =179 x (0.0013 x R+ 0.3812 x G+ 0.6175 x B)

This script is freely available in conjunction with the dataset and was developed in the
Grasshopper [17] plugin which is supported by Rhinoceros (“ [18]). To reproduce the spectral
dominance maps, the .JPG images were imported into the script (Fig. 7) which then displayed
in a false color map in photopic luminance (cd/m?), melanopic luminance (cd/m?) and spectral
dominance (M/P Ratio) values as illustrated in Fig. 7.
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Script template

coefficients for photopic and mela-
nopic calculation

resolution

fa 1 -
B =

settings for false color maps
visualization

import space of the .JPG or .JPEG
image to be analysed

Visualization in Top viewport of Rhinoceros

A SD dominance
L M/P Ratio (%)

Melanopic luminance (EMcd/m?)

Photopic luminance (cd/m?)

Fig. 7. Overview of Grasshopper script to generate photopic luminance, melanopic luminance and SD dominance false
color maps.

Limitations

Not applicable.
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