Spectral Librar

OF ROOFTOP URBAN MATERIALS

Perla Zambrano, Alejandro Josa, Joan Rieradevall, Santiago Gasso
& Xavier Gabarrell

Universitat Politecnica de Catalunya - BarcelonaTech (Technical University of Catalonia)

Department of Civil and Environmental Engineering (DECA); Escola de Camins (School of Civil Engineering); Institut
universitari de recerca en Ciencia i Tecnologies de la Sostenibilitat (IS.UPC; University Research Institute for
Sustainability Science and Technology)

Universitat Autonoma de Barcelona
Institute of Environmental Sciences and Technology - Unit of excellence “Maria de Maeztu” (MDM-2015-0552)

Sostenipra Research Group




Spectral Library of Rooftop Urban Materials

INDEX
o oY i T T T PP URO PPN 3
Ta 1A ye e [ ot i o] o FOU T PSSO OTO ORI 4
[20eTe) ine) o W F-Yd =T o | USROS 4
1Y/ 11 g o Yo [o] o -V USROS 5
(6= - 0 4| (o PP PP RO PPRPOPPRRORE 7
Ceramic tile DUIMNT rEd ...ttt s r e b e sreesane e 8
Gres Porcelain tile WHIte ......ooo i et eee e e e rae e e e eareeas 9
Gres POrCelAIN tile FEA . cii i e e e s s te e e s sate e e s searaeeesanes 10
Gres POICRIATIN 118 Bray..ii i e e et e e et e e s sbte e e e s bte e e e sarraeeesanes 11
Gres porcelain tile BUINT e ........ooo e e e eare e e e et e e e e enraeeeeanes 12
(00 aTol (=1 (=Y £oL=) 1 1 1=1 2 PR 13
Concrete tile With TEXTUIE Sray 1 ....ccueiie ittt e etee e e e e are e e e e eata e e e seateeeesnraeeeennes 14
Concrete tile With tEXTUNE Bray 2 ...cocueiii it e e este e e s s eate e e s ssaraeeesanes 15
(0o (ol 4=y L=l o] 4 [0 ={ - VAU 16
Corrugated fiber cemeNnt ShINGIE..........ovi i et e e 17
VLTI <.t h ettt et e b e bt sh e e sa ettt e bt e b e e bt e eh et eae e et e et e e nbeesheesheesanenas 18
) A=T=] I 11 =4 LR PPRPPRN 19
Galvanized StEEl SNINGIE ... ..eeiiieee e e et e e et e s serraeeeenes 20
TaT oDy ==Y ] o 11 Y= [PPSR 21
F N[0T o 1T a1 g T oY1 =TSR 22
Steel shingle With PAINT .........ooo i et e e et e e e e eare e e e eeate e e e snraeaeeanes 23
(00T o] 01T B o104 L= PPN 24
AT o Tol] 11 Y -4 L= SRR 25
Steel with paint SANAWICHh PANEL ... e e e e 26
Aluminum with paint SaNAWICh PANEl..........c..ooiiiiii e e 27
PLASTIC -ttt h ettt b e h e sh e e sttt e bt e b e e be e eh et eat e et e e beenbeenheesheenanenas 28
Methacrylate ShINGIE BIUE.........oo i e e e rre e s ae e e e saraeas 29
Methacrylate ShINGIE e .........eviieeeeeee e e e e e e e e e e eabae e e eaaeeas 30
Methacrylate sShingle WHhite.........ooo e e e 31
YO YT oY =4 LRV oY SR 32
Polycarbonate Shingle WHIte ........cooeeiiiiieee e e e 33
Polycarbonate shingle transparent bleU ...........coovviiiiiiiii e e 34
Polycarbonate shingle tranSPar@Nnt ...........eeecciiiieiiiiii e e e e e 35
Polycarbonate shingle transparent BIUE .......cooeeeeeiiiiii i 36
1 @ U':Bm %1CTA-UAB  sostenipra > A P




Spectral Library of Rooftop Urban Materials

Polycarbonate shingle transparent red.........ccueeeeciieeieiiiie e 37
Y814 o 1= A ol T ] o =T RPN 38
F AN o] o F= 1 Ll o To ] V74 0 =Y S SRUR 39
R5] (0] 2 = OO O PRI 40
Granite tile WHIte... oottt st s s 41
Granite tile black/gray/White ........cc.ee ittt et e eeate e s bee e 42
Granite tile WHITE/GIEEN ...ttt ettt ete e et e e e e e teeeebee e sateeebeeenseeesresenns 43
Granite tile White/Pink/ BIACK ......covee ittt ettt e eeaeeeeaee e 44
SIate tile WHIT tEXEUIE ..ottt e sttt ee e s bt e e sab e e sbeeeaneeesreeeans 45
GrAVEI =12 ..ottt ettt st b e bt s bt s a e et b e s bt e sae e s an e eabe e be e beennes 46
GIAVEI 256 ..ttt sttt et b e bt h et et e et enhe e she e st e e re e be e beennes 47
WWOOD ..ttt ettt et ettt e st e e bt e e s b e e e bt e e a b e e e b et e s be e e bee e ahte e e beeeehbeesabeeebeeesareenn 48
LAV o o IR o 11 =4 [PPSR 49
Wood shingle With BIUE PAiNt ........eeiieeiiee e e s e e e areee e 50
Wo0d shingle With red Paint..........cei i e e s ar e e e e areeeean 51

UrnB it . :
@ universitat Autoncma {##:1CTA-UAB  sostenipra lcac .ﬁﬁ e,
e Barcelona e Cartogratic | Geologic U Yoo



Spectral Library of Rooftop Urban Materials

Preface

This spectral library of rooftop urban materials (SLyRUM), provides spectral signatures and reflectance
data for rooftop materials from the Mediterranean region. The SLyRUM, has been developed as a
result of a study whose main objective was to develop a methodology to obtain spectral signatures.
Measurements were performed at laboratory-level, in the Hyperspectral Laboratory of the
Cartographic and Geological Institute of Catalonia (ICGC), through a contract with the Universitat
Politecnica de Catalunya and with the collaboration of the Universitat Autonoma de Barcelona. The
SLyRUM is part of the Fertilecity® Il project, funded by the Ministry of Economy and Competitiveness
(MINECO) (CTM2016-75772-C3-3-R, AEI/FEDER, UE).

The objective of Fertilecity® Il project (2017-2019) is deepening on research of urban agriculture in
rooftop greenhouses (RTGs) integrated with the supporting building and providing information and
tools that make such integrated RTGs possible. During Fertilecity® | project, a new facility started to
operate on the Institute of Environmental Sciences and Technology building roof. In 2014-2016
different lettuce and tomatoes crops were grown. Such facility was connected to the building in terms
of water, energy and CO,, but only one-way, from the building to the green house.

Fertilecity® Il project focuses on establishing a two-way greenhouse building connection. The project
addresses subjects such as the recirculation of water of agricultural production; detailed energy
modelling of the greenhouse building system and its comparison with conventional greenhouses; the
architectural and constructive study on a building and at neighborhood scale; and the identification of
business models.

For more Information about Fertilecity® projects visit the website www.fertilecity.com

Barcelona, 2018
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Introduction

Rapid urbanization, increase population and migration from rural to urban areas, brings degradation
and environmental impacts. An increased pressure on natural areas is one of the negative impacts of
this worldwide urbanization process. To supply essential needs such as food, water and energy; cities
have to depend on outlying regions making cities unsustainable. According to the United Nations
(2014), 66% of the world’s population will live in urban areas by 2050. As a consequence, cities will
demand more resources such as water and food. In this context, cities have to improve resource
management through sustainable urban planning strategies. In the last years, rooftops have emerged
as a potential spaces to produce resources, such as water, food and energy. Converting empty spaces
into productive spaces in cities, reducing environmental impacts and contributing to sustainable
strategies. In this regard, data of rooftop materials are required to support the decision-making
process in sustainable urban planning. This spectral library was developed with the aim to contribute
to the knowledge of spectral characteristics of rooftop materials in the Mediterranean region. The
SLyRUM is divided into 6 sections according to material classes (Table 1).

Rooftop materials

The selection of materials was determined by identifying typical rooftop building materials in the
Mediterranean region and taking into account the lack of knowledge regarding some materials such
as metals and plastics. The materials were grouped into classes. Most of the sample materials were
artificial. However, granites, slate and wood were also included, as they are common (especially on
rooftop terraces) rooftop materials. Various material colors were considered in the sample selection.
For material identification, each sample was coded with a word identifying the material class in
addition to an ID number.

Table 1. Material class and number of samples studies

Material class Code Number of
sample  samples

Ceramic C 5
Concrete/ Cement T 4

Metals M 9

Plastics P 11

Stone S 7

Wood w 3
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Methodology

Laboratory measurements were conducted using a Hyperspectral Remote Sensing (AISA-EAGLE 2). A
total of 39 samples of typical rooftop materials from the Mediterranean region were analyzed. A
software program written in Python was developed for processing data radiance and obtain spectral
signatures. The spectral library includes the spectral signatures at four different angles (0°, 5°, 10° and
15°) for each material.

Figure 1 illustrates a summary of the three general stages of the proposed methodology for spectral
reflectance data collection for urban rooftop materials. Stage 1: data acquisition at the laboratory level
using hyperspectral remote sensing. Stage 2: data processing using Geo View 2 software and a
software program developed to obtain spectral signatures. Stage 3: spectral library creation.

1 Spectral data acquisition
Laboratory level

Hyperspectral
remote sensor control

Hyperspectral
gadeeTaR Ry . Remote Sensor
AisaEagle 2

Motion platform
control speed

Digital hyperspectral
image

Motion platform

Reference
Panel

S'ample
Spectralon ®

3 Spectral library
Spectral signatures

2 Data processing 0%, 6%, 10° & 16°

Spectral signatures
0°,5° 10° & 15°

Wavelength [nm]

*

Wavelength [nm]

Reflectance %

Wavelength [nm]

1) Creation of vector layer masks
Geo View 2 software

2) Processing layer masks and spectral data
Software written in Python

Wavelength [nm]

Fig. 1 Graphical representation of the three general stages of the methodology to obtain VNIR spectral sighatures
and the spectral library
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The ID classification is shown at the top along with general information about the sample, there is a
photograph of the sample with a metal ruler (15 cm) for visual reference. Finally, the VNIR spectral
signature is presented.

MATERIAL CLASS sAMPLE ID

Class

Material

Color

Status

Dimension [mm)]

Photograph of the sample material

VNIR Spectral Signature
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Ceramic co1

Class Ceramic
Material Ceramic tile
Color Burnt red, dull
Status New
Dimension [mm] 400 x 400 x 20

100% ~

80% A

60% -

40% A

Reflectance [%]

20% A

0%

—p

R

——10°
15°

700 800 900 1000
Wavelength [nm]

| 8 @ Universitat Autoncma

de Barcelona

% 1cTA-UAB sostenipra’ igoc s

'g 'DE ECONOMIA
Cartografic | Geologic S Voo
e Cartabirya.



Spectral Library of Rooftop Urban Materials

Ceramic co2

Class Ceramic

Material Gres porcelain tile
Color White, shiny
Status New

Dimension [mm)] 300 x 600 x 6
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Ceramic co3

Class Ceramic

Material Gres porcelain tile
Color Red

Status New

Dimension [mm] 300 x 600 x 6
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Ceramic co4

Class Ceramic

Material Gres porcelain tile
Color Gray, dull

Status New

Dimension [mm] 410x410x5

N T AT e

100% A
80%
X
60% A
g oo B
© e
t o ””7"77”””7 7 _50
P R S
g ——10
20% A :
0% I I I ' T 1
400 500 600 700 800 900 1000
Wavelength [nm]
11 une -~ ¢ .
| e Qgi? ICTA-UAB  sostenipra '?cg,gwmw ’iﬁi —




Spectral Library of Rooftop Urban Materials

Ceramic cos

Class Ceramic

Material Gres porcelain tile

Color Burnt red/brown/dark green, dull
Status New

Dimension [mm] 315x315x5
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Concrete 101
Class Concrete
Material Concrete tile with texture
Color Gray, dull
Status New, porous
Dimension [mm] 200 x 200 x 40
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Concrete 102
Class Concrete
Material Concrete tile with texture
Color Gray, dull
Status New, porous
Dimension [mm] 400 x 400 x 35
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Concrete 103
Class Concrete
Material Concrete brick
Color gray, dull
Status New, porous
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Cement 104
Class Cement
Material Corrugated fiber cement shingle
Color Gray, dull
Status New
Dimension [mm] 300x300x3
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Metal mo1
Class Metal
Material Steel shingle
Color Gray
Status New, smooth
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Metal mo2
Class Metal
Material Galvanized steel shingle
Color Gray, shiny
Status New, smooth
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Metal mo3
Class Metal
Material Inox steel shingle
Color Gray, shiny
Status New, smooth
Dimension [mm] 250 x 500 x .05
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Metal mos
Class Metal
Material Aluminum shingle
Color Gray
Status

New, smooth, polished
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Metal mos
Class Metal
Material Steel shingle with paint (Europerfil®)
Color Beige
Status New, smooth
Dimension [mm] 400 x 300 x .05
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Metal mos
Class Metal
Material Copper shingle
Color Copper
Status New, smooth
Dimension [mm] 250 x 500 x .05
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Metal mo7
Class Metal
Material Zinc shingle
Color Gray
Status New, smooth
Dimension [mm] 250 x 500 x .06
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Metal mos
Class Metal
Material Steel with paint sandwich panel (Europerfil®)
Color Beige
Status New, smooth

Dimension [mm]
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Metal Mmoo
Class Metal
Material Aluminum with paint sandwich panel
Color Gray, dull
Status New, smooth

Dimension [mm]
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Plastic ro1

Class Plastic

Material Methacrylate shingle
Color Blue, shiny

Status New, smooth

Dimension [mm]
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Plastic ro2

Class Plastic

Material Methacrylate shingle
Color Red, shiny

Status New, smooth
Dimension [mm] 300 x250x 3
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Plastic ro3

Class Plastic

Material Methacrylate shingle
Color White, shiny

Status New, smooth
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Plastic ros

Class Plastic
Material PVC shingle
Color White, shiny
Status New, smooth
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Plastic ros

Class Plastic

Material Polycarbonate shingle
Color White, shiny

Status New, smooth
Dimension [mm] 190x150x 1
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Plastic ros

Class Plastic

Material Polycarbonate shingle
Color Transparent bleu, shiny
Status New, smooth
Dimension [mm] 190x140x 1
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Plastic ro7

Class Plastic

Material Polycarbonate shingle
Color Transparent, shiny
Status New, smooth
Dimension [mm] 210x297x 8
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Plastic ros

Class Plastic

Material Polycarbonate shingle
Color Transparent blue, shiny
Status New, smooth
Dimension [mm)] 210x297x 8
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Plastic poo

Class Plastic

Material Polycarbonate shingle
Color Transparent red, shiny
Status New, smooth
Dimension [mm] 210x297x 8
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Spectral Library of Rooftop Urban Materials

Plastic r10
Class Plastic
. Synthetic rubber Ethylene propylene diene
Material y . \g propy
monomer (Giscolene®)
Color Black, dull
Status New
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Spectral Library of Rooftop Urban Materials

Plastic p11

Class Plastic

Material Asphalt polymer
Color Black, dull
Status New

Dimension [mm] 300x300x1
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Spectral Library of Rooftop Urban Materials

Stone so1
Class Stone
Material Granite tile
Color White/black, dull
Status New
Dimension [mm] 150 x 150 x 20
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Spectral Library of Rooftop Urban Materials

Stone so02
Class Stone
Material Granite tile
Color Black/gray/white, dull
Status New
Dimension [mm] 150 x 150 x 20
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Spectral Library of Rooftop Urban Materials

Stone so03
Class Stone
Material Granite tile
Color White/green, dull
Status New
Dimension [mm] 150 x 150 x 20
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Spectral Library of Rooftop Urban Materials

Stone so4
Class Stone
Material Granite tile
Color White/pink/ black, dull
Status New
Dimension [mm] 150 x 150 x 20

v/ —0°
40% A

—5°
—10°

100% ~
80% A
X
© 60%
(8]
c
8
[S]
9
ey
[J]
o
20% A
0%
400

600 700 800 900 1000

Wavelength [nm]

| 4 4 Universitat Autonoma
de Barcelona

O ECONOMIA
Y COMPETITIVIDAD.

@ 1cTA-UAB sostenipraQ 1cac s

el Carfuabiry



Spectral Library of Rooftop Urban Materials

Stone sos
Class Stone
Material Slate tile whit texture
Color Gray, dull
Status New

Dimension [mm]

300 x 600 x 10
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Spectral Library of Rooftop Urban Materials

Stone so6
Class Stone
Material Gravel
Color Gray, beige dull
Status New
Dimension [mm] 4-12
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Spectral Library of Rooftop Urban Materials

Stone so7
Class Stone
Material Gravel
Color Gray, beige dull
Status New
Dimension [mm] 2-6
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Spectral Library of Rooftop Urban Materials

Wood wo1

Class Wood

Material Wood shingle
Color Light brown, dull
Status New

Dimension [mm] 300x300x 10
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Spectral Library of Rooftop Urban Materials

Wood wo2
Class Wood
Material Wood shingle with blue paint
Color Blue, synthetic enamel (Tintalux 539)
Status New
Dimension [mm] 300x300x 10
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Spectral Library of Rooftop Urban Materials

Wood wo3
Class Wood
Material Wood shingle with red paint
Color Red, synthetic enamel (Tintalux 523)
Status New
Dimension [mm] 300x300x 10
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