J. RS. GEOINF. RES. 2(1): 25-44, Winter & Spring 2024

Journal of Remote Sensing and Geoinformation Research

(JRSGR)

Homepage: jrsgr.sru.ac.ir g

ORIGINAL RESEARCH PAPER

Evaluation of Metaheuristic Algorithms in Selecting the Building Optimal Cover
Based on the Effect of Urban Heat Islands

A. Ghandian®, N. Mostofi "%, A. Majidizadeh?, H. Motieyan?

1 Department of Geomatics Engineering, Faculty of Engineering, Islamic Azad University- South Tehran Branch, Tehran,

Iran

2 Department of Geodesy and Surveying Engineering, Faculty of Engineering, Tafresh University, Tafresh, Iran
3 Department of Geomatics Engineering, Faculty of Civil Engineering, Babol Noshirvani University of Technology, Babol,

Iran

ABSTRACT

Received: 28 February 2024
Reviewed: 30 April 2024
Revised: 8 May 2024
Accepted: 24 May 2024

KEYWORDS:

Genetic Optimization Algorithm
Landsat 8 Satellite Images
Particle Swarm Optimization
Algorithm

Remote Sensing

Urban heat Islands

* Corresponding author

&2 n_mostofi@azad.ac.ir
@ (+9821) 26744520

EE IR T Kol T fi=EH Nowadays, the development of urbanization and the increase of
urban population have caused the air to heat up more than in the past and create urban heat

islands. Urban heat islands are a phenomenon caused by the urbanization effects, due to
which the temperature in the urban environment rises higher than in the suburbs. This
phenomenon can cause irreparable damage due to the increasing atmospheric and
environmental temperature, such as biological pollution, greenhouse gas emissions, diseases
caused by heat, and impact on water quality brought to communities and the environment.
This research proposes an effective and efficient approach with the help of remote sensing
and optimization algorithms based on replacing the roof covering of an area with less heat-
absorbing coverings to reduce the temperature and try to eliminate the heat island
phenomenon. In this research, we are trying to reduce the urban heat island effect based on
algorithms and statistical parameters affecting the ambient temperature, which has had few
studies in past research. Also, using the intelligent optimization method in this field can cause
innovation and create better and more accurate results. The new way that this study
examines is to change the roof covering of an area with other functional coverings that reduce
the air temperature in that area. The coverings that we considered to replace the covering of
the roofs to moderate and cool the temperature of the studied area are two types of
coverings: soil and vegetation.

The proposed approach of this research is to use two optimization algorithms of
genetic and particle swarm, and the parameters that form the objective function of these two
algorithms are the temperature standard deviation and the average financial cost of the
coverage changing of each building parcel. The research dataset is Landsat 8 satellite images
of Andisheh neighborhood in Tehran. This research uses satellite images for purposes such as
preparing color images, mapping the vegetation and non-vegetation indices of the study area,
and calculating the earth's surface temperature and urban heat islands.

The results indicate that both optimization algorithms have provided good
performance and improved the problem parameters, but the genetic optimization algorithm
obtained a better result in less time and iteration. In comparing the two algorithms, the
genetic optimization algorithm reduced the standard deviation by 19%, bringing its value to
0.42. On the other hand, the particle swarm optimization algorithm for a longer time, reduced
the standard deviation by 14%, bringing its value to 0.44.

The genetic algorithm in optimizing the building roofs obtained excellent results
with a total cost of 4678 and a standard deviation of 0.4177. It converged quickly with the
12100 number of objective function evaluations and significantly reduced both the cost
function parameters (The genetic algorithm has reached the best possible answer). The
particle swarm optimization algorithm also failed to achieve an answer as good as the genetic
algorithm with a total cost of 4965, a standard deviation of 0.4430, and a 20100 number of
objective function evaluations. About the comparison between these two algorithms, the
genetic, with less than 3000 objective function evaluations, was able to experience the most
optimal solution that particle swarm algorithm reached with the 20100 number of function
evaluations. The use of metaheuristic algorithms in practical problem optimizations, which
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we frequently encounter in various industries today, can be very efficient. The results of these
algorithms are very suitable despite the differences in the outputs, and it will be impossible
to reach such answers to different problems without using such algorithms. In future work,
based on what we obtained in this research, we suggest using other optimization algorithms
or even powerful modeling algorithms such as artificial neural networks. Also, it is possible to
study the change in building roof covers and the use of newer coverings in moderating the
temperature by adopting new parameters from the cost function in optimization and deep
learning algorithms.
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Table 1: Band specifications of Landsat 8
Spectral Spatial Temporal Radiometric
1 (pm) Resok (m)  Resol (days)  Resolution (bits)
Coastal 0.43-045 30
Blue 0.45-0.51 30
Green 0.53-0.59 30
Red 0.63-0.67 30
NIR 0.85-0.88 30
SWIR-1 1.57-1.65 30 16 12
SWIR-2 211-229 30
Pan 0.50 —0.68 15
Cirrus 1.36-1.38 30
TIR-1 10.60 —11.19 100
TIR-2 11.50 —12.51 100
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Acquisition of Landsat 8 satellite images
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Geometric and radiometric corrections
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Calculation of types of vegetable and non-vegetable indices
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Production of ground surface temperature and urban heat island maps
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The output of temperature balancing roof coverings resulting from
genetic and particle swarm optimization algorithms in the study area
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Fig. 2: Flowchart of the proposed research method
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Table 2: The relative price of each cover in the study area
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Table 3: Urban indices used in this research

Jge s ol el
Formula Index name
SWIR1—-TIRS1
NDBal =——— (Normalized Difference Bareness Index) pb yeo ool Jloy Lol  ,asld
SWIRL+TIRS1 2 g oadfley A2 o2
SWIR1—-NIR
NDB| =——— (Normalized Difference Build-up Index) , Sleislw oo Jloy  Jolas  jasls
SWIR1+NIR < Jor (ol o

. (SWIR1+RED)—(NIR +BLUE)
~ (SWIRL+RED)+(NIR +BLUE)

(Bare Soil Index) b S asls

i :M (Urban Index) (5 yems oL
SWIR2+NIR

IBl =

2xSWIR1 NIR GREEN
SWIR1+NIR _(NIR +RED GREEN + SWIRl) (Index-based Built-Up Index) Los asls glesls jasls

2x SWIR1 +( NIR  GREEN ]
SWIR1+ NIR NIR+RED GREEN +SWIR1
EBBI =M (Enhanced Built-Up and Bareness Index) U (yaoj § (gleislo aidlioguy asli

10+/SWIR1+TIRS1 ) o

SWIR1 = Short-wave Infrared Imagery
7ol 3 obsS goe jo 3 y93le pglad
SWIR2 = Short-wave Infrared Imagery
Y il 53 oGS ge 70,8 ygole nslas
TIRS1 = Thermal Infrared Imagery
Veoail o (Gl 58 gole nslas
NIR = Near Infrared Imagery
D Wl ;3 a3 503 ogsbe ol
RED = ‘Red’ Visible Band Imagery
¥ ol ) 508 (S0 poleas
GREEN = ‘Green’ Visible Band Imagery
Yol 58 s (G0 sl
BLUE = ‘Blue’ Visible Band Imagery
Vil o ol e sl

Sgh cnl o eolatul 090 BLS slaasli :F Jouo
Table 4: Vegetation indices used in this research

Jsei oLl ol
Formula Index name
NDVI = NIR —RED (Normalized Difference Vegetation Index)  »LS idsy ool Jloy Lol jasls
 NIR+RED
NIR —RED
EVI=G
NIR+C,RED—-C,BLUE +L (Enhanced Vegetation Index) LS idg axiliogus asls

L=1,C,=6,C,=7.5G=25

SAVI = NIR —RED (L+1) 1=05 (Soil Adjusted Vegetation Index) ol iig SB Lo jasls
NIR+RED+L
NDWI = NIR — SWIR1 (Normalized Difference Water Index) 1 oad by Lol jasls
~ NIR+SWIR1
MINDWI = GREEN —NIR (Modified Normalized Difference Water Index) g;l oddzdsl g oas Jlo 5 ol jaxli
GREEN +NIR

i (Tasseled Cap Transformation) _Salus Jos
Brightness, Greenness, Wetness ’
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Fig. 4: Mappings related to color images, vegetation indices, non-
vegetation indices and Tasseled transformation
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Table 5: Values related to initial parameters and genetic algorithm operators
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Fig. 3: Graphical user interface related to urban heat island calculation of input
data (satellite images of Tehran's Andishe neighborhood)
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Fig. 6: The visual result of the genetic algorithm in determining the suitable
coverings for the region roofs
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Table 6: Statistical results of the genetic algorithm implementation effect on the
problem parameters
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Table 7: Values related to parameters and particle swarm optimization algorithm
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Fig. 7: Diagram of total cost changes in genetic optimization algorithm
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Table 8: Statistical results of the particle swarm algorithm implementation effect
on the problem parameters
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Fig. 10: Diagram of total cost changes in particle swarm optimization algorithm
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Fig. 9: The visual result of the particle swarm algorithm in determining the
suitable coatings for the region roofs
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Fig. 11: Diagram of changes (a) financial cost and (b) standard deviation resulting from
particle swarm optimization algorithm
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Table 9: Statistical results of the genetic algorithm implementation effect on the
problem parameters for 15% of the region roofs
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Table 10: Statistical results of the particle swarm algorithm implementation
effect on the problem parameters for 15% of the region roofs
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Fig. 12: Heat island results of (a) genetic and (b) particle swarm algorithms
to determine suitable coatings for 15% the region roofs

5 (1¥9) Sb (digy 7 S0 (5lwatag pi sl il Bl 5o
300, Femiten Sleisle ashd VoV gl (1OF) olS ilg 0O
5 (LFY) S g FY cl,d ploojl (g 5luodinge o ,sNl a5 Jl>
2l 5,5 by leailo aakad V) gl (OY) oS iy OA
slap, Sl bawg i 0550 slayially jo a5 Sless g sl
LBV 58 gz o e i eilos ooyl Bl)d plosl 5 S5
plojl o Sy (slwaings o )58l 5l ol Cawods s ulul
aslllae 3,50 adlate slaply jl oo ;0 V0 idy dte et sl )3
Coyo Sy lgieay IS anie a0 a5 Bl CaS Glgi o
Szl g Jbo azp G Jol sbml izres 9 Jlae Syl 6l
Coomsty (§ilwdingr ppssl 59 52 50 ) S auje (g wlunl jlne
anlllas S Ban )lg5 ol yol ol Jdo el 00ls g jlire Bl ol
5 Cendls aihite ;5 Led lne Gilyoul LzalS _iay w0in ol plodl
W g addllas (ol o 45l Ban (o9 4 Jlo anje alf cou
b ad el lae Slil 4 VL s (55 ool olas]
5 sbone Szl bl 53 o (sbme L slaclsesl 53 Lo o5l



Nikrouzet Mostofi et al. (YA) OlKas 5 Sgiuo j5 50

Ol Sl YL v blBa JS anse o5 el (> o nl 0 adlos S Jle anse ssue 5l i b sl Szl vse Gl
ol aLBls g3 A ol J8 cl s cons Jbo asg o 23 WG LY 5l SG gao90 0

ool 5 S5 slopi oSl S iy 30 eSS, s bigrpo ogas Wi bkl b a5 Llaglezsle slaws a5 sl ol o] S0 o
VEUSS j0 Geimmen el sswl e ol 4 VYOS 0 old aniilg e o Gl b a8 sla el amiS 0 g o i
Silwainte p2,550 90 Jlxe Syl g Jbo atso 4 bgy pe slalogei el g Aileads 15 30 waiiS ool Jlre Bl el 09 )0 (95 S
Jsb yooud Dbl Bae wilgs slasd bl 08 ploil g Sy el b g S5 sceolae b pbagleislo Elw lrba sl
oy ools lis (g 5lwaingg sl Al Al pwswsme ol wilgl Jbe an i ke U ol cely

Best Cost

o Best Cost 5400

5300 5300

5200 + .

R 5200
T 5100 I
3 80 F
% 5000 - 2
% % 5000
& 900 - &

4800

4800 |

aron - 4 4800 -

4600 4700

0 2000 4000 6000 800G 0000 42000 14000 o 05 1 15 2 25
NFE NFE 10*
(W (<)
(a) (b)

dibis glapl 710 (gl @l ploosl (©) 5 Sy (W) o oSl IS a4 s Ol s Jloges VY S
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Fig. 14: Financial cost changes diagram of (a) genetic and (b) particle swarm algorithms for 15% of the region roofs.
Standard deviation diagram of (c) genetic and (d) particle swarm algorithms for 15% of the region roofs



J. RS. GEOINF. RES. 2(1): 25-44, Winter & Spring 2024

Vet ylgs 5 yliasoj o) oylais oF il o ilKo oSl 5 495 1 i 5l iy s mole dy it

sonlie BB 55 Jolaz o JISCSI o 48wl oSy SLlS 70 el
olasi a4y azgi b o ,0% aS ol (il cools 7, a5 Blasl asl o
L aS ol odum,y ase cpl a0 aails L3 j0 a5 sla Lol
Seete ) U5 anze jlade Wlgigad e Sl falS 555
ase GRalS pelul ]y baplensle jiie B ol g 5 wisen
Slo aip lae Bzl IS 5 b ouds el yol (ol iagled (yuss

Aol adls ol ogupn

e slotally 59,5 S plodjl o 598 (512! )""L' @bl @AY Jooxr
aglaie glapl 7.0 (sl p

Table 12: Statistical results of the particle swarm algorithm implementation
effect on the problem parameters for 5% of the region roofs
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Table 11: Statistical results of the genetic algorithm implementation effect on
the problem parameters for 5% of the region roofs
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Fig. 15: Heat island results of (a) genetic and (b) particle swarm algorithms to determine suitable coatings for 5% of the region roofs
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