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ORIGINAL RESEARCH PAPER
Estimating Geoidal Vertical Skewness and its effect on the reduction of the slope
distances to the horizontal ones

M. Shirazian®, F. Hajmahmoudattar

Department of Surveying Engineering, Faculty of Civil Engineering, Shahid Rajaee Teacher Training University, Tehran,
Iran

ABSTRACT

CEL G RE T Mo) Jea\FH Vertical Skewness is a prevalent anomaly in the field of geodetic
Received: 03 February 2024  science, which arises due to the displacement of the vertical component on the geoid at various

Reviewed: 08 April 2024 locations. This discrepancy directly impacts both horizontal and vertical angles that are observed,

Revised: 10 June 2024 and indirectly influences measurements of lengths. When considering the adjustment of length

Accepted: 15 August 2024 conversions to the horizon, this phenomenon is adequately represented by vertical angles.
Consequently, vertical angles assume a significant role in ameliorating the effects of geoid updrafts
and ensuring the precision of length determinations.

KEYWORDS: The occurrence of refraction exerts a substantial influence on observations of angles. This impact,
Vertical Skewness particularly on the vertical angle, possesses a considerable magnitude that gives rise to a substantial
Occurrence of Refraction discrepancy when adjusting the transformation of lengths to the horizon. A prevalent approach
Topocentric Coordinate employed to mitigate the influence of refraction involves the simultaneous measurement of vertical
System angles in both directions at two distinct endpoints of equivalent distances.

Geocentric Coordinate M There exist two primary categories of coordinate system commonly employed to express
System the positions of points in geodesy. These categories are known as the geocentric coordinate system,

which centers on the Earth, and the topocentric coordinate system, which also centers on the Earth.
In the geocentric coordinate system, the origin of the coordinates coincides with the Earth's center

* Corresponding author of gravity, and the z-axis is defined in alignment with the Earth's epoch axis. On the other hand, in
&2 m.shirazian@sru.ac.ir the topocentric coordinate system, the origin of the coordinates corresponds to a specific point on
® (+98910) 9261989 the Earth's surface, namely the location of the camera. Furthermore, the z-axis in this coordinate

system corresponds to the surface of the parallel potential passing over the aforementioned point
where the camera is situated, also known as the line of work passing over the point.

Geodetic measurements of both horizontal and vertical angles are conducted within topocentric
coordinate systems. As indicated, the prevailing technique for mitigating the impact of refraction on
vertical angles involves simultaneously reading said angles from both the initial and terminal
positions along the lengths. Given that the starting and ending points of the lengths exhibit
dissimilar vertical extensions on the potential surface, the measurement of the vertical angle, and
consequently the correction of the length's conversion to the horizon, are subjected to a significant
degree of error.

The current investigation comprehensively examines this error and its consequential

impacts on the horizontal spacing of points within small-scale geodesic networks. To achieve this
objective, four specific regions in Sweden characterized by accurate geoids were meticulously
chosen, and an elliptical procedure was implemented on the geoid of these regions to determine
the parameters of the geoid surface. Furthermore, the geoid surface was computed.
The findings of this investigation demonstrate that the significance of the skewness of
geoid gauges is evident even in geodetic networks of small-scales, and should not be disregarded. It
is important to consider that the assessment of the magnitude of the skewness effect of geoid
perpendiculars is only feasible in areas where a precise geoid is present. Consequently, it becomes
unfeasible to entirely eliminate this effect when observing vertical angles simultaneously in areas
lacking accurate geoids. Consequently, an alternative approach must be employed to rectify the
conversion to the mile-long horizon. Further examination of this alternative method is presented in
subsequent sections of this scholarly article.
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Table 1: Semi-major axes of the ellipsoids fitted to the four areas of study in Sweden

Jsa>Area a b c
Kebnekaise 6378079.181 6377108.551 6356815.258
Umea 6377953.394 6376673.306 6356860.952
Skovde 6378384.921 6377859.304 6356711.342
Martsbo 6378232.578 6377126.821 6356784.871

000 In 2007)

" ¥ ity | . : ]
i X -
(http://www.maps-of-europe.net/maps-of-sweden 3l az3 5 1, ;5 50,8 (slo clice) g ;5 10 dnlllas )50 3blie 1) S
Fig. 1: Study areas in Sweden (red triangles) taken from http://www.maps-of-europe.net/maps-of-sweden
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Table 2: Computed Geoid for the grid-points of the study areas from SWEN17 model

Kebnekaise Umed Skévde Martsbo

¢° N N(m) ¢° N N(m) ¢° N N(m) ¢° N N(m)
67.96 18.56 32.433 63.71 19.74 22.859 57.98 14.46 31.631 60.62514 17.21853 24.827
67.96 18.58 32.409 63.71 19.76 22.803 57.98 14.48 31.610 60.62514 17.23852 24.773
67.96 18.60 32.376 63.71 19.78 22.746 57.98 14.50 31.590 60.62514 17.25852 24.719
67.96 18.62 32.340 63.71 19.80 22.687 57.98 14.52 31.568 60.62514 17.27852 24.665
67.96 18.64 32.305 63.71 19.82 22.634 57.98 14.54 31.547 60.62514 17.29852 24.609
67.95 18.56 32.421 63.70 19.74 22.798 57.97 14.46 31.676 60.61514 17.21853 24.820
67.95 18.58 32.389 63.70 19.76 22.744 57.97 14.48 31.653 60.61514 17.23852 24.767
67.95 18.60 32.361 63.70 19.78 22.684 57.97 14.50 31.631 60.61514 17.25852 24.714
67.95 18.62 32.335 63.70 19.80 22.629 57.97 14.52 31.608 60.61514 17.27852 24.659
67.95 18.64 32.298 63.70 19.82 22.576 57.97 14.54 31.586 60.61514 17.29852 24.604
67.94 18.56 32.396 63.69 19.74 22.738 57.96 14.46 31.719 60.60514 17.21853 24.814
67.94 18.58 32.377 63.69 19.76 22.681 57.96 14.48 31.698 60.60514 17.23852 24.760
67.94 18.60 32.355 63.69 19.78 22.623 57.96 14.50 31.672 60.60514 17.25852 24.706
67.94 18.62 32.326 63.69 19.80 22.570 57.96 14.52 31.647 60.60514 17.27852 24.653
67.94 18.64 32.282 63.69 19.82 22.517 57.96 14.54 31.623 60.60514 17.29852 24.600
67.93 18.56 32.375 63.68 19.74 22.678 57.95 14.46 31.764 60.59514 17.21853 24.807
67.93 18.58 32.363 63.68 19.76 22.620 57.95 14.48 31.742 60.59514 17.23852 24.754
67.93 18.60 32.339 63.68 19.78 22.563 57.95 14.50 31.714 60.59514 17.25852 24.702
67.93 18.62 32.310 63.68 19.80 22.508 57.95 14.52 31.684 60.59514 17.27852 24.648
67.93 18.64 32.256 63.68 19.82 22.454 57.95 14.54 31.659 60.59514 17.29852 24.597
67.92 18.56 32.335 63.67 19.74 22.617 57.94 14.46 31.807 60.58514 17.21853 24.801
67.92 18.58 32.307 63.67 19.76 22.559 57.94 14.48 31.780 60.58514 17.23852 24.749
67.92 18.60 32.286 63.67 19.78 22.501 57.94 14.50 31.750 60.58514 17.25852 24.697
67.92 18.62 32.263 63.67 19.80 22.445 57.94 14.52 31.722 60.58514 17.27852 24.644
67.92 18.64 32.227 63.67 19.82 22.392 57.94 14.54 31.697 60.58514 17.29852 24.593
67.91 18.56 32.295 63.66 19.74 22.555 57.93 14.46 31.849 60.57514 17.21853 24.795
67.91 18.58 32.264 63.66 19.76 22.497 57.93 14.48 31.818 60.57514 17.23852 24.743
67.91 18.60 32.230 63.66 19.78 22.440 57.93 14.50 31.788 60.57514 17.25852 24.693
67.91 18.62 32.207 63.66 19.80 22.383 57.93 14.52 31.760 60.57514 17.27852 24.642
67.91 18.64 32.181 63.66 19.82 22.330 57.93 14.54 31.737 60.57514 17.29852 24.593
67.90 18.56 32.231 63.65 19.74 22.494 57.92 14.46 31.892 60.56514 17.21853 24.792
67.90 18.58 32.206 63.65 19.76 22.436 57.92 14.48 31.858 60.56514 17.23852 24.740
67.90 18.60 32.172 63.65 19.78 22.379 57.92 14.50 31.831 60.56514 17.25852 24.691
67.90 18.62 32.137 63.65 19.80 22.322 57.92 14.52 31.799 60.56514 17.27852 24.641

67.90 18.64 32.115 63.65 19.82 22.269 57.98 14.43 31.659 60.56514 17.29852 24.592
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Table 3: Vertical skewness angles in the study areas

Kebnekaise Umed Skovde Martsbo
Baseline length vertical Baseline length Vertical skewness Baseline Vertical Baseline length Vertical
skewness length skewness skewness
(m) s (m) (@, m’,s") ) . (m) (@ m o1
0837.88 0,0,27.03 0988.77 0,0,31.90 1113.78 0, 0, 36.00 1094.34 0,0,35.31
1115.36 0,0, 36.00 1490.18 0,0,48.11 1625.16 0,0,52.48 1561.87 0,0,50.43
1675.76 0, 0, 54.05 1977.54 0,1,03.81 2227.55 0,1,12.00 2189.22 0,1,10.64
2013.30 0, 1,04.96 2439.03 0,1,18.77 2522.50 0,1,21.50 2482.81 0,1,20.20
2513.64 0,1,21.08 2980.59 0,1,36.23 3250.56 0,1,44.97 3124.37 0, 1,40.89
2790.46 0, 1,30.06 3487.45 0,1,52.63 3544.84 0, 1, 54.55 3517.42 0,1,53.64
3346.07 0,1,48.01 3955.07 0,2,07.61 4095.14 0,2,12.29 3996.34 0, 2,09.08
3532.92 0,1,53.97 4541.38 0,2,26.58 4455.10 0,2,23.99 4519.17 0,2,25.84
4027.21 0,2,09.94 5181.00 0,2,47.26 5045.31 0,2,43.01 4589.46 0,2,2828
4539.55 0,2,26.53 4966.16 0, 2,40.42
5121.86 0,2,45.31
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Systematic Analysis of Space Lidar Payload of Remote Sensing Satellites with
Emphasis on the Effect of Environmental Parameters
M. Khoshsima™?, S. Ghazanfarinia?, R. Narimani?
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ABSTRACT

Remote sensing satellites equipped with Lidar payloads are
Received: 06 July 2024 deployed for ground, atmospheric, and space target monitoring missions. The primary
Reviewed: 15 August 2024 advantage of space Lidars lies in their ability to conduct global monitoring with repeated
Revised: 07 September 2024 coverage of targets, a capability that ground and airborne Lidars cannot fulfill. The energy of
Accepted: 05 October 2024 each pulse is a critical parameter in the design of space Lidar remote sensing payloads,

impacting data accuracy, signal-to-noise ratio, horizontal and vertical resolution, and overall
return signal aggregation time. Enhancing the signal-to-noise ratio is a key consideration in both

KEYWORDS: the design and operational phases of a Lidar project. Numerous studies have explored the
Lidar impact of different parameters on the signal-to-noise ratio of Lidar systems. However, despite
Remote Sensing Satellite these extensive investigations, this issue has not been comprehensively examined to date. The
System Design geometric configuration of the Lidar system, laser specifications, optics, electronics, and the
Signal to Noise arrangement of the laser-telescope geometry are key factors that significantly influence the
Zenith Angle optimization of the signal-to-noise ratio. Apart from the specifications of individual

components, system analyses play a crucial role in the design of Lidar payloads. This includes
technical specifications of the laser, transmitter, optical system, receiver telescope, heat

* Corresponding author control, and radiation considerations. Establishing a technical alignment between missions and
8% m.khoshsima@isrc.ac.ir payload specifications is a key requirement in this process.
@ (+9821) 63190000 m Fully investigating the challenges associated with the systematic analysis of Lidar

payloads is essential. This paper presents comprehensive research on the challenges and
requirements related to the design considerations of Lidar systems, focusing on the transmitter
and receiver components, as well as environmental factors such as radiation effects and thermal
issues. Following the initial system analysis, further exploration is needed to address
considerations for the Lidar payload during the operational phase, encompassing challenges
related to data extraction, signal quality, and signal-to-noise ratio.

Variations in the sun's radiation angle can impact the optical depth parameter of

aerosols, affecting the lidar signal-to-noise ratio by 10-40% based on atmospheric conditions.
Optimal data collection times are estimated around zenith angles below 50 degrees at
approximately 10 am and 2 pm, correlating with sun angle and atmospheric light scattering.
Additionally, sunrise and sunset can influence signal-to-noise ratio due to maximum dispersion.
The calculation of total ionizing dose damage serves as a design bottleneck, determining laser
module efficiency loss through critical power index assessment for active and passive heat
control. This article explores technical bottlenecks and systemic considerations in lidar payloads,
investigating the role of environmental factors such as sun radiation angle and space
environment impact.
The findings indicate that environmental factors such as space radiation and
atmospheric optical indices during the operational phase, as well as geometric, structural
parameters, and heat management during the design phase, significantly impact the energy of
each pulse and variations in the signal-to-noise ratio. This insight is crucial for accurately
estimating design budgets at both system and subsystem levels. The outcomes of this study not
only offer practical implications for case studies but also suggest potential enhancements
through the exploration and inclusion of additional considerations, potentially at the subsystem
or other payload component levels. Leveraging the results of this research can help guarantee
the precision of Lidar performance in future phases.
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Fig. 2: Application investigation of the transmitter in a Lidar payload [13]



J. RS. GEOINF. RES. 2(2): 187-204, Summer & Autumn 2024 O8Y)  IFF sl g olawwl o o lads o F ade o S0 ledb] 5 490 j iiaw slo ity jy (ode dy puid

Transmitter Technology Challenges

18

16
8 E1-100 W, 0.1-50 mJ 1-micron
'E 14 laser
5 — m100 W, 100 Hz 1-micron laser
5812 ) )
= E =1-100 W 1.5-micon fiber laser
c o
o =
E 210 A 020 W, 1 J2-micron pulsed
g & laser
% @ m\Wavelength converters for the
3 £ 8 vis-UWV
E o EWawvelength converters for the
SZS ¢4 R
2 (5] O Beam director
E
2 4 mOther laser

N I

0 ‘ [l W

Enabling Cost Reducing Performance
Enhancing
Technology Requirement Type

[VY] oaziws 8 50 a5 (gomsaiws glsil (60, (cusy e ¥ JSC0
Fig. 3: Practical examination of the laser's classification in the transmitter [13]
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Table 1: Mission requirements for the first class of lasers - Laser technical requirements tailored to measurement scenarios [14]

Topography, Pulse Rate < h=1pm, 2025  %=1um,0.5J | Reliability,
aerosol and 500 Hz, Solid- J @ 150-Hz @ 50-Hz PRF, packaging,
temp. profiles state Laser PRF, WPE ~ WPE 6%, 1-MHz @ space
10%, 1-MHz linewidth, M* < | qualification
linewidth, M*< | 1.5
1.5%
Topography, Pulse Rate = 1 ho=1um: 1) ho=1pum, ~ Reliability,
aerosol and kHz, Solid-state | bulk,=08J@ | 100s uJ @ = packaging,
temp. profiles Laser 5 kHz PRF, 2.5-kHz PRF, space
WPE > 5% 2) | WPE 6%, 1-MHz | qualification
fiber,> 1-4mJ | linewidth, M? <
@ 10 kHz, WPE | 1.5
> 15%, GHz
linewidth, M? <
1.5°
Gravity cw Solid-state A=1pm, ~15 1 um, 220 mW, GRACE-FQ is
Single kW, WPE ~ sub-Hz focused on
Frequency Laser  10%, ~100-kHz | linewidth® demonstration of
linewidth, M* < frequency
1.59 reference, incl.
locking scheme
Atmospheric Frequency See “Fixed Harmonic Improved
Composition, Conversion Wavelength generation of nonlinear optical
winds, ocean Conversion” and | 532, 355 nm; materials and
mixing-layer “Tunable parametric anti-reflective
Wavelength generation to coatings
Conversion” fixed and
sections tunable 1's Vis-
MWIR*
Topography, Fiber/Hybrid 10-100+ Wat1  1,1.5,2 um, ~ Fiber-integrated
aerosol and T, (bulk+fiber)* pm (typically <1 | 0.1fewmJ @ = = Ccomponents,
oceanography mJ), PRF 20- 2.5-kHz PRF, low-nonlinearity
>100 kHz, M*~ | \WpE - 15%, gain fiber, higher
1, WPE = 20% range of WPE pump
linewidths, M? < | diodes

High resolution

Single 1. signal

10 kHz-few MHz

1.5
Linewidth from

Linewidth in ~10

aerosol, Hz0), laser diodes, linewidth, 20- kHz to MHz at kHz range,
oceanography amplifiers 100 mW Pyye variety of & in wavelengths >
Vis-SWIR range | telecom
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Table 2: Mission requirements of the fifth class of lasers [14]

Aerosol, H:0y,

Second

~70% 1064nm

>100 mJ @ 532

Incremental

T, oceanography = Harmonic —532nm (24 nm, 10-200 Hz  performance
(at 532 nm w/ Generation W @ 150 Hz, PRF; 2-5mJ @  and reliability
less penetration Py =16 MW)%;  532nm, 2.5-20  improvements
than ~450-480 >50%, 1064nm  kHz PRF
nm) — 532 nm (200
W)
0O, Second >50% 1530 1J, 10 Hz. Scale telecom
Harmonic nm—765 nm technology
Generation lasers to much
higher energy
DWL; aerosol Third Harmonic = ~6 W, ~50% ~6 W, ~30% High efficiency,
and T profiles Generation 1064+532 — 1064+532 — high reliability
355 nm (20 kHz, ' 355 nm (200 Hz, UV generation
Poc~1 MW), | Py~10 MW)
~20+% at 150-
300 Hz PRF

* Albert et al. [2015].
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Fig. 4: Technical requirements of the receiver subsystem (optical system) of the Lidar according to the type of measurement mission [14]
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Table 3: Limitations caused by differences in technological capabilities [14]

High-efficiency
detectors in 1.5-2
um range
Field-widened
interferometric
receiver
High-bandwidth,
high-sensitivity
detector arrays

CO, (ASCENDS)

(ACE)

formerly DESDynl)

None Gravity (GRACE-2)
Multiple Topography (LIST in 2007
aperture/beam Decadal)

receiver

Single telescope 3D Winds

supporting multiple
look angles

Aerosol/Clouds/Ecosystems 4

3D Biomass (NISAR/GEDI,

Space
qualification/radhard
assurance
Wavefront error

3 N/A

6 N/A

3 Large-area detector
with high readout
bandwidth

3 Large-aperture
receive optics
(HOE/DOE,
interferometer)

Receiver Technology Challenges
o

Aberration compensation

Waignment maintenance

DOScanning Systems

DODoppler Offset Compensation
Technologies

MLarge Effective Area,
Lightweight Telescopes
(Including stray light controf)

BMechanical Metering
Structures

MSpeciaity Optics: High

(Mede Matching)

DOMarrowband Optical Fikers

WDstactors (Including Arrays)
and Amplifiers

Number of Measurement Scenarios Citing the Technalogy Requirement

Enabling Cost Reducing

B\Optical High Resclution
Spectral Analyzers

Dpetection Electronics, E.G.,
High speed ADC, multi-
channel scaler, and boxcar

Performance
Enhancing

[VF] 0058 j0 b5 (gamaws glgl (60,5, oy 20 JS5
Fig. 5: Practical examination of the classification of lasers in the receiver [14]
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Table 4: Applications, related technologies and their requirements from the receiver's point of view [14]

Wind, Aerosols

Aerosol, Ocean,
Non-CQO5,
Phytoplankton

Beryllium or SiC
field lens-
corrected
Ritchey-Chreétien
or other
Cassegrain
receive
telescope

Single aperture,
1-1.5 m, ~0.2-
0.5 mrad FOV

Sub-aperture
elements of 5-m
primary used for

Light-weight
telescopes =1 m
2-5 m primary
mirror telescope
for space based
lidar, <F/1
primary, <100-
Km blur circle,
high
transmission

Deployable large

T h i i
opography aperture imaging
diffractive

CO,, Ozone primary and

corrector optics®
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Fig. 6: Thermal characteristics review of Lidar payload over time [21]
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Table 5: Radiation effects on semiconductor light sources and detectors
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Table6: Applications along with related technologies and their requirements from a data mining perspective [14]
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(1064 nm)
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QE, <300 cps
DCR, <50 ns
dead time

ACCD: 85% QE,
16x16 pixels, 25
x 2.1 ps range
gates, 7 noise e’
per pixel, 16-bit
ADC

I*PC: 40% PDE,
256x256 pixels,
10s of ps

B80-K, 2x8 pixel
arrays, 75% QE,
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few photon
sensitive, 10-
MHz bandwidth,
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responsivity
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format, radiation
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EER G ET G Rl JIEEITEER Monitoring and analyzing variations in land surface temperature
is essential for agriculture, biodiversity, human health, and water resources as it is a major

indication of climate change. By analyzing and assessing these alterations, one can get a
thorough understanding of the causes and effects of global warming and be better equipped
to take preventative and remedial action against this rapidly spreading phenomena. Because
remote sensing data may show the features of land phenomena and their spatial distribution
at various scales, it is crucial to gather LST. Several factors need to be taken into account,
including data distribution and spatial correlation analysis, associated geostatistical model
investigation, model selection, and result validation. In light of the foregoing, the purpose of
this research is to ascertain the trend of variations in LST in llam County and to propose a
suitable mathematical model for the interpolation of meteorological station data in the area.
The thermal band of the Landsat 7 satellite has proven to be an effective tool in

this research to study changes in surface temperature in llam city. The data in this band, which
is recorded as thermal radiation emitted from the register, allows the surface to be calculated
with a reasonable degree of accuracy. One benefit of using satellite images is their large
coverage and periodicity, which allows the study of changes in surface temperature in a region
and over time. This comprehensive view allows the temperature changes in llam city to be
well-analyzed and the factors that affect these changes are identified in various locations. To
do this, a regular grid with 291 points was sampled from satellite photos. Next, experimental
variogram points were created using the geostatistical method, and various spatial models,
including Gaussian, exponential, circular, and spherical, were fitted to the sampled data.
Ultimately, distinct surface temperature maps have been produced using the normal kriging
interpolation method and each of these models. The correctness of each map has been
determined using statistical markers like the coefficient of determination and root mean
square error.

The findings of the study demonstrate that the thermal band data from the Landsat
7 satellite exhibits a Gaussian geographical pattern, and this model provides a strong
justification for the observed spatial variations in surface temperature. The findings
demonstrate that the Gaussian spatial model fits the experimental variogram of surface
temperature in the investigated region the best. This demonstrates that variations in surface
temperature in this area are spatially autocorrelated, with the correlation between locations
decreasing with increasing distance. High accuracy interpolated maps are produced by the
traditional kriging approach using the Gaussian model. These maps' coefficient of
determination was 0.94, indicating a good degree of agreement between the estimated and
real surface temperature data.
The integration of remote sensing data and geostatistical methods offers a
powerful tool for examining spatial variations and interpolating environmental data, including
land surface temperature changes. In this study, the pattern of LST changes in llam County
was determined using satellite remote sensing data, and the Gaussian model was introduced
as the optimal spatial model for interpolating LST at weather stations. Data analysis revealed
that LST in the region has increased significantly over the past few decades.
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Tablel: Kolmogorov-Smirnov test for band 6 sampled data
Tests of Normality
. e R Kolmogorov-Smirnov Shapiro-Wilk
95 o] = B9 F9alsS (150 8 .
Kolmogorov-Smirnov test Statistic Df Sig. Statistic df Sig.
Band-6 .043 291 .200 .987 291 .011
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Table2: Statistical indicators of band 6 Landsat satellite data related to the entire region and sampled points

ol ls e Gl oeSike ST o Jolas laie (JS) bl olows Wrosls asgozme
Variance Standard deviation Average The maximum value Minimum amount The number of points (pixels) Data set
15.507 3.938 311.676 324.625 291.481 560512 The whole area ik J5
15.25 3.94 311.69 320.29 301.28 291 Selected points Ll blas
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Table4: The estimated parameters of the exponential model based on the
normal kriging estimator

Exponential Model.

corr (Obs, Pred): 0.7558 [using ordinary kriging]

observed predicted pred.-obs. pred.std. zscore

minimm 3013 303.4 -8,299 2,13 -3,797
Ist q. 309 308.7 -1.652 2,131 -0.7657
median 312.1 1.7 0.08811 2,131 0.04134
3rd q. 314.8 314.4 1.787 2.2 0.8035
maximum 320.3 318 8.117 2,739 3.276
n 291 291 291 201 201
mean 311.7 311,7 0.0111 2,178 0.002006
std.dev, 3,944 3,178 2,589 0.09178 1,186

ol Jgene Sz S 29y 4 Shiogys J ol Sy 4B Y S8
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Fig. 12: Prediction map resulting from interpolation using the normal kriging
method based on the exponential model
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Table3: The estimated parameters of the spherical model based on the normal
kriging estimator

Spherical Model:

corr (Obs, Pred): 0.7588 [using ordinary kriging]

observed predicted pred.-obs. pred.std. zscore
301.3 303.6 -8.367 2.397 -3.435
309 309.¢6 -1.696 2.397 -0.6981
312.1 11.6 0.138 2.397 0.05758
314.8 314.4 1.77 2.436 0.7384
320.3 317.5 7.487 2.842 2.807
n 291 291 291 291 291
mean 311.7 11.7 0.01175 2.428 0.002667
std.dev. 3.944 3.186 2.576 0.06646 1.059
Legend
spherical
Prediction Map
[1500em)] [dam_re]
Filled Contours
301 254882 . 304 925719
304 925718 - 15
307 623415 - 300 6 5
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0
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Fig. 10: The map resulting from interpolation using the normal kriging method
based on the spherical model
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Fig. 15: Regression line of real and estimated points in Gaussian model
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Table 6: Estimated parameters of the circular model based on the normal kriging

estimator
Circular Model :

orr(Obs, Pred): 0.7591 [using ordinary kriging]

observed predicted pred.-obs. pred.std. zscore
minimum 301.3 303.7 -8.37 2.458 -3.356
Ist q. 309 309.6 -1.683 2.458 -0.6754
median 312.1 311.6 0.1477 2.458 0.06007
3rd q. 314.8 314.4 1.76 2.49%4 0.7105
maximum 320.3 317.4 7.473 2.874 2.756
n 291 291 291 291 291
mean 311.7 311.7 0.01042 2.487  0.002282
std.dev. 3.944 3.182 2.574 0.06169 1.033
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Fig. 16: Prediction map resulting from interpolation using the normal kriging
method based on the circular model
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Fig. 13: Regression line of actual and estimated points in the exponential model
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Table5: Estimated parameters of Gaussian model based on ordinary kriging
estimator

Guassian model :

corr(Obs, Pred): 0.7657 [using ordinary kriging]
observed predicted pred.-obs. pred.std. zscore
minimum 301.3 304.5 -7.688 2.512 -3.134
1st g. 309 308.9 -1.505 2.512 -0.5986
median 312.1 Ji1.6  -0.08615 2.513 -0.03381
3rd q. 314.8 314.2 1.613 2.539 0.6358
maximum 320.3 317.4 7.569 2.834 2.777
n 281 281 291 291 291
mean 311.7 311.7  -0.00335 2.535 -0.002119
std.dev. 3.944 2.979 2.537 0.04384 0.9992
Legend
gaussian
Prediction Map
1500m) {dom_ e
Filled Contours
301284882 - 304 925718
304 925719 - 307 623415
307 623415 - 300 622285
309 622285 - 311 103357
311 103357 - 312 200765
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Fig. 14: Prediction map resulting from interpolation using the normal kriging
method based on the Gaussian model
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Fig. 17: Regression line of actual and estimated points in the exponential model
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Table 7: Statistical comparison of the accuracy of the models applied to the kriging estimator
& . c
Joa Dl (Fred o yS RMSE —— cRatio
Criterion/Model Correlation coefficient CotcC
Spherical 65}5 0.7588 1.106 0.749
View ‘S;Lu 0.7559 1.17 0.9
Gossi  owsS 0.7657 0.9791 0.55
Circular  glo pls 0.7591 1.083 0.716
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Population growth in human settlements leads to an increase in
land use demand. Consequently, optimal urban land use planning is critical for planners and
decision-makers. Given that land use allocation involves multiple objectives and a large set of
data and variables, solving this problem requires developing decision support systems (DSSs)
and applying meta-heuristic algorithms.

In this paper, a DSS equipped with an optimization method (i.e., Ant Colony Optimization
algorithm) is developed to solve the land use allocation problem. The study aims to design a
graphical user interface (GUI) to facilitate the algorithm implementation process and apply it
to a study area to assess how such a tool can help achieve the optimal land use layout.
Additionally, the outputs of the ACO are compared with the results of two other meta-
heuristics (i.e., the Genetic and the Simulated Annealing algorithms) to evaluate the
performance of the designed DSS.

To fulfill the research objective, first, the land use optimization problem is
formulated, which includes the decision variable and how it is discretized, three objective
functions (i.e., compatibility, compactness, and suitability maximization), two area controlling
constraints, and the way of combining the objective functions. Second, the ACO algorithm
customized with the land use allocation problem is presented. Third, the study area, the 7th
municipal district of Isfahan divided into 334 allocation cells, is introduced, and the
requirements such as parameters and weights for calculating and combining the objective
functions are described based on the case study characteristics, related studies, and expert
opinions. Fourth, a code is developed, and a GUI is designed in MATLAB programming to carry
out the computational process, solve the equations, and handle the spatial data. Finally, the
ACO parameters are tuned, and the code is applied to the study area within the depicted DSS
framework. Alongside the ACO implementation, two other meta-heuristics (i.e., the genetic
and simulated annealing algorithms) are executed to constitute a ground for the performance
analysis.

Outputs of the developed DSS illustrated the land use distribution within the 7th

municipal district of Isfahan and the ACO’s convergence process. It showed that the cultural
and sports land types were in the central part of the study area, and a major amount of the
service land types was placed close to the green spaces. In addition, service types were
located in the central and northern parts of the study area providing access for the residents
to such necessary amenities.
The results indicated that the ACO algorithm performed satisfactorily in the study
area. In other words, the DSS, including this algorithm, demonstrated effective land
management and planning performance. It also displayed benefits for users interested in
applying different objectives and constraints. Besides, the ACO performed better in the study
area than the other utilized methods. Although this article delivered a DSS along with
optimization algorithms advantageous for resource management and spatial planning,
incorporating land use levels (e.g., urban and neighborhood) and compatibility of the
modeling context with more realistic conditions (e.g., cell area variation) are proposed for
future research that are of limitations of this article.
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Fig. 2: Flowchart of the adapted ant colony algorithm with the land use optimization problem
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Table 3: Land compatibility values

e slad 331 gs"'“""*'ef gsi"‘z’)s g5"“)9“°l g5’9s“‘“"’ o )5
(Green space) (Sports) (Medical) (Culturaly (Educational) (Residential) Types)
0.50 0.50 0.25 0.25 0.50 1.00 =3

(Residential)

)l

1.00 0.75 0.75 0.50 1.00 0.50
(Educational)
0.75 0.25 0.25 1.00 0.50 0.25 82
(Culturaly
- l
1.00 0.75 1.00 0.25 0.75 0.25 e
(Medical)
1.00 1.00 0.75 0.25 0.75 0.50 =009
(Sports)
1.00 1.00 1.00 0.75 1.00 0.75 s

(Green space)

e oSl 3l alold (Lo 4y cocs o6 )5 cenlis :F Jga
Table 4: Land type suitability corresponding to the criterion of distance from the road network

Lg)..u)Lf 6‘)‘.’ u.:.njl.]a.a Q‘J':"’ u‘él)‘ wL..»
(Suitability for each land type) (Land suitability)
b seesldd By st Sl 9
(Culturaly (Green space) (Sports)  (Educational) (Medical) (Residential)
0.50 0.50 0.75 0.75 0.75 0.25 0.00
0.50 0.50 0.75 0.75 0.75 0.25 0.25 .
alols
0.50 0.25 0.50 0.50 0.50 0.50 0.50 (Distance)
0.25 0.25 0.50 0.50 0.25 0.75 0.75
0.25 0.25 0.25 0.00 0.00 1 1

OBge ;8 slo il b D Jgor
Table 5: Parameters of the ant colony algorithm

ol (e halejl polio b el
(Best values) (Experimental values) (Parameters)
1000 t_max
334 q
0.01 0.010, 0.015, 0.020 ,0
1.90 1.7,1.8,19,2.0 o
1.90 17,18,19,2.0 p
0.15 0.10, 0.15, 0.20

-




J. RS. GEOINF. RES. 2(2): 219-232, Summer & Autumn 2024 (YYR) Pl jul g olawolioF o )lois oF ale o G0 Sledb] g 590 j yizmiw sloitgjs cole 4 pii

[ Aco.wor [E=g——)
~Inputs (The first step) — thirs step)
5 Sete: Compactness vaue ool vl
¥ o = Teme consumption(s )
e % Sutavaty vaue
1 1
Experiment number:
| 08 0s
| Load
» — |os 08
~ Optimization (The second step)
| L Run )
04 04
[
l |
02 02
0 0
0 02 04 06 08 10 02 04 06 08 1
L Reset J L Show } |
1215 G (5315 bl

GUI before the model implementation

~ Inputs (The first step) - thirs step)
Umax | 10000 betx: | 19 SUmpachm e 8 Total vabe: 1054 875
q e aphs | 19 Compatbity vale s2478
Time consumgtion(s) 13521845
w001 v 015 PUe— 122128
1100
Experiment number: 3] L]
: 1050 P
B | v e 10
J 1000
- Optimization (The second step) 15}
950
( Run ]
Optmzaton compieted 800
B850
B00 —
0 2000 4000 6000 8000 10000 5 10 15 20 2
r 1

12l 5l o (315 bl
GUI after the model implementation

OBz90 w98 losly (sl ok (b )5 (SIS Lanly F S

Fig. 4: Graphical user interface designed for the ant colony implementation
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Table 6: Comparison of the outputs of the ant colony, simulated annealing, and genetic algorithms with the existing land use arrangement

(&8 = ol Eyome pow Baa pgd San Jol Sua S
(Solution time (s)) (sum) 3) f2) 1) (Algorithm)
OBz )5e
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Large Scale Crop Type Mapping Using Multi Temporal Sentinel-2 Imagery and a New
Attention U-Net-Vit
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ABSTRACT

With the advancement of technology and the emergence of
Received: 03 July 2024 multifunctional satellites, a significant amount of real time information is now transmitted
Reviewed:19 September 2024 from the Earth's surface. These satellites are equipped with sensors that obtain critical
Revised: 30 September 2024 information by sending signals at various frequencies to the Earth's surface. The data received
Accepted: 01 November 2024 from these satellites are utilized in various scientific and military applications, including

aviation, geographical studies, meteorology, agriculture, and other research fields. The
agricultural sector and crop monitoring have especially benefited from remote sensing

KEYWORDS: methods compared to traditional methods, becoming a primary tool for collecting
Remote Sensing environmental information for area monitoring applications, attracting researchers'
Deep Learning attention. One such application is regional monitoring to examine agricultural products over

Satellite Image Processing

- . cultivated areas. The use of remote sensing tools and satellite images is highly efficient due
Agricultural Products Detection

to their wide regional coverage. To automatically analyze these images, classify, and segment
cultivated areas, machine learning methods are currently employed. Among these methods,
deep learning offers superior performance and higher speed compared to other learning
methods, such as manual or semi-automatic methods.

This paper utilizes deep learning models suitable for segmenting agricultural areas.
Generally, these models produce an output of equivalent dimensions for each input.
Therefore, for working with satellite images, an improved U-Net model is proposed in this
study. The proposed model is developed using Vision Transformers (ViT) in the model's
bottleneck for classifying and segmenting four types of agricultural products: rice, wheat,
canola, and corn. Compared to convolutional layers, ViT is more efficient in terms of
conceptual and algorithmic implementation and requires less computational power. This
model addresses the problems and weaknesses of the base U-Net model that arise with
complex datasets, diverse in shape, size, and texture, enabling more accurate and reliable
segmentation results. Additionally, the proposed improvements enhance the model's
robustness and adaptability to various agricultural scenarios.

In the numerous experiments conducted, the proposed method achieved an
accuracy of 83.84 and Precision of 70.69%, providing a better classification of the five target
products compared to other methods. The qualitative outputs also indicate better
segmentation of the input images when applying the proposed method. Alongside the
accuracy metric, other metrics such as focal loss, recall, precision, and MloU were examined,
with the proposed method reaching acceptable levels in most cases. Notably, as the target
area was in Iran, data collection and labeling were also carried out in this research, providing
a suitable dataset for training other models
This research presents an end-to-end model for learning features related to the
segmentation of satellite images. The results indicate that the proposed method can be
effectively used for segmenting satellite images received from Sentinel-2 for the target
products, such as various crops. Therefore, the results obtained can play a crucial role in water
consumption management, planting structure adjustment, loss estimation, and agricultural
performance evaluation, providing significant insights for stakeholders. By utilizing these
methods, it is possible to achieve improved efficiency and accuracy in agricultural
management and optimize resource use in this area, contributing to sustainable agricultural
practices and better decision-making processes.
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Fig. 3: The impact of cloud cover on segmentation (top right rectangle
indicates the cloud).
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EEEITC R o) JEEHYEEY Radio sounding and tomography techniques play a crucial role
in studying the structure and dynamics of the ionosphere. Specifically, tomography is an

advanced method for creating three-dimensional models of electron density within the
ionospheric layer. By utilizing observational data, such as GPS measurements, tomography
generates accurate maps of electron distribution. lonospheric tomography provides high-
precision insights into temporal and spatial variations in electron density. This precision is
essential for applications like satellite navigation, radio communications, and meteorological
predictions. Researchers focus on the upper layers of Earth’s atmosphere, using specialized
radars called ionosondes to obtain precise information about electron density and the
structure of ionized layers. Tomography, an imaging technique, relies on radio wave
propagation through the ionosphere. It produces two- or three-dimensional images of
electron distribution within this layer. Widely used in weather forecasting, radio
communications, and space studies, tomography significantly advances our understanding of
ionospheric  phenomena. Technological advancements, including satellite-based
measurements, enable even more accurate analyses, ultimately enhancing global
communication and aviation safety. In this paper, the existing method for how to obtain the
electron density change of the ionosphere layer based on the total electron content (TEC)
parameter by using the phase difference analysis created in the communication signal of the
global navigation satellite system GNSS when passing through different layers of the
ionosphere has been investigated and studied. For this purpose, communication signals from
low-orbit and high-orbit satellites were studied, and the method of obtaining TEC from phase
difference was explained for each. Then, we studied the existing methods and algorithms for
converting TEC (Total Electron Content) data into tomographic images. At the end of this
article, as an example, we implemented the radio tomography method to visualize plasma
bubbles in the equatorial region and compared the results with images taken from optical
instruments. It was shown that radio tomography can be used as an accurate method for
visualizing the structure of plasma bubbles. At the end of this article, we compared the
method studied here with methods such as all-sky imaging, incoherent scatter radars, etc.,
and discussed the advantages and disadvantages of these methods relative to each other.

In current research on ionospheric sounding and tomography, significant progress
has been made using the Global Navigation Satellite System (GNSS). Recent studies indicate
that GNSS can model the ionospheric structure in three dimensions with high precision.
Electron distribution in the ionosphere is analyzed using radio data obtained from satellites
at Low Earth Orbit (LO) and High Earth Orbit (HO). Collecting ionospheric information via GNSS
is a complex and precise process that relies on advanced technology to measure and analyze
various ionospheric parameters. These systems, which include Earth-orbiting satellites,
transmit signals to ground-based receiver stations. These signals contain precise temporal and
spatial information about the satellites, allowing accurate determination of receiver positions
on Earth. The distribution of electron density in the ionospheric layer directly affects the
propagation of GNSS radio waves, including their path, shape, and phase. Any disruption in
the ionospheric layer significantly impacts satellite communications, precise navigation, and
long-range communications. In fact, GNSS utilizes this capability to measure the Total Electron
Content (TEC) of the ionosphere, a key indicator for understanding its state. This process
occurs through signals transmitted from satellites to ground stations. As these signals pass
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through the ionosphere, they are influenced by electron density variations, which can be
measured with high accuracy.

In this comprehensive study, current research on ionospheric radio tomography

using Total Electron Content (TEC) measurements from GNSS has been conducted. The
concept of TEC and its impact on the phase and shape of signals received from the examined
satellites has been explored. The application and methodology of using Low Earth Orbit (LEO)
and High Earth Orbit (HEO) satellite data to obtain detailed TEC information are described.
The validation and accuracy assessment of satellite data in ionospheric radio tomography,
which is crucial for the reliability of the final product and the production process, have been
addressed. Finally, a technique for reconstructing tomographic images using TEC
measurements via GNSS signals is reviewed. It has been demonstrated that this
reconstruction technique works well for imaging plasma bubbles. Horizontal distributions
obtained from Vertical TEC (VTEC) depletions are compared with images captured by optical
instruments, yielding similar results. Even in regions where GNSS signals are weak, this
method can yield good outcomes if the bubble structures are sufficiently large.
In summary, GNSS tomography represents a dynamic and evolving field with
significant potential for improving accuracy and efficiency in weather predictions. As we
continue our research and development efforts, we anticipate the emergence of new
methods and technologies that can address existing challenges and enhance the quality and
precision of tomographic models. These advancements hold promise for diverse applications
of GNSS tomography, including meteorology, climate change studies, and disaster
management.
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Fig. 2: Global navigation satellite system (GNSS) stations operating throughout
South America in Day of Year (DOY) 3 of 2014. The colored marks indicate the
location of the stations for the different networks, where the dashed line shows
the magnetic equator [35].
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Fig. 3: Comparative example between the Vertical Total Electron Content (VTEC) depletions and the dark brands of the airglow observations. The white square shows the
exact location of the Geo-referenced Ol 630 nm images and the grayscale is in units of normalized intensity (NI) [35].
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Fig. 3: Example of a plasma bubble propagating through Sdo Jodo do Cariri (SJCI) in DOY 359 of 2013, detected by the VTEC reconstructions and the optical instruments
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Fig. 6: Four cases a, b, ¢, and d using the airglow observations in CHPL [35].
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Table 1: The number of plasma bubbles captured by tomography reconstruction and optical instruments in the Boa Vista region.

Tomoraphy
With Bubbles Uncertain Without Bubbles
With Bubbles 181 (29%) 36 (5.9%) 117 (19%)
Airglow
Uncertain 6 (0.9%) 34 (5.6%) 80 (13%)
Without Bubbles 21 (3.4%) 0 (0%) 135(22%)
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Table 2: The number of plasma bubbles captured by tomography reconstruction and optical instruments in the Sdo Jodo do Cariri region.

Tomoraphy
With Bubbles Uncertain Without Bubbles
With Bubbles 133 (18%) 102 (14%) 187 (26%)
Airglow
Uncertain 5(0.7%) 28 (3.9%) 29 (4.1%)
Without Bubbles 21 (2.9%) 0 (0%) 204 (29%)
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Table 3: The number of plasma bubbles captured by tomography reconstruction and optical instruments in the Cachoeira Paulista region.

Tomoraphy
With Bubbles Uncertain Without Bubbles
With Bubbles 108 (15%) 71(9.6%) 242 (33%)
Airglow
Uncertain 0(0%) 23 (3.1%) 33 (4.5%)
Without Bubbles 51 (6.9%) 32 (4.3%) 179 (24%)
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Building Detection with Special Roofing in Urban Areas using Hyperspectral Remote
Sensing Technology
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2 Department of Civil Engineering, Faculty of Engineering, University of Birjand, Birjand, Iran

ABSTRACT

One of the analyses performed on the hyperspectral images is
Received: 30 August 2024 target detection. The most common method for target detection in satellite images is pixel-
Reviewed: 11 October 2024 based detection, in which each pixel is assigned to a specific class with only its spectral
Revised: 31 October 2024 information and without considering neighboring pixels. With recent advances and the
Accepted: 24 November 2024 creation of images with high spatial resolution, it is necessary to use both spectral and spatial

information to detect hyperspectral images. This research deals with the detection of roofs
with special coverage as a target, in an urban environment, through a series of hyperspectral

KEYWORDS: images. Since an urban environment has complex characteristics in terms of physics,
Building detection geometry and elements used in buildings, hyperspectral data effectively helps to identify,
Urban area extract and produce a map of the elements that make up an urban environment. Identifying
Remote sensing the type of roof of buildings in urban environments is very important in various applications,
Hyperspectral imagery such as mobile phone communications, virtual reality, architecture and urban modeling,

planning, and city management.
In this research, the spatial information strategy is investigated along with the

* Corresponding author spectral information to improve target detection in the analysis of hyperspectral images. For
=) davoodakbari@uoz.ac.ir this purpose, the spectral-spatial algorithm of marker-based minimum spanning forest, which
@ (+98915) 9380515 is used in the image classification process, is used to detect the roofs of buildings with special

coverage. The markers were selected from the support vector machine classification map in
the proposed method. For this purpose, the analysis of the labeling of the connected
components was done based on 8 neighboring pixels. The minimum spanning forest is
obtained after creating the minimum spanning tree and removing the ridges related to the
added vertex in the last step. In the minimum spanning forest algorithm, each tree grows on
one of the vertices of the image, and by assigning the class of each marker to all the pixels
grown from it, a spectral-spatial detection map is obtained.

The above techniques were applied on a series of CASI sensor image data taken

from the urban area of Toulouse located in the south of France. The results of quantitative
and qualitative evaluations show that the proposed method has improved the value of the
Kappa coefficient by 38% in comparison with the spectral angle measurement detection
algorithm. This shows the importance of using spatial information in the detection process,
while the spectral angle measurement algorithm only needs the spectral information of the
desired target for detection.
Simultaneously with the growth of urbanization and the development of urban
areas, the need of managers and planners for very accurate maps of urban areas has increased
significantly. The use of spatial information, especially in the case of images taken from urban
areas where several adjacent pixels belong to the same class or complex, can improve
detection accuracy. It is intended to reduce the amount of error in the spectral-spatial
detection of the target in the future research. The conditions of creating mixed pixels, such as
the overlap of terrestrial phenomena and the heterogeneity of most phenomena, and as a
result, the increase of the internal variance of the target, increase the detection error in
hyperspectral images. Therefore, it is tried to reduce the above errors by using different
methods.
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EEI G RET [ Mol J Y\ Accurate land use classification is essential for effective natural
resource management, urban planning, precision agriculture, and environmental monitoring.
Such classification helps predict and prevent environmental issues. Methods like high-resolution
satellite and aerial imagery, GIS, and deep learning techniques, including Convolutional Neural
Networks (CNN) and the U-Net architecture, offer high precision in analyzing and classifying aerial
images. The U-Net network, known for its unique structure, excels in defining land use
boundaries. This study focuses on a region in Poland, using the U-Net model to enhance
classification accuracy and efficiency through regularization techniques and the Adam optimizer.

This research used high-resolution aerial images and a deep learning model based on
the U-Net architecture to achieve precise land use classification. The approach aimed at
improving classification accuracy across four land use categories. High-resolution aerial images
were collected, corrected geometrically and radiometrically to create orthophotos. These images
were labeled and cropped to 256x256 pixels, with data augmentation techniques such as rotation
and flipping applied. The dataset was divided into training (75%), validation (25%), and testing
(5% of the validation set). The U-Net model includes convolutional blocks with 3x3 kernels,
normalization layers, and dropout layers, organized into encoding, decoding, and output layers.
Hyperparameters included the Adam optimizer, a learning rate of 0.0001, and a batch size of 16.
Model performance was evaluated using metrics like overall accuracy, kappa coefficient, and
Jaccard score.

The algorithm was tested on data from Poznan, Poland, utilizing high-resolution aerial

images from 2021 with a 25 cm spatial resolution. The data, labeled by experts, covered four land
use types: buildings, forests, roads, and water. Out of 769 labeled images, 576 were used for
training (expanded to 2304 samples after augmentation), 183 for validation, and 10 for testing.
The model, developed using Python and Keras on TensorFlow and trained in Google Colab,
achieved high accuracy after 96 iterations, validated against expert-labeled maps. While the U-
Net model performed well in general classification, it encountered challenges with rare classes
like water. Data augmentation and more samples for such classes could improve accuracy. The
training and validation accuracy reached 0.95 and 0.85, respectively, with validation errors
stabilizing around 0.5. The U-Net model demonstrated significant improvements in accuracy,
kappa coefficient, and Jaccard index compared to previous studies, underscoring the importance
of high-quality data and precise parameter tuning.
The study assessed the U-Net deep learning model for accurate land use classification
using aerial images. Results indicate that the model effectively identified and differentiated
between land use types with high precision. The U-Net structure achieved an overall accuracy of
92.47%, a Jaccard index of 54.45%, and a kappa coefficient of 79.59%. These results demonstrate
the model’s strong capability in defining class boundaries. Future improvements could involve
utilizing multispectral and hyperspectral images for more detailed information, combining U-Net
with other networks like ANN, optimizing hyperparameters with advanced search methods, and
employing transfer learning, especially with limited training data. Implementing these strategies
could enhance accuracy and efficiency in land use classification, with broader applications in
scientific and practical fields.
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Table 5: Evaluation of the proposed model's performance compared to previous studies
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EEEITC R Mo SRR Object recognition is a widely discussed topic across various

disciplines. However, identifying tree species in forests remains challenging due to their
similar appearances and behaviors. This study aims to address this issue by leveraging the
temporal-spectral signature model in Google Earth Engine (GEE) to differentiate forest plant
species. The innovation of this research lies in determining the temporal-spectral behavior of
tree species by calculating the brightness of satellite image bands across different months of
the year, creating a unique matrix for each species.

M The study utilized Landsat 8 and 9 satellite imagery from 2016 to 2022, focusing on
a section of the southern forests of Gilan province. Initially, spectral behavior curves for
vegetation, land, and water were plotted. By coding in GEE, the average brightness values for
each band were calculated, producing combined bar and line graphs for the three categories.
Temporal-spectral signatures for tree species were then developed using typology maps and
field surveys, with 200 data points collected for oak, hornbeam, beech, alder, and Bergan
needle species. A matrix of 84x1 was formed, representing the temporal-spectral signature
for each species, using Bands 1 to 7 of Landsat 8 across 12 months. MATLAB was employed to
visualize the generated matrices.

m The results revealed distinct brightness levels in specific bands and months for
different species. For instance, in the first band during the second month, brightness values
for oak, hornbeam, beech, Bergan needle, and alder were 0.38, 0.31, 0.27, 0.46, and 0.25,
respectively. The highest brightness levels for most species occurred in the fifth band during
the tenth month. Classification using the random forest method with both 7-band and 84-
band inputs showed that the innovative temporal-spectral signature approach improved the
Kappa coefficient to approximately 0.4. This unique signature enables the accurate
identification and differentiation of tree species, supported by field observations.

The study demonstrates that temporal-spectral signatures can effectively
differentiate tree species in forests, facilitating improved classification and monitoring. This
approach holds potential for broader application to other species, paving the way for
advanced forest management and monitoring by organizations such as natural resources and
environmental agencies. Future research should extend this method to additional species to
further enhance forest classification systems.
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Fig. 5: 7x12 matrix of oak species
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EEEEICRE R JEEIERY In recent decades, geomatics science has made significant

progress, and these advances are due to advanced measurement tools and innovative
technologies in the field of geometric and spatial data acquisition. In this context, portable
laser scanners and UAVs have been introduced as basic and efficient tools that are capable of
accurately and quickly measuring various objects and environments, including urban spaces.
These devices automatically record all the details of the urban space in the form of point
clouds or images. To extract the geometric information of buildings from these details, it is
necessary to use machine vision methods. To achieve accurate and reliable models of
buildings, a sequence of post-processing operations is implemented when processing point
cloud data. One of the most important stages of these processes is the segmentation of the
point cloud. These steps transform point cloud data into more conceptual and analyzable
information. One of the important issues in processing point cloud data is the ability to extract
flat surfaces of building facades (walls). These flat surfaces are of special importance as basic
components in modeling and analyzing the condition of buildings. Accuracy in the information
related to these flat surfaces allows for a more accurate and complete distinction between
different components of buildings. This is important in several applications including urban
planning, construction management, and energy consumption analysis of buildings.

In this article, the combination of MSAC and G-DBSCAN algorithms is used to extract
flat surfaces from three-point cloud datasets (point cloud obtained from GeoSLAM ZEB-
HORIZON laser scanner devices, point cloud obtained from Phantom 4 Pro drone imaging and
hybrid point cloud) has been These two algorithms are executed sequentially. The area
chosen for this purpose is the buildings of the Faculty of Engineering of Bu-Ali Sina University
in Hamedan. Because this environment has features such as architectural diversity, the
existence of flat facades, and different ways of placing walls in relation to each other with
different dimensions.

m This research, with a comprehensive evaluation of three separate data sets, shows
an average precision of more than 97%, which guarantees high accuracy in data extraction. In
addition, the average recall has reached more than 94%, which covers most of the elements
of the facade. The result of this evaluation is the F1 score with an average of 95%, which
indicates progress in the field of accurate building data extraction and architectural modeling.
However, the algorithm encountered challenges when facing the walls that were
perpendicular to the laser scanner's movement path, which reduced the representation rate.
Also, the SfM algorithm has difficulty in generating points on window panes, which caused
some points related to the space inside the windows to be recognized as wall points. This
issue shows that point cloud generation algorithms from images affect the results of this
algorithm. On the contrary, the results of the combined data have been very promising, in
such a way that these data converged faster than the other two data sets in the first step of
the algorithm and had high performance in Precision and Recall.

However, the findings show that the algorithm has generally shown an
outstanding performance in extracting building facade information, especially with the use of
diverse and varied data. These developments are promising and open new horizons in spatial
data analysis and building modeling. This innovative approach can be used in various
applications and help to develop modern and data-driven architectural models.
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Fig. 4: Phantom 4 Pro drone
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Table 2: Phantom 4 Pro drone sensor information
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Table 1: Specifications of the portable laser scanner, GeoSLAM ZEB-HORIZON
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Fig. 5: The position and image of control points along with the flight path of the UAV shown on the model of the building case study (the
points are named with numbers and English letters so that, from left to right, they start from P1 and end with P14)
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Table 4: Specifications of control and check points after triangulation (the maximum error of each point is less than 0.01 cm)
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Table 3: Summary of the Phantom 4 Pro flight project
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Table 5: Manually segmented point cloud data (effective area: the area of each wall minus the area of features on it such as doors and windows)
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Fig. 8: Show how to determine the Minpoint value for the point cloud of the
mobile laser scanner. This value for this building is 7000 points, which has
extracted 5 planes
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Fig. 9: The results of the second step of the algorithm for the point cloud of the

mobile laser scanner (red box: shows the two planes that were wrongly
extracted by the algorithm as wall facades)
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Fig. 7: Results of the first step of the algorithm for the point cloud of the mobile
laser scanner.
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that are mistakenly extracted as walls in the results of the proposed algorithm
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Fig. 10: The results of the first step of the algorithm for the UAV imaging point
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Fig. 13: Results of the first step of the algorithm for the hybrid point cloud
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ABSTRACT

EEL G EL G0 IR Today, air pollution is considered as one of the most important problems

Received: 02 August 2024 of human societies. The expansion of urbanization, the development of cities, the increase in population,
. . the increase in construction, the development of industrial activities and the increase in the consumption
Reviewed: 07 September 2024 ) - . . . )
. of fossil fuels, the lack of an efficient public transportation system, the low quality of fuel and the traffic
Revised: 23 September 2024 density have caused a large amount of pollutants incompatible with natural mechanisms to be released
Accepted: 01 November 2024 into the air daily. Air pollution has harmful effects on the environment and human health. The distribution
of gases and pollutants in different layers of the atmosphere is not equal. So that some pollutants such
as carbon monoxide and sulfur dioxide have a very high concentration in the troposphere layer compared
KEYWORDS: to other layers. Along with other factors that increase pollutants, the construction industry is also one of
Air Pollution the major sources of environmental pollution, responsible for about 4% of the production of greenhouse
gases, particles and more water pollution than any other industry. Today, due to the excessive growth of
the population and the need for housing, it has required that tall buildings rise every day from all corners
of the city. Now this issue causes the production of pollutants to increase in cities. Because the increase
in population causes an increase in single-passenger cars and issues in this regard. The increase in
population and the desire to seek profit through construction replaces the beautiful and natural
landscapes of our country with urban areas every year. Population growth causes an increase in

Sentinel-5
Construction
Google Earth Engine

* Corresponding author construction in an area, and this problem causes the physical development of urban areas over time. In
= sh_amini@azad.ac.ir this research, the aim is Fo investigate the impact 9f c9nstruction on air pollution in the troposphere and
@ (0+9821) 88833211 also how the concentration of pollutants changes in different seasons of the year.

The area studied in this research is District 22 of the municipality located in the northwest of
Tehran, one of the new areas of Tehran, which was built in order to solve the lack of services in the
western area of Tehran and to relocate part of the population living in the dilapidated tissues of central
Tehran, and the amount of construction in this area is growing. has been selected and to investigate the
construction changes in the study area, the maximum likelihood classification method was used using
Sentinel-2 satellite images, and for monitoring carbon monoxide, sulfur dioxide, nitrogen dioxide,
tropospheric ozone and aerosol pollutants, Sentinel 5 satellite images were used in the Google Earth
Engine system.

The findings include calculating the amount of construction in the years 2018 to 2022 and

providing maps of changes in the concentration of carbon monoxide, sulfur dioxide, nitrogen dioxide,
tropospheric ozone and aerosol pollutants per unit of time and space.
The results of this research show that from 2018 to 2022, about 33.12 hectares were added
to the construction areas of Tehran's 22nd district, and these construction changes did not affect all gases,
and only carbon monoxide and carbon dioxide pollutants had a growing trend. Also, the concentration of
mentioned pollutants was higher in winter than other seasons.
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Table 1: Characteristics of Sentinel-2 satellite bands

Sentinel-2 bands Sentinel-2A

sentinel-2B

Y- i slaail Central wavelength(nm) Bandwidth(nm)  Central wavelength(nm) Bandwidth(nm)  Spatial resolution
S zoedsb b by S zoadsk b sl S SSw @08
Band 1 — Coastal aerosol 442.7 21 442.2 21 60
Band 2 - Blu 492.4 66 492.1 66 10
Band 3 — Green 559.8 36 559.0 36 10
Band 4 — Red 664.6 31 664.9 31 10
Band 5 - Vegetation red edge 704.1 15 703.8 16 20
Band 6 - Vegetation red edge 740.5 15 739.1 15 20
Band 7 — Vegetation red edge 782.8 20 779.7 20 20
Band 8 - NIR 832.8 106 832.9 106 10
Band 8A — Narrow NIR 864.7 21 864.0 22 20
Band 9 — Water vapour 945.1 20 943.2 21 60
Band 10 — SWIR — Cirrus 1373.5 31 1376.9 30 60
Band 11 -SWIR 1613.7 91 1610.4 94 20
Band 12 - SWIR 2202.4 175 2185.7 185 20

O Jesiw o)‘BALn Slaseie ¥ Jgo

Table 2: Characteristics of Sentinel-5 satellite

Property claseis

Info cledbl

Spatial resolution JlSe .S o

Sensor g

Up to 5.5kmx3.5km.

Tropospheric monitoring instrument (TROPOMI), a spectrometer measuring ultraviolet and visible

(270-495 nm), near infrared (675-775 nm) and shortwave infrared (2305-2385 nm) light.

Revisit time ,35 \L;
Spatial coverage S oy
Data availability besls s yws

Common usage/purpose caa /g, 5,5

Less than one day.
Global coverage.

Since April 2018.

To provide global information on a multitude of atmospheric trace gases, aerosols and cloud

distributions affecting air quality and climate.
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Table 3: Classification accuracy results by maximum likelihood method

Year Jl. Overall Accuracy IS cds kappa
coefficient LIS o .5
2018 0.91 0.84
2022 0.93 0.86
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Table 4: The results of changes in the construction areas in the 22 district of

Tehran
Year JLo Area in hectares ,LS» 4 Coluwe
2018 348.88
2022 382
The area difference between two time periods 33.12
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Table 5: Seasonal changes of air pollutants

2018 2019 2020 2021
co
Spring )l 0.033963 0.034625 0.0338
Summer )Ll 0.032966 0.034516 0.032941 0.034103
Fall 50 0.031458 0.032406 0.033988 0.035472
Winter )L 0.03704 0.038291 0.042483 0.044744
So2
Spring )l 0.000133 0.00012 0.000102
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2018 2019 2020 2021
Summer ;,tuls 0.000113 9.91E-05 6.25E-05
Fall b 0.00031 0.000153 0.00033
Winter :,lius 0.001 0.00054 0.000804 0.000564
No2
Spring . 0.00035 0.000198 0.000188
Summer ;,tuls 1.25E-05 3.48E-05 8.93E-06 8.62E-06
Fall b 0.000391 0.000398 0.000549 0.000752
Winter :,lius 0.001263 0.000959 0.001079 0.001595
03
Spring . 0.14783 0.142895 0.13893
Summer ;,tuls 0.126765 0.123158 0.127397
Fall b 0.124851 0.125737 0.121868 0.125667
Winter :,lius 0.129969 0.13641 0.142965 0.135324
Al
Spring )l 0.88007 1.086904 1.063826
Summer ,Lols 0.279925 0.324678 0.652886 0.167759
Fall jl 0.454324 0.722061 1.062167 0.349596
Winter b ; 0.905526 1.131429 1.494769 1.193955
VY dilaio 5500508 58 @Bly (o) o] slsa slooar VT o i £ Jgu
Table 6: Seasonal changes of air pollutants of the ground station located in the municipality of 22 district
2019
NO2
SO2 ppb ppb CO ppm 03 ppb
Spring e 31 31.8 1.2 33.97
Summer oLl 45 429 1.3 34
Fall ;b 457 46.4 1.63 14.87
Winter ol 5.53 4533 1.27 16.1
2020
NO2
SO2 ppb ppb CO ppm 03 ppb
Spring 5l 33 39.2 058 34.63
Summer (\Lu.ls 43 37.97 1.23 331
Fall 2l 4.47 46.5 1.37 14.73
Winter ;L) 6.47 47.27 1.47 13.37
2021
NO2
SO2 ppb ppb CO ppm 03 ppb
Spring e 41 29.63 07 313
Summer ;L 3.87 38 1.1 30.67
Fall 52l 577 46.47 17 11.7
Winter ;L) 6.93 46.47 1.43 56
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EEL GG EN TNl JEGIEEH Roads are known as vital and essential elements in the

development of cities, because they play a very important role in communication and
transportation and represent the extent of urban development and growth. In order to increase
accuracy and efficiency in road detection and classification, researchers have designed and used
automatic methods based on deep learning algorithms. These approaches, due to their superior
capabilities in recognizing patterns and complex features of images, have effectively replaced
traditional methods and have significantly improved the accuracy and speed of road detection.
In this paper, an improved UNet3+ encoder-decoder model has been used for road
detection from remote sensing images. In this proposed model, pyramid pooling and spatial and
channel attention modules are used to improve road detection results. The spatial attention
module is used in the proposed network architecture to improve the network's focus on
important locations in feature maps. The channel attention module also allows the network to
more focus on important information and perform better at tasks such as feature detection and
classification. The pyramid pooling module is designed to receive multi-scale information. This
module helps the network to understand different spatial scales by applying averaging at
different levels and then resizing the averaged features to the size of the original feature map.
m The evaluation of the capabilities of the proposed network in detecting secondary
roads in areas with less residential density and with soil and vegetation cover shows the
superiority of this network over the original version of UNet3+. The improved network proposed
in this paper was able to detect roads more accurately. This shows the power of the network in
detecting roads in conditions where there is less environmental interference. Quantitative
results obtained from this network show the fact that the use of spatial and channel attention
modules and pyramid pooling module has been able to increase the accuracy, recall, F1 score
and IOU measures by 6, 15.6, 8.3 and 17.4, respectively, compared to the original version of the
UNet3+ network.
m The challenges raised in the automatic roads detection from remote sensing
images, including the effect of shadows and obstruction of the road with buildings and
vegetation cover, and the similarity of the secondary roads with the soil background can lead
to a decrease in the accuracy of recognizing roads from remote sensing images. The use of
improved UNet3+ encoder-decoder architecture capabilities in this research was able to reduce
some of these challenges and increase the accuracy of the detection results of secondary roads
in areas with soil and vegetation.
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