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CELCICIREN T NI Water vapor in the atmosphere is one of the most critical

meteorological parameters, significantly influencing climate studies, weather forecasting, and
climate change modeling. Precipitable Water Vapor (PWV) serves as a key indicator in
atmospheric studies and is measured using satellite data, including Moderate Resolution
Imaging Spectroradiometer (MODIS) sensor products. MODIS provides two PWV products:
Near-Infrared (NIR), which is available only during the day, and Infrared (IR), which provides
data for both day and night. Due to its broader temporal coverage, the IR product is widely
utilized in various applications. However, the accuracy of this product, especially under
varying atmospheric conditions during day and night, remains a major challenge. This study
aims to enhance the accuracy of MODIS IR PWV data using machine learning and to assess
the calibration's impact on day and night conditions.

This study utilized data from 10 radiosonde stations in Iran during the 2019-2020
period as reference ground-truth data. Three datasets were prepared: raw MODIS data, fitted
data, and modified data. A Multi-Layer Perceptron (MLP) model was employed for calibration
and to evaluate its performance for day and night data separately. Standard machine learning
methods were applied to design and implement the model. The model's accuracy was
evaluated using the Root Mean Square Error (RMSE) and correlation coefficient (R) metrics.

The results demonstrated that the MLP model significantly improved the accuracy
of MODIS PWV data. During the day, RMSE decreased from 3.72 mm in the raw data to 2.63
mm in the calibrated model, while the correlation coefficient increased from 0.81 to 0.86. At
night, RMSE reduced from 4.9 mm to 3.16 mm, and the correlation coefficient improved from
0.76 to 0.78. Overall, RMSE in raw MODIS data was 4.48 mm, which was reduced to 2.92 mm
in the fitted model and 3.03 mm in the modified model. The correlation coefficient also
improved from 0.77 to 0.87 and 0.85, respectively.
This study confirmed that the MLP model effectively enhances the accuracy of
MODIS PWV data and reduces existing errors under different atmospheric conditions. The
primary innovation of this research is the application of the MLP model to calibrate satellite-
derived PWV data for day and night conditions. By improving the precision of satellite data,
this method enhances its reliability for practical applications, particularly in weather
forecasting and climate studies. Limitations include dependency on radiosonde data as the
reference and the absence of analysis on specific atmospheric factors influencing modeling.
This approach can also be extended in future studies to improve the accuracy of data from
other satellite sensors.
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Table 1: Specifications of radiosonde stations
Station Elevation

Station Name Station Coordinates (m) Station ID
Olll Tehran o o
(Mehrabad) 35.68° N, 51.35° E 1191 40754
(.)I.MB 32.86° N, 59.20° E 1491 40809
(Birjand)
OIKK 30.25° N, 56.96° E 1754 40841
(Kerman)
OIAW (Ahvaz) 31.33° N, 48.67° E 22 40811
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RMSE STD

Bias

Model (mm) (mm) (mm) R
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Multi-Layer Fitting 0.00 2.83 2.83 0.88
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(MLP) Modified 0.01 291 291 0.87
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Table 2: Comparison of MODIS-Aqua IR Precipitable Water Vapor with
Observed Data from 10 Local Radiosonde Stations

" Bias RMSE STD Mean
Time frame R

(mm) (mm) (mm) (mm)

2019-2020 -0.37 4.44 4.42 0.78 11.74
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Table 4: Results of MLP Neural Network Models for Daytime and Nighttime
Data, including Correlation Coefficient (R), Standard Deviation (STD), RMSE,

and Bias
Bias RMSE STD R
(mm) (mm) (mm)
| Night |
Original 0.28 4.84 4.83 0.77
MLP 0.01 3.08 3.10 0.83
| Day |
Original -1.22 3.83 3.63 0.83
MLP -0.01 2.63 2.63 0.91
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Fig. 6: Scatter Plot of Calibrated MODIS Water Vapor Data Using MLP Versus
Radiosonde Observations
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Nowadays, getting land cover and land use information is crucial
due to the growing number of uses for this data. The primary method for obtaining this
information is considered to be through the utilization of remote sensing images. Image
classification techniques should be employed so as to extract land cover and use from these
images. Deep learning techniques can be utilized effectively to the classification of land cover
and land use simply because of their great potential in image classification. But there are also
challenges when applying these techniques as well. Model overfitting is one of the most
common issues when utilizing deep learning algorithms. Another major issue with these
methods is that they demand a significant amount of data during the training stage.
Additionally, gradient exploding/vanishing and determining the suitable architecture are
further challenges associated with these methods for extracting land cover and use from
remote sensing imagery.

The main objective of this research is to employ different techniques to overcome
the challenges to achieve high classification accuracy. To solve the problem of model
overfitting, dropout and early stopping approaches were utilized to ensure that the accuracy
of the training and test data were close. The data augmentation strategy can prevent model
overfitting in addition to addressing the lack of training data. As a result, this method was
employed to augment training data and also avoiding model overfitting. The gradient clipping
strategy was additionally used in this study to mitigate gradient exploding and vanishings in
deep learning models. This study used the ResNet18 model to classify the EuroSat dataset,
enabling us to obtain highly effective classification accuracy.

m Initially, this architecture was used with with the early stopping strategy, and the
model had an overall accuracy of 91.19 percent and a kappa coefficient of 0.9018. The data
augmentation technique was then applied to the same model, and the model achieved an
overall accuracy of 91.78 percent with a kappa coefficient of 0.9085, surpassing the previous
stage. In the last stage, a dropout method with a rate of 0.5 and a gradient clipping with a
threshold of 0.1 were added to the previous model, and the model achieved an overall
accuracy of 93.11 percent and a kappa coefficient of 0.9233, which was more accurate than
the previous two stages.

These results indicate that the EuroSat's land cover and land use classification
accuracy in the final stage was higher than in prior stages.
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PRrmaRENCIOp -
Residential
Seatake

annusicrop AnnualCrop 4 4 1 1 4 o 6 S
Forest - Forest 4 1 e o o 3 280
"
HerbaceousVegetation 4 2
Herhaceousvegetation -
% Highway 1 0 200
mer .
}’; w 8 ) Industrial { 0
) 150
Pl . wustrial -
i H ER Pasture { 3
¥ s 5
¥ ]
H o Pt 13 PermanentCrop 4 6
) | 100
PermanentCrop - Residential
Resigential - River | 2 50
- Sealake{ 0 ©O © © © ©O © O 1
Fiver
' ' " ' ' ' e 0
& § 5§ # B & 8 E § ¥
SeaLake - o ¥ S g 8 2§ 2 ¢ G z 5
. . . -0 s T 2 3 & § =
PO 2 T B g 7 &
I ! g 5 4
i E g3 E
B 8 &
£
£

terbazecusiegetation -

redcted labets 008 g e Sl Predicted labels e e G 2

o il Jsl al>ps (G JS) ()l a2 plend G Sle 5 (Sl JSC2) pledl G Sle VT SIS0

Fig. 14: Confusion matrix (right figure) and heat map of confusion matrix (left figure) for the first stage of classification

Sao bl

Industrial

Pred:River

True:PermanentCrop

HerbaceousVegetation

Highway

AT bl oS5

JERPS A

EEY
Pred:Highway
True:PermanentCrop s« S¥syaxe

Pred:Highway
True:Industrial

Industrial

Sealake Industrial

AnnualCrop

Forest

Residential Residential

Residential Highway Highway

Pred:Highway
True:Pasture

Residential Pasture

Industrial AnnualCrop

Residential

5
sl

Siloads g Gl Jsl > e j0 a5 laslacins ol jos 4y cns slosls pglas i golaws VO S
Fig. 15: Test data images with their predicted labels in the first stage



J. RS. GEOINF. RES. 3(1): 15-36, Winter & Spring 2025

(YY)

VEeF lgg 5 oliuos ) oylois ol o S0 M) 5 130 1 iminw (sla ity s ale 4y piii

ol Ao 1y 80 o eS Jow ol 55 9

oaseies Jde ol sl eolaiul b cus glaosls cm i (V) US55 50
sl 00

bl sl WS 4 laie a5 pgal g0 4 w2 o lid (V) IS
o3l DY g—azme g (SoSao Bblis il 035 0l 555 g (o
Joe &5 905 aalive Blgs oo 5 pleal (Lo yo oo (in iy
obedlayly ol )5 5 (o Gblio 4 Blate pgai ¥ 5 VA olass
ol 00ls ansid cedls DY gams 5 oS 3blio

ygee 90 4 gl po al> o pleel Sla g Sle (VA) S5 50
Sl oads ools plis gl 4sdi g Jgens

Blie S zleys 5 Lo slapdlS samaiib 5 Joo o
slecds 4 gaio 3blis 5ol )T )5 @il OV acs  HoS e
L S gile bl g a0 sl oS 5o Lol cul oauy oYU
el 00gad d311 1 (6,565 lacds aus s APIVY 5 AYIVY slacds
ttine Jde ol 5l eslaul b cud saosls g i (VA) IS 0

ol 00

smaicrop o sz s
Forest - o o ass
™
herbaceausvegetation - oss  oe  zm;
N Hghway 397 a7 04
> 0
N S - .
53
]
g Posture o 157 208
E) -
Permanentcrop -
mesdenal- 0 o o o o o
20
Wver- 163 os1 osz om0 o
Satake- 07 8 0 8 8 o
o 2 . o
E T f F B i H T E i
H § £ z i #
H H i i
F i
%

Predicted labels

o g i sl ez

True labels

w9 A Joe b o ian i j0 a4 Cal (aseie (VO) S o
.JJ‘O;)}{J CA....)JQ lib‘s,.uu...u Ui‘ JgjLaa ‘;é.t.g)é Lol cnl ob; J»o.:
(gri—o bl glo WS a4 3lao a5 (5 pg—ai A Jle sl
u,“ el 03,5 (SO o‘)f))'.g l) 039 & e g L;,a.u“..\ Y g axo
F o 4 Joe el dggiin 1 plaal o pilo o olail s is
Y gmass o gxime Gblie o WS 4 3lais a5 pgai Ve 4 YV
YOV JSS 5o canl odgad (gt o35 1) Wlessy a0 g (salle
ool L cawl sa ool auseid o 55 aS e WS ol 5l pguas
&‘duyww%@&migfngww‘ow
)d AMWJM‘ R ‘54.:..)0.,...) 4.15.!3) d.:}‘ls)b ML‘AS‘,
Bg 0 odnline (VO) S

Dygme 93 & i pg3 al> 5o pleal slagm ile (VF) S 5o
W PR WPXIRY UL“"’ ‘5;)|).> 4.....2.;5 Jﬁm

ASl30g, ¢ SeS e Gblis azly o 5 Lo sla WS 5o Jue
slacds 4y s o 3blis g &y (JKiz (alls OY g as

Py e el slaplesl G 5le V7 S5

Fig. 16: The confusion matrices of the second stage
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Table 2: Overall accuracy and kappa coefficient for the implemented models

(model) e (overall ggaze <8 (kappa LS oo
accuracy) coefficient)
(first stage) \ al> o 91.19% 0.9018
(second ¥ al> e 91.78% 0.9085
stage)
(third ¥ al> e 93.11% 0.9233
stage)
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Table 3: Precision, recall and F1 score obtained from classification models
Jae S b el
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second) ¥ al>
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Table 4: Precision, recall and F1 score for each for the classification models

(classes) Ls 5

' Npams
PP e ) ile Lol
(m;t-rics} (model) o s - {Pi:);c;)us Ml e G £ w5 i S <o sl
(annual crop) (forest) vegetation) (highway)  (industrial]  (pasture)  (permanen  (residential) {river) (sea/lake)
g t crop)
) al> o
(first stage) 94.98 97.18 85.80 7178 95.08 95.36 53.78 97.08 94.55 95.51
[are -} v qb.)_c
(40)2) (secand stage) 88.69 98.53 93.24 97.62 97.92 95.65 84.23 90.80 86.13 89.70
(precision})
¥
(third stage) 86.08 94.63 30.70 94.80 95.62 98.77 51.22 95.57 30.50 95.79
) al> o
dirst st 89.13 96.85 93.38 98.02 97.67 75.39 73.41 96.45 84.90 95.67
irst stage
gl B
¥l s
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(recall) &
Tl s
(third stage) 96.38 98.60 86.12 94.05 93.39 83.77 89.51 97.42 89.39 59
1 dlya
dirst stage) 91.96 97.02 85.43 82.47 96.35 84.21 82,35 96.76 89.46 97.55
F1L=d &
- ¥ aloa
(K] (second stage) 88.36 96.06 87.63 88.74 94.57 93.87 88.85 94.59 90.94 94,12
(F1 score)
¥ aloa
90.94 96.58 88.35 94.42 94.49 90.65 50.36 96.45 89.94 97.37

(third stage)




A. Milan et al.

(¥v)

ohKas 5 5o pio]

o Sliding claslpiig
Oy lp 050 Sletin g a5l Jol> @l 4 axg L
Bi> 25 5150k £ e eyl pl polie YL slacds &
Sy sl g, 5l eolawl b Lol S by albiwlas §  dolas
S s Jowe 0, 8ee 4 lgico LI ol bl sy b el ) ol
ResNet34 sla Joo ol o a5 ools dcgamme 500 5l puimod 0505
s b oS oolanul g5 oo 5.3 ResNet152 4 ResNet101 (ResNet50

GERe ol 0S8 bl 0yse iRl Do a G )
Gl 0345 o 5 o 30,8 Wb ¥ Jolis a5 EuroSat ools acgeze
Ol YL slecds a4 aw; sl 0ed ge Slpiiny ol oolaiul
Sl 5 cnl b ogd eolatwl o] JolS wil VY L ools acgeze
P SFAe Oype 4]y ates LS mbg Glls & ola S
bl 51 b Jas e gy ol )3 riared Sgad SIS o 5l (auadib
Glp aiS o G | s slrosls asilgn B asas esls ijge]
Transfer Learning a5 5l lgi oo SYL slocds @ yaww,
odds o3l bigel i 5l Jde o5l gy onl 5o 0ged eolaiul
St slagty, b plgee 1) S5 cnl 0gd e eolitul
lacds a4 o)y lp 5 Loyl lpl B oged o8 5 Loyl

gl (55l SYL

OB s g ey llo

el i b 4 i opl S e GBains oSl lree
Slewbre ploxl daosls (g3lwoslel 5 (5 59l0 5 Cadgtnn Jol iy
4t 5 @l 5 Dbl s 5 Jelow dosls g ol Jolows g 3520
oliwl flaie 4y pgo odiuggi el aliils oage 1) Alas g yion
o0l el Uy 5 gy (i 0 ighy slasal,
o allie siluales 5 sl el e s @S S
5o g andle oS jlie el 2k )0 58 peew sdis sl ] atils

ol 00,5 (6, Ken alin ol g axlllas

@Lb)”s Sy

Wlails (6, en Gudod (pl jo aS JSliie seled 5l allie Bauy s
iledoo pMlel ) 053 (uliws 5 (G100 JloS

&l oy

Cowl oazs Hly B aug s lawgs a8l (o )la5 453 za»

»T.ogé’b.n

[1] Wang, H., Zhao, X., Zhang, X., Wu, D., & Du, X. (2019). Long
Time Series Land Cover Classification in China from 1982 to 2015
Based on Bi-LSTM Deep Learning. Remote Sensing, 11(14), 1639.
https://doi.org/10.3390/rs11141639

S 35 Az

B (At soo )5 5o Lol (615 5 by Sledbl o5
009 S oli,l pogdle (5590 5 Liomiw (gosls jloslaiul oo (698
b o2l ) 5 b (B3 5 el 500 lahy; 4 o
Silegil Sygo ) pslal os8) il sleghs, Sl sl
3Gt pglas 5l Dbl cnl gl el slp w0 nds ISl
5SS el solainl pslal ganaab LSS 5l Wb s590
wdlion Gros T3k lagty) pglal sanail Sge slagts,
ol el a8 T 18 e 5l ioriw dsel> Az gi 050 sl and o 4
3190 5 G pglal (goainds 059> ;0 VL Jeusly la g,
L alodgm, 55 ol 5o 508 pmsd BB slacdo 4y g oolo lis oe>
2Ll 5 Grde gonaib )5 bty cal 5l eslaal ¢ Jlo()
2 sy oal 5 osliial (2l ooyl ool ol e i sl sl
el sl cslio Joo o QBT L2 6 )15 5 by (unailo
JStio cpal ol ploil 0 Loy ) ol (omlisl JSitio 9 .l o )15 (]
31%0 (S ailioe YUl ools olaws 45 5Ls g Jow 3l e
] 8lE 5 w5 il da o ol 51 sl gla il
sladae Goyeel anld jo P eel Ghol S pad w5 il
oo (nl o,es 5 285 5 Gad a5 08 dalyS e 550k
L il ol a8, Ghags ol ol o CBIAS aielys
e et Gl Jor sl sl i sla S5 5 aslicd
Olss pllmsg) Bl ST 5 Solal i (espla )
Sy 3 G5y 2 Sy Jlael b Ll3ilosls by, wged oolil
Gros 653k laghs, ) 0dld 9SSl S 40 Jge )
9 bl ISt 5l Wil oo 58 QLS i (s Geiaes 2Bl o
Ol 390 (65T sl Bres S0k sla e po QLS s
Sl g by sunail gly ResNet18 Joo 5l ol hagh
plmog; ey LSS 5l L ] 4o 45 EuroSat sols acgeze ool
@il ln Joo red 5l pgs Al e o i oslitul 0 oe 000
dlosls g plss; By L SuSS L aS ools dcgese (yo
Bg5 S SaST pgw al> e )0 ol colatul Sy oul oold Sguge
0 b ool S s 10 #55 b ol Gl I3l eols colKinsg;
o) lade j Al e ¥ pl 6Sol o eolail /) wlbiw]
il B D jao 4y 0als solaiul SIS (oo pl ol 00
A G Al yo y0 g ol adlol ResNetl8 Gios (5,50b Joo 4
sleJas cds obs)l sl ol S (6500 slacds L8 >
5 sl oo LIS (s S s sl s 5o 3k sl
4 Cos jlae cpl (solad )0 poas Al o Jow ol oolaiwl F1 5Ll
Ol lp yloe ol polio 5 ools al)l 1 (g ymas <8 Koo slo Jowe
sl 0355 TAY/AD 5 ZAYIVE JATIYS ( [AVYY JAFNN s oo


https://doi.org/10.3390/rs11141639‎
https://doi.org/10.3390/rs11141639‎
https://doi.org/10.3390/rs11141639‎
https://doi.org/10.3390/rs11141639

J. RS. GEOINF. RES. 3(1): 15-36, Winter & Spring 2025

VEeF lgg 5 oliuos ) oylois ol o S0 M) 5 130 1 iminw (sla ity s ale 4y piii

analysis and review. ISPRS journal of photogrammetry and
remote sensing, 152, 166-177.
https://doi.org/10.1016/j.isprsjprs.2019.04.015

[14] Yuan, Q., Shen, H., Li, T, Li, Z., Li, S., Jiang, Y., Xu, H., Tan, W.,
Yang, Q., Wang, J., Gao, J., & Zhang, L. (2020). Deep learning in
environmental remote sensing: Achievements and challenges.
Remote Sensing of Environment, 241, 111716.
https://doi.org/10.1016/j.rse.2020.111716

[15] Huang, B., Zhao, B., & Song, Y. (2018). Urban land-use
mapping using a deep convolutional neural network with high
spatial resolution multispectral remote sensing imagery.
Remote Sensing of Environment, 214, 73—86.
https://doi.org/10.1016/j.rse.2018.04.050

[16] Digra, M., Dhir, R., & Sharma, N. (2022). Land use land cover
classification of remote sensing images based on the deep
learning approaches: a statistical analysis and review. Arabian
Journal of Geosciences, 15(10).
https://doi.org/10.1007/s12517-022-10246-8

[17] Tong, X.-Y., Xia, G.-S., Lu, Q., Shen, H,, Li, S., You, S., & Zhang,
L. (2020). Land-cover classification with high-resolution remote
sensing images using transferable deep models. Remote Sensing
of Environment, 237, 111322.
https://doi.org/10.1016/j.rse.2019.111322

[18] Tong, X. Y., Xia, G. S., Lu, Q., Shen, H., Li, S., You, S., & Zhang,
L. (2018). Learning transferable deep models for land-use
classification with high-resolution remote sensing images. arXiv
preprint arXiv:1807.05713. DOI:10.48550/arXiv.1807.05713

[19] Zhang, P, Ke, Y., Zhang, Z., Wang, M., Li, P., & Zhang, S.
(2018). Urban Land Use and Land Cover Classification Using
Novel Deep Learning Models Based on High Spatial Resolution
Satellite Imagery. Sensors, 18(11), 3717.
https://doi.org/10.3390/s18113717

[20] Zhao, J., Wang, L., Yang, H., Wu, P., Wang, B., Pan, C., & Wu,
Y. (2022). A Land Cover Classification Method for High-
Resolution Remote Sensing Images Based on NDVI Deep
Learning Fusion Network. Remote Sensing, 14(21), 5455.
https://doi.org/10.3390/rs14215455

[21] Zhang, L., Zhang, L., & Du, B. (2016). Deep Learning for
Remote Sensing Data: A Technical Tutorial on the State of the
Art. IEEE Geoscience and Remote Sensing Magazine, 4(2), 22—
40. DOI: 10.1109/MGRS.2016.2540798

[22] Cheng, X., He, X., Qiao, M., Li, P,, Hu, S., Chang, P., & Tian, Z.
(2022). Enhanced contextual representation with deep neural
networks for land cover classification based on remote sensing
images. International Journal of Applied Earth Observation and
Geoinformation, 107, 102706-102706.
https://doi.org/10.1016/j.jag.2022.102706

[23] vali, A., Comai, S., & Matteucci, M. (2020). Zhang, P, Ke, Y.,
Zhang, Z., Wang, M., Li, P., & Zhang, S. (2018). Urban Land Use
and Land Cover Classification Using Novel Deep Learning
Models Based on High Spatial Resolution Satellite Imagery.
Sensors, 18(11), 3717. https://doi.org/10.3390/s18113717

[24] Carranza-Garcia, M., Garcia-Gutiérrez, J., & Riquelme, J. C.
(2019). A framework for evaluating land use and land cover

[2] Zhang, J., & Zhang, Y. (2007). Remote sensing research issues
of the National Land Use Change Program of China. ISPRS
Journal of Photogrammetry and Remote Sensing, 62(6), 461—
472. https://doi.org/10.1016/].isprsjprs.2007.07.002

[3] Cheruto, M.C., Kauti, M.K., Kisangau, P.D. and Kariuki, P.
(2016) Assessment of Land Use and Land Cover Change Using
GIS and Remote Sensing Techniques: A Case Study of Makueni
County, Kenya. Journal of Remote Sensing and GIS, 5, 175.

DOI: 10.4175/2469-4134.1000175

[4] Mu, L., Wang, L., Wang, Y., Chen, X., & Han, W. (2019). Urban
Land Use and Land Cover Change Prediction via Self-Adaptive
Cellular Based Deep Learning with Multisource Data. IEEE
Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, 12(12), 5233-5247.
DOI: 10.1109/JSTARS.2019.2956318

[5] Zhang, X., Han, L., Han, L., & Zhu, L. (2020). How Well Do
Deep Learning-Based Methods for Land Cover Classification and
Object Detection Perform on High Resolution Remote Sensing
Imagery? Remote Sensing, 12(3), 417.
https://doi.org/10.3390/rs12030417

[6] Zhang, C., Harrison, P. A., Pan, X., Li, H., Sargent, I., &
Atkinson, P. M. (2020). Scale Sequence Joint Deep Learning (SS-
JDL) for land use and land cover classification. Remote Sensing
of Environment, 237, 111593.
https://doi.org/10.1016/j.rse.2019.111593

[7]1Li, C., & Shao, G. (2012). Object-oriented classification of land
use/cover using digital aerial orthophotography. International
journal of remote sensing, 33(4), 922-938.
https://doi.org/10.1080/01431161.2010.536183

[8] Mustafa Atasoy, Fevzi Karsli, Cemal Biyik, & Demir, O. (2006).
Determining Land Use Changes with Digital Photogrammetric
Techniques. Environmental Engineering Science, 23(4), 712—
721. https://doi.org/10.1089/ees.2006.23.712

[9] Mondal, Md., Sharma, N., Kappas, M., & Garg, P. (2015).
Critical Assessment of Land Use Land Cover Dynamics Using
Multi-Temporal Satellite Images. Environments, 2(4), 61-90.
https://doi.org/10.3390/environments2010061

[10] Luo, M., & Ji, S. (2022). Cross-spatiotemporal land-cover
classification from VHR remote sensing images with deep
learning-based domain adaptation. ISPRS Journal of
Photogrammetry and Remote Sensing, 191, 105-128.
https://doi.org/10.1016/j.isprsjprs.2022.07.011

[11] Lee, S-H., Han, K-J., Lee, K., Lee, K.-J., Oh, K.-Y., & Lee, M.-J.
(2020). Classification of Landscape Affected by Deforestation
Using High-Resolution Remote Sensing Data and Deep-Learning
Techniques. Remote Sensing, 12(20), 3372.
https://doi.org/10.3390/rs12203372

[12] Li, W., Fu, H., Yu, L., Gong, P, Feng, D., Li, C., & Clinton, N.
(2016). Stacked Autoencoder-based deep learning for remote-
sensing image classification: a case study of African land-cover
mapping. International Journal of Remote Sensing, 37(23),
5632-5646. https://doi.org/10.1080/01431161.2016.1246775

[13] Ma, L., Liu, Y., Zhang, X., Ye, Y., Yin, G., & Johnson, B. A.
(2019). Deep learning in remote sensing applications: A meta-


https://doi.org/10.1016/j.isprsjprs.2007.07.002‎
https://doi.org/10.1016/j.isprsjprs.2007.07.002‎
https://doi.org/10.1016/j.isprsjprs.2007.07.002‎
https://doi.org/10.1016/j.isprsjprs.2007.07.002‎
https://doi.org/10.1016/j.isprsjprs.2007.07.002
doi:%2010.4175/2469-4134.1000175‎
doi:%2010.4175/2469-4134.1000175‎
doi:%2010.4175/2469-4134.1000175‎
doi:%2010.4175/2469-4134.1000175‎
doi:%2010.1109/JSTARS.2019.2956318‎
doi:%2010.1109/JSTARS.2019.2956318‎
doi:%2010.1109/JSTARS.2019.2956318‎
doi:%2010.1109/JSTARS.2019.2956318‎
doi:%2010.1109/JSTARS.2019.2956318‎
https://doi.org/10.3390/rs12030417‎
https://doi.org/10.3390/rs12030417‎
https://doi.org/10.3390/rs12030417‎
https://doi.org/10.3390/rs12030417‎
https://doi.org/10.1016/j.rse.2019.111593%20‎
https://doi.org/10.1016/j.rse.2019.111593%20‎
https://doi.org/10.1016/j.rse.2019.111593%20‎
https://doi.org/10.1016/j.rse.2019.111593%20‎
https://doi.org/10.1080/01431161.2010.536183‎
https://doi.org/10.1080/01431161.2010.536183‎
https://doi.org/10.1080/01431161.2010.536183‎
https://doi.org/10.1089/ees.2006.23.712‎
https://doi.org/10.1089/ees.2006.23.712‎
https://doi.org/10.1089/ees.2006.23.712‎
https://doi.org/10.1089/ees.2006.23.712‎
https://doi.org/10.3390/environments2010061‎
https://doi.org/10.3390/environments2010061‎
https://doi.org/10.3390/environments2010061‎
https://doi.org/10.1016/j.isprsjprs.2022.07.011%20‎
https://doi.org/10.1016/j.isprsjprs.2022.07.011%20‎
https://doi.org/10.1016/j.isprsjprs.2022.07.011%20‎
https://doi.org/10.1016/j.isprsjprs.2022.07.011%20‎
https://doi.org/10.3390/rs12203372‎
https://doi.org/10.3390/rs12203372‎
https://doi.org/10.3390/rs12203372‎
https://doi.org/10.3390/rs12203372‎
https://doi.org/10.1080/01431161.2016.1246775‎
https://doi.org/10.1080/01431161.2016.1246775‎
https://doi.org/10.1080/01431161.2016.1246775‎
https://doi.org/10.1080/01431161.2016.1246775‎
https://doi.org/10.1080/01431161.2016.1246775‎
https://doi.org/10.1080/01431161.2016.1246775
https://doi.org/10.1016/j.isprsjprs.2019.04.015‎
https://doi.org/10.1016/j.isprsjprs.2019.04.015‎
https://doi.org/10.1016/j.isprsjprs.2019.04.015‎
https://doi.org/10.1016/j.isprsjprs.2019.04.015‎
https://doi.org/10.1016/j.rse.2020.111716‎
https://doi.org/10.1016/j.rse.2020.111716‎
https://doi.org/10.1016/j.rse.2020.111716‎
https://doi.org/10.1016/j.rse.2020.111716‎
https://doi.org/10.1016/j.rse.2020.111716
https://doi.org/10.1016/j.rse.2018.04.050%20‎
https://doi.org/10.1016/j.rse.2018.04.050%20‎
https://doi.org/10.1016/j.rse.2018.04.050%20‎
https://doi.org/10.1016/j.rse.2018.04.050%20‎
https://doi.org/10.1016/j.rse.2018.04.050
https://doi.org/10.1007/s12517-022-10246-8‎
https://doi.org/10.1007/s12517-022-10246-8‎
https://doi.org/10.1007/s12517-022-10246-8‎
https://doi.org/10.1007/s12517-022-10246-8‎
https://doi.org/10.1007/s12517-022-10246-8
https://doi.org/10.1016/j.rse.2019.111322‎
https://doi.org/10.1016/j.rse.2019.111322‎
https://doi.org/10.1016/j.rse.2019.111322‎
https://doi.org/10.1016/j.rse.2019.111322‎
https://doi.org/10.1016/j.rse.2019.111322
doi:10.48550/arXiv.1807.05713‎
doi:10.48550/arXiv.1807.05713‎
doi:10.48550/arXiv.1807.05713‎
doi:10.48550/arXiv.1807.05713‎
https://doi.org/10.3390/s18113717‎
https://doi.org/10.3390/s18113717‎
https://doi.org/10.3390/s18113717‎
https://doi.org/10.3390/s18113717‎
https://doi.org/10.3390/s18113717
https://doi.org/10.3390/rs14215455%20‎
https://doi.org/10.3390/rs14215455%20‎
https://doi.org/10.3390/rs14215455%20‎
https://doi.org/10.3390/rs14215455%20‎
https://doi.org/10.3390/rs14215455
doi:%2010.1109/MGRS.2016.2540798‎
doi:%2010.1109/MGRS.2016.2540798‎
doi:%2010.1109/MGRS.2016.2540798‎
doi:%2010.1109/MGRS.2016.2540798‎
https://doi.org/10.1016/j.jag.2022.102706‎
https://doi.org/10.1016/j.jag.2022.102706‎
https://doi.org/10.1016/j.jag.2022.102706‎
https://doi.org/10.1016/j.jag.2022.102706‎
https://doi.org/10.1016/j.jag.2022.102706‎
https://doi.org/10.1016/j.jag.2022.102706
https://doi.org/10.3390/s18113717‎
https://doi.org/10.3390/s18113717‎
https://doi.org/10.3390/s18113717‎
https://doi.org/10.3390/s18113717‎
https://doi.org/10.3390/s18113717‎
https://doi.org/10.3390/s18113717
https://doi.org/10.3390/rs11030274‎
https://doi.org/10.3390/rs11030274‎

A. Milan et al.

(YF)

OllKas 3 Mo ol

[36] Alem, A., & Kumar, S. (2022). Transfer learning models for
land cover and land use classification in remote sensing image.
Applied Artificial Intelligence, 36(1), 2014192.
https://doi.org/10.1080/08839514.2021.2014192

[37] Khan, S. D., & Basalamah, S. (2023). Multi-Branch Deep
Learning Framework for Land Scene Classification in Satellite
Imagery. Remote Sensing, 15(13), 3408.
https://doi.org/10.3390/rs15133408

[38] Stivaktakis, R., Tsagkatakis, G., & Tsakalides, P. (2019). Deep
Learning for Multilabel Land Cover Scene Categorization Using
Data Augmentation. /EEE Geoscience and Remote Sensing
Letters, 16(7), 1031-1035. DOI: 10.1109/LGRS.2019.2893306

[39] Naushad, R., Kaur, T., & Ghaderpour, E. (2021). Deep
Transfer Learning for Land Use and Land Cover Classification: A
Comparative Study. Sensors, 21(23), 8083.
https://doi.org/10.3390/s21238083

[40] Rangel, A., Terven, J., Cordova-Esparza, D. M., & Chavez-
Urbiola, E. A. (2024). Land Cover Image Classification. arXiv
preprint arXiv:2401.09607.
https://doi.org/10.48550/arXiv.2401.09607

[41] Zhang, W., Tang, P., & Zhao, L. (2019). Remote Sensing
Image Scene Classification Using CNN-CapsNet. Remote
Sensing, 11(5), 494. https://doi.org/10.3390/rs11050494

[42] Fayaz, M., Nam, J., Dang, L. M., Song, H.-K., & Moon, H.
(2024). Land-Cover Classification Using Deep Learning with
High-Resolution Remote-Sensing Imagery. Applied Sciences,
14(5), 1844. https://doi.org/10.3390/app14051844

[43] Albarakati, H .M, Khan, M. A., Hamza, A., Khan, F., Naoufel,
K., Jamel, L., Almugren, L., & Alroobaea, R. (2024). A Novel Deep
Learning Architecture for Agriculture Land Cover and Land Use
Classification from Remote Sensing Images Based on Network-
Level Fusion of Self-Attention Architecture. IEEE Journal of
Selected Topics in Applied Earth Observations and Remote
Sensing, 1-16. DOI: 10.1109/JSTARS.2024.3369950

[44] Hatef Dastour, & Hassan, Q. K. (2023). A Comparison of
Deep Transfer Learning Methods for Land Use and Land Cover
Classification. Sustainability, 15(10), 7854—7854.
https://doi.org/10.3390/su15107854

[45] Pedrayes, O. D., Lema, D. G., Garcia, D. F., Rubén
Usamentiaga, & Alonso, A. (2021). Evaluation of Semantic
Segmentation Methods for Land Use with Spectral Imaging
Using Sentinel-2 and PNOA Imagery. Remote Sensing, 13(12),
2292-2292. https://doi.org/10.3390/rs13122292

[46] Cheng, G., Xie, X., Han, J., Guo, L., & Xia, G. S. (2020).
Remote sensing image scene classification meets deep learning:
Challenges, methods, benchmarks, and opportunities. [EEE
Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, 13, 3735-3756.

DOI: 10.1109/JSTARS.2020.3005403

[47] Rousset, G., Despinoy, M., Schindler, K., & Mangeas, M.
(2021). Assessment of deep learning techniques for land use
land cover classification in southern New Caledonia. Remote
Sensing, 13(12), 2257. https://doi.org/10.3390/rs13122257

classification using convolutional neural networks. Remote
Sensing, 11(3), 274. https://doi.org/10.3390/rs11030274

[25] Rehmer, A., & Kroll, A. (2020). On the vanishing and
exploding gradient problem in Gated Recurrent Units. IFAC-
PapersOnline, 53(2), 1243-1248.
https://doi.org/10.1016/j.ifacol.2020.12.1342

[26] Simon, J. B., Karkada, D., Ghosh, N., & Belkin, M. (2023).
More is better in modern machine learning: when infinite
overparameterization is optimal and overfitting is obligatory.
arXiv preprint arXiv:2311.14646.
https://doi.org/10.48550/arXiv.2311.14646

[27] Li, Y., Zhang, H., Xue, X., Jiang, Y., & Shen, Q. (2018). Deep
learning for remote sensing image classification: A survey. Wiley
Interdisciplinary ~ Reviews: Data Mining and Knowledge
Discovery, 8(6). https://doi.org/10.1002/widm.1264

[28] Marschner, F. J., & Anderson, J. R. (1967). Major land uses
in the United States. US Geological Survey.
DOI: 10.3133/70046790

[29] vali, A., Comai, S., & Matteucci, M. (2020). Deep Learning
for Land Use and Land Cover Classification Based on
Hyperspectral and Multispectral Earth Observation Data: A
Review. Remote Sensing, 12(15), 2495.
https://doi.org/10.3390/rs12152495

[30] Jozdani, S. E., Johnson, B. A., & Chen, D. (2019). Comparing
Deep Neural Networks, Ensemble Classifiers, and Support
Vector Machine Algorithms for Object-Based Urban Land
Use/Land Cover Classification. Remote Sensing, 11(14), 1713.
https://doi.org/10.3390/rs11141713

[31] Ali, K., & Johnson, B. A. (2022). Land-Use and Land-Cover
Classification in Semi-Arid Areas from Medium-Resolution
Remote-Sensing Imagery: A Deep Learning Approach. Sensors,
22(22), 8750. https://doi.org/10.3390/s22228750

[32] Li, W., Wang, Z., Wang, Y., Wu, J., Wang, J., Jia, Y., & Gui, G.
(2020). Classification of High-Spatial-Resolution Remote Sensing
Scenes Method Using Transfer Learning and Deep Convolutional
Neural Network. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 13, 1986-1995.

DOI: 10.1109/JSTARS.2020.2988477

[33] Yu, X., Wu, X., Luo, C., & Ren, P. (2017). Deep learning in
remote sensing scene classification: a data augmentation
enhanced convolutional neural network framework. GIScience
& Remote Sensing, 54(5), 741-758.
https://doi.org/10.1080/15481603.2017.1323377

[34] Shawky, O. A., Hagag, A., El-Dahshan, E.-S. A., & Ismail, M.
A. (2020). Remote sensing image scene classification using CNN-
MLP with data augmentation. Optik, 221, 165356.
https://doi.org/10.1016/].ijle0.2020.165356

[35] Zhang, Z., Mi, X., Yang, J., Wei, X., Liu, Y., Yan, J., Liu, P, Gu,
X., & Yu, T. (2023). Remote Sensing Image Scene Classification in
Hybrid Classical-Quantum Transferring CNN with Small
Samples. Sensors, 23(18), 8010.
https://doi.org/10.3390/s23188010


https://doi.org/10.3390/rs11030274‎
https://doi.org/10.3390/rs11030274‎
https://doi.org/10.3390/rs11030274
https://doi.org/10.1016/j.ifacol.2020.12.1342%20‎
https://doi.org/10.1016/j.ifacol.2020.12.1342%20‎
https://doi.org/10.1016/j.ifacol.2020.12.1342%20‎
https://doi.org/10.1016/j.ifacol.2020.12.1342
https://doi.org/10.48550/arXiv.2311.14646‎
https://doi.org/10.48550/arXiv.2311.14646‎
https://doi.org/10.48550/arXiv.2311.14646‎
https://doi.org/10.48550/arXiv.2311.14646‎
https://doi.org/10.48550/arXiv.2311.14646
https://doi.org/10.1002/widm.1264‎
https://doi.org/10.1002/widm.1264‎
https://doi.org/10.1002/widm.1264‎
https://doi.org/10.1002/widm.1264‎
https://doi.org/10.1002/widm.1264
doi:%2010.3133/70046790‎
doi:%2010.3133/70046790‎
https://doi.org/10.3390/rs12152495‎
https://doi.org/10.3390/rs12152495‎
https://doi.org/10.3390/rs12152495‎
https://doi.org/10.3390/rs12152495‎
https://doi.org/10.3390/rs12152495
https://doi.org/10.3390/rs11141713%20‎
https://doi.org/10.3390/rs11141713%20‎
https://doi.org/10.3390/rs11141713%20‎
https://doi.org/10.3390/rs11141713%20‎
https://doi.org/10.3390/rs11141713
https://doi.org/10.3390/s22228750‎
https://doi.org/10.3390/s22228750‎
https://doi.org/10.3390/s22228750‎
https://doi.org/10.3390/s22228750‎
https://doi.org/10.3390/s22228750
doi:%2010.1109/JSTARS.2020.2988477‎
doi:%2010.1109/JSTARS.2020.2988477‎
doi:%2010.1109/JSTARS.2020.2988477‎
doi:%2010.1109/JSTARS.2020.2988477‎
doi:%2010.1109/JSTARS.2020.2988477‎
https://doi.org/10.1080/15481603.2017.1323377‎
https://doi.org/10.1080/15481603.2017.1323377‎
https://doi.org/10.1080/15481603.2017.1323377‎
https://doi.org/10.1080/15481603.2017.1323377‎
https://doi.org/10.1080/15481603.2017.1323377
https://doi.org/10.1016/j.ijleo.2020.165356‎
https://doi.org/10.1016/j.ijleo.2020.165356‎
https://doi.org/10.1016/j.ijleo.2020.165356‎
https://doi.org/10.1016/j.ijleo.2020.165356
https://doi.org/10.3390/s23188010‎
https://doi.org/10.3390/s23188010‎
https://doi.org/10.3390/s23188010‎
https://doi.org/10.3390/s23188010‎
https://doi.org/10.3390/s23188010
https://doi.org/10.1080/08839514.2021.2014192‎
https://doi.org/10.1080/08839514.2021.2014192‎
https://doi.org/10.1080/08839514.2021.2014192‎
https://doi.org/10.1080/08839514.2021.2014192
https://doi.org/10.3390/rs15133408‎
https://doi.org/10.3390/rs15133408‎
https://doi.org/10.3390/rs15133408‎
https://doi.org/10.3390/rs15133408
doi:%2010.1109/LGRS.2019.2893306‎
doi:%2010.1109/LGRS.2019.2893306‎
doi:%2010.1109/LGRS.2019.2893306‎
doi:%2010.1109/LGRS.2019.2893306‎
https://doi.org/10.3390/s21238083‎
https://doi.org/10.3390/s21238083‎
https://doi.org/10.3390/s21238083‎
https://doi.org/10.3390/s21238083
https://doi.org/10.48550/arXiv.2401.09607‎
https://doi.org/10.48550/arXiv.2401.09607‎
https://doi.org/10.48550/arXiv.2401.09607‎
https://doi.org/10.48550/arXiv.2401.09607
https://doi.org/10.3390/rs11050494‎
https://doi.org/10.3390/rs11050494‎
https://doi.org/10.3390/rs11050494‎
https://doi.org/10.3390/rs11050494
https://doi.org/10.3390/app14051844‎
https://doi.org/10.3390/app14051844‎
https://doi.org/10.3390/app14051844‎
https://doi.org/10.3390/app14051844‎
https://doi.org/10.3390/app14051844
doi:%2010.1109/JSTARS.2024.3369950‎
doi:%2010.1109/JSTARS.2024.3369950‎
doi:%2010.1109/JSTARS.2024.3369950‎
doi:%2010.1109/JSTARS.2024.3369950‎
doi:%2010.1109/JSTARS.2024.3369950‎
doi:%2010.1109/JSTARS.2024.3369950‎
doi:%2010.1109/JSTARS.2024.3369950‎
https://doi.org/10.3390/su15107854‎
https://doi.org/10.3390/su15107854‎
https://doi.org/10.3390/su15107854‎
https://doi.org/10.3390/su15107854
https://doi.org/10.3390/rs13122292‎
https://doi.org/10.3390/rs13122292‎
https://doi.org/10.3390/rs13122292‎
https://doi.org/10.3390/rs13122292‎
https://doi.org/10.3390/rs13122292‎
https://doi.org/10.3390/rs13122292
doi:%2010.1109/JSTARS.2020.3005403‎
doi:%2010.1109/JSTARS.2020.3005403‎
doi:%2010.1109/JSTARS.2020.3005403‎
doi:%2010.1109/JSTARS.2020.3005403‎
doi:%2010.1109/JSTARS.2020.3005403‎
https://doi.org/10.3390/rs13122257‎
https://doi.org/10.3390/rs13122257‎
https://doi.org/10.3390/rs13122257‎
https://doi.org/10.3390/rs13122257‎
https://doi.org/10.3390/rs13122257

J. RS. GEOINF. RES. 3(1): 15-36, Winter & Spring 2025

VEeF lgg 5 oliuos ) oylois ol o S0 M) 5 130 1 iminw (sla ity s ale 4y piii

TensorFlow Deep Neural Networks with ADAM Optimizer and
GIS for Spatial Prediction of Forest Fire Danger in Tropical Areas.
Remote Sensing, 15(14), 3458.
https://doi.org/10.3390/rs15143458

[60] Reyad, M., Sarhan, A. M., & Arafa, M. (2023). A modified
Adam algorithm for deep neural network optimization. Neural
Computing and Applications, 35(23), 17095-17112.
https://doi.org/10.1007/s00521-023-08568-2

[61] Macarringue, L. S., Bolfe, E. L., & Pereira, P. R. M. (2022).
Developments in Land Use and Land Cover Classification
Techniques in Remote Sensing: A Review. Journal of Geographic
Information System, 14(01), 1-28.

DOI: 10.4236/jgis.2022.141001

[62] Abdu, H. A. (2018). Classification accuracy and trend
assessments of land cover- land use changes from principal
components of land satellite images. International Journal of
Remote Sensing, 40(4), 1275-1300.
https://doi.org/10.1080/01431161.2018.1524587

[63] HAY, A. M. (1988). The derivation of global estimates from
a confusion matrix. International Journal of Remote Sensing,
9(8), 1395-1398.
https://doi.org/10.1080/01431168808954945

[64] Layati, E., & El Ghachi, M. (2024). Oued Lakhdar watershed
(Morocco), monitoring land use/cover changes: Remote sensing
and GIS approach. Geology, Ecology, and Landscapes, 1-13.
https://doi.org/10.1080/24749508.2024.2395204

[65] Fan, F., Wang, Y., & Wang, Z. (2007). Temporal and spatial
change detecting (1998-2003) and predicting of land use and
land cover in Core corridor of Pearl River Delta (China) by using
TM and ETM+ images. Environmental Monitoring and
Assessment, 137(1-3), 127-147.
https://doi.org/10.1007/s10661-007-9734-y

[66] Congalton, R. G. (1991). A review of assessing the accuracy
of classifications of remotely sensed data. Remote Sensing of
Environment, 37(1), 35—46.
https://doi.org/10.1016/0034-4257(91)90048-B

[67] Rwanga, S. S., & Ndambuki, J. M. (2017). Accuracy
Assessment of Land Use/Land Cover Classification Using
Remote Sensing and GIS. International Journal of Geosciences,
08(04), 611-622. DOI: 10.4236/ijg.2017.84033

[68] Zhou, Y., Zhang, R., Wang, S., & Wang, F. (2018). Feature
Selection Method Based on High-Resolution Remote Sensing
Images and the Effect of Sensitive Features on Classification
Accuracy. Sensors, 18(7), 2013.
https://doi.org/10.3390/s18072013

[69] Temenos, A., Temenos, N., Kaselimi, M., Doulamis, A., &
Doulamis, N. (2023). Interpretable Deep Learning Framework
for Land Use and Land Cover Classification in Remote Sensing
Using SHAP. IEEE Geoscience and Remote Sensing Letters, 20, 1—
5. DOI: 10.1109/LGRS.2023.3251652

[70] Moradi, R., Berangi, R., & Minaei, B. (2019). A survey of
regularization strategies for deep models. Artificial Intelligence
Review, 53(6), 3947-3986.
https://doi.org/10.1007/s10462-019-09784-7

[48] Helber, P., Bischke, B., Dengel, A., & Borth, D. (2019).
Eurosat: A novel dataset and deep learning benchmark for land
use and land cover classification. IEEE Journal of Selected Topics
in Applied Earth Observations and Remote Sensing, 12(7), 2217-
2226. DOI: 10.1109/JSTARS.2019.2918242

[49] Cheng, X, Li, B., Deng, Y., Tang, J., Shi, Y., & Zhao, J. (2024).
MMDL-Net: Multi-Band Multi-Label Remote Sensing Image
Classification Model. Applied Sciences, 14(6), 2226.
https://doi.org/10.3390/app14062226

[50] Stoimchev, M., Kocev, D., & Dzeroski, S. (2023). Deep
Network Architectures as Feature Extractors for Multi-Label
Classification of Remote Sensing Images. Remote Sensing, 15(2),
538. https://doi.org/10.3390/rs15020538

[51] He, K., Zhang, X., Ren, S., & Sun, J. (2016). Deep residual
learning for image recognition. In Proceedings of the IEEE
conference on computer vision and pattern recognition (pp. 770-
778). https://doi.org/10.48550/arxXiv.1512.03385

[52] Wang, L., Wang, J., Liu, Z., Zhu, J.,, & Qin, F. (2022).
Evaluation of a deep-learning model for multispectral remote
sensing of land use and crop classification. The Crop Journal,
10(5), 1435-1451. https://doi.org/10.1016/j.cj.2022.01.009

[53] Hosseiny, B., Abdi, A. M., & Jamali, S. (2022). Urban land use
and land cover classification with interpretable machine
learning — A case study using Sentinel-2 and auxiliary data.
Remote Sensing Applications: Society and Environment, 28,
100843. https://doi.org/10.1016/j.rsase.2022.100843

[54] Shehab, L. H., Fahmy, O. M., Gasser, S. M., & EI-Mahallawy,
M. S. (2021). An efficient brain tumor image segmentation
based on deep residual networks (ResNets). Journal of King
Saud University - Engineering Sciences, 33(6), 404-412.
https://doi.org/10.1016/j.jksues.2020.06.001

[55] Wang, V., Li, K., Xu, L., Qian, W., Wang, F., & Chen, Y. (2021).
A Depthwise Separable Fully Convolutional ResNet With
ConvCRF for Semisupervised Hyperspectral Image Classification.
IEEE Journal of Selected Topics in Applied Earth Observations
and Remote Sensing, 14, 4621-4632.

DOI: 10.1109/JSTARS.2021.3073661

[56] Safari, M. M., Sharifi, A., Mahmoodi, J., & Dariush Abbasi-
Moghadam. (2024). Mesoscale eddy detection and
classification from sea surface temperature maps with deep
neural networks. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 17, 10279-10290.

DOI: 10.1109/JSTARS.2024.3402823

[57] Nava, L., Monserrat, O., & Catani, F. (2022). Improving
Landslide Detection on SAR Data Through Deep Learning. IEEE
Geoscience and Remote Sensing Letters, 19, 1-5.

DOI: 10.1109/LGRS.2021.3127073

[58] Bera, S., & Shrivastava, V. K. (2020). Analysis of various
optimizers on deep convolutional neural network model in the
application of hyperspectral remote sensing image
classification. International Journal of Remote Sensing, 41(7),
2664-2683. https://doi.org/10.1080/01431161.2019.1694725

[59] Truong, T. X., Nhu, V.-H., Phuong, D. T. N., Nghi, L. T., Hung,
N. N., Hoa, P. V., & Bui, D. T. (2023). A New Approach Based on


doi:%2010.1109/JSTARS.2019.2918242‎
doi:%2010.1109/JSTARS.2019.2918242‎
doi:%2010.1109/JSTARS.2019.2918242‎
doi:%2010.1109/JSTARS.2019.2918242‎
doi:%2010.1109/JSTARS.2019.2918242‎
https://doi.org/10.3390/app14062226‎
https://doi.org/10.3390/app14062226‎
https://doi.org/10.3390/app14062226‎
https://doi.org/10.3390/app14062226
https://doi.org/10.3390/rs15020538‎
https://doi.org/10.3390/rs15020538‎
https://doi.org/10.3390/rs15020538‎
https://doi.org/10.3390/rs15020538‎
https://doi.org/10.3390/rs15020538
https://doi.org/10.48550/arxXiv.1512.03385‎
https://doi.org/10.48550/arxXiv.1512.03385‎
https://doi.org/10.48550/arxXiv.1512.03385‎
https://doi.org/10.48550/arxXiv.1512.03385‎
https://doi.org/10.48550/arxXiv.1512.03385
https://doi.org/10.1016/j.cj.2022.01.009‎
https://doi.org/10.1016/j.cj.2022.01.009‎
https://doi.org/10.1016/j.cj.2022.01.009‎
https://doi.org/10.1016/j.cj.2022.01.009‎
https://doi.org/10.1016/j.cj.2022.01.009
https://doi.org/10.1016/j.rsase.2022.100843‎
https://doi.org/10.1016/j.rsase.2022.100843‎
https://doi.org/10.1016/j.rsase.2022.100843‎
https://doi.org/10.1016/j.rsase.2022.100843‎
https://doi.org/10.1016/j.rsase.2022.100843‎
https://doi.org/10.1016/j.rsase.2022.100843
https://doi.org/10.1016/j.jksues.2020.06.001‎
https://doi.org/10.1016/j.jksues.2020.06.001‎
https://doi.org/10.1016/j.jksues.2020.06.001‎
https://doi.org/10.1016/j.jksues.2020.06.001‎
https://doi.org/10.1016/j.jksues.2020.06.001
doi:%2010.1109/JSTARS.2021.3073661‎
doi:%2010.1109/JSTARS.2021.3073661‎
doi:%2010.1109/JSTARS.2021.3073661‎
doi:%2010.1109/JSTARS.2021.3073661‎
doi:%2010.1109/JSTARS.2021.3073661‎
doi:%2010.1109/JSTARS.2024.3402823‎
doi:%2010.1109/JSTARS.2024.3402823‎
doi:%2010.1109/JSTARS.2024.3402823‎
doi:%2010.1109/JSTARS.2024.3402823‎
doi:%2010.1109/JSTARS.2024.3402823‎
doi:%2010.1109/LGRS.2021.3127073‎
doi:%2010.1109/LGRS.2021.3127073‎
doi:%2010.1109/LGRS.2021.3127073‎
https://doi.org/10.1080/01431161.2019.1694725‎
https://doi.org/10.1080/01431161.2019.1694725‎
https://doi.org/10.1080/01431161.2019.1694725‎
https://doi.org/10.1080/01431161.2019.1694725‎
https://doi.org/10.1080/01431161.2019.1694725‎
https://doi.org/10.1080/01431161.2019.1694725
https://doi.org/10.3390/rs15143458‎
https://doi.org/10.3390/rs15143458‎
https://doi.org/10.3390/rs15143458‎
https://doi.org/10.3390/rs15143458‎
https://doi.org/10.3390/rs15143458‎
https://doi.org/10.3390/rs15143458
https://doi.org/10.1007/s00521-023-08568-z
https://doi.org/10.1007/s00521-023-08568-z
https://doi.org/10.1007/s00521-023-08568-z
https://doi.org/10.1007/s00521-023-08568-z
doi:%2010.4236/jgis.2022.141001‎
doi:%2010.4236/jgis.2022.141001‎
doi:%2010.4236/jgis.2022.141001‎
doi:%2010.4236/jgis.2022.141001‎
https://doi.org/10.1080/01431161.2018.1524587‎
https://doi.org/10.1080/01431161.2018.1524587‎
https://doi.org/10.1080/01431161.2018.1524587‎
https://doi.org/10.1080/01431161.2018.1524587‎
https://doi.org/10.1080/01431161.2018.1524587
https://doi.org/10.1080/01431168808954945‎
https://doi.org/10.1080/01431168808954945‎
https://doi.org/10.1080/01431168808954945‎
https://doi.org/10.1080/01431168808954945
https://doi.org/10.1080/24749508.2024.2395204‎
https://doi.org/10.1080/24749508.2024.2395204‎
https://doi.org/10.1080/24749508.2024.2395204‎
https://doi.org/10.1080/24749508.2024.2395204
https://doi.org/10.1007/s10661-007-9734-y
https://doi.org/10.1007/s10661-007-9734-y
https://doi.org/10.1007/s10661-007-9734-y
https://doi.org/10.1007/s10661-007-9734-y
https://doi.org/10.1007/s10661-007-9734-y
https://doi.org/10.1007/s10661-007-9734-y
https://doi.org/10.1016/0034-4257(91)90048-B
https://doi.org/10.1016/0034-4257(91)90048-B
https://doi.org/10.1016/0034-4257(91)90048-B
https://doi.org/10.1016/0034-4257(91)90048-B
doi:%2010.4236/ijg.2017.84033‎
doi:%2010.4236/ijg.2017.84033‎
doi:%2010.4236/ijg.2017.84033‎
doi:%2010.4236/ijg.2017.84033‎
https://doi.org/10.3390/s18072013‎
https://doi.org/10.3390/s18072013‎
https://doi.org/10.3390/s18072013‎
https://doi.org/10.3390/s18072013‎
https://doi.org/10.3390/s18072013
doi:%2010.1109/LGRS.2023.3251652‎
doi:%2010.1109/LGRS.2023.3251652‎
doi:%2010.1109/LGRS.2023.3251652‎
doi:%2010.1109/LGRS.2023.3251652‎
doi:%2010.1109/LGRS.2023.3251652‎
https://doi.org/10.1007/s10462-019-09784-7‎
https://doi.org/10.1007/s10462-019-09784-7‎
https://doi.org/10.1007/s10462-019-09784-7‎
https://doi.org/10.1007/s10462-019-09784-7

A. Milan et al.

%)

olyas 9 Mo pio]

rgbad pleal 90 5l Gromiw polial gan 4l
Bros S50k 5 Gedle 650k slao )5

wiloads ;90 3l iomiw 05> 0
Heidari, P., M.Sc. Student in
Photogrammetry, Faculty of Civil, Water,
and Environmental Engineering, Shahid
Beheshti University, Tehran, Iran.

po_heidari@sbu.ac.ir

W osign 05,5 holid eyl
Loze 5 Tl (gunige aSiils )3 (5l
Sy shle g wpd Rl cny)
¥lleal axles seis Rl 51 g5
CG AT g L, b

B

LY
)

5o e SYlie Ol 4 3850 (98 U plial adlioe 5yl 5533

Sraio)  dloads yume (Mol (o g (J1 sla il )25 Olxe

bl polal ilo
Milan, A. Assistant Professor, Faculty of Civil, Water and
Environmental Engineering, Shahid Beheshti University,
Tehran, Iran

a_milan@sbu.ac.ir

(i 09,5 JLiils o 595148 Lud pule
Ol pas (gmwdigee 0SiilS jo (g )lo 4
it A oSl G Jarora g O
e aaZS (geeeS goae (Lia) il o
@l Sledlbl gl 5 598 5 Giowiw
S eizren 5 55l g Clidsd psle &5
O 055 b ok Glpl e Jazs ezl 0 pae can (gliasl
ilge g oud il (5,585 00y 35 S tmghy (lie 40,50 0 )
o sode 5 Madlipn OYae oningi g GLS laie VO I i
(S Sledbl i Hlisl aiasd slaaie; wivws goaxis

Bl (o0 S Lo g e e ialol 590 51 Gromi
Gharagozlou, A. Associate Professor, Faculty of Civil, Water
and Environmental Engineering, Shahid Beheshti University,

Tehran, Iran a_gharagozlou@sbu.ac.ir

[71] Salehin, I., & Kang, D.-K. (2023). A Review on Dropout
Regularization Approaches for Deep Neural Networks within the
Scholarly Domain. Electronics, 12(14), 3106.
https://doi.org/10.3390/electronics12143106

[72] Piotrowski, A. P., Napiorkowski, J. J., & Piotrowska, A. E.
(2020). Impact of deep learning-based dropout on shallow
neural networks applied to stream temperature modelling.
Earth-Science Reviews, 201, 103076.
https://doi.org/10.1016/j.earscirev.2019.103076

[73] Shorten, C., & Khoshgoftaar, T. M. (2019). A survey on image
data augmentation for deep learning. Journal of big data, 6(1),
1-48. https://doi.org/10.1186/s40537-019-0197-0

[74] Hao, X, Liu, L., Yang, R., Yin, L., Zhang, L., & Li, X. (2023). A
Review of Data Augmentation Methods of Remote Sensing
Image Target Recognition. Remote Sensing, 15(3), 827.
https://doi.org/10.3390/rs15030827

[75] Ceni, A. (2022). Random orthogonal additive filters: a
solution to the vanishing/exploding gradient of deep neural
networks. arXiv preprint arXiv:2210.01245.

DOI: 10.1109/TNNLS.2025.3538924

[76] Li, P.,, Han, L., Tao, X., Zhang, X., Grecos, C., Plaza, A., & Ren,
P. (2020). Hashing Nets for Hashing: A Quantized Deep Learning
to Hash Framework for Remote Sensing Image Retrieval. IEEE
Transactions on Geoscience and Remote Sensing, 58(10), 7331—
7345. DOI: 10.1109/TGRS.2020.2981997

[77] Lei, S., Shi, Z., & Zou, Z. (2017). Super-Resolution for Remote
Sensing Images via Local-Global Combined Network. IEEE
Geoscience and Remote Sensing Letters, 14(8), 1243-1247.
DOI: 10.1109/LGRS.2017.2704122

[78] Anam, M. K., Defit, S., Haviluddin, H., Efrizoni, L., & Firdaus,
M. B. (2024). Early Stopping on CNN-LSTM Development to
Improve Classification Performance. Journal of Applied Data
Sciences, 5(3), 1175-1188.
https://doi.org/10.47738/jads.v5i3.312

OB g (S o
AUTHOR(S) BIOSKETCHES

Syl S gm0l )l ol 5 VF Y (60959 (gomtils (6 e Lo,;
Yl Gl 4 3390 98U Lol auil oo (i dupd oSils
sloaie; 0 Moy o A3l sla il jaS g lre j0 sasis

g https://doi.org/10.22061/jrsgr.2025.11719.1094

Citation (Vancouver): Heidari P, Milan A, Gharagozlou A. [Object detection and classification with Sentinel-
2 imagery using ResNet]. J. RS. GEOINF. RES. 2025; 3(1): 15-36

COPYRIGHTS

© 2025 The Author(s). Thisis an open-access article distributed under the terms and conditions of the Creative
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)
(https://creativecommons.org/licenses/by-nc/4.0/)



https://doi.org/10.3390/electronics12143106‎
https://doi.org/10.3390/electronics12143106‎
https://doi.org/10.3390/electronics12143106‎
https://doi.org/10.3390/electronics12143106
https://doi.org/10.1016/j.earscirev.2019.103076‎
https://doi.org/10.1016/j.earscirev.2019.103076‎
https://doi.org/10.1016/j.earscirev.2019.103076‎
https://doi.org/10.1016/j.earscirev.2019.103076‎
https://doi.org/10.1016/j.earscirev.2019.103076
https://doi.org/10.1186/s40537-019-0197-0‎
https://doi.org/10.1186/s40537-019-0197-0‎
https://doi.org/10.1186/s40537-019-0197-0‎
https://doi.org/10.1186/s40537-019-0197-0
https://doi.org/10.3390/rs15030827‎
https://doi.org/10.3390/rs15030827‎
https://doi.org/10.3390/rs15030827‎
https://doi.org/10.3390/rs15030827
doi:%2010.1109/TNNLS.2025.3538924%20‎
doi:%2010.1109/TNNLS.2025.3538924%20‎
doi:%2010.1109/TNNLS.2025.3538924%20‎
doi:%2010.1109/TGRS.2020.2981997%20‎
doi:%2010.1109/TGRS.2020.2981997%20‎
doi:%2010.1109/TGRS.2020.2981997%20‎
doi:%2010.1109/TGRS.2020.2981997%20‎
doi:%2010.1109/TGRS.2020.2981997%20‎
doi:%2010.1109/LGRS.2017.2704122‎
doi:%2010.1109/LGRS.2017.2704122‎
doi:%2010.1109/LGRS.2017.2704122‎
https://doi.org/10.47738/jads.v5i3.312‎
https://doi.org/10.47738/jads.v5i3.312‎
https://doi.org/10.47738/jads.v5i3.312‎
https://doi.org/10.47738/jads.v5i3.312‎
https://doi.org/10.47738/jads.v5i3.312
https://creativecommons.org/licenses/by-nc/4.0/

J. RS. GEOINF. RES. 3(1): 37-52, Winter & Spring 2025

Journal of Remote Sensing and Geoinformation Research

(JRSGR)

Homepage: jrsgr.sru.ac.ir g

ORIGINAL RESEARCH PAPER

Spatial modeling for

optimal management of archaeological sites using

photogrammetry and spatial information systems (Study area: Hegmataneh,

Hamadan)

M. Sharifzadeh, A. Gharagozlo®, S. Sadeghian

Department of Surveying Engineering, Faculty of Civil, Water and Environmental Engineering, Shahid Beheshti University,

Tehran, Iran

ABSTRACT

Received: 17 January 2025
Reviewed: 22 February 2025
Revised: 13 April 2025
Accepted: 05 May 2025

KEYWORDS:
Cultural Heritage
Orthophoto
Documentation
Changes

* Corresponding author

P a_gharagozlo@sbu.ac.ir
@(+98 912) 130 9098

EEL G ET G Kol JETGHIEER Archaeological artifacts, as the cultural and historical heritage of
any society, play a crucial role in preserving its identity and history. Protecting and managing

these artifacts requires modern technologies to accurately and non-destructively document
and preserve this heritage. The use of photogrammetry and Geographic Information Systems
(GIS) in managing and preserving historical sites, including archaeological areas, has
increasingly gained attention. The primary aim of this research is to utilize photogrammetric
technologies and GIS for the management and preservation of the ancient site of Hegmataneh
in Hamadan. This research seeks to improve the accuracy and quality of data through aerial
image processing, data correction, georeferencing, and precise map creation. Additionally,
the research analyzes changes in the site and provides results to support planning and
managerial decision-making in the field of historical site preservation. Furthermore, the goal
is to analyze site changes and provide tools for planning and managerial decision-making in
the preservation of historical sites.

The ancient site of Hegmataneh in Hamadan was selected as the research site and
sample due to its significant historical and cultural importance from the Median and
Achaemenid periods. Data was collected using 12 aerial images with a resolution of 1 to 2
meters, captured with an Ultracam-Xp camera in 2017, along with Google Earth software for
measuring and determining reference points.The materials used included image data and
image processing software such as Agisoft Metashape Professional and Global Mapper to
generate a Digital Elevation Model (DEM) and orthophoto. The research process involved
preparing and processing images, correcting data, modeling, and creating maps. These steps
progressively improved data accuracy and generated more precise 3D models for analyzing
site changes.This research has primarily contributed to the management and preservation of
archaeological sites and serves as a valuable decision-making tool for effective site
management and preservation.

This research utilized photogrammetry technologies and Geographic Information
Systems (GIS) to create a spatial model of the Hegmataneh archaeological site in Hamadan.
By processing aerial and satellite images, accurate 3D models were developed, enabling the
analysis of structural and urban changes, as well as the creation of heritage maps for Hamadan
and the Mapping Organization. The results demonstrated that combining these technologies
helps in more accurate data recording, identifying threats, and supporting management
planning. These methods enhance the accuracy of modeling and provide an efficient tool for
decision-making in the preservation and management of cultural heritage.

The restoration and proper conservation of historical monuments should be
based on documented evidence and in compliance with national and international standards
to prevent damage to the authenticity of the structures. Additionally, the design and
construction of new buildings should be harmonized with historical structures and carried out
under strict supervision. The use of modern technologies, such as aerial images, satellite
imagery, artificial intelligence, and augmented reality, can improve the management and
protection of heritage sites. The researcher’s suggestions include the need for precise
documentation and continuous monitoring throughout all stages of restoration, design, and
transfer of artifacts. There are limitations and challenges, such as a lack of scientific
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documentation, budgetary issues, and managerial obstacles, which must be carefully
considered to prevent the destruction and damage of historical sites.
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been successfully used in the Photoscan software for reconstructing
archaeological scenes from aerial images [8]
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Precise agricultural yield prediction is among the most important tools for
managing agricultural resources, improving food security, and enhancing the productivity of international
trade in agricultural products. The satellite remote sensing images has become widely adopted because
traditional methods cannot provide the needed accurate and timely predictions, and it covers large areas
while providing accurate data. The advances in machine learning and ensemble learning have identified
the complex interaction of environmental variables with crop yield. In modern times, ensemble learning
models have achieved much higher prediction accuracy and provided useful insights to farmers and policy
makers.

This study aims to develop an innovative model that combines the XGBoost algorithm with the Pelican
Optimization Algorithm (POA) to predict corn yields more accurately in the U.S. Midwest. The approach
will provide an opportunity for the pre-harvest yield prediction by considering the plant phenological
stages and optimal time range from July to August. The model will help the decision-makers to take
effective measures on resource management to overcome the climate fluctuations and develop better
agricultural policies.

This research focuses on predicting corn yields in five key corn-producing states
in the U.S. Midwest (Illinois, lowa, Minnesota, North Dakota, and South Dakota). This paper will utilize
remote sensing information, including NDVI (Normalized Difference Vegetation Index), EVI (Enhanced
Vegetation Index), LAI (Leaf Area Index), FPAR (Fraction of Photosynthetically Active Radiation), GPP
(Gross Primary Production), and ET (Evapotranspiration); meteorological data, including temperature and
precipitation; cropland data; and yield statistics during the growing season over the period 2011-2020
(May to September). XGBoost ensemble learning was used, whose hyperparameters were optimized with
the Pelican Optimization Algorithm (POA) to enhance its accuracy. Filtration was performed on data using
the VFlindex. Nine years were used as training data, while one year was used as a test. For evaluating the
performance, MAPE, MBE, MAE, RMSE, and the correlation coefficient have been used.

The evaluation results of the POA-XGBoost model demonstrated its outstanding performance

in predicting corn yields. During the 2011-2020 timeframe, validation trends highlighted variations in
prediction accuracy and bias. In the first period, which includes 2011-2014, the errors went down and
the prediction accuracy improved: MAPE reached 6.26%, while in 2014 the correlation coefficient
increased to 0.9372. During the middle period of 2015-2018, the errors and positive bias showed an
upward trend, especially during 2018, where MBE rose to 0.8039 and the correlation coefficient fell to
0.8083. However, the last two years (2019-2020) revealed much improved results: MAPE comprises
6.57%, while the correlation coefficient is as high as 0.9237 in 2020.
The optimized POA-XGBoost model demonstrated high capability in predicting corn yields
under diverse climatic conditions and can be extended to forecast other crops in the future. Advanced
ensemble learning techniques combined with diverse data sources, such as satellite imagery and
meteorological data, provide effective solutions for improving crop yield predictions. The study calls for
the development of new hybrid models that will enable farmers and managers to better manage
resources, increase productivity, and minimize risks.
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Table 1: Data used in the study
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Algorithm 2. Pseudo-code of POA.
Start POA.
Input the optimization problem information.
Determine the POA population size (N) and the number of
iterations (T).
Initialization of the position of pelicans and calculate the
objective function.
Fort=1:T
Generate the position of the prey at random.
For|=1:N
Phase 1: Moving towards prey (exploration phase).
Forj=1:m
Calculate new status of the jth dimension.
End.
Update the ith population member.
Phase 2: Winging on the water surface (exploitation phase).
Forj=1:m.
Calculate new status of the jth dimension.
End.
Update the ith population member.

Algorithm 1. Pseudo-code of XGBoost
Input: instance set of current nodes
Input: feature dimension

Jp)=0

G = 9: H =Z h;
iel iel
Fork = 1tondo

G,=0H, =0
For jin sorted do
GL=GL+ngL=HL+hj
Gr=G+G Hy=H+H,
score = max(score, ] (p))
End
End
Output: Split with max score
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390 Silwdingy Plaw Jo sl g 0l ()b SIS plSs Lo L
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. . . . . - o Update best candidate solution.
osbly ps mpe ookl b hdaisr el (eds Epa,

Slos! ul,.;b 316 8 3 sleil (Variation Inflation Factor: VIF)
Fo oo el | Sl VIF 090 (6 S sl Jaw 2o 5y s s
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1
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Table 2: VFI values of selected variables (may to september) against corn yield,
2011-2020
o=l P8 pd laosls
VIF Data
- NDVI
3.9465 EVI
2.9043 LAl
- FPAR
4.3388 GPP
- ET
2.6517 SM
1.2709 PPT
- TMAX
1.7678 Tmin
- TMEAN
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Output best candidate solution obtained by POA.
End POA.
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Table 3: Correlation coefficients between selected variables and corn yield considering monthly combinations, 2011-2020

GS JAS JIA MJJ AS JA 1 Ml Sep Aug Jul Jun May
0.788 0.778 0.864 0.647 0.839 0.839 0.739 0.349 0.228 0.706 0.830 0.481 -0.015 EVI
0.521 0.626 0.580 0.290 0.651 0.652 0.372 -0.113 0.147 0.617 0.530 -0.008 -0.261 LAl
0.698 0.749 0.754 0.542 0.761 0.762 0.638 0.074 0.392 0.705 0.706 0.190 -0.087 GPP
0.501 0.436 0.449 0.425 0.421 0.421 0.369 0.308 0.266 0.334 0.320 0.218 0.236 PPT
0.383 0.360 0.314 0.301 0.209 0.209 0.284 0.378 0.472 0.323 0.057 0.459 0.293 Tvin
0.556 0.578 0.550 0.513 0.562 0.563 0.536 0.463 0.550 0.536 0.565 0.479 0.423 SM

POA-XGBOOSst iyl ;o oulass JlB gl yial )y olie i Jou
Table 4: Tunable parameter values in the poa-xgboost algorithm

Usage | oolaiuwl J=o

Values | abgs o polie

Adjustable parameter | .o LB )l

XGBoost iy ;6!
XGBoost @iy 63!
XGBoost iy ;6!
XGBoost iy 63!
POA @ ,55!
POA 55l

20-400 n_estimators
3-18 max_depth
0-9 gamma
0-1 learning_rate

30 adgl Comex
10 [JES RS

YoV eoY o) sl (ooes adsi 0,90) gl B adys 10 &)d Jgame oliee sl ialosT 190 Ve 5l (i Liel Lol aodls 0 Jga
Table 5: Summary statistics of validation from 10 rounds of testing for corn yield during july to august (major production period), 2011-2020

R MAPE RMSE MAE MBE Lmuj& Sl
Number of samples
0.8499 0.1004 1.1010 0.8933 0.1242 370 2011
0.8865 0.1995 1.2944 0.9704 -0.0319 361 2012
0.9067 0.0704 0.8444 0.6489 0.0067 347 2013
0.9372 0.0626 0.8102 0.6159 0.0066 349 2014
0.9097 0.0631 0.8841 0.6561 0.0862 333 2015
0.8984 0.0712 1.0081 0.7760 0.2176 356 2016
0.9071 0.0870 1.1113 0.9355 0.4457 341 2017
0.8083 0.0837 1.3113 1.0340 0.8039 290 2018
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R MAPE RMSE MAE MBE
Number of samples

0.8205 0.0790 1.0653 0.8785 0.1667 264 2019
0.9237 0.0657 0.8372 0.6434 -0.0720 360 2020
0.8848 0.0883 1.0267 0.8052 0.1754 S

Average
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CELCICILERELE e JEEITER As the value of real estate and land increases, people try to define the
boundaries of their property more accurately in order to prevent the smallest losses. In order to increase

the accuracy of real estate boundaries, one cannot be satisfied with flat positions, and on the other hand,
new cadastral systems in urban management and meeting the needs of different users require the need
to record the changes in urban spaces and use timely 3D models. Today, in order to provide a model for
real estate and land management in cities, the third dimension, i.e. height, and the fourth dimension, i.e.
time, should also be considered.

A combination of two methods is as follows: based on the purpose, in an applied manner, based
on the results of previous research in this field, and based on the method of data collection in an
experimental manner with a scientometric approach

3D modeling in cadastre should be created in the context of time to consider all aspects of land

management in a country based on the passage of time. Currently, this time-based three-dimensional
modeling is known as four-dimensional cadastre. In general, the applications of this research include the
correct use of land and cadastre management, as well as the use of 3D cadastre height and 4D cadastre
time, construction growth from different aspects, and the need to implement cadastre in the third
dimension (elevation ) and the fourth (time) exists, the increasing complexity and flexibility of modern
use requires that cadastres must manage information related to the third and time (fourth) dimensions
In order to design a four-dimensional cadastre, it is very necessary and important to pay attention to
things such as cost, time and available equipment. Land preparation, defining property boundaries,
developing infrastructure facilities such as water and sewage networks, electricity and gas, managing
urban green spaces and changing the use of these areas are also used in cultural heritage and
reconstruction of old buildings. Preventing the phenomenon of land grabbing, along with the forgery of
documents or theft and illegal possessions, is also one of the other uses.
The conclusion based on the studies done in this field is as follows This study proposes a
general framework for how to apply temporal information to the model, which is created by integrating
cadastral information with LADM on legal objects and CityGML on physical objects. The main
requirements for creating a 4D cadastral model for Iran with legal and physical views of existing cadastral
objects are presented. This study was tested using real data in a case study. Therefore, this modeling of
cadastral data, and management and service delivery steps, have been investigated separately in the
scope of the research and are similar to manuals created for different users. The difference between our
study and other studies in this field is that all the processing steps (analysis, modeling, storage,
transformation and service of data, visualization) performed for 3D cadastral studies are explained and
from the software Open source is used in scope
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cadastral registration [3,8]
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Fig. 2: Water and electricity network rights are created on intersecting parts
(imaginary situation). In (a) rights are created on complete packages. in (b) some

parcels to limit the rights of the water and electricity network to the part of the
parcel where the network is located [3]
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Fig. 3: shows the use of the three-dimensional feature [4]
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Fig. 11: a) Initial model produced from the study area using large-scale digital
aerial imagery b) Completed model in CAD format (red: land plot boundary,
yellow: building boundary) c) Completed model in Shapefile format d)
Integration of the water transmission network with the produced model (3D
facility network) [7]
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Monitoring landslide areas in the Siah Bisheh Dam Project using Surveying and radar
interferometry

A. Bayat?, M.R. Seif’, B.A. Beirami™?

1 Department of Civil and Surveying Engineering, North Tehran Branch, Islamic Azad University, Tehran, Iran
2 Department of Surveying Engineering, Imam Hossein University, Tehran, Iran

ABSTRACT

Landslides, as one of the most destructive natural phenomena,
Received: 08 February 2025 pose a serious threat to engineering and environmental structures. The Siah Bisheh Pumped
Reviewed: 31 March 2025 Storage Dam, the first concrete-faced pumped storage dam in Iran, is at risk of geological
Revised: 04 May 2025 displacements due to its geographical location in the Alborz Mountains and complex
Accepted: 02 June 2025 geological conditions (including active faults, unstable rock masses, and steep slopes). This

study aimed to monitor land surface changes and manage landslide hazards within the dam
area, using ground surveying and interferometric radar (InSAR) methods. The main focus was

KEYWORDS: on analyzing the impact of key factors such as rapid drawdown, water level fluctuations, and
Interferometry construction activities on the instability of the area.

Radar m In this study, two main methods were used. In the first method, called Ground
landslide surveying, changes in critical points such as Gully 5 and areas adjacent to Chalus Road have
Mapping been monitored by installing concrete targets (small benchmarks) and periodically measuring
Siah Bisheh Dam planar and elevation displacements since 2011. In the second method, changes in the land

surface were examined with millimeter accuracy using Sentinel-1 satellite data from 2015 to
2022 and image processing in SNAP software. The processing steps included image alignment,

* Corresponding author removal of topographic effects with a digital elevation model, Goldstein phase filtering, and
=) b_asghari@ihu.ac.ir phase-to-displacement conversion.
@ (+9821) 77105776 m The results showed significant agreement between the two methods. The highest

displacements occurred in areas close to dam basins (such as Gully 5 with more than 60 cm
of elevation displacement) and areas adjacent to Chalus Road. Rapid reservoir subsidence was
identified as the main cause of instability, as sudden changes in water level accelerate the
saturation and rapid depletion of soil and rock masses. The INSAR method was confirmed as
a low-cost and faster tool compared to traditional land surveying methods, with displacement
estimates of 0.13 to 0.5 meters in identifying changes over large areas.

The combination of ground and satellite methods allows for more comprehensive
and continuous monitoring of unstable areas. It is suggested that radar interferometry be
used for periodic monitoring and crisis management in similar projects. Also, creating a
satellite database and integrating the results with dam behavior models will help reduce
landslide risk. This study emphasizes the role of modern technologies in increasing the
accuracy and reducing the costs of monitoring sensitive structures.

NUMBER OF REFERENCES NUMBER OF FIGURES NUMBER OF TABLES
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Fig. 5: Diagram of the displacement values of the targets installed within the upper dam area, which has been applied with a negative sign for better display
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Table 1: Results of microgeodesy operations in 2017
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S didy g 5 (2l Al
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Table 2: Maximum planar and elevation displacements at the lower dam (From June 1390 to July 1400)

mm) i)l olul> iSlas

(mm) glxhes olxl> iSlos

(Maximum height displacement) (Maximum planer displacement) S
Ll fl_; Ll r’L‘ Network
liv4 D(mm)
(Point Names) (Point Names)
LPL3 -32.77 LPL8 71.49 Q) o aw
LPL7 -411.82 LPL7 479.36 3D outside the dam
LT19 -89.54 LT14 63.09 e
dam body
G A
Rore S 3D
LT38 +26.71 LT38 38.78 On the spillway of
the dam
LTL17 -280.46 LTL16 821.48 e s 4
3D Landslide
BM1-2 -95.55 S i g )l bl ass
* %k ok ok * ok ok k .
LT19 -88.04 External and body leveling network of

the dam
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Table 3: Maximum planar and elevation displacements at the upper dam (From June 1390 to July 1400)

Mm) elis)) oluls 25T

(MM) s obuls 25T

(Maximum height displacement) (Maximum planer displacement) Al
Ll sb bl eb Network
£ Az £ D(mm)
(Point Names) (Point Names)
(B8
UPR3 59.77 UPR3 128.59 ST S A
3D outside the dam
S iy (g A
uT14 -55.57 uT11 15.12
3D dam body
UTR9 -154.33 UTR9 8080.59 ) s
3D Landslide
S iy 9 ) b3l D
uT22 -43.00 orxn oHxn

External and body leveling network of
the dam
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Fig. 7: How to place microgeodetic pillars and design pillar readings in the upper

dam
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Fig. 6: How to place microgeodetic pillars and design pillar readings in the lower

dam
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Table 4: Displacement values of critical points in the Galley 5 range

Obtained coordinates points of land slide in lower dam on Gully 5 area in millimeters

N Lgllf 0dgdxe ;3 ‘51‘).‘7;: Ll k5.»[;:.»19 ﬁQLE.a

P.ID AX AY [iv4
P1 -1280.2 129.2 -1080.8
P2 -1390.6 742.2 -1148.7
P3 -1428.9 1840.4 -1140
P4 -1754.4 1965.2 -1254
P5 -1189.3 1320.4 -1046.4
P6 -30.1 42.4 -10.5
P7 -1176.1 1481.6 -975
P8 -1025 1582.9 -749.3
P9 -815 1615 -548
P10 -979.4 2012.7 -1001.5
P11 -468.9 662 -453.9
P12 -384 663 -170
P13 -299.1 331 -164
P14 -531.7 602.3 -411.7
P15 -521.6 663.3 -386.4
P16 -293.7 366.8 -404.1
P17 -174.9 350.6 -175.5
P18 -223.5 214.6 -122.7
P19 -33.8 31.9 -109.6
P20 -53.6 80.4 -68.2
P21 -2 -18 3
P22 -46.1 48.6 -67.1
P23 -92.4 65.6 -61.9
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Fig. 8: Display of the Galley 5 area and the arrangement of observation points
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Table 5: Displacement values of critical points in the SM5, SM6 Galley range

P.ID AX ay V4
s1 645.9 38.8 -259.3
§ s2 665.1 10.5 -270.1
Q
£ s3 615.7 -16.9 -273.2
E ss1 424.4 -39.4 99.9
=
= ss2 427.2 -59.4 74.6
a 3 ss3 156.7 -57.8 -110.3
2 .
a5 ss4 372.0 1745 110.1
o .
£ ﬁ $s5 250.5 267 -121.9
£ :
g i) sS6 457.1 552 13.0
o :
g j:’, ss7 1423 -60.4 -115.0
C .
e S ss8 131.0 943 -113.8
a5 9 59 108.2 -135.9 -71.0
-g ,"\
S g $510 207.2 -38.9 -121.2
o
2 ss11 246.1 -29.0 -120.4
k= 3
g \g‘g $S12 45 354 -18.1
b
b ss13 184.2 -86.2 -39.8
=
‘g $514 153.6 -116.2 -31.3
5 ss15 195.5 -86.5 -83.4
g s516 77.1 58.2 526
=
8 ss17 37.0 -59.3 -29.5
ss18 51.2 612 -40.3
$519 286.9 52.7 -137.3
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Table 6: Maximum surface and elevation displacements at the upper dam in the

Khakak area
£ P.ID AX AY AZ
o
5 % K1 63.8 -66.0 35
Q X
s o K2 79.7 -59.5 -14.9
= .
g v —P%o K3 69.3 -60.1 118
= g )
g‘g 4 K4 55.1 48.7 -64.8
cE£E Y
S F i K5 566.3 506.2 -313.5
o
g £ % 3 K6 50.9 19.4 -84.2
S
g & :2 Q% K7 47.2 111.9 -102.3
n O
*E 2 & k8 108.4 -94.9 86.8
= C
Bo Y K9 85.9 -48.5 10.5
o 9
° i K10 62.6 54.4 6.1
(7]
£ o K11 60.7 52.0 -51.2
5 Pl
o K12 75.4 29.5 -96.0
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Table 7: Satellite specifications and satellite data used
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Table 8: Comparison of point and area displacement values of critical points in

Feoeke 4 YL o

the upper dam's Gulley area in millimeters

Sgd> bl a)l.mi; 614]494"' ol o35 6‘43-@3_. ol Joves}
Region Point number Point changes Zonal changes
SS19 0.20
SS18 0.06
ol (YL 517 0.05
oz $516 0.07 0.06-.014
Above Chalus
Road S1 0.19
S2 0.14
S3 0.14
osls )L;S Ss1 0.30
SS2 0.27
oz 0.13-0.17
Chalus SS3 0.05
Roadside $S4 0.15
ool> ol $s5 0.11
5 P29 $s6 0.12
ausly ss7 0.05 0.08-0.14
Down the 558 0.13
road on the
edge and the SS9 0.18
trench
SS10 0.09
R SS11 0.12
SS12 0.04
et 0.06-0.14
Next to the §513 0.19
dam pond $s14 017
SS15 0.07

0399z ;o Sl ou blE glany ¢ slaas obul> polie awslio Ve Joux
Sorka 4 SS15

Table 9: Comparison of point and area displacement values of critical points in

the Khakak area in millimeters

94> bl a)l.o..i‘a sladass ol Jeves) le% Ol s
Region Point number Point changes Zonal changes
K1 0.06
ol K2 0.07
>
92 K3 0.09 0.09-0.14
Above
Chalus K4 0.07
Road
K5 0.50
K8 0.12
aol_'? )L;S
K9 0.09
ol 0.11-0.15
Chalus K6 0.03
Roadside
K7 0.11
[T K10 0.07
dde> K11 0.07
KW 0.08 -0.15
Next to
the dam K12 0.08

pond
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Table 7: Comparison of point displacement and area values of critical points in
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Fig. 11: Displaying the amount of point displacement using radar interferometry in Google Earth
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Photogrammetry, modern technology in cultural heritage documentation: A
systematic review of related research in iran

A.M. Moazezi Mehr-e-Tehran

Conservation of Architectural Heritage Department, Faculty of Architecture and Urbanism, Imam Khomeini International
University, Qazvin, Iran.

ABSTRACT

The first step in cultural heritage documentation is the
Received: 19 December 2024 preparation of accurate maps of the current state of the artifacts. Worldwide scientific
Reviewed: 11 February 2025 advances have made it possible for heritage conservation to abandon traditional collection
Revised: 04 March 2025 methods and use modern tools and methods. Utilizing them significantly reduces the
Accepted: 02 June 2025 documentation time and increases the accuracy and quality of this process. Among these

methods that have received significant attention worldwide in recent vyears is
photogrammetry. In Iran, photogrammetry has been considered in published articles for the

KEYWORDS: past four decades in heritage documentation. However, the development process and
Photogrammetry attention in this area have not been studied. The brief and initial survey also does not show
Systematic Review serious and extensive attention to this new technology in heritage and documentation.
Documentation Accordingly, the present article seeks to draw an image of the status of related articles.
Modern Technology Achieving this goal will make it possible to verify the assumption of the insignificance of
Cultural Heritage research attention to the subject of heritage photogrammetry, and by systematically

formulating the structural and content characteristics of these studies, it will be possible to
identify research gaps in this field and guide future studies.

* Corresponding author M The present study is a secondary study, and its philosophical paradigm is
= a.moazezi@arc.ikiu.ac.ir interpretive. The research approach is qualitative, and the data collection method is text-
@ (+98912) 3936224 based. Accordingly, 56 articles were selected from the 1990s (when the first relevant article

was published in Iran) to the second half of 2024. Based on the systematic review method and
qualitative meta-analysis, these articles were analyzed from the perspective of their structural
and content characteristics.

[EOFINEE The study shows that, in terms of content, Articles shifted from focusing on
introducing the method and explaining the importance of digital documentation in the early
years, today has on its agenda the development of a process of utilizing the photogrammetric
method in heritage documentation to improve the accuracy and validity of information. On
the other hand, although the method applied to account for a more significant share of the
scale of architectural buildings and their related elements, attention to digital documentation
of architectural complexes, ancient sites, and urban and rural settlements has also increased.
From a structural perspective, a significant increase in articles is noticeable, especially in the
last decade (84 percent of all articles). Similarly, civil engineering specialists have made the
main contribution to the production of these studies (up to 56 percent of articles). Of course,
in recent years, the participation of restoration, architectural, and archaeological experts in
producing these articles has increased, which shows a desire and need for more serious
attention to this topic among this group of experts.

However, scientific Articles in Iran on the subject of heritage documentation with
new technologies such as photogrammetry are not impressive in terms of quantity or quality.
The publication of the majority of these studies in national conferences (up to 68%) and the
inconsequential contribution of restoration experts in writing these Articles also indicate that
the subject is growing in cultural heritage and conservation and has no scientific reliability.
While considering the unique benefits of this method, including no need for physical contact
with historical structures in the harvesting process, the speed of data mining, and access to
the expected results of documentation, which can be archived, updated, and post-processed,
it is necessary to direct research trends to the important and less-attention subject of digital
documentation of heritage with the help of methods such as photogrammetry, to provide the
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possibility of optimal and principled protection of our country's cultural heritage and its
transmission to future generations.

NUMBER OF REFERENCES NUMBER OF FIGURES NUMBER OF TABLES
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Fig. 1: Chronology of research based on the number- The second decade of the 21st century, and especially the years 2017 and 2018, were the peak of research on the
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The most documented with photogrammetry is in Tehran province (red). Provinces such as Gilan, Qazvin, Hamedan, and Khuzestan, despite the presence of a significant
number of valuable cultural and natural monuments, have not seen any research conducted in this area.
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Table 4: The content evolution of the research conducted in the last four decades in the field of heritage photogrammetry

03B A ass = s 5 (SosS
Childhood and adolescence — The
90s SH so far

oo Ao ams = (g0l558 50
Infancy - The 80s SH

5 .. (periods) o ,q0
oo Yo dms - iz )90 29

Embryonic period - The 70s SH (Categories) laaJsho

S5 630 5 5,k Asmgs

gy (s8eS Beosd b g Sl pe
Theoretical and practical
development of heritage
photogrammetry and improving the
quality of research

%) )
Digital Digital
oligSs oligSs y
Close-range Close-range
olyon A Syt el (5l 90
ol wiedign S yed Sl rey90

Non-metric cameras, smartphones, Non-metric camera

drones

in the field of heritage documentation.

BT sl B0 wild s 3 o syl by ozl (e

Slyae (5, 0izue 9590 ;3 (s, 4 s adsl
A brief introduction to the photogrammetry method without a detailed
description of the process, just to create an initial awareness of the method

b iegsy silyizes Bas g S a8
Research focus and content

55 o ol g5

s g 39Jlfl ’
Analogue and Analytical Stages in development of
photogrammetry
oligSs 5 ‘_g)lﬂljfﬁ)o‘_g)b)gu&d‘lplé
Close-range Camera distance

Gl pomSe 3l G gl
The most common photography
tool

Sy s ,90
Metric camera




A.M. Moazezi Mehr-e-Tehran

my)

Ol o 520 dazo ol

0SB A ans— oz g g (SogS
Childhood and adolescence — The
90s SH so far

o Ao ams = (g0lje ol 90
Infancy - The 80s SH

. . (periods) o ,q0
s Yo a2 = i e 9

Embryonic period - The 70s SH (Categories) laaJsio

s b o 5 (gangs sloaiss 5 @S sleald
03533l § (5 5lme Cuxdly (gum
2D maps and 3D models, VR and AR
Lo g lore a5 atnly yolic Lol

G slaJos
2D maps and 3D models

Lo g glers 4y atuly jolie sl
Artifacts, architectural elements
and monument

uﬁl.l 9 4]052.47
Artifacts, architectural elements

and monument, site and urban and
rural areas

g slaasis T 9 Jyae

2D maps Product and output

Ly 5 5 leredsainnly yolic lodl
Artifacts, architectural elements
and monument

Documentation scales

slodes @ o Jil 5 leysas (San b Slee ) Jyol 5 anae
39 Lges 00|

b ailo 5 olnl ldlpe 5 (Pl Cong 4 az i b s 00l 5o
@iz oS B ol oY rejpe (nl il 5 )l
Conl p3¥ oo b sl il dngi (e olide @ Laiagh
Eyo9e Sl 0j9> L Lasi o slasle Koo 9 (Koo f Sle &5
cblaz anl g 5l pwlul (&5 plgea |) Sl Jluoms ) K0k
S5 4y Joe 50 1) o GE e 5 00 e Coonn )y oy 5l e
bl oS wal b pellial 5 bacb idu daJesdl)giws mly) @25
O3 szt (led 4 calie Lol onl 6l 568 68 iz 212
ool K5 asbiolal el (OYFF) Slie lojl S
Sl g Coye 5l Calex 9l Gezmen 5L (il 5 LVTFY)
2 65k sl s 5 Sl (VYAA) (i 8- 50 )b slacdly
Gz sleolSiws 4 ol Bl 5 (5,0t (i (sla Joallyg2ns
250 STl e o psline a4z g 1pme GUS ) Sl g il <l
Sl oz 6,0k

wd @ Sape oje> 3 b oLy 5 onpslie el ol L
G5z & (ng laghs, SeS a4 BT b Slastes
Sl e (6 7l T 928 anngs pogdle el (nl 45wl oo plill (6 el S92
gy ol adgi g o (6,5 (b S 4 cblis es oS )
aehls g i ool 5 ogdioe ymie 3 Jiums (s
i o0 D9 po |y (6 el S 98 09 laasie

5 aatS fadge So Sl sl ,S e a5 Sl az s b 4l
8> 5 (SigSz o (B padS oo &S (5sb 4ol sl ol
Coley 5 NS 0 Flae pa w00 g Sl e Sl
19 ol ol Ktmgyy Sl 4 Colie b 13 cblis Slass cllisdle
ez ojs> 5l —edaliawdy bl sl 4 - Eou 3,50 Egose
wblis (leidS b Lo po (8 12 g Wlodgy (5 el S50 5 (5l paids
Ol pes U ojls Oyg 0 tailasily pase ) )0 JieS e
5 Olaais logas g jlopaid jl e il slooje> o5 Line
b by glagiogh 5 Lol o glone 5 Cupe o Sings
9 95U ey b Sle ) 0tee sloog S 0l e (el 28
s 059> 98 o laaste &Sl (Sl slasles Cule>

S5 AT 9 (G ge

Slras BT a (23l 05l 5o (Flite Sl lai 5 ()5SUsS 5T w0
Slf:}lﬁé)“)ﬁo]ef. é&gu)w‘;gb)su‘ﬁﬁmﬁ)‘ ouile
azlse Q1L Gtass 651 5 6,88 ol 5l S 58 5 310 352g L]
Gilwdine g Sl w0jem (pl o S5 > e g9, Sl Lol gl o
o281 Sl ol g 5lwaiine ol SIS BB ue conl 0y (T
9 ‘)L;‘ ‘;.wﬁ .laa‘,w 9 ms )‘ Lsiblfi Jya} » ajy.c as "\"Su:‘"
S OMT o))|5 Léf‘" Q uLa) ).\f B as u;").u.u 9 lew" GL»JJLW
pladl Gy ya5 5 el 351 g 5LS 0590 slo Jdow glgl sl A
B o b slod il sl oM eiS jo il (ol jo sl el b conlio
2 &P ASU el a5 - el VWA Ll caSe sloas s
Sygo O3S B —agdige g (o BT Lis (58 g 4 2us
ol oaalice JB LT (gjluatine cuasS 5 s BT slows jo Lol
olaasts A cElls pas o bl cmsy s BYs dles
Sl 5 il sloby, 5 boylinl 5 s slocsyslid 5l oy g cbli

s (6, B0 [0 i s g, 4 B o
el s plnl )3 (ool Sladgs 059> )3 oaliplonil (ow) @l
Sl ) Katas 9090 4 (A5 47 g (o5 JB 3 4 Sl 4z
péle (g o8 Gl 0)ls sl S ex (ug e sl b
a8 S50 slaiagh 50 Ghgy nl b olibl (slams Loz s
Sl S8 eoge a4 azgl 0y ag) gy e cpl b ol jgas
b uegh doye AT a5) s 4y pued V0 an0 3l pgas 4 Ol
039>, Cpby, lean] isu g (el sads bl o3l ol 4o
03 d.j‘)| 6[&0&9).) )MMJ (ol as 4,.J\ o JLM—Z’\) 6)me
Ay Jb 0 p e (Mo, PA dgax) b il oS g b olen (o
L Lol oS o colSs 1 jo sole plSoiiul 5529 pas 5 £90590 (090
ol 45l pas dle Sl gy (nl 9 4 pazie wlgd 4 ax g
5 55 ools Cepw by anlB o Su b sl L SO
39,4 (SL B oS (gilwasine ATl 550zl 4y g iwd
b Sl yen (Jlozms (g5luoiine sadaxgi eS g Cooal b gadg0 4
Cblax Sl 5 wisd (BOlur (5558 (57 bbby, SwS



J. RS. GEOINF. RES. 3(1): 103-118, Winter & Spring 2025

Mo)

VEeF lgg 5 oliuos o) oylois oF b o S0 MBS 5 130 j1 i (sla ity s ale 4y piii

»T.og(_.ob.o

[1] Feyzolah beygi A. Applying geomatics sciences in creating,
registering, documenting, and protecting historical and cultural
heritage. The 22nd National Geomatics Conference: 2014:
Tehran. Iran. [In Persian]

[2] Alitajer S, Afshariazad, S. [Investigating the Role of
Geomatics Engineering in the Applications of Cultural Heritage,
Archeology and Architecture]. pazhoheshha-ye Bastan shenasi
Iran. 2014; 3(5): 169-195. [In Persian]

[3] Kacyra B. Ancient Wonders Captured in 3D [Video]. TED
Conferences. Available from: [Accessed 28th June 2024].

[4] razani M, razani M, ranjbari A, amiri A. [A new reproduction
of the Urartian cuneiform inscription of Seqgindel, Varzghan,
East Azerbaijan, Iran]. Language Studies. 2024; 15(1): 57-80. [In
Persian] https://doi.org/10.30465/1s.2023.47346.2164

[5] Cabrelles M, Galcera S, Navarro S, Lerma J. L, Akasheh T,
Haddad N. Combining 3D laser scans, photogrammetry, and
thermography to record historical works. Translated by Tayyaba
Managbi. Journal of Surveying. 2011; (112): 28-33. [In Persian]

[6] Hassani F. documentation of cultural heritage techniques,
potentials, and constraints. 25th International CIPA Symposium:
2015, 31 August — 04 September: Taipei, Taiwan.

[7] Daneshpoor moghadam A. Preparation of 3D model of
historical monuments with the help of 3D laser scanner.
Geomatics: 2009: Tehran, Iran. [In Persian]

[8] Khanipardanjani H, Sadeghian S. Evaluation of aerial,
ground, and manual laser scanner data in cultural heritage
documentation. 15t National Conference on the Documentation
of Natural & Cultural Heritage: 2019: Tehran, Iran. [In Persian]

[9] Amiriazar E, Andaroodi E, Saadatseresht M, Soltani
gerdfaramarzi B. Documenting the facades of historical houses
in  Oudlajan neighborhood of Tehran by Close-range
photogrammetry method: providing a solution to remove the
limitation of removing reflective tiled coverings. 2nd National
Conference on the Documentation of Natural & Cultural
Heritage: 2019: Tehran, Iran. [In Persian]

[10] Farrokhi S, Sadeghi V, Tahmouresi R. [Documenting Rural
Architectural Heritage Using Close-Range Photogrammetry
(Case Study: Sorkhay House Entrance, Ushtabin Village, East
Azerbaijan)]. JHRE. 2021; 40 (175): 63-78. [In Persian]

[11] Abbasi maleki N, Tasdighi S, Andaroodi E. Modeling the
decorations of historical buildings using close-range
photogrammetry (Mugrans, the north side of Masoudiyeh
Mansion). 2nd National Conference on the Documentation of
Natural & Cultural Heritage: 2019: Tehran, Iran. [In Persian]

[12] Asadpour A. [Application of Historical Photos
Photogrammetry in Documenting Destroyed Buildings (Case

Slagle oo 5 55 i o ol 4t b iyt LS5 455 i

bl atsly g x5STas uel )5 Sl
ool (5 GGl paasite 095 93 (nl Gl (5)1Sen s
Sl el g abgme yolai Ly 5l 2555 (e s 5o Sladllas 5
Ol 4 guz Az g pas gao5e sl (el 90 walss Jped 15,
IR el Sy50 Raghy nl )0 &5 - ()0 ol o el
@livss 5 Gt e 3 )t Ll oy walys -85
i Ol D g Sl las) Gl 5 (2s plee Jolad wiejls
L 0siS Slie 5 ilopasds glasly o3 5 oz )5

ks Sl &ilsg o ol )0 9 5988 Sl slasles coles o
Bl Jlzms Sl b s pe Slllle 5 (2095 ladeliy Coreal
slagiagh ol jl wasge Glis Aegh (nl @bl azliz wigd
Calom b Ll wops Vo L e sl 558 g5090 b iy
A5 (55588 (610 s lojlus g sy lo s widl 2! slasled
9 (5222 Sliee O)lig 22l 5 5 jpa> a8 Sl ool piiie
@iz onl po ol slyd lsieas anl slaglejle S0 5 6, K80,5
b yeiS Sl slasles ool p3¥ b rron 4 08 (o0 oS>
6B 5l Calos @y S oY Slilitel Garads 5 s yaebn
5 Lt G155 5 ozt (o slaslug, B s ax Sl
slgiagh 5 Slllhe 5l Slatig 5 s Gk jlaz 5 bles
S 58 Syge ool 5o S Wl oje> cnl 53 6y e L e
P92 9 sy ool Sle Jl Bl s )3 Jgol alapls (3gen
S8 g (b goite Bl alS 5l (5lme 03l oL Slml 4 ol o0

B9 laaual je0 o &5 gloanT jo ol

OB s g8 e Lo

Alia la s solod Jolf Cudgios a5 515 ooy s 5 allie ol

RO VK 0dp< ‘)

‘sﬂ\})b\és s.’...

oKzils ;o YYYYA/IL o)lads 4 ciwgh b Jolb dlie o
SEINVEY oo | Y &b 5l as ol (o) (e plol (Modliyes
Slogos slacoles 5l pils oo p3Y conl sz jo (LS 5 oo
3o 5o w8 Sis oRiils cdwghy Cdglae 4o piands o) Kan
Oleal o oluils al )l cwlils IS gemmiils oolj ol dilows agils
5 a8 lpl e olaile wl ) swlis IS gemiils Sly LenS s

Blren olaiay mlie 5l si5u 650,55 oo cnl S JSS
Kl il ezl

&8l ol

el 0aid 5l odiun g Jawgi adlie (0,5 4595 mua?


https://sid.ir/paper/892048/fa
https://sid.ir/paper/892048/fa
https://sid.ir/paper/892048/fa
https://sid.ir/paper/892048/fa
https://nbsh.basu.ac.ir/article_714_en.html
https://nbsh.basu.ac.ir/article_714_en.html
https://nbsh.basu.ac.ir/article_714_en.html
https://nbsh.basu.ac.ir/article_714_en.html
https://www.ted.com/talks/ben_kacyra_ancient_wonders_captured_in_3d?utm_campaign=tedspread&utm_medium=referral&utm_source=tedcomshare%20‎
https://www.ted.com/talks/ben_kacyra_ancient_wonders_captured_in_3d?utm_campaign=tedspread&utm_medium=referral&utm_source=tedcomshare%20‎
https://doi.org/10.30465/ls.2023.47346.2164‎
https://doi.org/10.30465/ls.2023.47346.2164‎
https://doi.org/10.30465/ls.2023.47346.2164‎
https://doi.org/10.30465/ls.2023.47346.2164‎
https://doi.org/10.30465/ls.2023.47346.2164
https://www.magiran.com/p989081‎
https://www.magiran.com/p989081‎
https://www.magiran.com/p989081‎
https://www.magiran.com/p989081‎
https://civilica.com/doc/69826‎
https://civilica.com/doc/69826‎
https://civilica.com/doc/69826‎
https://civilica.com/doc/851575‎
https://civilica.com/doc/851575‎
https://civilica.com/doc/851575‎
https://civilica.com/doc/851575‎
https://civilica.com/doc/851491‎
https://civilica.com/doc/851491‎
https://civilica.com/doc/851491‎
https://civilica.com/doc/851491‎
https://civilica.com/doc/851491‎
https://civilica.com/doc/851491‎
https://civilica.com/doc/851491‎
doi:10.22034/40.175.63‎
doi:10.22034/40.175.63‎
doi:10.22034/40.175.63‎
doi:10.22034/40.175.63‎
https://civilica.com/doc/851509‎
https://civilica.com/doc/851509‎
https://civilica.com/doc/851509‎
https://civilica.com/doc/851509‎
https://civilica.com/doc/851509‎
https://dx.doi.org/10.22084/NB.2022.25574.2444‎
https://dx.doi.org/10.22084/NB.2022.25574.2444‎

A.M. Moazezi Mehr-e-Tehran

Olrb o Sjjro darmo o]

Deterioration Patterns]. KCR. 2022; 5(4): 12-19. URL:[In
Persian]

[25] Esmaeili F, Ebadi H, Mohammadzade A, Saadatseresht M.
[Evaluation of Close-Range Photogrammetric Technique for
Deformation Monitoring of Large-Scale Structures: A review].
JGST. 2019; 8(4): 41-55.

[26] Ghodsi N, Nastaran M, Ghasemi V. [Socio-spatial
Segregation in Iran: Systematic Review and Qualitative Meta-
Analysis]. Motaleate Shahri. 2022; 11(44): 79-94. [In Persian]
D0i:10.34785/J011.2022.175

[27] Sabzekar H, Sadeghian S, Javadi M. Geomatics in modern
researches of cultural heritage; Background, capabilities, and
challenges. 2nd National Conference on the Documentation of
Natural & Cultural Heritage: 2019: Tehran, Iran. [In Persian]

[28] Farsimadan M, Hajizadeh Bastani K, Shahbazi Shiran H,
Alizadeh Sola M. [The Application of Photogrammetry in
Documentation of Inscriptions on Historical Monuments; New
Photogrammetry Project in Allah Allah Dome in Sheikh Safi Al-
Din Shrine Complex]. JRA. 2020; 6(2): 57-73. [In Persian]

Doi: 10.52547/jra.6.2.57

[29] Jafarzadeh H. The connection of photogrammetry with
archeology and architecture and its application. The
International Conference on Human, Architecture, Civil
Engineering and City (ICOHACC 2015): 2015: Tabriz, Iran. [In
Persian]

[30] Sadeghian S, Khoshboresh Masooleh M. Evaluation of
geometric  processing of semi-automatic close-range
photogrammetric images for accurately documenting historical
objects with complex structure. 1t National Conference on the
Documentation of Natural & Cultural Heritage: 2018: Tehran,
Iran. [In Persian]

[31] Rahimi Jafari F, Habibi F, Moazen S. [Introducing the Non-
Destructive Method of Photogrammetry in the Study and
Servey of Historical Monuments]. JRA. 2021; 7(2): 135-158. [In
Persian] D0i:10.52547/jra.7.2.135

[32] Hojatpanah Sh, Vafae Baneh B, Forsatkar E, Vafae Baneh K.
Application of photogrammetry, virtual tour and information
modeling for documenting cultural heritage (Taq Bostan case
study). 3rd International Conference on Building Information
Modeling (BIM): 2020: Tehran, Iran. [In Persian]

[33] Sadeghian S, Sedighpoor D. Documenting historical
monuments using UAV images to restore and determine buffer
zones, case study: DolatAbad Castle. 15t National Conference on
the Documentation of Natural & Cultural Heritage: 2018:
Tehran, Iran. [In Persian]

[34] Asadpoor A. Application of mobile photogrammetry in
architectural documentation (studied example: Shiraz Koran
gate tiling). National Conference on Architecture, Civil
Engineering, Urban Development and Horizons of Islamic Art in

Study: Saadieh Historical Mansion)]. Pazhoheshha-ye Bastan
Shenasi Iran. 2023; 13(36): 355-383. [In Persian]

[13] Baik A, Alitany A. From architectural photogrammetry
toward digital architectural heritage education, ISPRS TC Il Mid-
term Symposium “Towards Photogrammetry 2020”: 2018 June
4 —7: Riva del Garda, Italy.

[14] Marin-Buzén C, Pérez-Romero A, Lopez-Castro J.L, Ben
Jerbania I, Manzano-Agugliaro F. Photogrammetry as a New
Scientific Tool in Archaeology: Worldwide Research Trends.
Sustainability. 2021; 13, 5319.
https://doi.org/10.3390/su13095319

[15] Andaroodi E, Koulabadi A, Mehdizadeh Seradj F.
[Recognizing Decorative Elements Taken from the West in Qajar
Period Fagades Using Close-Range Photogrammetric
Technology: The Case of Window-Pediments in the Ahmad
Shahi Pavilion]. Soffeh. 2023; 33(1): 119-137. [In Persian]

Doi: 10.52547/sofeh.33.1.11

[16] Zulfaghari M, Malian A. Surveying of historical buildings by
close-range photogrammetry method. Surveying Conference
78:1999: Tehran, Iran. [In Persian]

[17] Hejazi M, Azizi A, Yazdkhasti M. Close-range
photogrammetry and geometric patterns in Islamic architecture
and discussion of symbolic concepts. 6th International
Conference on Civil Engineering: 2005: Isfahan, Iran. [In Persian]

[18] Remondino F, Toschi, I, Menna, F. A Critical Review of
Automated Photogrammetric Processing of Large Datasets.
26th International CIPA Symposium: 2017, 28 August-01
September: Ottawa, Canada.

[19] Sadeghian S, Rajabi A, Sedighpoor D. [3D modeling for
documentation, restoration, and determination of the area of
Dolatabad Castle in Qom using UAV images]. JGST. 2021; 10 (3):
229-241. [In Persian]

[20] AdI S, Karimi A. [A look at the numerical (digital) and
photogrammetric views of Zozen and Bastam]. Athar. 1998;
19(29, 30): 90-120. [In Persian]

[21] Enayati H. [Protection of Cultural Works Using Digital
Photogrammetry Methods]. Scientific-Research Quarterly of
Geographical Data (SEPEHR). 1999; 8(32): 39-42. [In Persian]

[22] Malian A. Photogrammetry in cultural heritage registration.
Journal of Surveying. 2000; 43 (2 and 3). [In Persian]

[23] Sargazi H, Malian A. The application of geospatial
information engineering in documenting for national and global
registration (case study: shahr-e-sookhteh). 15t National
Conference on the Documentation of Natural & Cultural
Heritage: 2018: Tehran, Iran. [In Persian]

[24] Shirvani M, Zareiyan Jahromi S. [Damage Map of Rostam
and Ashkboos Relief in Divan Khaneh Building Using
Photogrammetry, Based on lllustrated Glossary on Stone


https://dx.doi.org/10.22084/NB.2022.25574.2444‎
https://dx.doi.org/10.22084/NB.2022.25574.2444‎
https://doi.org/10.3390/su13095319%20‎
https://doi.org/10.3390/su13095319%20‎
https://doi.org/10.3390/su13095319%20‎
https://doi.org/10.3390/su13095319%20‎
https://doi.org/10.3390/su13095319
doi:%2010.52547/sofeh.33.1.11%20‎
doi:%2010.52547/sofeh.33.1.11%20‎
doi:%2010.52547/sofeh.33.1.11%20‎
doi:%2010.52547/sofeh.33.1.11%20‎
doi:%2010.52547/sofeh.33.1.11%20‎
https://civilica.com/doc/1062‎
https://civilica.com/doc/1062‎
https://civilica.com/doc/1062‎
https://civilica.com/doc/1062‎
https://isprs-archives.copernicus.org/articles/XLII-2-W5/591/2017/%20‎
https://isprs-archives.copernicus.org/articles/XLII-2-W5/591/2017/%20‎
https://isprs-archives.copernicus.org/articles/XLII-2-W5/591/2017/%20‎
https://isprs-archives.copernicus.org/articles/XLII-2-W5/591/2017/%20‎
http://jgst.issgeac.ir/article-1-970-en.html
http://jgst.issgeac.ir/article-1-970-en.html
http://jgst.issgeac.ir/article-1-970-en.html
http://jgst.issgeac.ir/article-1-970-en.html
https://ensani.ir/file/download/article/20120329103928-2082-42.pdf‎
https://ensani.ir/file/download/article/20120329103928-2082-42.pdf‎
https://ensani.ir/file/download/article/20120329103928-2082-42.pdf‎
https://www.sepehr.org/article_28840_bab89397f8c20b18170c206d7f6f787e.pdf
https://www.sepehr.org/article_28840_bab89397f8c20b18170c206d7f6f787e.pdf
https://www.sepehr.org/article_28840_bab89397f8c20b18170c206d7f6f787e.pdf
https://civilica.com/doc/851604%20‎
https://civilica.com/doc/851604%20‎
https://civilica.com/doc/851604%20‎
https://civilica.com/doc/851604%20‎
https://civilica.com/doc/851604%20‎
http://kcr.richt.ir/article-6-1792-fa.html
http://kcr.richt.ir/article-6-1792-fa.html
http://kcr.richt.ir/article-6-1792-fa.html
http://kcr.richt.ir/article-6-1792-fa.html
http://kcr.richt.ir/article-6-1792-fa.html
http://jgst.issgeac.ir/article-1-765-fa.html%20‎
http://jgst.issgeac.ir/article-1-765-fa.html%20‎
http://jgst.issgeac.ir/article-1-765-fa.html%20‎
http://jgst.issgeac.ir/article-1-765-fa.html%20‎
doi:10.34785/J011.2022.175%20‎
doi:10.34785/J011.2022.175%20‎
doi:10.34785/J011.2022.175%20‎
https://civilica.com/doc/851519‎
https://civilica.com/doc/851519‎
https://civilica.com/doc/851519‎
https://civilica.com/doc/851519‎
doi:%2010.52547/jra.6.2.57‎
doi:%2010.52547/jra.6.2.57‎
doi:%2010.52547/jra.6.2.57‎
doi:%2010.52547/jra.6.2.57‎
doi:%2010.52547/jra.6.2.57‎
http://dx.doi.org/10.52547/jra.6.2.57
https://civilica.com/doc/409763‎
https://civilica.com/doc/409763‎
https://civilica.com/doc/409763‎
https://civilica.com/doc/409763‎
https://civilica.com/doc/409763‎
https://civilica.com/doc/851599‎
https://civilica.com/doc/851599‎
https://civilica.com/doc/851599‎
https://civilica.com/doc/851599‎
https://civilica.com/doc/851599‎
https://civilica.com/doc/851599‎
doi:10.52547/jra.7.2.135‎
doi:10.52547/jra.7.2.135‎
doi:10.52547/jra.7.2.135‎
doi:10.52547/jra.7.2.135‎
http://dx.doi.org/10.52547/jra.7.2.135
https://en.civilica.com/l/11221/
https://en.civilica.com/l/11221/
https://en.civilica.com/l/11221/
https://en.civilica.com/l/11221/
https://en.civilica.com/l/11221/
https://civilica.com/doc/851597‎
https://civilica.com/doc/851597‎
https://civilica.com/doc/851597‎
https://civilica.com/doc/851597‎
https://civilica.com/doc/851597‎
https://civilica.com/doc/1251725‎
https://civilica.com/doc/1251725‎
https://civilica.com/doc/1251725‎
https://civilica.com/doc/1251725‎

J. RS. GEOINF. RES. 3(1): 103-118, Winter & Spring 2025

my)

VEeF lgg 5 oliuos o) oylois oF b o S0 MBS 5 130 j1 i (sla ity s ale 4y piii

[44] Sajadi S. Y. The application of close-range digital
photogrammetry in the documentation of Gorgan's defense
(principles of maintenance, research, restoration,
reconstruction, preservation, and revitalization of ancient
monuments) .15t National Conference on the Documentation of
Natural & Cultural Heritage: 2018: Tehran, Iran. [In Persian]

wall

[45] Hemmati Z, Ebadi H, Hosseini Naveh Ahmadabadian A,
Esmaeili F. [Presented a New Algorithm for Network Design and
Path Planning It Captures Drone Modeling Purposes for
Archaeological Sites]. Journal of Geomatics Science and
Technology. 2017; 7(2): 167-180. [In Persian]

[46] Emami H, Rostami S. G. [Analysis and comparison of the
exactness of specialist drone-based software products in urban
and exurban regions]. Scientific- Research Quarterly of
Geographical Data (SEPEHR). 2022; 31(123): 63-87. [In Persian]
doi:10.22131/sepehr.2022.699908

[47] Samadzadegan F, Farzam F. Applying the proposed
techniques in close-range digital photogrammetry to monitor
changes in historical buildings. Geomatics 1383: 2007: Tehran,
Iran. [In Persian]

[48] Mousavi V, Khosravi M, Ahmadi M, Noori N, Haghshenas S,
Hosseininaveh A, Varshosaz M. The performance evaluation of
multi-image 3D reconstruction software with different sensors.
Measurement. 2018; 120: 1-10.
https://doi.org/10.1016/j.measurement.2018.01.058

LSV WEPY ‘;)M

AUTHOR BIOSKETCHES

3 ST g5 skl 3l 0 (53380 o el
| OMIQ )\) L;’U)l-* (_SL@L..» :.L._‘>‘ 9 CA—afo
plel lallores o8 ils (53lum s 5 (5 lone
) |) »55>' ‘5@‘42.: 6)—:50 o (o)) .
}‘ gs’.‘-i)u L;Lfbu_‘al.; 9 4__:_:_‘,1 Cao o 4 :.)
b, 1Y Jlw [ ool i oSl

sleai b, o as )l wles IS S e g0 sl plasl.accwl oo )5
(il g ilene Sle IS ((Fu )b Glacdl 5 laln e
oy a8 ol gladlie 5 o3 iyl GRS
mamass Gojg> el 00,5 351 sl o g ol s seelSisls
Silwodizik Oox Slegdge jome p i 65 212 9 (o
G Eie 5 (Sa 8 Bl e Capoe 1§ D 5 (Sylere Dl pe

Moazezi Mehr-e-Tehran, A. M., Assistant Professor at the
Department of Architectural Heritage Conservation, Faculty of
Architecture and Urbanism, Imam Khomeini International
University, Qazvin, Iran.

a.moazezi@arc.ikiu.ac.ir

the Second Step Statement of the Revolution: 2021: Tabriz, Iran.
[In Persian]

[35] Samadzadegan F, Sarpoolaki M, Azizi A. Extraction of
geometric information and digital modeling of "Ceshm-e-Ali"
relief using close-range digital photogrammetry. Geomatics
1381: 2003: Tehran, Iran. [In Persian]

[36] Samadzadegan F, Azizi A, Sarpoolaki M. [Correcting the
geometric structure of non-metric digital images in
photogrammetry and computer vision to extract three-
dimensional information of objects]. University College of
Engineering. 2005; 38(6): 873-884. [In Persian]

[37] Rostami Javid R, Ebadi H, Esmaeli F. Evaluation of close-
range photogrammetry and laser scanning methods
producing 3D models of ancient objects. The 2nd National
Conference on Geospatial Information Technology: 2016:
Tehran, Iran. [In Persian]

in

[38] Sharifi A, Malian A. Evaluating the efficiency of non-
parametric geometric correction methods in images obtained
from unmanned aerial vehicles (case study: the historical castle
of lzad Khasvet city) .1t National Conference on the
Documentation of Natural & Cultural Heritage: 2018: Tehran,
Iran. [In Persian]

[39] Baghani A, Valadanzoj M. J, Mokhtarzadeh M. Preparation
of large-scale cadastral maps of urban areas using UAV
photogrammetry method. The First National Conference on
Geospatial Information Technology: 2016: Tehran, Iran. [In
Persian]

[40] Hemmati Z, Ebadi H, Hosseini Naveh Ahmadabadian A,
Esmaeili F. Design and implementation of UAV-based
photogrammetry network for modeling ancient sites. The first
geospatial information technology engineering conference:
2015: Tehran, Iran [In Persian]

[41] Hemmati Z, Ebadi H, Hosseini Naveh Ahmadabadian A,
Esmaeili F. UAV-based photogrammetry application in 3D
modeling of ancient sites. 2nd National Geospatial Information
Technology Engineering Conference: 2016: Tehran, Iran. [In
Persian]

[42] Ghafarian asadast M, Molazemalhoseini M. K, Mehrpooya
S. The use of close-range photogrammetry in the preparation of
inscription maps and the production of 3D models of the artistic
arrays of the Holy Shrine of Imam Reza. 15t National Conference
on the Documentation of Natural & Cultural Heritage: 2018:
Tehran, Iran. [In Persian]

[43] Zeynalpoor Asl M, Samadzadegan F, Dadras Javan F,
Talebian M. H. [3D Modeling of Architectural Heritage Using
UAV  Photogrammetry. Case Study: Deir-e Gachin
caravansary). Journal of Fine Arts: Architecture & Urban
Planning. 2022; 26(4): 61-73. [In Persian]
D0i:10.22059/jfaup.2021.325822.672644


https://civilica.com/doc/1251725‎
https://civilica.com/doc/1251725‎
https://civilica.com/doc/4645‎
https://civilica.com/doc/4645‎
https://civilica.com/doc/4645‎
https://civilica.com/doc/4645‎
https://journals.ut.ac.ir/article_10232_50187482b41cc937e5d0ebf8dda2c933.pdf
https://journals.ut.ac.ir/article_10232_50187482b41cc937e5d0ebf8dda2c933.pdf
https://journals.ut.ac.ir/article_10232_50187482b41cc937e5d0ebf8dda2c933.pdf
https://journals.ut.ac.ir/article_10232_50187482b41cc937e5d0ebf8dda2c933.pdf
https://journals.ut.ac.ir/article_10232_50187482b41cc937e5d0ebf8dda2c933.pdf
https://civilica.com/doc/895037‎
https://civilica.com/doc/895037‎
https://civilica.com/doc/895037‎
https://civilica.com/doc/895037‎
https://civilica.com/doc/895037‎
https://civilica.com/doc/851539‎
https://civilica.com/doc/851539‎
https://civilica.com/doc/851539‎
https://civilica.com/doc/851539‎
https://civilica.com/doc/851539‎
https://civilica.com/doc/851539‎
https://civilica.com/doc/461639‎
https://civilica.com/doc/461639‎
https://civilica.com/doc/461639‎
https://civilica.com/doc/461639‎
https://civilica.com/doc/461639‎
https://civilica.com/doc/851560‎
https://civilica.com/doc/851560‎
https://civilica.com/doc/851560‎
https://civilica.com/doc/851560‎
https://civilica.com/doc/851560‎
https://civilica.com/doc/851560‎
doi:10.22059/jfaup.2021.325822.672644%20‎
doi:10.22059/jfaup.2021.325822.672644%20‎
doi:10.22059/jfaup.2021.325822.672644%20‎
doi:10.22059/jfaup.2021.325822.672644%20‎
doi:10.22059/jfaup.2021.325822.672644%20‎
https://civilica.com/doc/851601‎
https://civilica.com/doc/851601‎
https://civilica.com/doc/851601‎
https://civilica.com/doc/851601‎
https://civilica.com/doc/851601‎
https://civilica.com/doc/851601‎
http://jgst.issgeac.ir/article-1-588-fa.html
http://jgst.issgeac.ir/article-1-588-fa.html
http://jgst.issgeac.ir/article-1-588-fa.html
http://jgst.issgeac.ir/article-1-588-fa.html
http://jgst.issgeac.ir/article-1-588-fa.html
doi:10.22131/sepehr.2022.699908%20‎
doi:10.22131/sepehr.2022.699908%20‎
doi:10.22131/sepehr.2022.699908%20‎
doi:10.22131/sepehr.2022.699908%20‎
https://civilica.com/doc/1781‎
https://civilica.com/doc/1781‎
https://civilica.com/doc/1781‎
https://civilica.com/doc/1781‎
https://doi.org/10.1016/j.measurement.2018.01.058%20‎
https://doi.org/10.1016/j.measurement.2018.01.058%20‎
https://doi.org/10.1016/j.measurement.2018.01.058%20‎
https://doi.org/10.1016/j.measurement.2018.01.058%20‎
https://doi.org/10.1016/j.measurement.2018.01.058

A.M. Moazezi Mehr-e-Tehran (MA) Ol o (S jr0 oo ol

Citation (Vancouver): Moazezi Mehr-e-Tehran A.M. [Photogrammetry, Modern Technology in Cultural Heritage
Documentation: A Systematic Review of Related Research in Iran]. J. RS. GEOINF. RES. 2025; 3(1): 103-118

d https://doi.org/10.22061/jrsgr.2025.11559.1087

COPYRIGHTS

© 2025 The Author(s). This is an open-access article distributed under the terms and conditions of the Creative
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)
(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/

J. RS. GEOINF. RES. 3(1): 119-138, Winter & Spring 2025

Journal of Remote Sensing and Geoinformation Research

(JRSGR)

Homepage: jrsgr.sru.ac.ir

SRTTU

ORIGINAL RESEARCH PAPER

Evaluation of Parameters Affecting Aerotriangulation Accuracy in Corridor Mapping

M. Ahmadi Asoor, A. Afary®, E. Ghanbari Parmehr

Department of Geomatics, Faculty of Civil Engineering, Babol Noshirvani University of Technology, Babol, Iran

ABSTRACT

Received: 15 January 2025
Reviewed: 18 February 2025
Revised: 05 May 2025
Accepted: 22 May 2025

KEYWORDS:

UAV photogrammetry
Corridor mapping
Ground control point
Camera calibration
Triangulation

* Corresponding author
&4 afary@nit.ac.ir
@ (+98912) 2894189

EECICI G REN TN JIEEATEE Using UAV photogrammetry for corridor mapping in areas with

significant differences between their longitudinal and lateral dimensions reduces the geometric strength
of the imaging network and introduces numerous challenges. These challenges in UAV photogrammetry
lead to increased project time and costs, as well as higher errors in triangulation calculations. Several
parameters—such as the distribution and number of ground control points, camera calibration methods,
the number of flight strips, and the use of precise camera positions obtained from the Global Navigation
Satellite System (GNSS)—affect triangulation accuracy. This study examines the impact of these
parameters on triangulation accuracy in corridor areas.

The evaluation of parameters affecting triangulation accuracy was conducted on two corridor
areas with lengths of two and a half and five kilometers. In this research, three parameters—distribution
and number of ground control points, camera calibration methods, and photogrammetry software—were
examined on a single flight strip, and multiple flight strips were used solely to evaluate the impact of the
number of flight strips on triangulation accuracy. The results were assessed based on the root mean
square errors of planimetric and altimetric errors at the check points. In this study, the photogrammetry
software Pix4D and Agisoft Metashape were used for triangulation calculations.

The evaluation results regarding the impact of the distribution and number of control points

showed that using eight control points—distributed as follows: two points at the beginning, two points
at the end, two in the middle of the corridor (all opposite each other across the width), and two additional
points in between—can improve triangulation accuracy compared to other configurations. Additionally,
using the self-calibration method for the camera in triangulation calculations yields more accurate results
than using pre-calibrated cameras. Moreover, employing more than one flight strip increases the
accuracy of triangulation results.
By appropriately designing ground control points throughout the entire corridor and
applying the self-calibration method for camera calibration—without relying on precise image center
coordinates—it is possible to achieve an accuracy of less than one meter for producing engineering maps
at scales of 1:500, 1:1000, and 1:2000, with contour intervals of 0.5 meters, 1 meter, and 2 meters,
respectively.
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Table 1: Reference Project Specifications
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(Average flight altitude) ;lg,; lawgie glas )|
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Table 2: Calibration Parameters Values for the Reference Project
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Table 3: The number of control and check points used in each scenario
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Fig. 3: Distribution of Control and Check Points in Scenarios One to Five Using Ten Points
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Fig. 5: Distribution of control points in scenarios eight to twelve using eighteen points
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Table 4: Error values in check points in the first range with images with accurate geotag and without accurate geotag (in meters)

((Elevation error) clas | glas (Planimetric error) glxlawe sla>

(Total error) S gl

S5 L polal Sy e polal Sl pslal Sy e palal SSE L plal S5 (a0 pglal

gy s

(Scenarios)

(Images with (Images without (Images with (Images without (Images with (Images without
geotag) geotag) geotag) geotag) geotag) geotag)
0.05 0.55 0.06 0.14 0.08 0.57 (First scenario) Jsl (592 ,liw
0.06 0.44 0.07 0.10 0.09 0.45 (Second scenario) ego (_g%)LL....:
0.04 0.29 0.05 0.10 0.07 0.30 (Third scenario) g (g9 b
0.05 0.45 0.06 0.08 0.08 0.44 (Fourth scenario) F)LQ?.. S92 ki
0.07 0.45 0.08 0.03 0.11 0.48 (Scenario Five) ot gﬁ)L;.w
0.10 - 0.08 - 0.13 - (Scenario Six) i (592 )b
0.09 - 0.06 - 0.11 - (Seventh scenario) ias (54 L
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Table 5: Error values at check points in the second range with images with accurate geotag and without accurate geotag (in meters)

((Elevation error) clas )l slas (Planimetric error) gl sl

(Total error) JS' gla>
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Table 6: Error values at check points obtained from the distribution of eighteen points over the second area with images without precise
geotagging (in meters)

X slas> Y slas Z slas S sl I sl gy )L

X error Y error Z error (Planimetric error) (Total error) (Scenarios)
0.38 0.62 0.95 0.73 1.73 (Scenario Eight) SR L;ﬁ)Lm
0.16 1.24 1.23 1.23 1.25 (Scenario Ninth) o S9o,lw
0.09 0.27 0.36 0.29 0.47 (Scenario Ten) &3 (59 ,Lw
0.09 0.15 0.75 0.18 0.77 (Eleventh scenario) w33 (59l
0.16 0.22 0.41 0.28 0.50 (Scenario 12) a33l95 (591 ,Lw
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Fig. 7: The point cloud generated by the C2C criterion from the third and first scenarios in the first range. a) third scenario. b) first scenario
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Table 7: Average values and standard deviation in the third and first scenarios (in meters)

(Firstarea) Jsl (go5gd2xe (Second area) pgo (so5gdx0 g\l
= . = R Scenarios
oeiles S Bl ol eiles Hlre Bl ( )
(Mean) (Standard deviation) (Mean) (Standard deviation)
0.46 0.33 1.18 1.13 (First scenario) Jol (593 )L
0.20 0.17 0.45 0.39 (Third scenario) g (g9 L
Gauss: mean = 0.202752 / std dev. = 0.170193 [360 classes] Gauss: mean = 0.460806 / std.dev. = 0.335477 (360 classes]
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Fig. 9: Gaussian fitted plot to the frequencies of C2C values in the point clouds of the first and third scenarios in the first range.
Gauss: mean = 0.451863 / std.dev. = 0.394374 [536 classes] Gauss: mean = 1.180675 / std.dev. = 1.133973 [536 classes)
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Table 8: Total error values calculated at check points in the first and second range

(Secend area)pgs (sodg99me

((First area) Js| (go0ga5xe

g L

(Scenarios)

s o IS sl oolawl > jo S gl > o IS sl oolawl > o S gl
SR 00 0 5dlS” 90 wlgmog> 0 0 ISy je0
(Total error in self- (Total error using a (Total error in self- (Total error using a
calibration) calibrated camera) calibration) calibrated camera)
2.37 3.4 0.57 0.57 (First scenario)  Jol (sgs )L
2.29 2.9 0.45 0.51 (Second scenario) pgs (592 L
0.93 0.95 0.30 0.36 (Third scenario) pges (54 ,lims
1.08 1.3 0.45 0.55 (Fourth scenario) e,le> (592 ,Le
1.25 1.4 0.46 0.46 (Scenario Five) woxty (593 ,L

Agisoft MetaShape 4 Pix4D I3l o 5 93 ;8 13 (samcdio Slwlbre | odal Cowd 4 S bl jo Slxbas g olis )| glas polie A Jgax

Table 9: The values of height and planar errors in check points obtained from triangulation calculations in both Pix4D and Agisoft Metashape software

(Secend range) | pgs (sed9dxe

(Firstrange) | ol (so0g0xe

PSENE
Z U Y Uas- X Uas Z U Y Uas- X Uas
(Softwares)
Z error Y error X error Z error Y error X error
0.90 0.12 0.20 0.30 0.01 0.05 Pix4D
0.91 0.16 0.08 0.29 0.07 0.07 Metashape
F Value Evor |F |O&x |Oy K1 |2 |3 |P1 P2
Cox F |35036 86 1.00 | 024 [ 023 | 0.19 | 024 | 039 |085 [088
Coy Cx | 378182 054 1.00 | 0.18 | -006 (003 | 006 |018 |020
= Cy | 381555 042 100 | -0.05 [0.06 | 009 |016 018
K1 | -0.00356031 | 62005 100 |-086 |073 015|014
i K2 | -0.00348741 | 0.00017 100 | 097 | 021 |02
o 13 | 000348486 | 0.00014 100 |03¢ [034
T P1 | 000368711 | 1.1005 100 |063
T2 | | P2 |0.00565599 | 1.7e05 1.00
Pix4D

Agisoft Metashape

Js! godg9a 4 MetaShape 5 PixdD 1580 o 5 90 12 40 (amdidin Slowle 5l odal Cans a4y yguuml S (sl ol )b oolie 1V Y S

Fig. 11: Calibration parameter values obtained from triangulation calculations in both Pix4D and MetaShape software in the first area.
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Fig. 12: Calibration parameter values obtained from triangulation calculations in both Pix4D and MetaShape software in the secend area.
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Table 10: Error values at check points in scenarios one to five in the first range for different flight strip numbers (in meters)
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Table 11: Error values at check points in scenarios one to five in the secend range for different flight strip numbers (in meters)
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Table 12: Specifications for the number and distribution of control points for mapping at different scales
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In recent years, with the development of urbanization and the
construction of apartments and complex buildings, the importance and necessity of 3D data,
especially in the real estate information sector, has been given more attention. Building
Information Modeling is a new technology in the construction industry that is used to create,
manage and share a digital model of a building, its components and related information. In
addition to increasing interoperability and collecting all building information and documents
in a single model, by adapting the building information model and the structure whose
construction has been completed, it can be used for demarcation purposes to specify the
common areas, the boundaries and the extent of ownership of each person from the various
components of the building and for property documentation, for accurate property pricing.
In this research, first, the parameters affecting the valuation of the property will be
identified and the required data will be collected according to the parameters. Then, using
two-dimensional architectural and structural drawings drawn in CAD (which can be obtained
from engineering or engineering systems offices), the building information model has been
reconstructed. After that, for each of the building components, legal enrichment (specifying
common areas and building amenities) has been performed and the value of the materials
used in the building has been defined based on the price list for the building components. The
proposed process in this research has been modeled in three dimensions in Revit software.
The building information model is used throughout the entire life cycle of a building,
from design to construction, operation, and even maintenance, but it does not actually have
the ability to model ownership relations and legal information; however, with the method
implemented in this study, due to the importance of clarifying ownership relations in land or
buildings, especially in court cases, ownership and legal relations can be defined; in addition
to defining legal relations, the modeling carried out for a sample of a constructed building has
been carried out for accurate valuation according to the location and effective parameters.
Finally, the share of each owner of the building components is determined by
defining the joint and several relationships. In addition to accurately and unambiguously
recording the amount of ownership of individuals in the building, this method can also be
used to accurately price the property considering effective external and internal factors and
reduce legal claims. Pricing is done using a price list for all building components and materials,
which can be used to obtain the total price.
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Three approaches
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Five methods
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The statistical approach relies on determining property value using
sampling and approximation.

R M-‘)é 5 AVl J.a-l)é S bl o Gl e AAT)a 5,50,
el 35 e 2lls 5l ol
The income approach focuses on determining value based on the total
annual income and generated income from the property.

Olexlo (o5l &l ey G331 45 Gl il erdiins (Sbat 30 3,500,
gl Sbe QS&})I b ogl adlsl

The direct costing approach is where the value of the land must be added
to the value of the building to find the total value of the property.

30 Ly cols g
Quality of materials, quality
of maintenance and
finishing, area of the
building, location and floor
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Structural
variables

S0 ey
Internal
variables
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Noise level, air quality,
view quality, sunlight

Quality of lifein
the building

Wl )05 25 gl st glapia
Three-dimensional variables for
property valuation
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A comparable method that has a market approach.
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Cost method or contractor method which has a cost approach.
Sl ety 0 Sg, a5 wel o b (g la8 ke js B,
An investment or income method that takes an income approach.
Sl A.A])Q 5,559, 45 Sgw b9,
The profit method, which has an income approach.
D10 aalys 3,55, 45 oaile 8L L anwgs g,

Development or residual method that has an income approach.

Noise level, air quality, view
quality, sunlight
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External
variables
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Fig. 1: Three-dimensional variables affecting valuation
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Aeluh Aolu So Alslu¥ ¥ Aeluf ¥ 4ieluh el YF aiclu So Air quality
classification
0.0-0.059 - 0.0-15.4 0-54 0.0-4.4 0.000-0.034 0-0.053 0-50 g
Good
0.060-0.075 - 15.5-35.0 55-154 4.5-9.4 0.035-0.144 0.054-0.1 51-100 Luya
Medium
0.076-0.095 | 0.125-0.164 35.1-65.4 155-254 9.5-124 0.145-0.224 | 0.101-0.36 101-150 s a,)g !y als
‘J.JLHIA
Unhealthy for
sensitive groups
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Unhealthy
0.116-0.374 | 0.205-0.404 | 150.5-350.4 355424 15.5-30.4 | 0.205-0.604 | 0.65-1.24 201-300 Al s
Very unhealthy
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0.505-0.604 | 350.5-500.4 505-604 40.5-50.4 | 0.805-1.004 1.65-2.04 401-500 Dangerous
(Al glio il cqe jbre Jolss Jolas ¥ Joax
Table 3: Minimum permitted distances for industrial establishment [8]
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[EEFERTW
Provincial center (last Settlements
settlement area)
2000 1500 1000 500 250 - e AT e 5
[ELQERE-
City center (last settlement
area)
2000 1500 1000 500 200 - e
City
1500 1000 1000 500 200 - T 5
Village
1500 1000 750 500 200 - Ui 5 ctao 81 e
Medical and educational centers
1500 1000 750 500 200 50 (el Kl e
Military centers
2000 1500 1000 500 150 150 ole omtil Al anls ;v Y B LS L
National Park-Wetland-Lake-MNatural Heritage
1000 500 250 200 150 - o3 il 4akate — iy i oK oLy
Wildlife Sanctuary - Protected Area
500 250 150 150 100 100 PRI R ER
Permanent non-potable river
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Permanent river of drinking water
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Drinking-agricultural water wells and canals
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Table 4: Calculated Rial Value Based on Specified Parameters and Ownership Amount (Wall)

<Wall Material BRICK, COMMON=>
A | B = | D | E | R S H | 1 | J | K
Material: Name ~ : Family and Type iBase Con: IMaterial: Area | Iaterial: Volume | Area : Count : IMaterial: Cost : el P 2o b 3o oSl

Brick, Common Basic Wall: Generic - 100mm2  :001 0.03 m? 0.00 m* 0 m? 1 11,342,000.0 :366,570.8 m* 251

Brick, Common Basic Wall: Generic - 100mm2 002 0.03m? 0.00 m* om 1 11,242,000.0 :247,277.6 m* 452

Brick, Common Basic Wall: Generic - 100mm2 003 0.03 m? 0.00 m* om? 1 11,242,000.0 :285,864.0 m* B-Jue

Brick, Common Basic Wall: Generic - 100mm2 004 0.03 m? 0.00 m* 0 m? i) 11,342,000.0 :366,570.8 m* 8=Ju

0.03 m* 4 0.13 m? 1,466,282.4 m*

Brick, Common 'Basic Wall: Generic - 100mm2 002 10.34 m? 10.02m* om? i1 111,242,000.0 [3,822,731.2 m* [3-%)e | |
034 m*: 1 0.34 m? 3,822,731.2m*

Brick, Common [Basic Wall: Generic - 100mm2 001 [0.36 m* 10.02m* [om? |1 [11,342,000.0 [4,035,105.2 m* [1-=3a | |
Brick, Common | Basic Wall: Generic - 100mm2 004 |0.26 m* [0.02 m* |0 m* [1 [11,242,000.0 [4,035105.2 m* |73 | |
0.36 m*: 2 0.71 m* 8,070,210.4 m*

Brick, Common {Basic Wall: Generic - 100mm2 1003 0.37 m* 10.02m* 0 m? i1 111,342,000.0 [4,247,479.1 m* [5-50w |
0.37 m=: 1 0.37 m* 4,247,479.1 m*

Brick, Common :Basic Wall: Generic - 100mm2 001 :0.40 m? 10.02 m* 0om* 111,242,000.0 4,525458.0 m* 24 1=t S ina |
Brick, Common :Basic Wall: Generic - 100mm2 002 10.40 m* 10.02 m* 0m* 111,242,000.0 14,510,826.8 m* [aiy 32 » Sds (< jins |
0.40 m*: 2 0.80 m* 9,036,284.8 m*

Brick, Common :Basic Wall: Generic - 100mm2 002 10.02 m* 0om* i1 £11,242,000.0 :4,593,510.0 m* :3—<ls |
0.41m: 1 4,593,510.0 m*

Brick, Common :Basic Wall: Generic - 100mm2 001 om* £11,242,000.0 :4,848,705.0 m* i1-Ste |
Brick, Common :Basic Wall: Generic - 100mm2  :004 0om* i1 £11,342,000.0 :4,848,705.0 m* :7-)= |
0.43 7 2 9,697,410.0 m*
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<Wall Matenal stone1>
A | B C | D | | F | G | H | =] J
Material: Name Family and Type i Material Area : Base Constraint : Area : Material Cost | Material Volume | o cad | 2-oufdu i 3. o
stone1 Basic Wall: Generic - 200mm 1.1 m 001 1m 2,415,000 0.02m® 82,591.5 m®
stone1 Basic Wall: Generic - 200mm 1i1m 002 1 2,415,000 0.03m* 782446 m*
stone1 Basic Wall: Generic - 200mm 1.1m 004 1m 2,415,000 0.03 m* 82,591.5 m*
stone1 Basic Wall: Generic - 200mm 11m 00s 1 ¢ 2,415,000 0.03 m* 82,593.0 m*
1.1 m* 4 45m 326,020.7 m®
stone1 |Basic Wall: Generic - 200mm 1.2 n? 003 m 12,415,000 10.04 m* 186,938.5m* | |
12m*: 1 12m? 86,938.5 m*
stone1 Basic Wall Generic - 200mm 1.6 m* [002 2m [2,415,000 [0.05 m* [118057.6 m* [t ] ]
1.6m* 1 16m* 118,057.6 m®
stone1 :Basic Wall: Generic - 200mm 1.8m 1001 i2m* 12,415,000 10.05 m* 1130,848.6 m* 1250 | I
1.8m%:1 18m* 130,848.6 m®
stone1 Basic Wall: Generic - 200mm 19m 1002 2m 2,415,000 0.06 m* 138,886.6 m® [3-SNa
stone1 Basic Wall: Generic - 200mm 1.9m* (003 2m 2,415,000 0.06é m* 140,768.3 m° 6-SJu
stone1 Basic Wall: Generic - 200mm 1.9 m* 1004 2m 2,415,000 0.06 m* 1367136 m® (8S1u
1.9m*: 3 57m* 416,368.6 n®
stone1 :Basic Wall: Generic - 200mm 26 m* 001 3 :2,415,000 :0.08 m® i187,899.1 m°  i1-S)s |
26m* 1 26m* 187,899.1 m*
stone1 :Basic Wall: Generic - 200mm 28m 1003 Im 2,415,000 :0.08 n 1999620 m® 550 I
2.8m* 1 28m 199,962.0 m*
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EELCCIEET o) SR The significant increase in the global population during the 20th
century and the beginning of the 21st century has had profound impacts on land-use planning

and development. With the rapid population growth, rising from approximately 1.6 billion
people at the start of the 20th century to over 7.5 billion in the early years of the 21st century,
cities and urban areas have faced immense pressures. The primary goal of LAS (Land
Administration Systems) is to support land markets and facilitate land management in both
developed and developing countries. These systems play a vital role in securing ownership,
protecting property rights, and facilitating land transactions, which in turn have a significant
impact on economic growth and sustainable development. Cadastre is one of the main tools
in land administration systems. Given the rapid growth of cities and the complexities arising
from land use in urban environments, land information management has become more
critical than ever before. In this study, the focus is on modeling underground features. The
primary objective of this research is to explore different methods for modeling underground
features and the use of appropriate standards for visualizing these features in a 3D cadastre.
This research examines various data models and storage formats and ultimately aims to
compare and select the best method for visualizing and displaying underground data in urban
environments.

m For the modeling of underground features, a needs assessment and the
development of a conceptual model were first undertaken, followed by an examination of
data models and data storage formats. Two main data models for modeling underground
features in a 3D cadastre were considered: the IFC model and the CityGML model. In the
context of 3D urban environment modeling, two important standards were introduced: IFC
and CityGML. In this study, CityGML was selected as the appropriate standard for visualizing
underground features. Finally, three CityGML encoding methods, including XML/GML,
3DCityDB, and CityJSON, were reviewed and compared. Among them, CityJSON was chosen
as the preferred encoding method for data visualization.

The results of this study show that the development of a 3D model of urban

wastewater infrastructure has clarified the relationship between underground infrastructure
and land ownership. This modeling, in addition to identifying and visualizing the
infrastructure, helps prevent potential damage and identifies weaknesses and vulnerabilities
before problems occur. Furthermore, using this model enables analysis and urban planning
for the future. The use of CityJSON, due to its simpler structure compared to XML, not only
facilitates working with data but also reduces data volume and increases processing speed,
making it a suitable tool for web developers and WebGIS projects.
The implementation of this approach in developing cities, especially in cities with
complex infrastructures like Tehran, could revolutionize urban management and planning.
Using 3D modeling of underground features and displaying them in the CityJSON format,
compared to traditional 2D cadastral methods, provides new capabilities for land and
underground resource management, aiding in decision-making for urban management.
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Advancing Cadastral Systems: Development of the Land Administration Domain
Model (LADM) Country Profile for Iran

A. Zamiri*, A. A. Alesheikh™, B. Atazadeh?, J. Jafari

1 Department of Geospatial Information Systems, Faculty of Geodesy and Geomatics Engineering, K. N. Toosi University
of Technology, Tehran, Iran

2 The Centre for Spatial Data Infrastructure and Land Administration, Department of Infrastructure Engineering, The
University of Melbourne, Australia

ABSTRACT
EE LI C R E el JITSEE Land administration plays a pivotal role in sustainable development,
Received: 13 February 2025 urban planning, and protecting property rights. In Iran, land information and cadastral systems face

Reviewed: 27 March 2025 challenges s.uch. as data fragmentat.io.n, thn.e involvenjnent of multiple responsil?le orgar.ﬂzations, and a lack
. of standardization. The Land Administration Domain Model (LADM), as an international standard (ISO
Revised: 20 May 2025 19152), provides an integrated framework for modeling legal, spatial, and administrative aspects of land.
Accepted: 07 June 2025 Given the specific characteristics of the registration system and the governing laws of land administration
in Iran, it is essential to localize this model according to national needs. LADM allows for the development

of country profiles tailored to the legal and institutional structures of each nation. This domain model has

KEYWORDS: been implemented in more than 40 countries worldwide, including the Netherlands, Malaysia, Poland,
Brazil, Morocco, Australia, and South Korea. These countries have taken advantage of the model’s

LADM flexibility to design modern land registration and three-dimensional cadastre systems, reduce costs, and
Cadastre . accelerate registration processes. The aim of this study is to develop a country profile of LADM for Iran
Country Profile that, by considering the legal, institutional, and technical structures of the country, provides a
LAS comprehensive conceptual model for land administration.

Land Registration This research begins with an international comparative analysis of cadastral frameworks,
1ISO 19152 followed by a systematic evaluation of Iran's land registration system. Methodologically, the national

profile formulation was organized into three distinct phases. First, the scope was defined, including the
identification of stakeholders, legal and technical requirements. Then, the profile was designed by
* Corresponding author mapping LADM classes Fo Iran’s cgdastral elen?en.ts, creating Anew classe.s and attributes tailored to
o i . national needs, developing code lists, and designing the Unified Modelling Language (UML) model.
> alesheikh@kntu.ac.ir Finally, the model was evaluated using 1ISO 19152 conformance tests and expert surveys. Data collection
@ (+9821) 88888445 tools included analysis of registration documents, expert interviews, and review of international models.
The analyses were conducted based on conformance assessment at three levels: low, medium and high.
The analysis results showed that the proposed Iran country profile achieved full conformance
with Level two (medium level) of the LADM standard, and several Level three (high level) components
were also detected. Key accomplishments of this model include the successful mapping between classes,
the addition of specialized classes and new attributes, and the redefinition of existing code lists. Alongside
these technical outcomes, expert surveys likewise indicated the model’s strong acceptance and its
effectiveness in improving land registration processes, reducing ownership conflicts, and enhancing the
efficiency of the national registration system.
The LADM country profile represents a fundamental step toward standardizing and
advancing the national land registration system. By enabling three-dimensional cadastre implementation
and integration with the Building Information Model (BIM), it can serve as a powerful tool for cadastre
management. Experiences from other countries also confirm that using LADM increases transparency,
reduces registration costs, and enhances coordination among executing agencies. However, achieving full
compliance with the standard and operational utilization requires technical revisions, infrastructure
optimization, and sustained collaboration among the involved institutions. This study recommends that
the developed model be implemented in real-world environments and that its performance be evaluated
under Iran’s operational conditions. Furthermore, future research could explore the integration of this
model with other information systems and further development of the country profile.
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Fig. 5: Classes of Administrative Package [2]
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Fig. 6: Classes of Spatial Unit Package [2]
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class Iran Country Profile
-

IR_BAunit

- name: CharacterString
- type: IR_BAUNitType
- ulb:0id

beginLifespanVersion: DateTime
- endLifespanVersion: DateTime
- quality: DO_Element
- source: CI_ResponsibleParty

(<)

class Iran Country Profile

IR_Party

- name: Characterstring
- plD: 2id
- extPID:DId

(A

Ol 65828 Jlgy g LADM jlasbisl y oo el sl podS™ 5 olodiges A JSo
Fig. 9: Examples of mapped Classes Between the LADM Standard and the Iran Country Profile
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class Iran Country Profile class Iran Country Profile

J

class Iran Country Profile
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IR_Landimprovment

IR_Parcel

CadastreType: IR_CadastreType
landuse: IR_LandUseType
propertyType: IR_PropertyType
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extCID: Oid

price: Currency
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type: IR_BuiltType

buildingOnParcel: boclean
buildingAsPartOfParcel: boolean
rightOfBuilding: boolean
parcelNumber: CharacterString
price: Currency

@
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Ql)il SysiS gy Lgl,g 0ads ool (gl WIS Y - IS
Fig. 10: Classes Created for the Iran Country Profile
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class Iran Country Profile p /

IR RRR

description: Characterstring

riD: Oid

share: Fraction

shareCheck: boolean

timeSpec: 1508601_IS014825_Type
heginLifespanversion: DateTime
endLifespanversion: DateTime
guality: DA_Element

source: Cl_ResponsibleParty
SabtCheck: boolean
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Fig. 11: Examples of attributes Created for the Iran Country Profile
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Fig. 12: Examples of code Lists Created for the Iran Country Profile
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IR_Mortgage

description: CharacterString
amount: Currency

InterestRate: float

ranking: int

mortgageType: IR_MortgageType
partyRequired: boolean
restrictionType: IR _RestrictionType

share: Fraction
shareCheck: bookean

timeSpoc: ISO8601_ISO14825_Type
begintfespanversion: DateTim
endlifespanversion: DateTime.

0.0
s
IR_Right IR_Responsibility IR Restriction
- type: IR_RightType typo: IR_ResponsbilityType - type: IR_RestrictionType.
- share; Fraction - shara; Fraction - share: Fraction
- description: CharacterString - description: CharacterString. - partyRequired: boolean
- D0 - D0 - description: CharacterString
~ shareCheck: booloan - sharaChock: booloan - riD:0id
- timeSpec: 1508601 ISO14825 Type - timeSpec: 508601_ISO14825_Type - shareCheck: Boolean
- beginifesparVersion: DsteTime - beginlifespanVersion: DateTime - timeSpec: ISO8501,_1S014825_Type
- endUifespanversion: DateTime - endufespanVersion: DateTime - begnllfespanVersion: DteTime
- quality: DQ_Element - uality: DQ_Element - endLitespanversion: DateTime
- source: CI_ResponsibleParty - source: CI_ResponsivleParty. - quality: DQ_Element
- source: CI_ResponsibleParty
RRRR
- haracterstring
1R_PartyMember - boolean
- timeSpec: 108601 ISO14825 Type
i s Fracton beginlifespanversion: DateTime
- endUfespanversion: DateTime
- quality: DQ_Blement
source: CI_ResponssieParty
41.%[-  sabiCheck: boolean S
..
e
“
IR_Party IR_Administrative IR_source
- name: Charactersiring - fleNumber: char - scceptance: DateTime
- pD-OK text: MultiMediaType - avalabilityStatus: IR_AvailabiitystatusType|
- extPID:OM - type:IR_AgminstrativeSaurceType - exthrchivelD: Exthrchive
IR_GroupParty - role: IR_PartyRoleType - acceptance: DateTime - espanstamp: DateTirme.
- - type: IR_partyType e o[- avaitabiitystatus: IR_AvasabilityStatusType - maintype: O_PresentationformCode
i wrumios ol W % 3 - qualty: DQ_Flement
- type: IR_GroupPartyType - endufespanversion: DateTime - WeSpanstamp: DateTime - recordation: DateTime
>~ quality: DQ_Element - maintype: CI_PresentationFormCode - ID: Oi
- source: CI_ResponsibleParty - quality: 0Q_Element - source: C)_ResponsibleParty
- - DateTime - submission: DateTima
- si:oid
- source: CI_ResponsibleParty
410+ submission: DateTime
e o yAN
. - R
0.0
1R_SpatislSource IR_BAunit 1R_CadastralUnit
- fleNumber: char - name: Charactersting - CadastreType: IR_CadastreType.
- measurements: OM _Observation - type:IR_BAUNtType - landuse: 1R_LandUscType
- procedure: OM_Procs - uD:od X
- type: IR_SpatiafSourceType 0.0 - beinlifespanVersion: DateTime -
- avaliabilitystatus: IR_AvailabilityStatusType - quality: DQ_Flement 2
- entArchiveiD: Extave - source: CI_ResponsdleParty
2 e
A "
3 .
- IR_BoundaryFacestring 1R_Parcel
- baID:0d - bulingOnParcet: boolean
- geometry; GM_MultiCurve - buildngAsPartOfParcel; booiean
- locationByText: Characterstring - rghOfBuilding: boolean
- Type: IR_BoundaryFacestring type B - parcelNumber: Characterstring
0. w0
0 3 _SpatalUnitGroup
[ e ae| 7 MerarchyLeved:integer
k \_paint = R
- surfaceRelation: LA_SurfaceRelationTyp) 2 Js-CiwiconSorg
a5 - volume: LA_VolumeVslue 4 \sferwncafoki: SM.folic
= - beginlifespanversion: DateTime =) SeU:0id
- endUfespanversion: DateTime
Lo s - auaity: DQ_Element
e 41|~ source: 1_ResponsidieParty
- Y.doble - ZoneRef:int
e - tasbittheck: Boalean
12N Zona:int erer:
- originalLocation: GM_Point - Siandmproimont!
b Daidid - description: Charactarster
- pointType: R_PointType e e
- productionMathod: LA_Linea i esptoensil
- tansAndResult: LA Transtormation .
- begintifespanve
andUfespanvarsion: DateTime “
- qualiy: DQ_Element
- source: C1_ResponsibleParty 1R_Level
- lo:0id
- rame: Characterstring
- rogisterType: IR_RegistorType IR_LogatSpacBuldingUnit

endlfespanVersion: DateTime.

quality: DQ_Element
source: CI_ResponsibleParty

extPhysicalBukdingUnitiD: ExtPhysicalSuldrgtint

tyve: IR_BuildingUnitType
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Fig. 13: Iran Country Profile
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Fig. 14: Code Lists Defined for the Iran Country Profile

LADM package LADM class cla Dependencies
- VersionedObject 1
LA_Source 1 Oid, (as a one of the 1s must be
il \_Admini: i or
LA_Sp: ce]), LA_Avail StatusType
Party Package Exist only if Administrative Package is implemented
LA_Party 7 1 VersionedObject, Oid, LA_PartyType
LA_GroupParty -\7 2 Oid, LA_Party, LA_GroupPartyType
LA_PartyMember V) 2 | VersionedObject, LA_Party, LA_GroupParty
Administrative Exist only if Party Package is implemented
Package
LA_RRR 1 | VersionedObject, Oid, LA_Party, LA_BAUnit, LA_Right
(as a minimum, this specialization shall be
i ini i} irce
LA_Right V]| 1 |LA_RRR LA RightType
LA_Restriction 7 2 LA_RRR, LA_RestrictionType
LA_Responsibility 7 3 LA_RRR, LA_ResponsibilityType
LA_BAUnit 7 1 VersionedObject, Oid, LA_RRR, LA_BAUnitType
LA_Mortgage [~] 2 | LA_Restriction
LA_AdministrativeSource 1 | LA_Source, LA_Party, LA_AdministrativeSourceType,
LA_AvailabilityStatus Type
LA_RequiredRelationshipBAUnit 3 | VersionedObject, LA_BAUnit
Spatial Unit
Package
LA_SpatialUnit 7 1 VersionedObject, Oid
LA_SpatialUnitGroup 7 2 VersionedObject, Oid, LA_SpatialUnit
LA_LegalSpaceBuildingUnit 7 3 LA_SpatialUnit
LA_LegalSpaceUtilityNetwork 3 | LA_SpatialUnit
LA_Level 2 VersionedObject, Oid
LA_RequiredRelationshipSpatialu 3 VersionedObject, LA_SpatialUnit
nit
Surveying and
Representation
Subpackage
LA_Point 2 | VersionedObject, Oid, LA_SpatialSource,
LA_PointType, LA_InterpolationType
LA_SpatialSource 2 LA_Source, LA_Point, LA_Party,
LA_SpatialSourceType
LA_BoundaryFaceString 2 | VersionedObject, Oid, LA_Point (if using geometry)
LA_BoundaryFace 3 | VersionedObject, Oid, LA_Point (if using geometry)

@  Cl = Confermance level.

Gl s b V0 JSs

Fig. 15: Conformance Test Results
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ABSTRACT

Earthquakes, among the most unpredictable and devastating
Received: 14 March 2025 natural disasters, result in significant human casualties and financial losses worldwide each
Reviewed: 21 April 2025 year. Their sudden occurrence and destructive potential categorize them as critical crises that
Revised: 01 June 2025 demand efficient and innovative management strategies. Contemporary crisis management
Accepted: 10 June 2025 practices emphasize three key phases: preparedness (before the event), response (during the

event), and recovery (after the event). Among these, rescue operations, which are part of the
response phase, play a vital role in saving lives and mitigating further damage. However, given
the urgency and complexity of rescue efforts, enhancing their effectiveness through
innovative methods is essential. This study introduces a novel approach that leverages spatial
intelligence—specifically Geo-Artificial Intelligence (Geo-Al)—to optimize rescue operations
in the aftermath of an earthquake.

This research proposes a Geo-Al-based framework to enhance rescue performance
following an earthquake. The approach involves simulating a hypothetical earthquake
scenario in Tehran using the Japan International Cooperation Agency (JICA) floating scenario
model. A total of 48 rescuers are organized into six teams within the designated study area.
These teams are tasked with conducting search and rescue missions facilitated by an
augmented intelligent spatial information system. Unlike traditional or manually assigned
rescue operations, the proposed model employs reinforcement learning—a subfield of
artificial intelligence—to dynamically allocate resources and optimize operational decisions
in real-time. The design incorporates a comprehensive set of variables known to influence
post-earthquake rescue effectiveness, including team location, response time, victim
survivability, and route accessibility. The aim is to minimize response times and maximize the
number of successful rescues using spatially informed decision-making.

m Due to the inherent unpredictability of earthquakes and the logistical constraints of
studying rescue operations in real-world post-disaster settings, this research relies on
simulation to replicate realistic conditions. The simulation environment provides detailed
spatial and descriptive information regarding both the affected area and the status of rescue
teams. Furthermore, it enables estimation of structural and human damage resulting from
the hypothetical earthquake. Based on these simulated conditions, rescue operations are
prioritized according to urgency and resource availability. All 48 rescuers are initially
positioned at the nearest crisis management center and are subsequently deployed based on
the optimized task allocation strategy generated by the Geo-Al model. The simulation results
show that using the proposed model significantly improves the allocation efficiency of rescue
teams.

(N TETE)iH The Geo-Al-driven rescue model presented in this study offers a promising new
avenue for enhancing the quality and efficiency of post-earthquake search and rescue efforts.
Simulation results demonstrate that variables such as survival time under rubble, task
completion time, proximity of rescuers to affected sites, and travel speed are critical to the
effectiveness of rescue missions. Implementation of the intelligent model led to a 2.642-
fold improvement in task allocation efficiency compared to traditional methods. These
findings highlight the transformative potential of integrating artificial intelligence and spatial
data systems into disaster response frameworks.

KEYWORDS:

Geo-Al

Natural Hazards
Artificial Intelligence
Post-Earthquake
Rescue
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Map of rescuers' location relative to the study area, before implementing the proposed model.
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Table 2: Comparison of the results of the proposed method and its validation
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