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3 Support vector machnes
6 Morphological operators
7 Attension mechanism
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! Light Detection And Ranging

2 Digital surface model

3 Classes

4 Locality preserving projections
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! Interactive adaptive cross fusion network
2 Convolutional neural network

3 Transformers networks

4 Vision Transformers


https://jgit.kntu.ac.ir/article-1-973-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-07-04 ]

“Sre S e JS il slo Siroy ]
Sl o) 5l g asels anwgs wloaw! Caws 4 MP la
IYflass S ooliswl DSM (s na il zols sgupe
S5 655000 gdllas o (YVF) colyus sl cpioman
Gl 00lo ol.e‘,_..u.‘ Ls‘b)'“ 99 (o CNN W
Pl as wlbicsy, slag e 5ol 0 a8
- s ooliwl DSM gaaa b ;5 lais 4y (MMP)
ol 2 5 sl slagby, (Sibe [VFlags
9 6‘& 5)_i:‘») gr‘“‘mﬁf o ] 00 4_‘)‘)‘ 0)9—>
=2yxo |, Spectrum-LIDAR oS (Y- YY) ) ,Sen
e 5 oo AT 50,y (e 45 0S8
Laosls Jas b g ol uilS )8 05> 0¥ 55055
58 o jleola_wl Lo il S ,8 05> a s
= YL il 8 alsye 5wl o sla Sy
J._,.f‘s_.o C‘J.?r._..u‘ o) w}) 6[.&00) &BA J.Jl.o.)
At S (YY) L) LSen 5 S5 cpimmen V0]
Las wis,S &l awldenis Slawa Sledbl .0l
Josle S g awbiosiz? o 5l ylejon solaiul
I sla Sy 9 Db plosen glyiul 4 4z
. 3310 odls

[v8] 030 5 oo slis )| slmos

polal gaua il 05> 10 0gz g0 Slllae (soues
Gt 6,50 Lo g, (wlwl . DSM wily SO
odzn (5,5l lyls o g, ol 4l Jol aiin
s Lagl silwoslay ol s 3l s noles s
5 Lo lidle 5 Gwizmon 5 85l (saised 5345 ol
Lo g, opl Sl pgo .o ls 5L slog bl i3l
o2 ol asls BT a4y )0 09340 wledlbl 5l s Goes
J—S Sz Gl G plie o 0 oS
sk au 1y s slaay cledbsl § auS o ool

6 Multishape Morphological Profiles
7 Self-attension
8 Patchs
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I Composite Kernel

2 Extinction Profiles

3 Morphological profiles
4 Multiattribute profiles
3 Octave convolution
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3 Multiscale LDA-based Deep Random Patches
Networks

6 Linear discrimination analysis
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! Overfitting
2 Backpropagation
3 Ensemble learning

4 Multishape Morphological Profiles and Multiscale
LDA-based Deep Random Patches Networks
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I Opening operator
2 Closing operator
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I Kernel

2 Radial basis function (RBF)
3 Cross-validation

4 Majority voting
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Abstract

Similar elevation information in different land classes makes it challenging to classify features and land classes
in Digital Surface Model (DSM) images obtained from LiDAR sensors. In addition to the elevation data, the
DSM images contain valuable spatial information that can greatly improve the classification accuracy. In
recent years, deep learning techniques have emerged as powerful tools for feature extraction and image
classification. Despite achieving appropriate results, many proposed deep learning approaches have complex
structures and require advanced hardware and large training datasets. As a solution, this paper proposes a
new strategy for DSM classification to produce accurate land-cover maps. The proposed method, named MMP-
MLDANet, uses multishape morphological profiles (MMP) and multiscale LDA-based deep random patches
networks (MLDANet) for feature extraction. Finally, a multiple-classifier system that is based on support
vector machines (SVMs) is developed to classify the resulting deep features. According to the experiments
conducted on single-band DSM images of the Houston and Trento areas, the proposed method achieves the
desired overall accuracies of 90.85% and 98.49% with a limited number of training samples, outperforming

some of the existing methods in this field.

Key words : Digital Surface Model, Lidar, Deep Learning, Classification, Morphological Profile.
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