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ABSTRACT

Automatic Target Recognition (ATR) in Ground Surveillance Radar (GSR) systems is of paramount
importance due to its critical applications across defense, security, and civilian domains. This paper
provides a comprehensive review of the evolution of ATR systems, tracing their progression from
foundational, manually engineered methods to modern advanced techniques, with a particular focus on
machine learning (ML) and deep learning (DL) approaches. It analyzes a wide spectrum of features
utilized for target classification, ranging from conventional descriptors—such as mean Radar Cross-
Section (RCS) and micro-Doppler signatures—to complex representations automatically extracted by
deep learning architectures, such as autoencoders. Furthermore, various target classification
methodologies and major domain-specific challenges, including the scarcity of large-scale, high-quality
datasets, are evaluated. Finally, a comparative analysis of different ATR techniques is presented in terms
of classification performance, computational complexity, and implementation constraints, concluding
with a discussion on emerging trends and future research directions in this field.

Keywords: Ground surveillance radar, target classification, neural networks, feature extraction

Cite this article: Moradbeigi, M., Farhang, M. & Sheikhi, A., "A Review of Target Classification Methods in Ground Surface
Surveillance Radars." Radar, vol. 12, no. 1, pp. 121- 142. 2024.

DOR: https://dor.isc.ac/dor/ 20.1001.1.23454024.1403.12.1.10.3

© The Author(s). retain the copyright and full publishing rights

Publisher: Imam Hossein University

Corresponding Author Email: mfarhang@shirazu.ac.ir


https://dor.isc.ac/dor/%2020.1001.1.23454024.1403.12.1.10.3
mailto:mfarhang@shirazu.ac.ir
https://creativecommons.org/licenses/by/4.0/
https://dor.isc.ac/dor/%2020.1001.1.23454024.1403.12.1.10.3
https://orcid.org/0000-0001-9383-8475

@ “)‘&‘)”
S VEY ST (o AFeY bouli g 5l o) 0ylos o2 3lg0 Jlw

e
TYEO- BT i ule LLE YYFO- F0 Y o S o5l LLs

o
(c)ufgiucu,ééwx

g H— ol
Qb o ) (daw Cudl go Sl 131 10 Sludl (gdiwd S gy 3 (53990

v . I *Y, /. . \ Z .-
WJJL:&‘ &nﬁﬁbwt‘éﬁb‘f‘;ﬁéﬁ
‘.)\Ji‘ ‘jlﬂ“; ‘).‘J:‘ZAK':-."J t‘):_j—:;ﬁlsjdﬁ G&}‘ﬁg‘jQ\ﬂl}'wé)‘}gtibﬁﬂ\—v‘)w‘ﬁ_“ c‘_gJJSA Lgﬁ;.i_?l;—\
OF 1SN Ll VF T/ 51 ) by VF ¥/ BTV seg S5k O E- ¥/ /- F 22l o)

DOR: https://dor.isc.ac/dor/ 20.1001.1.23454024.1403.12.1.10.3

TN 1

5 o=l ( £l8s slaojem o Sl oo IS Jdo 4 e Sl o)) sleailels o (ATR) Glaal Sog5 ganaiws 5 (awseis
by iy LSS5 U s 5 algl glaipe, 1) ATR slawlols Jsosi pa callio ol ol I35 1 ¥l Cormnl 31« sollis
Sl oolitals s calide o Sy llio () 13 03 (oo (o2 (Bros STk 5 il S50k 2 (S S8 ,Sus; oo w559l
Lo is et 5 k1o - 550 1,515 (RCS) (6], oo s g wile it (sla g aler 51 lanl el
DS o0 )8 e 9 JloS 090 st o gl il oS50 055 diile Bres 550k slade Lawgi 053 O jgon oS Slodezry
ol o Ngdioo (ol oI ) 5 CedSL sloosls 35005 wiile 09> (nl S Slale 5 Slaal ganail sla s (eizen
00is] 5550 40 Eou s 5 apd oo &Sl laslie & jgoar |, ATR alisee sla g, (5lwesly slacadgame 5 (Slawlxe Slall oo Shoe
gl ge 010 059> 1l

‘;},’5 C' ] ¢ ~as ‘SLQM. WP | KV-Y | ‘SA.;.?AMQ s‘;buo} Cﬁié‘).o )‘\3‘) :Lbos‘jé-gl:

Ollee w@isdS s [Y] 091 wal 3 1) 35 sla o 51 50
s oo bl 10 g (gews Dygea GSR (o (ganaiws
Sl slo, gl g laus sloas o 5 ,b 5l Slaal
el ot 4y Siasly o 0 a8 0l o plmil a0y 590!
5 sladsl s aSulogz sl o i, ol LY] s ralasl 5 oS
5 ebiusgaze glils w0, S o pal 8 1) Bas coale 5 g4
L’so..\_ou.: ‘_gl_‘b.]a.:m)b 094 45.)99 C;Qéb5 ol oy
ke sl vl as e oYU lhs 4 e waxie Slaal

doddo )

Sy 5 aiS sl ol b 4 a5 ey e sl ol
b Slls g o8l adss flog aile cuwy S youe Blaal
3 2 g 3585 ausid (6 0 Sl jo Sl LiE wsloas
JSess slelis daaibols cpl yo V] oS o Wil 05 lass
=8 sanmaids 5 olulid 4 wolw asS G 5l 51,3 Tlaal
Ol gals § SllST 6,08 pead 6l B ojls 5 oo Slaal

! Ground surveillance radar (GSR)
2 Atomatic Target Recognition (ATR)
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! Synthetic aperture radar (SAR)

2 High range resolution profile (HRRP)
3 Micro Doppler

4 Non-stationary
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2 Temporal variation patterns
3 Varying patterns
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4 Phased-coupled frequencies
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7 Map based features

8 Time-frequency image
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2 Orientation

3 Wigner-Ville Distribution (WVD)
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! Spurious signals

2 Singular Value decomposition (SVD)
3 Wavelet packet analysis (WPA)

4 Wavelet packet decomposition (WPD)
5 Scale indece

¢ Translation indice

7 Oscilation parameter
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8 Covariance matrix

° Robust structural feature descriptor
19 Geometric classifier core

" Fluctuation
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! Auto regressive (AR) coefficient
2 Predictive model

3 Linear feature vector

4 Least squares

5> Cumulant

® Higher order statistic (HOS)

7 Higher order moment spectra
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! Scaterer

2 Glint

3 Micromotion
4 Clutter

5 Heavy-Tailed
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2 Convolutional neural network (CNN)
31 dimentional CNN (1D-CNN)
42D-CNN

5 Graph neural network (GNN)

¢ Deep belief network (DBN)

7 Restricted Boltzmann machines (RBMs)
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Spectral kurtosis
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! K-Nearest Neighbor (KNN)

12 Support Vector Machine (SVM)
13 Decision Tree (DT)

!4 Random Forest (RF)

15 Support Vectors

16 Hidden Markov model (HMM)
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! High-level features

2 Unsupervised pre-training

3 Supervised fine-tuning

4 Autoencoders (AEs)

5 Encoder

¢ Low-dimensional

" Decoder

8 Stacked autoencoders (SAE)

? Contractive autoencoders

19 Machine Learning Algorithem (ML)
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° Regression

¢ Feature similarity

7 Metric distance
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! Gaussian mixture mode (GMM)
2 Expectation maximization (EM)

3 Minimum divergence (MD)
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¢ Long Short-Term Memories (LSTMs)
" Nodes

8 Dominant scattering centers

° Edges

19Vision transformers (ViT)

' Long-range dependencies
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3 Visual Geometry Group Networks
4 Recarrent Neural Network (RNN)
5 Attention mechanism
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