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Abstract

Automatic recognition and tracking systems of aerial targets are of particular importance in the battle field. These
types of systems use visual sensors, have the ability to be installed on various military systems, and are suitable for
discovering and tracking low-altitude targets. In this manuscript, a convolutional neural network was designed to
recognize the type of aerial targets (cargo, aerobatics, fighter and missile) and then target tracking using a pre-
trained network (GoogLeNet) and transfer learning in the form of a region with convolutional neural network was
done. The recognition accuracy of aerial targets in the test data set is 96.3%. On the other hand, the overlap value
between the actual and predicted bounding box of target in the test data set for cargo and aerobatics plane, fighter
and missile is 0.61, 0.66, 0.64 and 0.51, respectively, which shows the desirable accuracy of the developed model for
targets tracking in consecutive frames.
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Optical systems
® Automatic target recognition
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% Scale-invariant feature transform

' Histogram of oriented gradients

! Cross correlation

'2 Affine scale-invariant feature transform
** Template Matching

“ Clutter

 Occlusion

¢ Mean-shift
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Computer vision

? Region of interest

® Feature matching

* Edge detection

® Color based segmentation
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Clustering

7 Fuzzy C-mean
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Self-organizing map



1

Slolpw sale o phory (omae asd jleolinwl b o1lgs Slasl (213 9 anselds

Gl sl 5 pom i 50 S A gl Sl ol 5 g8

R T P U SRV LE IS N ST T TR N

|
(CNNs) Sz (omas gbrasls -Y

GloaSs 5l Al gwens Gladis dory oras slaasld
she sy La 5 0T Gl | sl o 005 ogian (orme
Iy odgame gl Qlls g ead wdS el
s bl Jlezms nglad oauzmn b osle Jlws slo s
byl aSis 5l gg ol aibise Dls 1) K0 aY 4 slaY
Cawd Ao 40 g aldle 1) goaxie by I (g 1o,
2l b il 5l e slajbsle anws oln 1) oL
5 00 3,lg CNN (94,5 40Y 4 Jlisws polas lal o .ol
onignSy 9>l 5 plesl JpglgilS sasie sloay 5l jeee b
chaw sl S5 il sloay ;5 0is )8 e ol t e
9 oz S S FGres by o 5 (bad J) ol
P oped JuSg 2 0050 gl pgal YL ghe
A5 (88555 Sy S Olyie 4 S peae slaaSl
b agrlge 10 il (logys9) (sla el )b slass (pl plis g o a8 5
pz gkl g 4l Gl Gl 4 Jlezws o 9o pslas
o3l b gbosls oKL o Y il e Jleisl 5 Sl
L CNN ool olaws [F+ ¥A] Wb oo ial3l «SgS
by pgal GlaShy 5 ol JyuS agdsls ils Jles!
3 08,5 o gl penl g Sledlbl yols s 3 e L
RH (S9) 2§09 9 (Ml Do 4 P L WY ()l
9 S eS 5 ks slagladl A31s s g 03,8 &S >
Wil ol 5o paal oo sla S adly j0 00,5 s el
WL Gogdgls S (g Ssdiee gl g oSl
aY ol 5o g Jitie plesl 4 &y 5 oad oaneli U S
a Shy ai ol g ead abail Vgl paigain wnl )l
o AY b e GRals Slasle Juin 4250 @ s jslate
5 009 jluled b a5 ol s sndenss axly S (ol
S Sy ol olyd o WS e g aS il (2
oS 5 el e g Jlisl T aes YL aY 4 snd gl sl

@ plS 5o a5 0o (9 gl Gl Siie Y (pl gl e

® Artificial Neural Network
® Convolution
7 Pooling
& Rectified linear unit
° Over-fitting
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Feature map
" Sub-sampling

© Fully connected layer
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! Deep belief network
? Convolutional neural networks
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Bounding box
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Transfer learning
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Abstract

Automatic recognition and tracking systems of aerial targets are of particular importance in the battle field. These
types of systems use visual sensors, have the ability to be installed on various military systems, and are suitable for
discovering and tracking low-altitude targets. In this manuscript, a convolutional neural network was designed to
recognize the type of aerial targets (cargo, aerobatics, fighter and missile) and then target tracking using a pre-
trained network (GoogLeNet) and transfer learning in the form of a region with convolutional neural network was
done. The recognition accuracy of aerial targets in the test data set is 96.3%. On the other hand, the overlap value
between the actual and predicted bounding box of target in the test data set for cargo and aerobatics plane, fighter
and missile is 0.61, 0.66, 0.64 and 0.51, respectively, which shows the desirable accuracy of the developed model
for targets tracking in consecutive frames.
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