[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-02 ]

[ DOI: 10.52547/jsdp.18.3.147 ]

@

I »glai ) (HLHS LBlad] s

ol s @l 95Ul S I 0 3Ll by sladgs

ool30 900 53T
Q‘)"‘ ‘)‘).H.u “SA)L.:‘ Q‘)] ooty s)‘)—w} J}‘a ‘d)" ‘5...:&...@(0 05;

ol

Slasl LS g 539k 50 abew )0 ()5 sraibolu Wigh oo Jold 1) (Sl G215 5l (oo (o (2bys S 9 Joo glaailol
@ Ol S Sipgs ale cargo (2l SRl 938159y Il .l )95 1 gyl 9 (ool eSS S (il pwas Caenl 5 2L S
ol pabai byd 53 )Ll 95,5 9 4o b T S92 Judoar Cuwl ouls (ol yd (gl A )0 Welie (UL S Sy dxwgd
Sl GLS gl gy S cdlio ol o s 19,95 p (S YL (aniid €83 g 2 3l o) (n] 53 (Fye ol 4 Cod
RS s § yr 900 3 331 a5 (63l ) ISCAT al> o 90 Jolid ool () sl 00 &1 )1y sladgi polai o (o
Sy asien 4ol O s GISET b3 33151 9 GLOIS yguai 31 (6 i gy 31 ool b B3I s Tyl el Slaa
ol g Gl 09y Sty il B1 Sl g ol (40,0900 o9 o0 DLl GBI b Jg (b0 Slasl ggmius
ol Sedoo gluml (Shg golai Seli 2 5l g g o0 GuTol Sl 4ol pgd Al po )0 Ogd 0 OB bl
22 Sl S 5 b U 0gd o0 0310 slojl pd €95 (53U slupemanal 0 4 LT g lid g o0l O late sy (i 4 b Sis
Sds g Sgl ol areand 51 a5 0590 Bladl Culed )d 1 plaxil 1) (2l (635 el dlone jpmy b Sud b 4y Sgly Gl 990
o 00ls ol 59y GOl i (9158 g Como (BS b, Gaasllh polie Wigdh oo LS alwlgSl 3,5
ool Cawddy gu Lo .l 0818 35,135 1y 6 5YL polio oo dmglio gld yog, plw 4 G 45 0099 ZAV/AY 5 A87/14 AVY/BQ
b 090 (o2l 50 Bladl Coledyd g oudd HIAT (95 CBO b g o8 (Flewlxe o b 331 bs (g0l 3y 50 45 W 0 L

g g0 ilS YL e

2651 g lisciun! (g diwd (S 9 )yl (3] b ‘5)‘L.»)MT «Blodl LS 1 guds (E5lg

Marine Target Detection in Noisy Infrared Images using
a Hybrid Recognition Algorithm

Azar Mahmoodzadeh
Department of Electrical Engineering, Shiraz Branch, Islamic Azad University,
Shiraz, Iran.

Abstract

Maritime transportation system is a vital part of the world conveyance. The surveillance in maritime
industry and detecting marine targets have a great impact on military and commercial applications.
Daily increase in maritime zone encourages the researchers to develop intelligent surveillance
approaches in the maritime transportation. The sensing methods generally include visual and infrared
cameras, sensors, and radars. Cameras are widely used since they capture high resolution images than
sensors and traditional radars. Also, applying complex pattern recognition techniques and decision-
making processes to the camera images provides more accurate detection results. Due to the clutters,
dust, and weather changes in the sea including the rainfall, snowfall, and heavy fog, the image quality
taken by the visual cameras is drastically deteriorated. Also, detecting the sea targets -specially the small
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ones- and similarly the sea-sky horizon line becomes more challenging. In such situations, the infrared
images reveal higher performance and accuracy in comparison with visible images. The sea-sky horizon
line detection of noisy infrared images in small target detection algorithms with high intensity and low
SNR is of great importance in maritime surveillance. Determining the horizon line simplifies the target
detection by restricting the search area for the targets in the image. This task decreases the computation
time and mistakes in the detection.

This paper presents a method for detecting marine targets in noisy infrared images. The proposed
method includes two steps of detecting the sea-sky horizon line and finding the targets. In the first step,
the two-dimensional gradient of the image is computed, from which it is observed that the most
variations are appeared at the edge points. With respect to this remark, the maximum of each column of
the gradient image is found and the obtained values for all columns and corresponding rows’ numbers
are kept in a set, namely the maximum pixels set. Then, to find the sea-sky haorizon line, on the first and
the last 75 pixels in the mentioned set, a straight line is fitted along the image width. Afterwards, to
search for the objects, a region of interest is selected around the detected line. Restricting the search
region increases the speed of the proposed method and decreases the number of false alarms. In the
second step, this region is partitioned into some separate blocks; from each, multiple features are
extracted. These features are fed into multiple classifiers whose outputs are given to a decision-making
algorithm based on the interval type-11 fuzzy fusion system. This system decides to which class (target or
background) that block belongs. Finally, the objects are found by integrating the target blocks and
removing the unwanted ones.

To evaluate the proposed method, first an image dataset was generated using an infrared camera
with medium wavelength in different situations. This was done due to no access to a complete infrared
sea image bank. Sea infrared images were commonly corrupted by a combination of noises including the
salt-and-pepper, Gaussian noise or electronic noises due to the detector of camera image supply. In
order to attenuate these noises, a 3x3 median filter was applied to the raw image. Afterwards, to
increase the image contrast, the histogram equalization method was performed. Finally, the proposed
approach was run to find the marine targets in the enhanced image. The results demonstrated that the
sea-sky horizon line was detected with low computational complexity and high accuracy while targets
were also found with desirable detection rates.

Keywords: Targets detection, Sea-sky horizon line detection, Feature extraction, Classifier, fuzzy
inference system.
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(Figure-1): The block diagram of the proposed algorithm for
detecting the targets.
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(Figure-3): Applying the pre-processing operations. (a) the
original image, (b) the image filtered by a median, (c)
applying the histogram equalization, (d) smoothing the
image by applying a Gaussian filter, and (e) computing the
gradient of the smoothed image in two directions (horizontal

and vertical)
0.84 T T T

0.82~

0.8

1[;0 2[)0 3(;0 4(;0 5(;0 6(;0 7(;0 800 900
(<)

OFw 3 50 doli ol Ol i loges - :(F- JSCl)

Oy danliony 3 0lio Courlge Hloged —0 . LSy guad

Sk (551850, les .y L31)S 5 gl (ygiw 9yl o

ol Sl 4 oz 5l b ygiw g 4 YL

(Figure-4): (a) the variation curve of maximums in each
column of gradient image, and (b) the curve of position of
maximum in each coloumn with respect to the rows and
coloumns of the gradient image. Rows are numbered from
top to bottom and the columns from left to right.
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(Figure-5): The detection of sea-sky horizon line using the
maximization of the gradient image
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(Figure-7): (a) the output of the FIS for image in Figure-6,

(b) the effect of opening operation, and (c) the effect of
closing operation.
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(Figure-8): The final detection of marine targets.
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(Figure-9): Applying the proposed algorithm on different
images. (a) the original images, (b) detection of the sea-sky
horizon line in the original mages, (c) detection of targets in
original images for the night, fog and day scenes from top to
the bottom rows respectively.
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(Figure-6): The region selected for the search in Figure-5.
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(Figure-10): The comparison between detection rates of the
proposed (PRM) and some famous methods, i.e., SVM, MLP,
KNN and AMS. The following performance indices are used:

Accuracy (Acc.), Precision (Pre.) and Recall (Rec.).
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(Table-2): The SCRG and BSF indices obtained from the
proposed method and the THF, LWT, VAM
and MWEC methods.
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(Table-3): Comparison of Precision and Recall of the
proposed and three existing algorithms

Slorlyd | cds | Gus s sl b,
64.7 73.6 MEMM %,
84.1 68.6 NRAM s,
94.5 92.3 STLDM g,
97.9 96.3 o leian b9

& 325 4 - F
5 @l b3 55l Kal gl pr,sSIl S dllie opl o
slprinn sy Sl polar o alize Blaal ais
S el b g Sl meas bl s al
1l St (g5 S g oS g Jro g, e
el QoS Sl St () 5l eolaiul b e
Js> iz 00guzme caldl jo o (g3l ST 58I Lo
9 ey g 39b Sgaore gz ojb U 0l (ot 381 lax
3590 05ga5we c8lawl anS (gl o sl ioli8l s
A gl Fl (Shg cpiz Sek el anSoh ks
@S A wnaes e Shy i SSa 4z 5]
Aojm 9 B awd g0 4 |, LS Wil
bovail oS5 owyl I eolawl S gumaiws
S1ogkie ool sl 09d pamie i 80 4 Wl
o2 a5 ol oolaiul glosl pos g5 (53 Fluzwl asbeles

Sl ON) USS canl) Cooms ol 59, 2 ooliiny
5o eslcwsdy mls 5l aS jeblean ol ol cols
9 25 Ol CokeS 3575 L 990 g0 caaline (V) Jsoxr
oolatwl b Bus 90 ;0 51, SCRG lude cBua yopale
amlio 3,50 B9y ez 2 5l S bty (b
wlie Oygods 3 BSF (Lo glp 65 opl ool
(solering by Vb 2L bV (n ke o)l 0929
ool Blbl ssgame 4o s (38l las Caulie bl
oy b il el b sl Sy 7zl pel das
alble ol g w5 glassaiss 5l 5
oSS 5l S pleear 5B S e
(el wlie Julse ol 50 YU plgd L laasaces
0l g8y (2954 Alej b (2l Jlesl Az o

(alh
(<)
@
()
(0)
S (5l ol eyl 0510 5 S o (1) SB)
[15] 5o ooliiw! 5,90 0018 ol L 31 Cawly Cuomw y guai LB

oa)gi Ao (w1 0015 oL 1 e Coouw 3 guad 9 00 48,5
-z &8 b ‘5)’1.»;)&51- -0 ol polar — Al ol suls
bugi S ol (gadudiwsd -0 g bl (40,5 akio

Popal Bladl LS -0 .53 pwanw
(Figure-11): The procedure of the proposed algorithm for
the target detection. The left image is taken from the
database of this paper and the right one from the dataset of
[15] (a) the original images, (b) the sky-sea horizon line
detection, (c) specifying the ROI, (d) classifying the blocks
using the FIS, and (e) the image targets detection.
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