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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 horizon 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-I1 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.

Jolis 3l eslinal b 381 b [2] 55 b casS s dodio )

9w ans gl anly o oldy, Gol s . q .
Slp Gloons Oygon bys 5l Sl G )loppgas

L’ ° “ RN qu N . Lm.ls
PO QA 0D RS (RS O 09 SRS 5 Gan o Bde S asle dalike slao 1S

S @ sla She s o 5l ials Gas
bl @8l a3 asis gy SO [3] 50 dl ials
b b oyl g3 bulyd 6lp " 0bolS alxe
sl g by maw j0 sudye e LRES,0 (@)
Gl o Slee ol @ e oS S sbaoss
6L‘b(_<:}15 o9y u.:‘ 59 el 00 QLQ,MW Ry
)"‘ 5 00 Cogl ‘d5‘ L RS &lpoas C‘)M‘
sly Ghgy o [4] yo el ons chnai o>l Jalge
SeSs S S5 2 e 38 b gl Sl

Olyss 5l A6 0,5 oo 18 eolatul 550 Sloaus
do g5kl 90,5 Wy ol ()b ezl o> calie
)90 gy 00 o pgal coaS dade alia
S oml CoteS b g npal g 00,S Ll oad 4 gl
Slaal zl il byl b cpl (o 0ed o0 gl ] 38 s
Gl b 5y Ses Shal egaza 5 2Ly
el 52500 e (o9
So b ool 5 bys esmeear ) 38 L
Slaize cpl 8L 6l Wl 99290 (05 i
50 0,5 eslaiul ad aseis slaei 165l 5l lei oo La>
plS gnd Jolo 5 LO (LolS (55l lgem (29, 51 [1]
el 5Lal S ilelaen Lo g,y cpl Ho ol colatl
o 9 Ol pgal olids) e § 8L alS adg
@ll> 9o ol Sotuan o g laSalinl g, 5l eslawl b

9y Ol o el oats @l Togm a5 ad e
RGO W g_g..\.utbdaﬁ uLo.w—‘ 9 LA)Q

gyl 9 )L e aiile by ooz dajm OO 20wl 9

1 Saliency-gradient method ooilp oy 4 b cpl g ol olelis 38l a3 eogume

2 Hough transform

A 2l ¥ o Ll VP JLu



RETLSC T FT 51 Ia.'ig_),ill S )l oslaiwl b sladgs ol 2a9Las S (HLHS Sladl akbs

rw 45 0b Byme 'MFMM i, [16] o
Sl dlae a4 1) Gas Ges ollee cobls
e A5 ST Jie (Staly 5 (Swrer Sloogas
5 SBaw ol Gl a0y Sl s,
Oho) Op edd paal (Gexier slad 4l
lodinaS olol a5 i @l [17] ,5 "NRAM
Lol sl Glaal ans Jlisds Cuzme e Al uesd
b 0 8des a9 by Ll 3 by,
o ol ,o 45 ab )| TSTLDM g, [18] Lo .o,
Slaal 25 lp Gl plad dxe Jol& L
b9y (rl dands (n5S ) wd olering 2l SasS
(el e Y e S b bl 4 o5 cal ol
ol 0l gy ol olaidl Dl slass asi o
ey e dllie cnl )3 adple s 4 azgi b
Slanl obo, o 58 bt o5l 58T 6l aum 5 ool
59 OL3LS el iluaie 5l g et 0SS
OL3LS ngai 35d o0 gl Pl g drsle pgal Gon
2 @ldyy ol Olpets n i &5 e ol
Sogin 3l ggdge nl @ azg b e e &) lead
9 shw SosBae 5 lade 5 a8F anciny (Lol e
b g 099500 0033 alpiion polie 51 Sy 50 gt
elsl g phal dbE ey 4 b S 3l
SaSas o] 0gd 0 03] (ueds 38l Las c0alo ;53
Slaal geins gl p cuslio oogaste (38l > Coxdge
o gbes patie @ LS SLbLI s ol
Sy gl Gl ediipae e odgue
ez a eadgl il Gl Sy o auS sk
Jop orile O Slusa (305 aly Tanazus
s 4D el Seie bl BS olerty
03l * il (oSloe iy (9, 5 Yoz e
Ao g Bad alwd g0 A |, LS U 0gd oo
Goludiwd Gl 4 ghows Bua L wuS ganaie
alobo So @ snaiws ez ol sl SV
Sy90 5o U ogdige ools (slosl pgo g5 (g5 glul
Boles S o)l Gl ] 4 Seb aS glatws
S i dilolis pled pg0 £43 (558 allels 5l ool
oo GlBl 1 ealie else g g plp o

! Multiscale Fuzzy Metric Model

2 Non-convex Rank Approximation Minimization
3 Spatial-Temporal Local Difference Measure

4 Classifier

5 K-Nearest Neighbors (KNN)

6 Histogram Intersection Kernel SVM (HIK-SVM)
" Multilayer Perceptron (MLP)

8Adaptive Mean Shift Method (AMS)

A 2l Vol Vfee Lo

95 e b Boe 4ol ladig Geizes 5 Lo
Rl So 4 phows plaea 5 3wl (55955
0dls,lged dej g g attie Bud Al b oo L8
5 s g JSb ole, o] ssile calisee slao IS 6l
wile mge o a5 cnl sy9p0 Wl opl Grows
P o Boe la Thg plo 5 lbadsS da S daad
Sl slaghs) et sl Lads adgs Bds Wiy,
Olgi oo & Wlaidl dxwgy bad laas |y ades Bi> (ol
L8 6] Sapg sl 80 2ld « [5] plioe 2L 4,
Ol il il g [8] Lylalest il 7] 150
o glls by 5 bl 18,5 o )Lsl [9] dakss
5 b Bl w8l o (ALb a5 s gl
[10] ;o ool s Sl oV ales (gl m S
Srarazg Joao olul p SBus asis o8l S
S ola (hiley o 5l Bas ol gl ol &l
ol o Claal el 1S 5 Lty Sad dgm sl
s oolitul Lugldl 5,5 glael dimejim e o
Sl by el Sleogas ) (nl ) (e
U Lyl 5o (pgad 4 diej s Gy Larme o
gy o [11] 55 5 5 anlllas o )00 it lid]
oo by Slaal sluls gl @8 s aseis
S Sy 5 oS bsle sladoe lol » oo
@ pea bl Ay cpl po a8 Al peas 8L
Lo o 5 e bslie oogame cylom] slo s
o Gl (oS ol Joe S s (gonanlad
pea 0 oadol iou aw o Jlaal gkl asje
Silorge hey [12] ohlKes 9 sl ol ool
Ban LiS g Giluding oz W &) lp Anks
Sy g oz oS &l 5e 8 esle peal 5SS
Sl S b Slaal aaS sl @ oisNl S [13]
ol Coje 30,8 Wl Srge ild sl eslinad b by
ko SHA] o el a3gi pln 3 pagpglie ()
oals oolaiul ,gaS S>gS Buae aiS (gl top-hat
Ls Sogs g5l Ka] 4 [15] o) Ken ¢ SIS .ol
Sl pslal o Sz Glael 5 plewll e 8
Slp Soge bowd 3l dlae ol jo wlazsls,, Sy
ooliiaal L )5 dij oy s Sz sS lanl 055 CaiS
oS ge 525 Loy lazl o 38l bas (e e o
I T Y O I S T
Glasl gzl @l oaspdlol blite Sxse g5,

e se Jloel S5, 50,8 02ty Ay ool pative



o318 3 sy —V-Y
20483959 2yl b CubnS 5 (ogladss s
Dybige plxil adgi Bl 5 pgal (il lgen al> e g
slady B> 55 9 by mhe (o SeSlESy sl
slady 5 Jilm Gees 5l Jel> JAb s S
Sedien Jlosl yigai (g5, byl S (o9 xS
Jasi g,y pgal Casl S Gl 6l e [2]
3 pgad old jeue b anlol jo .00 5 oo Jles! pl g
Sly ] o Cansts 5 lgen ol o owsS ik SO
b Asgey 0ol lgen poal 51 bolS pgal il
Coleiys g AT Y 9 X Cqz y0 Jgl 4o Fide (oS
al>ye o)l @8l b (g5l 801 (gl adloggy pgad

5 ooliwl b 33l has gjlw il —Y-¥

0Ll ygai 3l (6 S diion (09

29 o owsS L8 SO 5l eslainl b ol i oyl 5o
55 4 4y b 7S (ul Joms Sl Sydise s
)‘ Sl 0 ul.‘>b.)‘ )LQ} )Lm ‘;J?u )5.104.4 ).Jsl..a.)
ol SH ke web e LAmeis S bCwend |
s s Gl b3 4 e el e B Sl
b ogd QL] 55,5 wlg eyl cul el 3z2ly
i el g by Sl Sl o sadolnl glaad
s X stz )0 Jol 4o (gangd Frie Jloel b ogd
3 G L 3 St i S iyt

Aok Slade Jlop (Lol paal 5l et o dlcion
o 955 dlne 1) diption JoSoy Sosdee 9 lapygin
P sbly po anien GloeSy asseze ;o 2l
Sy90 dﬁ‘ L cOJA]CA.wééb. s 05.“»‘5@ Ud)‘)) ).39..44

Gl b Joo guuS el -Y-Y
5 9pS oo 8 L a3 lgieas 38 bas Wlae ol o
S S5 4 b ol oS @y sSlse JUS S
Slasl gomivr axl ln b MY jlse

Lo g Sas w cioolus «slosl £95 5l (6 S0 50 puicrer
Able 4 s 68 Slaslxe § JLdow  Sowzy
geve A5 lp woledys Sl eges g5 550
Ot 3 00k eeba S e Ses objs Sl
Gl S o Lot il oS 5 35500 Jloc!
3 Wgdee el 5 SasS slalail 5 wsd e
g7t ddhaio 0 ,S0gdome 5 (38| LSzl Ziul (fgeome
5 S s Shy gl (ries dpdoe S
Cawdds |y (95 zull wied )08 slaauaiws 3l (5,50 40
SaSay bauains Slereal oS 5 (ulgs ) 0o oo
Slasl (aus cds (ilEl 4 e g0 g9 (551 aileles
9 5y Wb o2l Jolge 092y llyd o jogasa
ST
p9d Lidu 0 aS Cwl oo 4 dlie ol olojle
w3l en ol piyel At Jolpe oy n @
5 o5 sbawlie 5 giluand @S pow Gio o
Ggez ooz (i o «alesys el e Bl saS

FOM PR R JUCEN

Ol ok 5951 Y

oald iules (golpadin iy, lamm Jloged (V) JSi o
o8l Lol Jolpe (Syme a4 aslol 0wl ead
w2l nse olekin

9959 Ry |

1=}

4

v
1
\élﬂ
I R S

O S Moy ol 09y aSeb| | Sl s
luon Ol oY ws ks

| I I |
i

S8 S5 el WJ

g

]

Sloa! s ©olgsdiy ﬂ'.‘.‘.’.)Si” Sl loged :(V- i)
(Figure-1): The block diagram of the proposed algorithm for
detecting the targets.
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(Table-1): Detailed information of the gathered infrared
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(Figure-3): Applying the pre-processing operations. (a) the
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applying the histogram equalization, (d) smoothing the
image by applying a Gaussian filter, and (e) computing the
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(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-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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and MWEC methods.
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(Table-3): Comparison of Precision and Recall of the
proposed and three existing algorithms
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(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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