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In infrared (IR) images, near targets have a transient 
distribution at the boundary region, as opposed to a steady 
one at the inner region. Based on this fact, this paper 
proposes a novel IR target extraction method that uses 
both a weighted information entropy (WIE) and an 
adaptive opening filter to extract near finely shaped 
targets in IR images. Firstly, the boundary region of a 
target is detected using a local variance WIE of an original 
image. Next, a coarse target region is estimated via a 
labeling process used on the boundary region of the target. 
From the estimated coarse target region, a fine target 
shape is extracted by means of an opening filter having  
an adaptive structure element. The size of the structure 
element is decided in accordance with the width 
information of the target boundary and mean WIE values 
of windows of varying size. Our experimental results show 
that the proposed method obtains a better extraction 
performance than existing algorithms. 
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I. Introduction 

In an infrared (IR) image, object extraction plays an 
important role in automatic IR target recognition and tracking 
systems [1]–[3]. However, because of noise and a low signal-
to-noise ratio, it is a challenging task to accurately extract the 
target region from an IR image; this is further hampered by the 
optical properties of the IR band, such as reflection, refraction, 
and diffraction between the visible and radio/microwave bands, 
and by the fact that IR is propagated at the speed of light [4]. 
Thresholding is widely used for segmentation when extracting 
a target region from an IR background. One of the most 
popular methods is that of Otsu [1] — a thresholding approach 
that is based on a one-dimensional (1D) intensity histogram, 
which maximizes the class variance between the background 
and target pixels. A two-dimensional (2D) intensity histogram, 
which consists of pixel intensity information and the local 
average intensity of the neighborhood pixels, can better 
describe the intensity distribution. Accordingly, a threshold 
method based on a 2D intensity histogram using the maximum 
value of the cluster variance (2D Otsu) was proposed [5], 
which is superior to the 1D Otsu method when images are 
corrupted by noise. However, risk regarding an exponential 
increment of the computation time occurs. Fast recursive 
methods [6]–[7] have been proposed to reduce the 
computational complexity of 2D Otsu. 

Since the development of IR-guided missiles, various IR 
small target detection methods, such as the spatial filter–based 
method [8]–[10], morphology-based method [11], and 
temporal-based method [12]–[13], have been researched with 
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the aim of improving one’s ability to detect a missile early on. 
However, IR near-target detection techniques have not been 
researched. Therefore, this paper introduces a novel extraction 
technique for IR near-targets. 

In IR images, objects with different IR radiation normally 
appear in the form of different changes in gray values. To 
describe the change in gray values on different objects more 
clearly, the concept of a “complex degree” was presented [14]–
[15]. To measure the complex degree of different IR images 
quantitatively, weighted information entropy (WIE) is 
introduced to describe different IR backgrounds [16]. 

In this paper, an IR target extraction method using WIE and 
an adaptive opening filter is proposed for IR near-target 
extraction. The proposed method detects the boundary region 
of a candidate target region using the distribution of local 
variance WIE. A coarse target region is then estimated through 
a labeling of the target boundary region. In a coarse target 
region, a fine target shape is extracted by an opening filter with 
an adaptive structure element. 

II. Related Work 

1. WIE and Target Size 

WIE was presented for improving an IR image [16]. Let S 
denote a set of gray values in an IR image with 256 gray levels; 
ps, the probability of gray value s occurring in set S; and s  
the mean of gray values in the IR image, where the variance of 
the WIE of the image can be formulated as follows: 
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where ps log ps = 0 when ps = 0. Actually, a complex degree 
can be regarded as a concept that corresponds to the 
distribution of frequency components in an IR image [14]–[15]. 
For instance, regions with little change in gray values in an 
image (low degree of complexity), such as a mild sky, mainly 
consist of low-frequency components in the image. Regions 
containing small targets in an image usually embody drastic 
changes in grey values (high degree of complexity); thus, they 
mainly consist of high-frequency components. Therefore, this 
naturally gives us an opportunity to design a spatial high-pass 
filter for preprocessing IR small-target images. For pixel x in an 
IR image, if there are m kinds of gray values, 1 2, , , ,ms s s in 
neighborhood M of the pixel and the probabilities of each gray 
value in the neighborhood are 
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then the local variance WIE value of pixel x can be defined as 
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Fig. 1. Local variance WIE results for (a) AIRPLANE1 and (b) 
TANK1. 
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where ( )s x represents the mean of the gray values in 
neighborhood M. By calculating a local variance WIE value at 
each pixel in the IR image, a local variance WIE image is 
obtained. Figure 1 shows the results of a local variance WIE 
filter for two IR images with small (AIRPLANE1) and large 
targets (TANK1). In Fig. 1(a), a WIE filter detects a small 
target (5 × 5 pixels) around a cloud; however, it is difficult to 
detect a large target (25 × 15 pixels) on the ground. As shown 
in the figure, there is a drawback in that it is difficult to 
accurately detect a large target because the WIE filter 
emphasizes only transient regions, such as a boundary region 
with spatially varying gray values, as opposed to flat regions. 
Small targets mainly consist of transient regions, similar to the 
features of a boundary or edge region. In the case of a large 
target, a WIE filter detects its boundary region. Therefore, it 
can be used as a target-position detector in the case of large 
targets. 

2. Morphological Operator and Structure Element Size 

Morphological detection is one of the main methods 
researched in the field of IR target detection. Along with the 
development of morphological research, morphological image 
processing, which is a special image-processing discipline, has 
gradually become a new trend in image processing, and a 
favorable tool in IR target detection [17]–[19]. In IR target 
detection based on morphological filters, the critical technology 
is its design including its morphological operator and 
structuring element. The basic morphological operations are 
erosion, dilation, opening, and closing — upon which we can 
obtain some important compound operations with different 
characteristics by combining them [20]. The dilation and 
erosion of image f by subimage (structuring element) b, 
denoted as f b  and f bε , respectively, are 
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Fig. 2. Impact by structure element for (a) TANK1 and (b) TANK2.
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( )( ) max[ ( ) ( )|f b s f s x b x            (3) 

for ( ) and ],f bs x D x D    

( )( ) max[ ( ) ( )|f b s f s x b x  ε         (4) 

for ( ) and ],f bs x D x D    

where Df and Db represent the region of input image f and 

structure element b, respectively. The opening of image f by b, 

denoted as ,f bο  is  

( ) .f b f b b ο ε               (5) 

The opening is simply the erosion of f by b, followed by a 
dilation of the result by b. The morphological top-hat 
transformation of an image, denoted as h, is defined as 

 ( ).h f f b  ο                 (6) 

This morphological operator is affected by the shape and size 
of the structure element. In a Matlab simulation of the 
experimental results of this paper, the shape of the employed 
structure element resembled that of a disk in the case of all the 
test images.  
In IR images, intensity variation of edge or boundary regions of 
objects is spatially gradual; such variations follow a Gaussian 
distribution [21]. Therefore, most objects within an IR image 
are not sharp and contain acute edges or boundary regions. For 
this reason, the aforementioned disk shape was adopted for 
simulations. 

Figure 2 shows the impact of an opening filter through 
structure elements of various sizes. For a simulation using 
Matlab, the strel function (for example, strel (‘disk,’ radius)) 

and structure element function were used with ‘disk’ with radii 
of 2, 7, and 10. We can see that the performance of the opening 
filter strongly depends on the size of the chosen structure 
element. Larger structure element sizes destroy the shapes of 
targets, as shown in Fig. 2. On the other hand, smaller structure 
element sizes may cause clutter around a target. Thus, when 
detecting a target using a morphological operator, structure 
element selection seriously affects any resulting extraction 
results. 

III. Proposed IR Target Extraction Method Using 
WIE and Adaptive Opening Filter 

To solve the limit of WIE according to the target size and 
impact based on the structure element in the morphological 
operator with regard to IR target detection, we proposed an IR 
target extraction method using WIE and an adaptive opening 
filter. The structure of the proposed method is shown in Fig. 3. 
The proposed method has the following three procedures: 1) 
detection of the candidate target and its boundary region, 2) 
determination of the entire target region, and 3) use of an 
adaptive opening operator. 

1. Candidate Target Boundary Region Detection 

Local variance WIE information is used to estimate the 
possible target position. An IR near-target (or large target) has 
very high WIE values in its boundary region. On the other 
hand, the inner region of an IR near-target has flat or uniform 
WIE values. Based on these features (of IR near-targets), we 
detect a candidate target boundary region and target region as 
follows: 
 

 

Fig. 3. Structure of proposed method. 
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Fig. 4. (a) Original image and (b) its local variance WIE image.
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1) Obtain local variance WIE image, ( , ),IW i j  using 5 × 5 

pixel size centered on pixel position (i, j) for an IR image  
I(i, j), (1 , 1 ).i M j N     

2) Extract candidate target boundary region using threshold 

cTh    , where µ and σ represent the mean and 
standard deviation of WI, respectively, and  = 7. As shown 
in Fig. 4, as the boundary region of a target has very high 
WIE values, the threshold value Thc for detecting a 
candidate target boundary region is set to a high value. The 
thresholded WIE image (candidate target boundary region)  
by Thc is shown in Fig. 5(a). Then, a blocked image      
of the candidate target boundary region, Ic(x, y), 
(1 /8,x M   1 /8)j N   is made and integrated using 
an 8 × 8 pixel size, as shown in Fig. 5(b). 

3) Detect pixels with very high target probability (very high 
WIE) using threshold tTh max[ ],IW   as shown in   
Fig. 5(c). Mainly, these pixels exist within the target 
boundary region, and the pixels’ coordinates offer a clue as to 
the whereabouts of a target. The maximum value of WI(i, j) 
is represented by max[ ],IW  where β = 0.9. The value of β 
is to be chosen through experimentation, as the boundary 
regions of targets usually have abnormal WIE values. Simply, 
to detect a target, pixel coordination with the max[ ]IW  
(not Tht) is needed. And, to cope with multiple targets, a 
threshold process is used. Then, a blocked image of pixels 
with very high target probability, It(x, y), is made with an   
8 × 8 pixel size, as shown in Fig. 5(d). 

2. Target Region Selection 

The procedure for extracting an entire target region is as 
follows: 
1) Assign the same label to connected blocks in Ic(x, y), 

blocked image of candidate target boundary region. 
Compared with Fig. 5(b), Fig. 6(a) is assigned a set of labels 
for connected blocks (Fig. 6(a) has a total of nine labels 
(nine colors)). This label set, Lc, can be defined as follows:  

c 1 2 3{ , , , , },pL L L L L              (7) 

  

Fig. 5. Candidate target boundary region detection: (a) 
thresholded local variance WIE image; (b) blocked 
image Ic(x, y) for (a); (c) detected pixels with very high 
target probability; and (d) blocked image It(x, y) for (c).
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Fig. 6. Target region selection: (a) assigned labels for Ic(x, y); (b) 
assigned label for It(x, y); (c) intersection label; (d) filled 
intersection-label. 
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where subscript c means a candidate target boundary region 
and p represents the total number of labels. For example, p = 
9 for Fig. 6(a). In the same way, a label set for It(x, y), Lt, is 
given by 

t 1 2 3{ , , , , }qL L L L L  ,             (8) 

where subscript t represents a target boundary region with 
high target probability and q represents the total number of 
labels. For example, q = 1 for Fig. 6(b). 

2) Find intersection label set Lct, among Lc and Lt, which is 
defined by 
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ct c t 1{ , , }.rL L L L L  Ι            (9) 

Extract only intersection labels 1{ , , }rL L  in Lc, as 
shown in Fig. 6(c). Figure 5(c) shows r = 1 (Intersection 
label is 1). 

3) Fill in inner part of intersection labels to determine rough 
target region. 

4) Count on ,
rLN  the number of filled intersection labels, 

shown in Fig. 6(d). 
If NLr > 3, then the detected target region is considered to be an 
IR near-target; otherwise, it is considered a small target, 
whereby it is detected by only the local variance WIE method 
(as mentioned in Section II-1).  

3. Adaptive Opening Filter 

In an opening filter, the size of the structure element is 
adaptively determined by examining the WIE value of a 
transient region, such as a target boundary. A larger structure 
element deforms the inner region of a detected rough target 
region due to the erosion procedure used by the opening filter. 
On the other hand, a smaller structure element causes an 
inexact detection of a target boundary region due to the dilation 
procedure used by the opening filter. Thus, the size of the 
structure element should be optimized through a consideration 
of the width information via the WIE values in a target 
boundary. For this, a variable window is used for the maximum 
WIE coordinate, (im, jm), which is mainly detected in transient 
regions, such as a target boundary. The window’s size, w = (2k 
+ 1) × (2k + 1), centered on (im, jm), is increased by comparing 
the mean WIE of the window µ(Ww) with a threshold 
( m mTh ( , ), 0.5),se IW i j     as shown in Fig. 7. If a target 
boundary is wide, then the size of the window will be increased  
 

 

Fig. 7. Method to determine size of structure element. 
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while maintaining the mean WIE value for the window. The 
width information of a target boundary with high WIE value is 
decided in accordance with the size of the variable window. 
Finally, the size of the structure element for the opening filter is 
decided by k, half of a window size, w = (2k + 1) × (2k + 1),  
to prevent a target boundary region from being deformed and 
to reject remaining clutter in the detected target block. 

IV. Experimental Results 

Computer simulations were conducted on seven IR images 
with different backgrounds (TANK1, TANK2, AIRPLANE2, 
EXPLOSION, MAN1, DEER, and MAN2), as shown in  
Fig. 8. Table 1 shows the size and normalized noise level for 
test IR images. The noise level was estimated by a recent 
paper [22].  

TANK1, TANK2, and AIRPLANE2 have high contrast, but 
high noise level; on the other hand, EXPLOSION, MAN1, 
DEER, and MAN2 have low contrast, but low noise level. To 
verify the performance of the proposed method, we compared 
the results with those of the Otsu method and Top-hat filter. 

Figure 9 shows extraction results for seven IR images 
including IR near-targets, by 2D Otsu method, Top-hat filter, 
and the proposed method. The performance of the 2D Otsu 
method is not bad for EXPLOSION, DEER, and MAN2,  

 

Table 1. Sizes and noise levels for test images. 

Images Size Normalized noise level

TANK1 320 × 240 0.4954 

TANK2 360 × 240 0.3414 

AIRPLANE2 480 × 360 0.1739 

EXPLOSION 320 × 240 0.0439 

MAN1 320 × 240 0.0693 

DEER 320 × 240 0.0362 

MAN2 320 × 240 0.1385 

 

Table 2. Structure element sizes for test IR images. 

Images Window size Shape of SE Size of SE 

TANK1 7 × 7 Disk 3 

TANK2 5 × 5 Disk 2 

AIRPLANE2 15 × 15 Disk 7 

EXPLOSION 7 × 7 Disk 3 

MAN1 9 × 9 Disk 4 

DEER 7 × 7 Disk 3 

MAN2 5 × 5 Disk 2 
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Fig. 8. Near targets for experiments: (a) TANK1, (b) TANK2, (c) AIRPLANE2, (d) EXPLOSION, (e) MAN1, (f) DEER, and (g) MAN2.
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Table 3. Objective performance comparison of proposed and existing methods. 

TANK1 TANK2 AIRPLANE2 EXPLOSION MAN1 DEER MAN2 
 

SCRG BSF SCRG BSF SCRG BSF SCRG BSF SCRG BSF SCRG BSF SCRG BSF 

2D Otsu 5.25 6.59 6.45 5.25 4.21 4.82 4.85 5.23 7.25 6.12 7.51 7.21 5.85 4.32 

Top-hat 5.10 5.60 6.54 5.63 6.43 6.12 6.23 7.54 2.16 1.98 7.62 6.67 4.28 3.21 

Proposed 9.35 10.01 8.21 9.24 9.05 10.53 9.26 10.95 9.65 9.52 10.87 11.98 9.63 10.32 

 

 
which have high gray-level targets, compared to backgrounds. 
Top-hat filter also shows good performance in the case where a 
target is bigger than the surrounding clutter and the proper size 
of its structure element is selected based on high-contrast 
images, as shown in the results for TANK1, TANK2, 
EXPLOSION, and MAN2. However, in the cases of 
AIRPLANE2 (which includes a small target) and MAN1 and 
DEER (both of which include low-contrast targets), Top-hat 
filter cannot effectively discriminate a target with clutter. In 
addition, Top-hat filter creates clutter in addition to the target in 
MAN2, thus producing a high-contrast image, yet one with a 
complex background. The disadvantage of Top-hat filter is that 
its extraction results are heavily affected by the size of the 
structure element. We can confirm that the 2D Otsu and Top-
hat filter methods do not properly extract fine target shapes nor 
effectively reject clutter. Figure 8 shows that the proposed 
method effectively rejects clutter and accurately extracts IR 
near-targets. 

Table 2 shows the size of the structure element for an 
adaptive opening filter in the cases of seven test IR images. We 
know that both AIRPLANE2 and MAN1 have a wide target 
boundary region since, in both cases, a large structure-element  
size and window size (to represent the size of a transient region,  

Table 4. Computation times of proposed and existing methods for 
given test IR images. 

Computation time (s) 
Images 

2D Otsu Top-hat filter Proposed 

TANK1 1.12 0.99 1.59 

TANK2 1.18 0.97 1.63 

AIRPLANE2 0.90 0.97 1.78 

EXPLOSION 1.17 1.01 1.49 

MAN1 1.16 1.01 1.55 

DEER 1.16 0.98 1.60 

MAN2 1.17 1.00 1.64 

 

 
such as the boundary region of a target) have been used. 

For a quantitative comparison, two metrics — signal-to-
clutter ratio gain (SCRG) and background suppression factor 
(BSF) [23] — are employed and defined as follows: 

out in

in out

( / )
SCRG , BSF ,

( / )

S C C

S C C
           (10) 

where S is the signal amplitude and C is the clutter standard  
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Fig. 9. Extraction results on seven IR images including IR near-targets: (a) original IR images, (b) thresholded local variance WIE
images, (c) label images, (d) 2D Otsu method, (e) Top-hat filter, and (f) proposed method. 

(a) (b) (c) (d) (e) (f) 

 
deviation for the input (in) and output (out) IR images. The 
performance results for the methods shown in Fig. 8 are listed 
in Table 3. From both subjective and objective comparison 
results, we can clearly see that the proposed method has 
better target extraction and background suppression abilities 
for IR target detection when compared to the existing 
methods. 

Table 4 shows the computation times of the aforementioned 
methods for the given test IR images. The proposed method 
needs a little more computation time compared to 2D Otsu and 
Top-hat filter due to its slightly higher complexity. In the future, 
to reduce the computation time, we think that it is better to 
either use subsampling for an entire input image or to locally 
apply the WIE process after preprocessing. 

V. Conclusion 

IR target detection is an important technique in IR search and 
tracking, which is necessary for military applications to warn 
about incoming targets. Until now, various IR small-target 
detection techniques have been developed to cope with IR 
guided missile or small targets that are at great distances away. 
However, research about IR near-target detection techniques  
is lacking. Thus, this paper proposed a novel method using 
weighted information entropy and an adaptive opening filter 
for extracting the fine shape of IR near-targets. Because the 
proposed method was designed considering the features of a 
target boundary, it can effectively detect IR near-targets, unlike 
existing methods. However, it requires greater computation 
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time due to algorithm complexity. Basically, target extraction 
should be applied in real time to quickly cope with enemy 
attacks. Thus, techniques for increasing the speed of 
computation of the proposed algorithm are necessary in future. 
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