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Abstract 
Dim target detection and identification forms essential part of 
various remote sensing applications, military and scientific 
operations, obstacle detection by rovers, vehicle navigation and 
control, and environmental prediction etc. Many new research 
and development is going on in these fields of image processing. 
Challenges of target detection vary with different scenarios. Hence 
for target detection in varying environments a combination of 
target detection and identification techniques have been developed. 
Various algorithms are studied and selected algorithms are 
implemented in software, applied on the image to suppress the 
background using databases on preliminary characteristics of 
target to unambiguously identify the target. In this paper, a detect-
before-track approach is followed, and a brief overview of target 
detection techniques used, implemented algorithms and output 
image results are presented. An additional algorithm is designed 
for corner detection in software that aids in target detection.
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I. Introduction
There are cases when the  target in consideration is not in direct line 
of sight with the sensor for example in images taken via satellite 
sensors. In some cases the target may be immersed in clutter 
background, occupy single or few pixels on the image plane of 
the sensor, has no texture and shape information, contributing to 
has low signal-to-noise plus clutter ratio. The position, speed, the 
direction of movement of target in every frame of images may be 
also be different and the background may also be complex and 
dynamic. The detected target silhouette information may vary 
in successive frames, attributed to the background clutter and 
angular rotation. Hence unlike with the case of bright target, a 
combination of algorithms needs to be designed for effective dim 
target detection.

Methods for Target Detection
In case of bright target, the problems usually involve comparing 
the acquired data against a threshold. If the threshold is exceeded, 
the target (the object or condition being sought) is deemed present. 
Thresholding is the simplest method of If the threshold is exceeded, 
the target (the object or condition being sought) is deemed present. 
Thresholding is the simplest method of image segmentation. From 
a greyscale image, thresholding can be used to create binary 
images.

So for a cases like in a satellite sensor, where the target is dim, very 
involved processing and implementation of appropriate algorithm 
is required for target detection for achieving the accurate detection 
and results.

So technique for background suppression has been implemented. 
The background is subtracted from the image to separate the target. 
For improving results thresholding is performed on the target 
detected image.

II. Techniques Utilised for Dim Target Detection
Different techniques for target detection and identification 
like thresholding, discrete wavelet transform, empirical mode 
decomposition, corner and edge detection methods, have been 
experimented and implemented for greyscale images with the 
aim of making the process more adaptive and results have been 
compared, some of which are presented in this paper.

Finally, a combination of available and self designed techniques 
has been designed and implemented for the purpose to achieve 
better results.

1). Morphological Operations
Morphology is a broad set of image processing operations that 
process images based on shapes. In a morphological operation, the 
value of each pixel in the output image is based on a comparison 
of the corresponding pixel in the input image with its neighbours 
as per the shape of the structuring element. Dilation and erosion 
form the basic techniques under morphological operations.

(i). Dilation: The value of the output pixel is the maximum value 
of all the pixels in the input pixel’s neighbourhood as defined by the 
structuring element. In a binary image, if any of the neighbourhood 
pixels is 1, the output pixel is set to 1.
(ii). Erosion : The value of the output pixel is the minimum value 
of all the pixels in the input pixel’s neighbourhood as defined by the 
structuring element. In a binary image, if any of the neighbourhood 
pixels is 0, the output pixel is set to 0.
Following image of size 196x198 pixels has been referred from 
a research paper [2] for target detection:

Fig. 1: Input Dim Image

Various combinations of morphological operations have been 
tried and implemented. Below are the images resulting from 
basic morphological operations i.e. dilation and erosion of input 
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image:

Fig. 2: Output Image of Dim Target after Dilation (left),  Erosion 
(right) & a variant (bottom)

As it can be clearly seen in fig. 2, that applying only morphological 
operations, that too at the initial stages, the actual silhouette 
information in case of dim target gets lost and is also dependent 
on choice of structuring element. So it calls for the need of other 
complex and computationally intensive process.

2) Empirical Mode Decomposition (EMD)
EMD ([2-3]) is used to decompose the original image into a 
definite number of high frequency and low frequency components 
called intrinsic mode functions (IMFs) adaptively by means of 
sifting. With the EMD algorithm, it is possible to estimate the 
background and get the dim target by removing the background 
from the original image. The algorithm detects dim moving target 
effectively and estimate its trajectory accurately.

The residue obtained is useful for estimation of the background 
information.

(i). Description of EMD Algorithm:
Steps involved in EMD for a sample image:
(a). Background Estimation and Reconstruction: 
The current frame is decomposed into intrinsic mode functions 
and residue which represents the background with a little noise.

Uses the envelopes defined by the local maxima and minima • 
separately;
Decomposes the data into finite and meaningful intrinsic • 
mode functions adaptively;
Doing the multiple iterative process on the whole image.• 

(b). Background Removal:
A new image is obtained with target and noise by removing residue 
from the original image. By choosing an appropriate threshold, 
target can be effectively detected. If the noise still exists in some 
images, it is easy to remove by mathematical morphology.
(c).  If the target has been detected, identify it and mark its location, 
again to step (a) for the next frame.

Carried out following major tasks for detection by EMD 
Algorithm:

For each row 1x3 array of columns is taken iteratively to find • 
the local maxima and minima envelope. Hence 196 iterations 
for each column of as per this size.
This process is repeated for all rows so 196x196 maximum • 
and 196x196 minimum elements generated covering the 
whole image.
Then their mean is found out and subtracted from original • 
image which gives the intrinsic mode function.
This IMF subtracted from image gives the residue for first • 
full iteration.
This whole process is repeated 3 to 4 times as per requirement • 
for this residue of size same as the image.

Hence it is a quite involved and computationally intensive, 
iterative process.

(ii). Bi-dimensional Empirical Mode Decomposition 
(BEMD)
To extract 2D IMFs of an image during the sifting process, one-
dimensional EMD is extended to BEMD. The rows and columns 
of the image are decomposed to extract the local information.

The initial procedure is same as that of EMD as discussed • 
in previous section.
The output obtained from EMD on rows is used as an input • 
to run EMD on columns.
The algorithm utilises both the dimensions so that better • 
output can be obtained.

Because of the self adaptive nature of EMD and other advantages like 
effective separation of background and overcoming the challenges 
of choosing wavelet basic function and no. of decomposition levels 
EMD algorithm is chosen for development.

Following are the results obtained after applying EMD and 
BEMD on the input dim image, and then applying appropriate 
thresholding.

Fig. 3: Output After EMD

Fig. 4: Output after BEMD
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Hence it can be seen that the target information is preserved to 
an extent more than the morphological operations, and the target 
embed in similar pixel background becomes prominent.

Advantages of EMD: During experimentation it has been observed 
that though being computationally intensive EMD proves to be 
advantageous over techniques like morphological operations and 
discrete wavelet transform because of the following:

Independent of predefining any structuring element or basis • 
wavelet function.
Adaptive in nature, hence suitable for automatic target • 
detection applications.

III.  Comparing quality of output image obtained after 
target detection from different algorithms.
For comparison of quality of output image peak signal to noise 
ratio (PSNR) is chosen as one of the parameter .
The higher the PSNR, the better the quality of the output 
image.

Where,  m = no. of columns;
  n = no. of rows;

 f(x,y) = The pixel values at corresponding rows and   
 column of input image wrt. x,y ;

 f~(x,y) = The pixel values at corresponding rows and   
 column of output  image wrt. by x,y ;

 maxf = maximum count value of the image;

Table 1, below shows the comparison of the PSNR values 
calculated. It can be concluded that the selected combination 
gives better PSNR ratio as compared to variant of morphological 
operation.
 
Table 1:   PSNR Calculation

IMAGE 
TYPE PSNR f(x,y) f’(x,y)

DIM 
TARGET 54 dB Input image Variant of morphological 

operation

DIM 
TARGET

80.6 
dB Input image

Output from 
implementation of 

BEMD in the above 
defined manner

IV.  Steps involved for dim target detection, identification 
and tracking
As discussed above regarding target detection techniques, EMD 
algorithm is finalised as the first step for target detection to 
extract the target from the clutter background, followed by proper 
thresholding.

For target identification as in the following topic a self designed 
algorithm is applied and finally target is tracked in successive 
frames of the image.

The following flowchart shows the steps involved to achieve the 
aim:

 Start 

Reading a target image 

 
Background Suppression by 

the  chosen algorithm 

 
Thresholding for improving 

results for detection 

 
Finding axis of location of 

target 

 
Creating Database for Target 

Identification 

 
Edge Detection 

 
Target Identification by 
comparison with the 
database created for different 
shapes  

 

Stop 

Tracking the identified target 
in different frames using 
coordinate information 

 

Target Detection

Target Identification

Tracking

Flowchart 1: Steps Involved in the Process

V.  Target Identification
Target identification and recognition is an important task because 
the detection techniques may detect several potential or false 
targets, but there is a need to detect, identify and track only the 
target of interest. So, in order to avoid false alarms and to have 
selected target detection, identification is must. Only the matched 
target  or region of interest is then passed for further processing 
thereby results in  effective utilization of memory and bandwidth 
in case of data transmission.
Database creation is a very important task for validation of 
potential targets detected. The database created may include the 
sub portion of target, silhouette information of the target and its 
morphological features including axis, radius etc.
The classification of database is based on following criteria:

based on shapes: •	 if the shape of the target matches the shape 
stored in database;
based on corners/edges information: •	 if the relation between 
the corners/edges of the target matches those stored in 
database;
based on  target pixel values: •	 based on relation between 
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target and background pixel values.
By including the above classification criteria’s the following are 
detected:

target of specified shapes• 
zoomed version of target• 
tilted version of  target• 

Different methods available for corner and edge detection methods 
were experimented, finally a method was self designed based on 
silhouette information overcoming the unexpected results of the 
corner and edge detection in some cases.

1. Finding Corners of Target Detected
Corners of the target are detected and the relative axial distances 
are calculated for database creation to facilitate identification.

Fig. 5: Output from Available Corner Detection Method (Left) 
and from Self Designed Technique (Right) ( Zoomed View)

As the output from available corner detection method (left)  is 
not as per the requirement, there is a need to design an alternate 
algorithm.

Hence using self designed algorithm the corner points clearly 
obtained as desired, after which calculate the relative axial 
distances are calculated for keeping in database.

2. Finding Extremes and the distances between them from 
the  above figure (right) by self designed algorithm

Table 2: Left and Right extreme pixel coordinates detected
Property LEFT RIGHT

Extreme column 91 107
No. of extremes detected 2 2

Coordinates of extremes 91,98;
91,99

107,100;
107,101

Table 3: Top and Bottom Extreme Coordinates Detected
Property TOP BOTTOM

Extreme column 96 103
No. of extremes detected 2 2

Coordinates of extremes 96,96;
102,96

96,96;
96,103

The axial distances between each corresponding extreme point is 
calculated and corresponding ratios are kept in database. 
Using the created database, the following fig. shows some of the 
rotation cases that can be detected using above algorithm:-

Fig. 6: Some of the Variants of the Input Image that can be Detected 
Using Above Algorithm

3. Identification of Targets of Different Shapes  With 
Centroids Calculated
Different shapes were simulated, databases were created and target 
detection and identification was performed based on methodology 
discussed above.

Fig. 7: Targets of Different Shapes Identified 

Centroid Calculation (in Pixels):
Target 1:  x= 15.04  y=10.63
Target 2:  x= 14.97  y= 10.57
Target 3:  x= 15.19  y= 12.13

VI. Tracking of Identified Target
The chosen set of algorithms has been applied on successive 
frames of the image taken from research paper. The steps and 
results are as follows:

Fig. 8: Different Frames of Target in Consideration (Image: 
Research Paper-[2])
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Steps Undertaken:
Four frames are taken which are having almost stationary • 
background and a moving target.
Target detection is done using frame 1 and compared with • 
the created database for verification.
Centroid of the target is found out using software.• 
Similarly target is detected for the next three frames and • 
centroid calculation is done.
Movement of target is detected using the centroids • 
calculated.

Table 2: Centroids calculated for target tracking in successive 
frames using software

Frame no. for centroid 
calculation X -coordinate Y -coordinate

FRAME 1 107.4964 106.1898
FRAME 2 107.8571 106.1376
FRAME 3 107.6694 105.7107
FRAME 4 107.4276 106.8947

VII. Conclusion
Detection methodology of dim target is different from that of a 
bright target because of various complexities involved as already 
discussed. Hence after implementing different algorithms and 
studying their outputs, a set of algorithms has been designed as 
per their advantages, disadvantages and outputs as discussed and 
presented in this paper for dim target detection, identification and 
tracking. For making the procedure more automatic and adaptive 
for unmanned applications, techniques like adaptive thresholding 
can be implemented. With some modifications these algorithms can 
be implemented in hardware and can be used in the future for both 
ground and onboard processing for remote sensing applications 
and planetary missions like distant target and hazard detection e.g. 
identifying craters and boulders on the moon surface.
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