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ABSTRACT 

This paper devoted to propose template match object detection for inertial navigation systems (INS). The proposed 
method is an image processing technique to improve the precision of the INS for detecting and tracking the ground ob-
jects from flying vehicles. Template matching is one of the methods used for ground object detection and tracking. Ro-
bust and reliable object detection is a critical step of object recognition. This paper presents a proposed mathematical 
morphological template matching method for detection and tracking of ground objects. Our focus is on flying systems 
equipped with camera to capture photos for the ground and recognize it. The proposed method is independent on the 
altitude or the orientation of the object. The algorithm is simulated using Matlab program and the numerical experi-
ments are shown which verify the object detection for a wide range altitude and orientation. The results show superior-
ity of this method for identifying and recognizing the ground objects. 
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1. Introduction 

An INS is a navigation system which depends entirely on 
inertial measurements for navigation. An INS consists of 
accelerometers which measure the translator acceleration 
and gyroscopes which measure the angular rotation of 
the system. This sensor array is called an Inertial Meas-
urement Unit (IMU). This system can be equipped with 
camera to fine tuning and improve the inertial navigation 
near the target of interest. This needs an image process-
ing technique to identify and recognize the ground ob-
jects. Template matching techniques are methods com-
monly found in target-detection applications. These 
techniques allow users to customize their detection algo-
rithms to specific targets of interest. The basis of tem-
plate matching is the comparison of a representative pat-
tern (template) of the target of interest with an image, 
with the purpose of detecting occurrences of the refer-
ence pattern in the image. Mathematical morphology is a 
branch of nonlinear signal and image processing that 
provides powerful tools for various image and signal 
processing applications. The Hit-or-Miss Transform 
(HMT) is a template matching method that exists within 
the mathematical morphology framework. The HMT has 
several benefits compared to other template-matching 
techniques, including the fact that it is based on rank- 

order operations which are generally faster than linear 
correlation techniques and that it is insensitive to DC 
variations of the template and the image. Several re-
searches introduced the template matching in recognizing 
and identifying objects [1-3]. Therefore, a large amount 
of works are limited to detecting and matching objects in 
synthesized shape databases [4-5] or in special image 
domains. Previous works [6-10] on template-based object 
detection extract low-level image features such as edges, 
corners, regions and interest points, and then locate the 
target boundary by grouping the features and matching 
them to those on the template. In these works, computa-
tional complexity usually is very high, and object occlu-
sion poses a great challenge to the detection algorithms. 
This paper introduce a simple template match object 
recognition technique able to detect and recognize the 
ground objects in the stage of fine tuning the INS for 
flying vehicles. 

2. Theoritical Description 

Template matching is conceptually a simple process. We 
need to match a template to an image where the template 
is a sub-image that contains the shape we are trying to 
find. Accordingly, we centre the template on an image 
point and count up how many points in the template 
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matched those in the image. The procedure is repeated 
for the entire image, and the point that led to best match, 
the maximum count, is defined to be the point where the 
shape (given by the template) lie within the image. If 
standard deviation of the template image compared to the 
source image is small enough, template matching may be 
used. Templates are most often used to identify printed 
characters, numbers, and other small, simple objects. 
Template matching is performed on either bi-level image 
(black and white) or grey level image depends on the 
application. For example, for character recognition and 
number plate of vehicle bi-level image are used while for 
vehicle recognition grey level image is used. 

Formally, template matching can be defined as a 
method of parameter estimation. The parameters define 
the position of the template. We can define a template as 
a discrete function of Txy. Template matching uses a 
similarity criterion for locating an object, where one 
common method calculates a correlation coefficient us-
ing the following equation [11], 
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where A and B are image matrices, A and , B are the 
2-dimensional means of the respective image matrices, 
and (x,y) are the spatial coordinates within A and B. This 
correlation coefficient closely resembles a traditional 
statistical correlation, with the difference being that the 
traditional method is calculated in one dimension instead 
of two dimensions. A high correlation coefficient in a 
pixel-by-pixel comparison between the template and the 
region of interest (ROI) indicates a good match. This 
“cross-correlation’’ yields a result only if the integral is 
computed over the whole area g. The basic idea behind 
the hit-or-miss transform is that of extracting all pixels 
within an image that are matched by a given neighbor-
hood configuration, consisting of some arrangement of 
foreground pixels and back-ground pixels. The 
neighborhood configuration is therefore defined by a pair 
of disjoint sets: one for the foreground pixels and the 
other for the background pixels. This can be represented 
mathematically as: 

 , c
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Where A is the image set, Ac is the complement of the 
image set, and B is the structure element. The algorithm 
flow chart is shown in Figure (2). Fixed templates are 
useful when object shapes do not change with respect to 
the viewing angle of the camera. Two major techniques 
have been used in fix template matching, image subtrac-
tion and correlation. In the first technique, the template 

position is determined from minimizing the distance 
function between the template and various positions in 
the image. Although image subtraction techniques re-
quire less computation time than the following correla-
tion techniques, they perform well in restricted environ-
ments where imaging conditions, such as image intensity 
and viewing angles between the template and images 
containing this template are the same. Matching by cor-
relation utilizes the position of the normalized 
cross-correlation peak between a template and an image 
to locate the best match. This technique is generally im-
mune to noise and illumination effects in the images, but 
suffers from high computational complexity caused by 
summations over the entire template. Point correlation 
can reduce the computational complexity to a small set of 
carefully chosen points for the summations. 

Dilation is one of the two basic operators in the area of 
mathematical morphology, the other being erosion. It is 
typically applied to binary images, but there are versions 
that work on grayscale images. The basic effect of the 
operator on a binary image is to gradually enlarge the 
boundaries of regions of foreground pixels (i.e. white 
pixels, typically) as shown in Figure (2). Thus areas of 

 

 

Figure 1. Example of template matching. 

Copyright © 2011 SciRes.                                                                               POS 



Template Match Object Detection for Inertial Navigation Systems 80 

 

Figure 2. Dilation, grow or expand effect. 
 
foreground pixels grow in size while holes within those 
regions become smaller. The dilation operator takes two 
pieces of data as inputs. The first is the image which is to 
be dilated. The second is a (usually small) set of coordi-
nate points known as a structuring element (also known 
as a kernel). It is this structuring element that determines 
the precise effect of the dilation on the input image. To 
compute the dilation of a binary input image by this 
structuring element, we consider each of the background 
pixels in the input image in turn. For each background 
pixel (which we will call the input pixel) we superimpose 
the structuring element on top of the input image so that 
the origin of the structuring element coincides with the 
input pixel position. If at least one pixel in the structur-
ing element coincides with a foreground pixel in the im-
age underneath, then the input pixel is set to the fore-
ground value. If all the corresponding pixels in the image 
are background, however, the input pixel is left at the 
background value. 

3. Identification Results 

The proposed method is simulated using Matlab program 
and the numerical experiments are shown to verify the 
object detection for a wide range altitude and orientation. 
The test image used is a satellite image includes two tar-
get objects. These targets are shown in Figure 3. The 
identification mechanism is tested at five altitudes, 8034, 
7632, 7230, 7084, and 6888 feet respectively. The satel-
lite images at different altitudes are shown in Figure 4. 
Each altitude is tested at different approaching angles, 0, 
90, 180, 270 degree respectively. The generated tem-
plates for the two object after the hit/miss transform is 
shown in Figure 5. Figure 5 to 14 demonstrate the ob-
ject (1) and object (2) identification and detection at dif-
ferent altitudes and orientation angles. The algorithm is 
evaluated on twelve different altitudes for two Objects. 

Figure 15 shows that the first object miss detection be-
low 18% and false alarm detection below 6%. The sec-
ond object with relatively large area satisfies results bet-
ter than the first object which satisfies miss detection 
below 12% and false alarm detection below 4% as shown 
in Figure 16. 
 

 

Figure 3. The satellite test image include the two targets. 
 

 

Figure 4. The satellite image at different altitudes. 
 

 

Figure 5. The two objects templates. 
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Figure 6. Object (1) detection at 8034 feet altitude. 
 

 

Figure 7. Object (1) detection at 7632 feet altitude. 
 

 

Figure 8. Object (1) detection at 7230 feet altitude. 

 

Figure 9. Object (1) detection at 7084 feet altitude. 
 

 
Figure 10. Object (1) detection at 6888 feet altitude. 

 

 

Figure 11. Object (2) detection at 8034 feet altitude. 
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Figure 12. Object (2) detection at 7632 feet altitude. 

 

 
Figure 13. Object (2) detection at 7230 feet altitude. 

 

 
Figure 14. Object (2) detection at 7084 feet altitude. 

 
Figure 15. Object (1) detection at different altitudes. 

 

 
Figure 16. Object (2) detection at different altitudes com-
pared with object (1). 

4. Conclusion 

This paper introduces a simple template match object 
recognition technique able to detect and recognize the 
ground objects in the stage of fine tuning the INS for 
flying vehicles. The proposed method is an image proc-
essing technique to improve the precision of the INS for 
detecting and tracking the ground objects. Template 
matching technique is one of the methods used for 
ground object detection and tracking. The paper focus is 
on flying systems equipped with camera to capture pho-
tos for the ground and recognize it. The proposed method 
is independent on the altitude or the orientation of the 
object. The system successfully recognized and detects 
the ground objects at different altitudes and orientation. 
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