
  

  
Abstract— This paper proposes a ground targets recognition 

system for flying vehicles using Camera/Synthetic Aperture 
Radar (SAR) imaging systems. The proposed method is an 
image processing technique to improve the precision of the INS 
for detecting and tracking the ground objects from flying 
vehicles.  Template matching is one of the methods used for 
ground object detection and tracking. Synthetic Aperture 
Radar (SAR) is also used as ground object detection with ATR 
technique. Robust and reliable object detection is a critical step 
of object recognition. Our focus is on flying systems equipped 
with camera and SAR to capture photos for the ground and 
recognize it. SAR is a type of imaging radar in which the 
relative movement of the antenna with respect to the target is 
utilized. Through the simultaneous processing of the radar 
reflections over the movement of the antenna via the Range 
Doppler Algorithm (RDA). The proposed method is 
independent on the altitude or the orientation of the object. The 
algorithm is simulated using Matlab program and the 
numerical experiments are shown which verify the object 
detection for a wide range altitude and orientation. The results 
show superiority of this method for identifying and recognizing 
the ground objects. 

 
Index Terms—INS. Template Match, SAR, ATR  

 

I. 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 Measurement Unit 
(IMU). This system can be equipped with camera to fine 
tuning and improve the inertial navigation near the target of 
interest. Radar systems are important sensors due to their all 
weather, day/night, long standoff capability. Along with the 
development of radar technologies, as well as with increasing 
demands for target identification in radar applications, 
automatic target recognition (ATR) using synthetic aperture 
radar (SAR) has become an active research area. Several 
researches 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 
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those on the template. Yijun Sun,et. al [11]. proposes a novel 
automatic target recognition (ATR) system for classification 
of three types of ground vehicles in the MSTAR public 
release database using SAR. Clark F. et. al [12]. perform 
automatic target recognition by matching sets of oriented 
edge pixels. A generalization of the Hausdorff measure that 
allows the determination of good matches between an 
oriented model edge map and an oriented image edge map 
was first proposed. Tuba[13] , introduced  an automatic target 
recognition in infrared imagery. Several researches introduce 
the simulation of SAR with Matlab program between them 
[14-17]. 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. 
SAR is a type of imaging radar in which the relative 
movement of the antenna with respect to the target is utilized. 
Through the simultaneous processing of the radar reflections 
over the movement of the antenna via the Range Doppler 
Algorithm (RDA). The results show superiority of this 
method for identifying and recognizing the ground objects. 
 

II. THEORETICAL 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 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 using the following equation [18], 
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where A and B are image matrices, ̅ and ,  are the 
2-dimensional means of the respective image matrices, and 
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(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 neighborhood 
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
bgdfgd ABABpBA ⊆⊆=⊗ ,

       
  (2) 

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 Fig. 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 subtraction 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 require less computation time than the following 
correlation techniques, they perform well in restricted 
environments where imaging conditions, such as image 
intensity and viewing angles between the template and 
images containing this template are the same. Matching by 
correlation utilizes the position of the normalized 
cross-correlation peak between a template and an image to 
locate the best match. This technique is generally immune 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 Fig. 2. Thus areas of 
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 coordinate 
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. 

 

Fig. 1.  Example of Template matching 
 

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 structuring element coincides with a foreground pixel in 
the image underneath, then the input pixel is set to the 
foreground value. If all the corresponding pixels in the image 
are background, however, the input pixel is left at the 
background value. 
 

 
 

Fig. 2. Dilation, Grow or Expand effect 
 

A. Transmitted SAR signal 
The transmitted radar signal,Stx(t) , is assumed to be of the 

form in Equation (3) below in the simulation. The signal is a 
function of range time or quick time, t. Other important 
parameters are the signal bandwidth, Bo in Equation (4) 
below, which is 100 MHz and the range resolution, ρr in 
Equation 3 below, which is approximately 1.5 m [19]. 
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The transmitted radar signal depicted as a cosine with a 
linearly ramping up frequency over a transmit duration 
followed by a null receive duration. The transmit window is 
called the pulse envelope, wr, and defines the duration of the 
transmission. During the receive duration, the antenna waits 
to receive reflected radar signals from the targets contained in 
a one-dimensional range slice echo as function of quick time 
[20]. 
 

B. Received SAR Signal 
The raw SAR received radar signal, Srx(t,η) for the 

simulation is assumed to be of the form shown in Equation (6) 
after quadrature demodulation which removes the high 
frequency carrier wave and brings the signal to baseband. 
Equation (6) is shown below as a summation of the 
reflections from M different point targets [20-21]. 

 ,η∑ η η

η − 4 η + −2 η 2+η ,η        (6) 

 ,η∑ η η η cos 2
η + −2 η 2+ +η ,η             (7) 

 
The time delay is 2Rm (η)/c , the attenuation factor from 

reflection at the target is Fm , the phase shift from reflection at 
the target is ψ, the azimuth beam pattern amplitude 
modification is wa(η- ηc) as shown in Equation (8), and the 
additive white Gaussian noise is nm(t, η). The time delay is 
calculated by the distance the radar beam travels, twice the 
instantaneous slant range as shown in Equation (9), divided 
by the speed of the radar beam, approximately the speed of 
light. The attenuation factor, Fm, is a scalar value from 0 to 1 
representing the normalized reflectivity of each point target. 
Phase shift information, ψ, is not used in the simulation. The 
azimuth beam pattern amplitude modification, wa(η- ηc), is 
named due to the geometrical shape of the beam pattern in the 
azimuth plane as shown in Fig. 3. The center node of the 
beam pattern produces the largest reflection strength, but the 
smaller side nodes also produce reflections and the overall 
received signal strength from a point target over azimuth time, 
η, resembles a sinc squared function centered at the beam 
center crossing time ηc , which is the azimuth time at which 
the center of the beam pattern crosses the center target area. 
The azimuth beam width, βbw used in Equation (8) for 
calculation of the azimuth beam pattern, is calculated in 
Equation 10 and is inversely proportional to the actual 
antenna length, La. 

 
Fig. 3: SAR slant range and squint angle geometry 

 
 

                      η . η        (8) 
                  

η + η + η +   (9) 

                          0.866λ/          (10) 
 

Important in understanding the effectiveness of SAR 
processing is the azimuth resolution, ρa, as show in 
Equation(11) below. Simplifications and approximations due 
to the airplane platform as opposed to satellite in the 
simulation lead to the approximation of the azimuth 
resolution to be La/2. The antenna length parameter in the 
MATLAB simulation is set to 2 m, leading to an azimuth 
resolution of 1 m, which is superior to the range resolution of 
1.5 m. The azimuth resolution is first shown before 
simplification as a function of radar beam ground velocity, vg, 
squint angle, θsq, azimuth bandwidth, and Δfdop,. The Doppler 
bandwidth equation is shown in Equation (12) as a function 
of the orbital velocity, squint angle, wavelength, and 3 dB 
azimuth width of the main lobe of the azimuth radar beam 
shown in Fig. 6.  
 

                
First Object Template                        Second Object Template 

Fig. 6. The Two Objects Templates 
 

                         . ∆                  (11) 

                   ∆
λ

                          (12) 
 

Squint angle, θsq, used in Equations (11) and (12), is 
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labeled below in Fig. 3 as the angle between the slant range 
vector and the zero Doppler plane. Squint angle varies as a 
function of slow time, η, decreasing as the platform 
approaches the target and increasing as the platform moves 
away from the target as shown in Equation (13) below. The 
maximum squint angle, θsqmax, calculation is shown in 
Equation (14) below and for the MATLAB simulation is 
0.859°, which is low due to the simulation flight duration of 3 
seconds. 
 

                    
η

           (13) 

  
η η   (14) 

 

III. SIMULATION 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 target objects. 
These targets are shown in Fig. 4. The identification 
mechanism is tested at five altitudes, 8034, 7632, 7230, 7084, 
and 6888 feet respectively. The satellite images at different 
altitudes are shown in Fig. 5. Each altitude is tested at 
different approaching angles, 0, 90, 180, 270 degree 
respectively. The generated templates for the two object after 
the hit/miss transform is shown in Fig. 6. Fig. 7. to 9. 
demonstrate the object (1) and object (2) identification and 
detection at different altitudes and orientation angles. The 
algorithm is evaluated on twelve different altitudes for two 
Objects. Fig. 10. shows that the first object miss detection 
below 18% and false alarm detection below 6 %. The second 
object with relatively large area satisfies results better than 
the first object which satisfies miss detection below 12% and 
false alarm detection below 4% as shown in Fig. 11. 
 
 

 
Fig. 4. The satellite test image include the two targets 

 

8034 feet 
 

7632 feet 
 

7230 feet 
 

7084 feet 6888 feet 

Fig. 5. The satellite image at different altitudes 
 
 

 
0 Degree Orientation 

 
90 Degree Orientation 

 

 
180 Degree Orientation 

 
270 Degree Orientation 

 
Fig. 7. Object (1) detection at 8034 feet altitude 

 
 

0 Degree Orientation 
 

90 Degree Orientation 
 

Object Found at Location (213,358) Object Found at Location (358,403)

Object Found at Location (403,231)
Object Found at Location (231,213)

Object Found at Location (296,281) Object Found at Location (281,321)
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180 Degree Orientation 
 

270 Degree Orientation 
 

Fig. 8.  Object (2) detection at 8034 feet altitude 
 
 
 

0 Degree Orientation 90 Degree Orientation 

 
180 Degree Orientation 270 Degree Orientation 

Fig. 9. Object (2) detection at 7084 feet altitude 
 
 
 

The simulated SAR with PRF 300 Hz and the simulation 
duration is 3 seconds. This equates to 900 transmitted radar 
pulses over the duration of the simulation. The result of the 
plot of the magnitude of each range slice echo as a function of 
range and azimuth is the raw SAR signal space. The antenna 
length parameter in the MATLAB simulation is set to 2 m, 
leading to an azimuth resolution of 1 m, which is superior to 
the range resolution of 1.5 m.  The carrier frequency, fo, is 
4.5 GHz. The chirp pulse duration, Tr, is 2.5 μs and the range 
chirp or FM rate, Kr, is +40 MHz/μs, which is called an 
up-chirp because it is positive. The extracted features from 
5000 to 8034 feet SAR image is shown in Figs. 12 to 17. SAR 
extracts the ground target edges that will be required for 
recognizing it from SAR images during the bad weather 
conditions. Predefined SAR images of the ground target are 
stored in the recognizing library. The received SAR images 
are correlated with the predefined images, the recognized 
images maximizes the output of the recognition system. The 
simulation results show that SAR is able to detect and 

recognize the ground targets in bad weather conditions. 
 

 
Fig. 10. Object (1) detection at different altitudes 

 
 

 
Fig. 11. Object (2) detection at different altitudes compared with Object (1) 

 

IV. 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 processing 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 photos for the ground and recognize it. Automatic 
Target Recognition (ATR) using SAR images for inertial 
navigation systems (INS) is also proposed. This improves the 
precision of the INS for detecting and tracking the ground 
objects from flying vehicles. Synthetic Aperture Radar (SAR) 
is used as ground object detection with ATR technique.  The 
algorithm is simulated using Matlab program and the 
numerical simulation are shown which verify the object 
detection for a wide range altitude. The results show 
superiority of this method for identifying and recognizing the 
ground objects. 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. 

Object Found at Location (321,309) Object Found at Location (309,296)
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(a) (b) 
Fig. 12. Object (2) SAR detection at 5000 feet altitude, (a) The formed SAR image (b) The photographic Image 

 
 

 

(a) (b) 
Fig. 13. Object (2) SAR detection at 6888 feet altitude, (a) The formed SAR image (b) The photographic Image 

 
 
 

 

(a) (b) 
Fig. 14. Object (2) SAR detection at 7084feet altitude, (a) The formed SAR image (b) The photographic Image 
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(a) (b) 
Fig. 15. Object (2) SAR detection at 7230 feet altitude, (a) The formed SAR image (b) The photographic Image 

 
 

 

(a) (b) 
Fig.16. Object (2) SAR detection at 7632 feet altitude, (a) The formed SAR image (b) The photographic Image 

 
 

 

(a) (b) 
Fig. 17. Object (2) SAR detection at 8034 feet altitude, (a) The formed SAR image (b) The photographic Image 
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