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Abstract – To reduce the risk of crime and terrorist attacks we require a priority task Baggage inspection using X-ray 
screening. Identification of threat is very difficult in manual procedure because you require high concentration and very few 
bags contain threat. If we have automated solution for this query then it would be a great for this field. By using single X-ray 
images we found method for automatic detection of threat objects. Our approach is an adaptation of SURF detector and 
descriptor methodology which when applied to an image detects the threat substance with different sections, primarily scale 
and rotation. This detection method is near about similar or even base on previously proposed schemes regarding with 
distinctiveness, repeatability, and robustness, compared much faster and yet can be computed. Single views of grayscale X-
ray images obtained using a single energy acquisition system is also done by this procedure. Three different detection of 
threat carried in this project: 1) razor blades; 2) shuriken (ninja stars) 3) handguns. 
 
 
I. INTRODUCTION 
 
Few year ago, to conduct X-ray inspections 
effectively automated inspection systems have been 
developed efficiently and to perform dangerous, 
difficult, and sometimes tedious tasks. It shows that 
in X-ray testing there are numerous areas can be 
applied. Casting and inspection are most important 
applications where automated systems are very 
effective food quality evaluation, to describe certain 
products X-ray imaging is used cargo and welding, 
where inspections and procedures are not fully 
automated and human inspection is still required  
during baggage screening, where. In few case, 
automated X-ray testing still have open question 
because of A) loss of generality, which states that 
approaches developed for task may not proceed in 
well manner to other or next task B) deficient 
accuracy of detection, which states that there are 
basics trade-off between missed detections  and  false 
alarms C) very few options are provided that required 
for the use of a method for simple structures only D) 
little acceptance  in that it can be very difficult to 
establish system to design change or modifications. In 
this paper we are going to develop a system that 
recognizes objects in X-ray images automatically. In 
baggage screening, where recognition of threat 
objects is a matter of utmost importance. We believe 
that our method can be a helpful tool in applications.  
To reduce the risk of crime and terrorist attacks we 
require excellent baggage inspection using X-ray 
screening and it is a priority task. Since the terrorist 
attack in the U.S. on September 11, 2001, they are 
doing X-ray screening on their airports and other 
travelling spots which is crowded. However, it is very 
difficult to inspect suspected object when it placed in 
packed bags or strongly covered by other object, or 
rotated, thus show an unpredictable view[2]-[5]. 
Detection of threat item manually by human 
inspectors is highly demanding. But, this process is 

very irksome because very few bags actually carries 
threat item inside it and it is also stressful for a 
human being because identifying different types of 
objects, shapes and substances (metals, organic and 
inorganic substances) in wide range of bags requires 
high amount of concentration. In addition, minimal 
technological support is received by human 
inspectors. Again one more thing is that, at airports 
during rush hours, human inspectors has to decide 
whether a bag contains a threat items or not within a 
very few seconds. Since each human operator must 
test many bags, the probability of human errors 
becomes significant after a long period of time even 
with fierce training. 
The images of threat objects and x-ray images of 
baggage is taken from author’s site named as D. 
Mery[10]. 
 
II. METHODOLOGY 
 
The matching between two images of scenes or 
detection of any object among different objects is part 
of computer vision. To perform matching between 
two images the point correspondences is needed. This 
task of matching is divided into three parts, firstly 
detection or identification of interest points, secondly 
description of that interest point and third is to find 
correspondences between two images.  
Detector performs the task of identification of interest 
point. Interest point are some points which is 
expressive in texture which helps to differ any desired 
object or scene among different undesired objects or 
scenes. Interest point could be the point at which the 
direction of the boundary of object changes abruptly 
or it can be the intersection point between two or 
more edge segments. These are different from edges 
as edge is in particular a line segment on the 
boundary where two faces meet or it is often called as 
side. Therefore, interest points are selected at 
distinctive locations such as corners where two or 
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more straight lines meet, blobs and T-junctions. The 
most important property of an interest point detector 
is its repeatability. Repeatability helps us to match 
images under different deformations. Also, detector 
should detect all (or most) true interest points, it 
should not detect false interest points. These interest 
points should be well localized. Also it should be 
robust to noise and should provide efficient detection. 
These were some notions that detector should 
possess. 
After the detection of interest points, to avoid the 
detection of wrong interest points, a small 
neighbourhood is consider around each interest point. 
Then this small region is then extracted and 
normalize the content in that region. These regions 
also called as patches. In this way every interest point 
is represented by a feature vector i.e., descriptor. This 
descriptor should be on the one hand more distinctive 
and should minimize wrong matches and on the other 
hand it should be more flexible, it should be robust to 
expected deformation and maximize correct matches. 
These are the trade-offs of descriptors.  
Finally, descriptor vectors (feature vectors) are then 
matched between two images. The distance between 
these two vectors is calculated first for ex. Euclidean 
distance and based on this distance matching is 
carried out. To increase the speed of interest point 
matching the dimension of feature descriptor should 
be low. However, feature descriptor with low 
dimension are less distinctive than high dimensional 
descriptors. 
This leads us to the use of SURF algorithm. It 
provides fast computational speed without sacrificing 
the performance. It overcomes all the above notions 
and trade-offs and provide balance in performance 
like simplifying the detection scheme while making it 
accurate and making the descriptor sufficiently 
distinctive by reducing the descriptor’s size. Also, 
speeded up robust feature (SURF) algorithm is used 
here because of its effective property, which includes 
that under any geometrical deformation such as scale 
invariance, translation invariance, contrast invariance 
and rotation invariance and this algorithm can detect 
objects in query images. This SURF algorithm is 
divided in following four parts as shown in fig (a) 
which shows the steps followed by SURF algorithm: 

 
Fig. (a) Steps of SURF algorithm 

 
1. Integral Image Formation 
Integral image is used by all succeeding parts of 
SURF algorithm to significantly increase the speed of 
calculation. Eq. (1) shows the equation to generate an 
integral image. Each pixel in an integral image is the 
summation of the pixels available above and left of 
that pixel. Thus, summation of the sub-region of an 

image can be calculated by simply using the 
corresponding sub-region of its integral image. Only 
the calculation of four reference values of 
corresponding sub-region of integral image is 
required. As shown in Fig. (b). Thus summation of 
any size of sub-region can be perform using only 
three additions i.e., calculation time becomes 
independent of size.  
 

퐼 ∑(푥, 푦) =  ∑ ∑ 퐼(푖, 푗)                         
….Eq. 1 

 
Fig (b). An Integral Image. 

 
2. Interest Point Detection using Fast-Hessian 
Detector 
SURF algorithm uses a hessian blob detector to detect 
interest point. Hessian matrix is used because of its 
good performance in accuracy. Hessian matrix 
detects the blob-like structures at location where the 
determinant is maximum and it is also an expression 
of the local change around the area of detected 
blob[8]. 

ℋ( , ) = 푑푒푡
퐿 (푋,휎) 퐿 (푋, 휎)
퐿 (푋, 휎) 퐿 (푋,휎)         …Eq. 

2 

퐿 (푋, 휎) = 퐼(푋) ∗
휕
휕푥 푔(휎) 

퐿 (푋,휎) = 퐼(푋) ∗
휕
휕푥푦 푔(휎) 

 
퐿 (푋, 휎)In eq. 2 represents convolution of an 

input image with second order derivative of Gaussian 
at point X. The SURF detection basically work on the 
principle of non-maximal-suppression. The 
convolution with Gaussian is very costly as they have 
to be discretised and cropped. Therefore, in SURF 
detector Hessian matrix uses approximated second 
order Gaussian derivatives i.e., box filters. Thus 
computational cost is reduced significantly with the 
use of box filters with integral image. Integral images 
can only be used with box filters, this helps in 
achieving better quantization result.  

 

 

A B 

C D 

 

푆 = 퐴 − 퐵 − 퐶 + 퐷 
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Fig. (c). 푳풚풚(푿,흈)And푳풙풚(푿,흈)(Discretised and cropped) 

Gaussian kernelsand the approximated box filter kernels푫풚풚 
and 푫풙풚 

 
The 9 × 9  second order Gaussian kernel is illustrated 
in fig (c). These kernels are approximated with box 
filters, rectangular boxes. In the illustration grey level 
corresponds to zero value whereas white portion to 
positive and black portion to negative values.In this 
way it becomes possible to calculate approximated 
convolutions effectively for any size of kernels with 
the use of integral image as it takes only three 
calculations.  

 
det ℋ =  퐷 퐷 − 휔퐷  

 
The approximated and discrete kernels are referred as 
퐷  and 퐷  for L (X, σ) and L (X, σ) respectively. 
The illustrated box filters in fig (c) are approximated 
from Gaussian with 휎 = 1.2. When approximated the 
Gaussian kernels to calculate the hessian determinant, 
the equation is balanced by providing a weight 
휔.The휔 term is sensitive to scale theoreticallybut it is 
kept at 0.9[6]. 
 

 
Figure (d)SIFT (left) iteratively reduces the filter size while 

SURF (right) allows up-scaling of the filter. 
 
We have to examine several octaves and levels to 
detect features across scale,where SIFT scales the 
image down for each octave, opposite to this SURF 
performs upscaling of the filter sizes as shown in Fig. 
(d). This is possible because of the use of integral 
images one can perform convolution independent of 
kernel sizes using only three additions. 
 
Here we have two challenges, how to measure, judge, 
scale the appropriate kernels and how this influences 
the approximate values for σ. To have a central pixel 
and the rectangular areas, the lobes, has to have the 
same size the kernels have to have an uneven size. 
With these considerations thesurf paper[6] goes into 
detail. Fig. (e) shows the result is that division of 
scale space into levels and octaves becomes fixed. If 
the convolution were to be done with a regular 
Gaussian kernel then filter size will be large and this 

would be expensive. Main use of integral images not 
only to makes this feasible it also does it fast, and 
without any need to downscale the image. For high 
frequency noise the large box filters can preserve and 
be sensitive and it should be noted. 
 

 
Fig. (e). Increasing the size of kernels and scaling of the 

respective lobes. 
 
While finding an extrema at higher octaves the filter 
used is also large and this creates an error for 
positioning an interest point. The exactareas or 
locations of the interest points are interpolated by 
fitting a 3D quadratic in scale space[9]. An interest 
point in scale space is located by (푥, 푦, 푠) where x, y 
are relative coordinates (푥,푦 ∈  [0; 1]) and s 
represents the scale parameter.  

 

 
Fig. (f). The scale (σ) and octaves on a logarithmic scale. 

 
3. Generation of descriptor: 
With size 20s the SURF descriptor describes an 
interest area[6]. The values of a wavelet response in 
the x and y directions is described by theinterest area 
is divided into 4 × 4 subareas. The wavelets used to 
calculate the response is illustrated in Figure and 
wavelet response in the x and y direction is referred 
to as 푑푥 and 푑푦 respectively. To give some 
robustness for deformations and translations the 
interest area is weighted with a Gaussian centred at 
the interest point. Fig. (g) illustrates the components 
involved in the calculations. 
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Fig.(g). A 20s areas is divided into ퟒ × ퟒ subareas that are 
sampled ퟓ × ퟓ times to get the wavelet response. (Fig. (h)) 

 

 
Fig.(h). The haar wavelet response. Black areas corresponds to 
-1 and white areas corresponds to 1 for haar kernels. They are 

used with a filter size of 2s. 
 
휐 =  {∑푑푥 ,∑|푑푥| ,∑푑푦 ,∑|푑푦|}…Eq. 6 
A vector v (Equation 6) is calculated for each 
subarea, based on 5×5 samples. The subareas 
concatenated for the descriptor for interest point is 16 
vectors. To achieve invariance to contrast variations 
that will represent themselves as a linear scaling of 
the descriptor, finally the descriptor is normalized. 

Varying the size, number of samples and wavelet 
function has been tested in several schemes. The 
setup has already been found as optimal, taking 
performance and exact precision into account.  

 
4. Matching: 
After the calculation of descriptors the matching is 
done. Matching between two descriptors is done on 
the basis of the distance between the two vectors is 
sufficiently small. For this purpose the SURF 
algorithm uses sign of laplacian in order to speed up 
the process. 
 
훻 퐿 =  푡푟(퐻)  =  퐿푥푥(푥, 휎)  +  퐿푦푦(푥,휎)       …Eq. 
7 
 
The sign of laplacian is the trace of the hessian matrix 
(Eq. 7) and these values are available while 
calculating the determinant of hessian matrix. The 
main reason behind storing of sign of laplacian is that 
it helps in distinguishing the dark blobs on bright 
background and vice versa. Only if they have the 
same sign (i.e., same type of contrast) it is necessary 
to compare the full descriptor, which can reduce the 
computational cost of matching as shown in Fig. (i).  

 
Fig. (i). If the contrast between two interest points is different 

then there is no valuable match. 
 
III. EXPERIMENTATION 
 
This simulation is performed in MATLAB R2013a. 
As shown in fig 1, the X-ray image of baggage 
containing multiple items including threat objects is 
given as input. Before taking input image (x-ray 
image of baggage), the images of threat objects such 
as images of blade, gun, and shuriken are trained first, 
then their feature points are extracted and saved.  
 

 
Fig.1. Training object (Blade) and query image (X-ray image of 

baggage). 
 

Fig. 2. Shows the extracted features of that training 
object (Blade) & query image (X-ray image of 
baggage). Then interest point description is done of 
both the images and on that basis matching is 
performed 

 

 
Fig. 2. Strongest Feature Points of training object (Blade) & 

Strongest Feature Points of query image (X-ray Image). 
 
Now features of complete X-ray image are being 
extracted therefore there are the matched points 
which doesn’t belong to the desired object, these 
points are called as outlier points are shown in Fig. 3. 
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Fig.3 Representation of matched points (including outliers) 

 
Thus these outliers should be excluded and only inlier 
points must be taken into account as shown in Fig. 4.  
  

 
Fig.4. Representation of matched points (inliers only) 

 
After all these processes next process is to compare 
all the extracted features of training object with the 
extracted features of input image (X-ray image). On 
the basis of matched points the threat object is 
detected. This process will be continued iteratively 
till the desired object identified.   
 

 
Fig.5.The detected threat object in query image. 

 

 
Fig.6.The detected threat objects (Blade and Shuriken) in 

query image 

As shown in Fig.5.the threat object (Blade) is 
detected in query image (X-ray image). There is other 
threat object present in query image i.e., Shuriken. 
Both Object can be detected in a single query image 
by extracting the features of both the threat object and 
query image and then perform matching between 
threat object and query image in respective manner. 
 
The Fig. 6.shows both detected threat objects in 
single query image. 
 
CONCLUSION 
 
A proposed object recognition scheme is 
implemented to analyse the performance of the 
scheme. To detect threat objects in X-ray images we 
use SURF algorithm.The main advantage of SURF 
descriptor is its increased computational speed as it 
uses feature vector of length 64 to describe the local 
features, use of integral image and box filters makes 
SURF algorithm 5 times faster than Hessian-Laplace 
detector known as Fast-Hessian Detector. But in case 
of rotation and illumination changes SURF response 
is poor.  
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