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Abstract: The photographic images taken from different 

sources are integrated into one to form a new panoramic image 
which has high resolution when compared to the original image. 
Usually, image stitching can be done using any computer 
software. Image stitching helps us in extracting the actual 
information from shredded data. The torned paper can be 
reconstructed by means of image stitching process which is 
applied in forensic department. Digital maps and satellite photos 
can be reconstructed through image stitching algorithms which is 
also known as Image mosics. In recent days, many researchers 
introduced various algorithms to address the issues in Image 
stitching technique. Feature based Image stitching technique 
plays a vital role in most of these algorithms. In feature-based 
technique, local descriptor is used to compare an image’s feature 

points with another image’s feature points to predict the feature 
points for the given pair of image. In this paper different image 
stitching techniques, comparisons between various features 
descriptor and the steps involved in Feature extraction in Image 
stitching method are discussed. 

Index Terms: Blending, Panorama, Image Calibration, Image 
registration, Image stitching. 

I. INTRODUCTION 

Panoramic imaging is the process of merging two or more 
images with coinciding fields of view is merged together to 
form a new  panoramic image. The other name for this process 
is image mosaicing. The word panorama is the Greek word in 
which the word “pan” refers “everything” and “horama” 

refers “to view”. The image stitching [11] process comprises 

the exact overlap between sequence of images and identical 
coverages to produce smooth image.  

Usually camera is used to take pictures which covers 
within its scope of view, it fails to cover a larger area within a 
single frame. This problem can be resolved by using 
Panoramic imaging [16] concept which merges the images 
taken from various perspective views into a single image – 
covers larger area. The entire process starts by taking lot of 
pictures by different cameras, at different means of time or 
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from different perspective viewpoints. The major applications 
of Image Stitching are in the field of 3D image reconstruction, 
video compression, video conferencing, satellite imaging, 
video stabilization and also in several other medical 
applications it exists. In today’s digital world, a high 

resolution digital maps and satellite images are created with 
the help of this Image stitching technique. It can also be 
employed to create a panoramic scene with different portion 
of perspective view are animated individually. 

The similar parts of the overlapping portion of adjacent 
images are calculated first to stitch images and form a 
panoramic image. For this purpose, large amount of 
computation need to be calculate in case of Intensity-based 
algorithms and this scheme will not be an appropriate one for 
the image if it is rotated and scaled to perform image 
alignment. This problem can be rectified by the 
frequency-domain based algorithm which provides faster 
result and could be able to handle all transformations in a well 
manner. Inspite of its advantage, it has its own flaw when the 
image has very smaller overlapping regions. Feature based 
algorithms [17] overcome the above mentioned limitations 
and reduces the computational complexity since it requires 
less information for its process. . 

The reminder of this paper is organized as follows: 
Section 2 describes major components of Image stitching, 
Section 3 highlights the Image stitching technique 
classification, Section 4 compares the various feature 
descriptors in terms of its quantitative measure, Section 5 
describes various stages involved in Image stitching 
technique and finally concluded the paper in Section 6. 

II. MAIN COMPONENTS OF IMAGE STITCHING 

There are three main components of Image Stitching: 
Calibration, Registering the image and Blending as shown in 
the below Fig.1.  
 
 
 
 
 
 
 
 
 

Fig .1. Image Stitching Components 

1. Calibration 

Optical shortcomings such as exposure deviations exhibit 
between images and distortions [13] leads to deviations in 
between the original lens and 
model lens. 
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 This shortcoming can be resolved by means of Image 
calibration. In order to define the location and orientation of 
the camera  
reference frame with respect to a known world reference 
frame and to associate the image’s pixel values along with the 
corresponding coordinate values in the camera reference 
frame, camera parameters like extrinsic and intrinsic are 
reconstructed [14]. 

2. Registration 

The process of merging two or more images which are 
captured from different point of perspectives is known as 
registration. After this smooth transition from one image to 
another can be achieved using Image blending. 

3. Blending  

It is the process of making the stitching to be seamless so 
that there will be smooth transition between the images 
occurs. 

III. IMAGE STITCHING TECHNIQUES 

Image stitching techniques can be broadly classified into 
two different techniques: 

1. Direct Technique  
2. Feature based Technique 

1. Direct Technique: 

The Direct Technique compares intensities of each and 
every pixel with one another. The overlapping pixels may 
have deviations in its sum of absolute differences between 
them and it can be minimized by means of this direct 
technique. It can also be achieved by means of any other cost 
operative technique. These methods compare each and every 
pixel window to others, and due to this it is computationally 
complex. It iteratively updates the homographs and uses 
information from all pixels. Phase – correlation can also be 
used in determining the homographic parameters. 

The primary gain of this scheme is that it optimally uses 
all the information present in the image. Each and every pixel 
in the image plays a vital role while measuring the parameters. 
The major drawback of this scheme is that its convergence 
range have a very limited value [12]. 

2. Feature-based technique 

In feature-based technique, the primary step is comparing 
all the feature points in one image against another image to 
predict associated feature points for the given image pair. 
This process can be achieved by using local descriptors [12]. 
The major steps involved in feature based image stitching are 
(1) Extracting the feature points, (2) Registering the image 
and (3) Blending process.  Initially it starts establishing 
relationships between points, lines, edges, corners or other 
parameters. A robust detector must include the main features 
such as scale invariance, rotation transformations, translation 
invariance and invariance to image noise. Some of the famous 
feature detector techniques are SIFT [5], SURF [6], KAZE 
[7], AKAZE [8], ORB and Rotated BRIEF [9], and BRISK 
[10] can be used for feature extraction. 

The most commonly used Canny Edge detection 
algorithm [2] was used in object detection, image 

segmentation, image mining and face recognition. In face 
recognition applications, Canny Edge and Sobel edge 
detection algorithms were also applied [3] to extract edges of 
face in face images.  

SIFT algorithm use the Gaussian filter to extract the 
features by building the image pyramid. Even though SIFT 
has good robustness it has some flaws such as it does not 
neither preserve object boundaries nor smooth the same level 
and noise at all scales. An alternative approach namely 
A-KAZE algorithm [1] overcomes this problem where the 
multi-resolution fusion algorithm is used to fuse the image in 
order to achieve a satisfactory seamless image of high 
resolution. 

The main advantages of the Feature-based methods are 
its robustness and its faster process even though there is scene 
movement. It detects the panoramas automatically by means 
of predicting the adjacency relationships between set of 
unordered images. This peculiar feature makes the 
Feature-based method, a best fitted scheme for fully 
automated panorama stitching  [15]. Due to advantages in 
Feature-based methods and limitations in Direct Technique, 
the Feature-based methods are widely adopted by scientific 
communities for image stitching process.   

IV. COMPARISON OF VARIOUS FEATURE 

DECRIPTORS 

The following table shows the comparison [4] between 
various feature descriptors such as SIFT (blobs), KAZE 
(blobs), SURF (blobs), ORB (corners), AKAZE(blobs), and 
BRISK (corners). These techniques are compared with 
respect to image matching and registration 

Table - I: Comparison of various feature descriptor (SIFT, 
KAZE , SURF, ORB, AKAZE, and BRISK) 

 

V. IMAGE STITCHING MODEL 

The various stages of Image stitching model are 
described in the below flow 
diagram which involves Input 
image,  

S 
No. 

Quantitative 
Comparison 

Hierarchy Order 

1 
Ability of 
predicting  
features 

ORB>BRISK>SURF>SIFT
> AKAZE>KAZE 

2 

Computational 
efficiency with 
respect to  
feature-detectio
n-description 

ORB>ORB(1000)>BRISK> 
BRISK(1000)>SURF(64D)> 
SURF(128D)>AKAZE>SIF
T>KAZE 

3 

Efficient 
feature-matchin
g 

ORB(1000)>BRISK(1000)> 
AKAZE>KAZE>SURF(64D
)> ORB>BRISK>SIFT> 
SURF(128D) 

4 

Total image 
matching Speed 

ORB(1000)>BRISK(1000)>
AKAZE>KAZE>SURF(64D
)> SIFT>ORB>BRISK> 
SURF(128D) 
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Feature detection, Matching the Image using RANSAC 
Translation Estimation, Global Alignment, Blending and 
Composition and finally Panoramic Image (output). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig .2. Various stages in Image Stitching Technique 

1. Image Acquisition 

The foremost step in Image Stitching is Image 
Acquisition [15] where we extract images from different 
sources. In General images required from image stitching is 
attained by performing the following preliminary steps like 
sequence of translation and rotation. It composed of translate 
camera parallel to the sight and followed by the camera is 
rotated about its vertical axis. Additionally image 
enhancement techniques can be applied if the image is not 
retrieved properly. The acquired images should have enough 
overlapping so that stitching can occurs without any 
distortion. 

 
Fig. 3. Input Image 

2. Feature Detection and Matching 

It is the second step where the elements of a particular 
image composite the features of the image. To detect the 
image features, the basic idea is that, the superior points are 
taken individually and then it is processed by means of 

applying  any one of the feature detection methods [15].  The 
most crucial thing in Feature detection is that how faster we 
extract the feature from an image. This plays a major role 
many applications like video stabilization, image registration, 
simultaneous localization and mapping (SLAM) visually and  
reconstruction of 3D image. 

The feature points need to be detected and defined 
individually in order to compute the association between 
different perspective views consistently and efficiently. This 
overall process need to be faster as possible in case of 
Real-time applications. To attain the better matching of image 
features between pair, it is best to consider the corner feature. 
A corner feature will show sudden intensity change in case of 
neighborhood image.  In order to match the best image pairs, 
corners are need to be matched sufficiently.  

Local feature detectors are used to represent a pixel of an 
image with respect to its local content. The major requirement 
for these detectors are it is mandatory to maintain consistency 
even though there is any transformation and noise. SURF, 
SIFT, PCA-SIFT,HOG are the good examples for local 
feature descriptors. 

3. Image Matching RANSAC Translation Estimation 

The detected features in the previous step is used in 
matching  images of all pictures. Next step of the Image 
stitching process is to obtain the neighboring pixels so that its 
features are extracted. RANSAC algorithm is used for this 
purpose. Since it doesn’t ensure that we will get the 

acceptable result it may also be known as non-deterministic 
algorithm.  It is mainly applied to predict the outliers 
iteratively which estimates the homographic model 
parameters from the set of perceived values. RANSAC 
employs the following four value pairs: homography H, 
inliers, set of largest inliers, and finally least-squares H 
estimate among all the inliers. The main advantage of 
RANSAC algorithm is that it provides high degree of 
accuracy even there is a significant number of outliers are 
available. The downside of this algorithm is its larger 
computational time and there is no limit on its upper bound 
for its computation.  

4. Global Alignment: 

Bundle adjustment is the process of combining two or 
more images which belongs to the same scene and converted 
them into a new 3D image. It is the commonly used technique 
for global alignment. The primary objective of this alignment 
is in reducing the miss - registration among the set of images 
and it can be performed by predicting the consistent set of 
alignment parameters globally. Initially features of 3D 
location and camera location estimates need to be computed. 
Then by using a bundle adjustment scheme least - squares 
algorithm, we could minimize the log-likelihood of the 
overall errors in feature projection. 

5. Blending and Composition  

It is the process which involves choosing final 
compositing surface either flat or cylindrical.  

 
 
 

Input Image 

Feature detection 

Matching the image using 
RANSAC translation estimation 

Global Alignment 

Blending and Composition 

Panoramic Image 
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Initially it selects any one of the image from the various 
set of reference images and then bind all other remaining 
images into the reference coordinate system. This final 
binding is also known as flat panorama. Since the resultant 
surface still remains a perspective projection, the straight 
lines remain straight in the final image. Different projective 
layouts are available for the process of image stitching. It uses 
rectilinear projection where the stitched image is projected on 
a 2D plane and this plane intersects the panosphere in a 
particular single point.  

Sequences of two or more images are taken by means of 
camera and warpped to construct a cylindrical panorama. 
Forward warping and inverse warping are two types of 
cylindrical warping employed here. In case of forward 
warping, the cylindrical surface is used to plot the given input 
image, but there may be chance to have holes in the 
destination image. Each destination image’s pixel value is 

mapped to the source image in case of inverse mapping. 
Featuring image blending, Image Pyramid blending and 

gradient domains are the different pixel blending techniques 
employed in image stitching. The process of computing the 
weighted average of all pixel values present in the blended 
regions between two overlapping images is known as 
featuring image blending. It is mainly used to smooth and blur 
the edges of the images. This algorithm works better if all the 
images are caught by using high quality camera and taken at 
the same time.  

 

 
Fig. 4: Final Image after the completion of Image 

stitching process 
An important scheme of image blending is Image 

Pyramid blending where we use to represent the image with 
respect to the set of different frequency-band images. Some of 
the major applications of image pyramid blending are image 
analysis, noise reduction image enhancement, etc. 

VI. CONCLUSION 

In this review paper, major techniques of Image stitching: 
Direct technique and Feature based technique are discussed 
here. The various Feature descriptors like SIFT, KAZE, 
SURF, ORB, AKAZE, and BRISK were compared. Finally it 
can be concluded that the overall work quality of SIFT and 
BRISK is found to be better among all other types of 
geometric transformations and SIFT may be referred as the 
most accurate algorithm among the discussed feature 
descriptor. Feature based Image stitching model involves the 
following stages : Image acquisition/Input image, Feature 
detection, Matching the Image using RANSAC Translation 

Estimation, Global Alignment, Blending and Composition 
also described here briefly. This paper briefly outline the 
overall process of the Feature based Image stitching 
technique. 
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