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1. Introduction
The goal of this project was to implement an Image registration system that would
be capable of registering an input image on to a reference image and putting them
together into a seamless mosaic. It was a very good learning experience for me and
I thank Prof. Manjunath for giving us this project. I would also want to thank Marco
Zuliani and Luca Bertelli for their valuable inputs that helped me complete this
project.
The Image registration system that I have implemented comprises of the following
parts:
1. Point feature detection
2. Establishing correspondences
3. Estimating the homography
4. Image warping
Except for establishing correspondences which needs to be done manually, I have
been able to successfully complete all the parts of the project (optional parts
included).
Throughout this report I have used the results that I got from the Graffiti_1.png
and Graffiti_2.png images to explain various stages of my implementation.
However the final results are shown for all the test images provided.

2. Point Feature Detection
Corners of objects in the image can act as good features using which
correspondences can be established. The corner detector that was implemented in
HW6 was modified to return only N significant corners. This is done using the
function compute_corners in the file choose_matching_pts.m. The N significant
corners are then used to establish correspondences. The following figure shows the
200 most significant corners that were detected for the Graffiti_1.png and
Graffiti_2.png images.

3. Establishing Correspondences
This was done manually using the function ginput2D in the file
choose_matching_pts.m. The two images with their corners marked are presented
to the user and the user is prompted to select N points in the first image using the
marked corners as basis. Then the user selects the N corresponding points in the
second image. The figure below illustrates the process. Here the user has selected
10 points in the first image and is now selecting the corresponding points in the
second image using the cross hair provided by the ginput function. The two images
at the top serve as references to assist the user in selection of points.

4. Estimating the homography
The homography was estimated using the normalized DLT method suggested in the
class notes [IRZuBeMa07]. This is done by the function homography_norm_dlt. It
computes the homography matrix by minimizing the least square error and is
therefore sensitive to the presence of outliers.
This problem is taken care of by the RANSAC algorithm implemented in the function
homography_ransac. It takes the set of point correspondences found in the
previous step and finds the inliers in that set. This inlier set is then used to compute
the homography.
The threshold for selection of inliers in RANSAC has been chosen so as to
compensate for errors that might have occurred in the corner detection step of the
feature detector i.e. it compensates for the fact that the corner detected may be off
by some pixel values. (Thanks to Marco Zuliani for his comments on how to select
threshold). This is called pixel error. A pixel error of around 4-6 pixels gave good
results for most of the images in the image set provided.
The function ransac implements the RANSAC loop. The number of iterations taken
to find the inliers is found exactly as suggested in the class notes [IRZuBeMa07].

For the 10 pair of points chosen from the above picture, 7 pairs were returned as
inliers by the RANSAC algorithm. The homography matrix got was (with H(3,3) = 1).
H=
0.9061 0.3589 -112.8004
-0.9358 1.2596 154.2069
0.0005 -0.0007 1.0000

5. Image warping
The function mosaic_images takes the two images and their corresponding
homography matrices and then puts them together into a seamless mosaic. The
corners of the two images are first warped to find the dimensions of the final mosaic.
The first image is then placed in the proper location (using 3x3 identity matrix as the
homography). The second image is then warped into the mosaic according to its
homography using the warp_image function.
If the parameter blend is set to 0 then the pixels of the second image would get
overwritten by the pixels from the reference image. This can result in some artifacts
and the mosaic won’t look ‘smooth’ or seamless.
If the parameter blend is set to 1 then the pixels of the second image would be
blended with the pixels from the reference image to form a seamless mosaic. For
blending I have used the alpha blending technique where the pixel value in the
mosaic for the overlapping region is got as follows:

(Pixel value of mosaic =
in overlapping region)

α * (Pixel value of

+ (1 - α) *(Pixel value of

reference image)
input image)
The α value is decided based on the distance of the pixel from the edge of the
image. This gives seamless mosaic. The improvement in the results can be
appreciated from the images below:

6. Final Results
The test_registration.m file contains the sequence of function calls that were used
to test the image registration system. To save on debugging time, instead of using
ginput every time to select the correspondences, the correspondences for each of
these images were chosen once using ginput, stored in an array and then fed to the
program (DIRECT_INPUT mode in test_registration.m). The outliers were also
chosen in same manner and were used to test the RANSAC mode of working of the
program.
The results shown below contain the homography matrix H got with NDLT (in
absence of outliers) and with RANSAC (in presence of outliers) and the image
mosaics that were obtained with these homographies. The H matrix is presented
here so that H(3,3) = 1. The mosaic images are also present in the results folder.

6.1

Graffiti : NDLT with inliers only

H=
0.9151 0.2688 -94.4946
-0.9077 1.2802 137.5641
0.0006 -0.0008 1.0000

6.2

Graffiti : RANSAC with outliers

H=
0.9064 0.2655 -92.8031
-0.9016 1.2802 135.0060
0.0005 -0.0008 1.0000

6.3

GraffitiLausanne: NDLT with inliers only

H=
2.6052
0.0772
0.0000

1.0361 -528.1374
4.2830 -650.0091
0.0037 1.0000

6.4

GraffitiLausanne: RANSAC with outliers

H=
2.6245
0.0824
0.0000

1.0459 -532.5958
4.3244 -658.6356
0.0038 1.0000

6.5

Longbeach: NDLT with inliers only

H=
0.9737
0.0222
0.0000

-0.0225 -131.1392
0.9804 4.7434
-0.0000 1.0000

6.6

Longbeach: RANSAC with outliers

H=
1.0035
0.0373
0.0000

-0.0193 -139.9351
1.0014 -2.2253
-0.0000 1.0000

6.7

SBAirport: NDLT with inliers only

H=
0.9759
-0.0751
-0.0000

0.0437 -174.0677
1.0170 -13.3048
0.0001 1.0000

6.8

SBAirport: RANSAC with outliers

H=
0.9637
-0.0832
-0.0001

0.0441 -171.2571
1.0108 -10.4186
0.0001 1.0000

6.9

BruggeSquare: NDLT with inliers only

H=
0.8290
-0.1101
-0.0001

0.0046 812.2851
0.9576 38.5857
-0.0000 1.0000

6.10 BruggeSquare: RANSAC with outliers
H=
0.9218 -0.0106 817.4621
-0.0554 0.9552 32.8299
-0.0000 -0.0000 1.0000
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