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Registration algorithm of aerial remote sensing images based

on lateral inhibition competition

Wang Zhigiang, Cheng Hong, Tan Haifeng, Yang Mingquan, Teng Fei
(Aeronautical Operations and Services Institute, The Aviation University of Air Force, Changchun 130022, China)

Abstract: Image registration is a key step in image mosaic, image fusion and object localization. Given
the problem that the aerial remote sensing images may have the uncertainty in image gray level and may
be lack of feature information, a registration algorithm of aerial remote sensing images based on lateral
inhibition competition was proposed, Firstly, the bright feature points and dark feature points of the
reference image and the under registration image were detected with the basic idea of lateral inhibition
competition. Then, the similar nature feature points of two images were combined with feature matching
strategy and the matching-points sets was shaped. At last, the image transform model was calculated and
the images were registered. A new thinking was provided for image registration. Comparing with the
traditional feature registration algorithm, the experimental results show that the proposed algorithm has
better registration, the aerial remote sensing images can be registered effective. Some conclusions are
obtained through the analysis and explanation of the experimental data, which lay a solid foundation for
further research.
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0 Introduction

In process of aerial remote sensing camera
image, due to different imaging conditions, there are
great differences in visual angle, position, resolving
power and gray between two or more images in the
same scene. An optimal geometric transformation can
be found in image registration, two or more images in
the same scene can be aligned in space geometry,
eliminate or reduce the differences between two or
more images, and then the image with geometric
consistency is obtained.

There are two main methods of image
registration based on gray and feature. The method
based on gray mainly includes the cross-correlation
method"!, the maximum cross correlation method™ and
the mutual information method''. The method based
on feature is mainly to extract and match the feature
elements between two images, feature elements are
mainly point features, line features and surface features™.
The point features are mainly Moravec operator ),
Harris operator®™, SUSAN operator™ and SIFT feature'.
The line features are Edison feature” and LSD feature™”,
etc. At present, the point feature is one of the most
common and efficient methods.

The method of image registration based on
feature rely on feature extraction precision, using
features to build a whole transformation model, it
often causes local deformation to be taken into
consideration, especially the lack of feature information
and uncertainty gray change in aerial remote sensing
images, which bring some difficulties to feature
detection. In this paper, a registration algorithm of
aerial remote sensing images based on lateral
inhibition competition is proposed. The method uses
the basic idea of lateral inhibition competition, and
detects the dark feature points and the bright feature
points of the reference image and the registration
image, and then uses the feature matching strategy to

register, ensuring the accuracy of registration.

1 Algorithm overview

The registration algorithm of aerial remote
sensing images based on lateral inhibition competition
mainly includes four parts: feature points detection,
feature description, feature matching, and calculating
image transformation model. The realization process is
illustrated in Fig.1. The bright feature points and dark
feature points can be detected with the feature point
detection algorithm based on lateral inhibition
competition, and the unity of the feature points to
describe the SIFT descriptor, and then use the feature
matching strategy, two pieces of similar nature in the
image feature points, with matching points set, and
transform model the

finally calculate the image

complete image registration.

I Reference image I | Input image |

1 1

| Feature points detector | | Feature points detector |

I

| SIFT feature decription | | SIFT feature decription |

L—‘ Feature matching }‘J
]

| Calculate image transform model |

i
| Image registration |

Fig.1 Flow of automatic registration algorithm of images based on

maximum gradient phase correlation

2 Algorithm implementation

2.1 Feature point detection algorithm based on

lateral inhibition competition

Lateral inhibition phenomenon™ was first proposed
by biologists, Hartline and others, after a long study
of the visual system of Limulus. Lateral inhibition is
mutual, but in the retinal image, the light is very
bright feeling in the area of unit light inhibited dark
receptors in the cell region exerted inhibitory effect on
the former than the latter, so the inconsistency of
these receptors in exacerbated, and the contrast
enhancement.

For digital image, each pixel of the digital image
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as the input layer, establish the competitive layer and

the corresponding input layer and the network
connection in the output layer, each pixel and the
pixels around it with lateral network connection and the
network output by neurons in the mutual inhibition and
competition in determining. According to the network
connection degree and mode, the 3 x3, 5x5 or other
form of digital image side suppression competitive
network model can be established. In this paper, a non-
cyclic inhibition network model of 3 x3 networks is
used to study. After the digital image passes the lateral

inhibition network, the pixel gray level™:

1

RmmﬁﬂZLEammﬂmﬂH#mme] (1)
where I, (m,n) is the pixel gray level of the original
image; I(m,n) is the image gray level after the lateral
inhibition competition; a; is the lateral inhibition
coefficient of the pixel to the central pixel in the ij
location in the network; f is a function of inhibiting
the competition relationship between output and input;
and R, (m, n) is a function of network inhibition and
competition.

The specific flow chart of the algorithm is shown

in Fig.2.
Lateral .
Input inhibition Filter Compare Feature
. —> s ! key — entreme [— B
image competition oints 1 points
enhance image p value

Fig.2 Flow of feature point detection based on lateral inhibition

competition

2.1.1 Lateral inhibition competition enhancement image

We select the inhibition competition function of
the 3x3 network, taking a pixel point I,(m, n) in the
image as an example, the center point weight is ay,
and the other points weight is a. The lateral inhibition

competition function is™:

1 1

R(mn)=apxIy(m.n)+ax[ Y, X, Iim+in+j)—

=1 j=—1

Iy(m, n)] (2)
Based on the principle of lateral inhibition
competition: ayn =1, a =-0.125, lateral inhibition

competition coefficient of 3x3 network!", as shown in

Fig.3.

-0.125 -0.125 -0.125
-0.125 1 -0.125
-0.125 -0.125 -0.125

Fig.3 3x3 meshwork lateral inhibition competition coefficient

The lateral inhibition competition function R(m,n)
of the pixel point I,(m,n) can be obtained by bringing
the coefficients in the Fig.3 into the formula (2), the
image is enhanced by this function, and the enhanced
image is I(m,n).

2.1.2 Screening key points

The Gauss function is used to smooth the image
I (m,n) to reduce the influence of noise, then, the
standard deviation of image I(m,n) is calculated as
threshold 7. The point that is greater than the
threshold 7T is chosen as the candidate bright feature
point, and the point less than the threshold -7 is
chosen as the candidate dark feature point to complete
the key point selection.

2.1.3 The extreme value comparison

In the image of I(m,n), the candidate bright pixel
feature value of the pixel and the adjacent points in
the 8 directions around the value, if local maxima, the
bright feature points, the dark pixel candidate feature
point values are compared with the pixel value the
adjacent point around 8 directions, if local minima,
the dark feature points.

At this point, the detection of the feature points
in the image is completed, and two feature points are
obtained, the bright feature points and the dark feature
points.

2.2 Feature description

The SIFT feature descriptor is fine in the
reference image and the under registration image
respectively on the bright and dark feature point

SIFT

constructed with the gradient statistics method, with

feature  description, feature  descriptor is

better illumination invariance, uniqueness, robustness,
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can reduce the gray difference between the reference
image and the under registration image.
2.3 Feature matching

Take the sets of bright feature points as an
example, the nearest neighbor matching strategy to
complete the initial feature matching, two of the initial
matching points set of A and B; and then use the
direction consistency constraint strategy eliminate
the RANSAC

algorithm!'™! is used to complete the matching points

obviously wrong matching points;

on the purification of A and B set.

Taking the initial matching point pair A as an
example, the specific implementation steps of the
direction conformance constraint strategy are as follows:

(1) Calculation of the direction of motion for all

matching point pairs.

o Ay
Theta(i)=argtan Arty (3)

where i=1,2, ---,num, num is the number of matching
points in the set A for the matching point.

In the formula, Ay=y,(i)—y, (i), Ax=x,(i)—x,(i),
(D), x1(0)) and (y.(i), x2(i)), represent the row and
column coordinates of the matching point pair on the
matching point pair in the set A of the set i, In
order to avoid the case in which the denominator is O,
order y=max(n,,n,), n, n, is respectively the number of
columns for the reference image and the under
registration image, the Ax++y must be more than 0.

(2) Moving the motion direction of all matching
points to the interval [0°,180°], the expression is as
follows:

Theta(i)= 180xTheta(i)
Tr

+90 (4)

(3) Motion direction histogram of matching point
pair.

[ Theta(i) )
5

The&ﬂi):ceﬂ( (5)

Ceil said rounding up. The motion direction
histogram matching points with 5° for a total of 36°
interval, when Theta(i) falls into a certain interval, the
corresponding statistical value of the interval is added

to 1.

(4) In order to preserve the matching points of
the right and left neighboring regions, we keep the
direction of the histogram of the moving direction
histogram and the corresponding matching points, so
we finish the process of eliminating the error
matching points by matching the spatial geometric
relations of the matching points.

In the same way, the matching of the dark
feature points of the reference image and the under
registration image is matched. After that, two
matching point pairs are merged, and a new match
point pair set is obtained.

2.4 Reliability determination

For two matching points to set A and B, two
projection transformation models H; =[ay,az,x;d3,d4,1;
as,as, 1], Ho=[by,bs,x5;b3,b4,:;b5,b6,1] are calculated by
using the least square method. In order to ensure the
reliability of image registration results, the two image
transformation models must be the same or close to
the image transformation model to be reliable. The
similarity between the approximate
i=1, 2

transformation model is measured by the next formula.

displacement
components x; and y, in the projection

[x—x.l<e

Iy —ysl<e (©
where ¢ is the threshold. When the approximate
displacement components of the two projection models
satisfy Eq.(6), the image transformation models are all
reliable. When the matching points are set to A and
B, the new projection transformation model H is
calculated, and the registration between images is

achieved through image interpolation algorithm.

3 Experimental results and analysis

of the

algorithm, we carried out simulation experiments in

In order to verify the effectiveness

the environment of Matlab 2014a on the platform of

memory 4 GB and processor 3.40 GHz, and carried

out the analysis of the experimental results.
Considering the real-time performance of the

algorithm and the image characteristic information
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requirement, in this paper the reference image (Fig.4) the details of the image edge have been enhanced.

resolution is about 0.44 m, the size of the reference Figure 7 shows a feature point detection
image and the under registration image(Fig.5) is 227x algorithm based on lateral inhibition competition for
227, the size of the image and the scene holding feature points detection in the reference image and the
range are appropriate. under registration image, where the black dot
represents the bright feature points, and the white

points represent dark feature points.

(a) Feature point detection of  (b) Feature point detection of
reference image under registration image

Fig.7 Feature point detection result

SIFT algorithm, Harris +SIFT algorithm, FAST +
SIFT algorithm and a total of 4 algorithms in this

paper are compared.

Fig.5 Under registration image Compared with the experimental data in Fig.8, it

is found that the feature distribution is the most

3.1 Comparison and analysis experiment of uniform and uniform distribution feature is used to
algorithm matching performance improve the accuracy of subsequent image registration.
Figure 6 shows the reference image and the
under registration image after the lateral inhibition

competition is enhanced. From the graph, we can see

(a) Enhance result of (b) Enhance result of under Fig.8 Registered result of the four algorithm

reference image registration image
In order to match the performance of each

Fig.6 Image enhance result of lateral inhibition competition . . . .
algorithm for objective evaluation, this paper uses the
that after the enhancement of lateral inhibition, the correct matching points and matching algorithm, the

gray difference of the image has been reduced, and correct rate of total time, a single correct matching
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points took 4 evaluation indexes to analyze quantitatively
the efficiency of the algorithm, the correct matching
rate™ (CorrectRate) defined as follows:

matches
— 7
min(N;+N5) @

where matches represents the number

CorrectRate=

of correct
matching points; N, represents the number of features
detected in the reference image; and N, represents the
number of features detected in the image to be

registered.

Tab.1 Data table of the matching result

Time of
Correct Accuracy of alone correct
Algorithm  matching .y Total time/s .
. matching matching
points .
point/s
SIFT 19 0.016 3.255 0.171
Harris+SIFT 32 0.022 1.320 0.041
FAST+SIFT 34 0.014 0.89 0.026
Method of
115 0.024 1.232 0.011
paper

From Tab.1 we can see that this algorithm has
better timeliness, 1.232 s than FAST algorithm is
slow, but the rest of the index are optimal, especially
the algorithm to obtain the correct matching points
greatly exceeds the number of the other three
algorithms, for further improve the accuracy of image
registration has a great effect.

3.2 Experiment on accuracy analysis of algorithm
registration

Figure 9 shows the results of the registration of

aerial images under this registration algorithm.

Fig.9 Registered image

In order to compare and analyze the registration

accuracy of each algorithm, we use absolute difference
measure (SAD), squared difference metric (SSD) and
(PROD)

quantitative analysis. Three indicators are defined"” as:

product correlation metric to carry out

SAD= D, Y. IX(m,n)=Y(m,n) (8)

SSD= Y, Y, (X(m,n)-Y(m,n))? 9)
_1L 3y .

PROD=— ZI ;X(m,n) Y(m,n) (10)

where X(m,n) is the reference image; Y(m,n) is the
image after the registration; M and N are the number
of the ranks of the images. In order to eliminate the
influence of light

change on the accuracy of

registration, the side suppression enhancement and
normalization of X(m,n) and Y(m,n) were carried out
in the experiment. Of the three evaluation indicators,
the smaller the value of SAD or SSD, the higher the
similarity between the two images; the greater the
value of the PROD, the higher the similarity between

the two images.

Tab.2 Registered precision comparison

Algorithm SAD SSD PROD
SIFT 3747 486 0.2271
Harris+SIFT 4126 551 0.2203
FAST+SIFT 3828 500 0.2255
Method of paper 3156 382 0.2411

From the comparison of the indexes in Tab.2, it
can be seen that the image registration accuracy of
this algorithm is better than the other 3 algorithms.
The experimental results show that the algorithm
improves the matching speed and also ensures the

registration accuracy.

4 Concluding remarks

Due to the geometric distortion of the original
visible light aerial images, we must find a robust
achieve the accurate

registration  algorithm to

registration of aerial images. Feature based image
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registration is an effective registration method that can

solve this problem at present. However, the common

algorithm still has some problems such as low
accuracy, poor stability and large amount of
computation. The characteristics of the lack of

information and uncertainty to the gray change feature

detection problem based on aerial remote sensing
images often appear, propose a registration algorithm
based on the lateral inhibition compete. The algorithm
solves the problem of registration speed and accuracy
to reach the equilibrium point in image registration,
achieve accurate registration of aerial image to visible

light.
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