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ABSTRACT: UAV remote sensing is characterized by
fast speed and flexibility and applied widely. The extraction
and matching for feature point of UAV image is a
foundational work in the application of UAV remote
sensing. SIFT is a currently widely used feature point
extraction algorithm that keeps invariant as the scale
changes. It is also invariant as image changes in other
aspects. Meanwhile it maintains certain stability to noise
and light changes. SIFT is a kind of compute-intensive
mission and usually takes much time. The author made
parallel processing for SIFT algorithm and good accelerator
ratio has been achieved on the premise of ensuring good
result of feature point extraction and matching.
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1. Introduction

UAV is a fast, flexible and low cost remote sensing
instrument with high image resolution.

As a supplementary means of satellite remote sensing, It

has the ability to fly at low altitude under the clouds, making
up for the defect that satellite optical remote sensing and
traditinal aerial photography are often blocked out by
clouds causing that no image can be obtained. [1] Since
the advent of UAV remote sensing, it has been applied in
many fields such as disaster and emergency command,
geological environment assessment, fast acquisition and
processing of spatial geographical information and so on.
Especially on emergency disaster relief, it has larger
advantage than other remote methods. Currently, the low-
altitude remote sensing, taking UAV as remote sensing
platform and traditional digital camera as the sensor, has
been a research hotspot at home and abroad. [2]

Many countries on the earth are often suffered from
different kinds of disasters that can lead to mass casualty.
For example, earthquake occured in Lorestan province in
Iran in 2006 [3], Typhoon called Krosa born on 2 Oct,
2007 on Pacific Ocean east of the Philippines [4], Haiti
earthquake and landslides cause by earthquake in 2010[5]
and so on. China is also a country where many disasters
occurs. There are average 7.2 Typhoons affecting China’s
coastal areas [6]. Meanwhile in the hilly regions of China,
deris flows usually are major threats to human life,
properties [7]. In addition, earthquakes and floods are major
disasters in China as well. The speediness, flexibility and
high resolution of UAV can play an important role in
confronting disasters.

UAV remote sensing images are used widely in these
fields such as image alignment and stitching,three-
dimensional reconstruction of the scene The extraction
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and matching of image feature points is a foundational
work in the research on the application of image. So far,
there are many algorithms used to extract feature points
in the field of computer vision, such as Harris, SUSAN
and SIFT. After study some scholar abroad has pointed
out that the combination property of SIFT is superior to
other algorithms in the extraction of image feature points.

2. Overview of SIFT algorithm

In 1999, professor David D. lowe from Columbia University
proposed SIFT algorithm through summarizing the existing
feature detecting methods based on invariance
technology, and then improved it in 2004. [8] The feature
extracted by SIFT algorithm is the local feature of image,
keeping invariant to rotation, scale and light changes and
certain stable to the changes of perspective and affine

and noise [9]. The proposal of SIFT is a milestone in
computer vision.

2.1  Detection and location of extreme points
As Gaussian kernel is the unique kernel that can cause
the changes of scale, the feature of image extracted based
on different scales can keep invariant to the changes of
scale. Firstly we should processing image with two
dimensional Gaussian filter function before detecting
extreme points. And through changing the Gaussian
kernel, images of different scales can be obtained to
construct the pyramid of LOG Gaussian scale.

On the basis of the pyramid of LOG Gaussian scale, the
subtraction of images of two adjacent layers in the same
order can construct of the pyramid of DOG Gaussian
scale. As shown in figure 1, LOG Gaussian pyramid on
the left, and the right one is DOG Gaussian pyramid.
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Figure 1. The construction of DOG scale space

The method of detecting extreme points on the DOG
Gaussian pyramid isÿ with each pixel as the center, to
compare the central pixel with its adjacent 26 pixels(8
pixels in the same layer with the central pixels, both 9
pixels in the up and down layers of central pixel). So the
top and bottom layers of the same octave need not to be
compared. After comparison, if the central pixel is the
maximum or the minimum, it will be marked as the
candidate feature point. The process of comparison is
shown in figure 2.

After getting the candidate points, we need use three-
dimension quadratic function to fit and pinpoint the location
of the feature points. Then we should filter the candidate
points, including the inhibition of low-contrast feature
points and removal of edge response points.

2.2 Direction of feature point assigent
In order to make the orientation of the feature points
invariant to rotation, the distribution character of gradient
direction of adjacent pixels of feature points is the merit
of the parameters of each key point. The formula is as
follows

m (x, y) =

L (x + 1, y) − L (x − 1, y))2 + L (x , y + 1) − L (x , y − 1))2

θ (x, y) = arctan
L (x , y + 1) − L (x , y − 1)

L (x + 1, y) − L (x − 1, y)⎝
⎛

⎠
⎞

The result of formula (1) is the module of gradient of pixel
(x , y), while the formula (2) shows the orientation, and the
L is the scale of feature points.

In the neighborhood window where the feature point is the

     (1)

     (2)
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Figure 2. The detection of extreme points

Scale

centre, the histogram of gradient’s direction shows the
statistics of the gradient’s direction of the adjacent pixels.

The direction of gradient arranges from 0° to 360°, and

10° is a column in the histogram, there are 36 columns in
all. The peak of histogram of gradient’s direction represents
the main direction of adjacent gradient, also the main
direction of the feature point. If there are some other
directions whose power can be more than 80 percent of
main direction’s, we can consider them as the accessory
direction. The combination of main and accessory
directions can enhance the robustness of matching.

2.3 Generation of SIFT feature descriptor
The main idea of SIFT feature descriptor is to describe
the central pixel with the gradient directions of the
neighborhood pixels. Firstly the coordinate axes should
be rotated to keep consistent with the direction of the
feature point. As shown in figure 3, a 8 × 8 window that is
centered on the feature point has been chosen. The arrows
indicate the gradient of pixels, while the blue circle
indicates the range of Gaussian weighting.

Gradients of image                        Descriptors of key points

Figure 3

The histogram of gradient’s  direction in 8 directions should
be computed on every 4 × 4 block. When the accumulated

value of every gradient’s direction has been drawn, a seed
point has come into being. In figure 3, we can see one
key point consists of 4 2 × 2 seed points and each seed
point contains information of 8 directions. In practice, in
order to enhance the stability of match, Lowe recommends
a total of 4 × 4, 16 seed points. So 128-D vectors are
taken to describe the central pixels.

2.4 Match of feature points
The matching of feature points is usually measured
according to the similarity of feature vectors. And there
are several usual methods such as Euclidian distance
and so on. Taking one feature point to match in one image
and then looking for the closest and second closest points
in Euclidian distance of the other image, if the ratio of
closest distance and second closest distance is less than
the threshold determined in advance, we accept this couple
of matching points. The larger the threshold is, the more
matching points we get, while the more incorrect matching
points we get. Otherwise we will get less matching points,
but less incorrect matching points will come into being at
the same time.

3. Experiment on extraction and matching of SIFT
feature points

SIFT algorithm has been achieved on the platform, visual
studio 2008, in combination with computer vision library,
OpenCV, in this article. To check the capability of SIFT of
extracting and matching feature points for different types
of grounds, a part of UAV remote sensing images in
Shandong province, Pingdu city are taken into the
experiment for comparison. The camera carried by UAV
is Cannon EOS 5D Make a!, the image obtained is 5616
× 3744. The platform in this experiment is as follows, the
operating system is 64 bit windows 7, CPU is Intel(R)
Core (TM)2 Q8300 with 2.5 GHO, 4GB RAM. GPU is
NVIDIA Geforce 9500GT and video memory is 512MB.
The author chose three kinds of ground images, building,
plant and water. The result of feature points extraction
and matching is shown in figure 4-6.

Figure 4. Result of feature points extrac-
tion and matching in images of building
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Figure 5. Result of feature points extraction
and matching in images of plant

Figure 6. Result of feature points extraction
and matching in images of water

4. SIFT algorithm implement on GPU

 SIFT is a kind of compute-intensive mission. It is so
complex that it will take much time to run. SIFT runs on
CPU only in common applications and it will cost a lot of
CPU cycles. So it limits the application of SIFT more widely.
Since the birth of SIFT, how to reduce the running time of
SIFT, meanwhile to guarantee its efficient performance
has been a hot issue.

So far, there are two main methods to improve the running
speed of SIFT. The first one is , from the SIFT algorithm
itself, to improve the implement mechanism of SIFT
algorithm so as to enhance the running speed of SIFT.
For example, in 2004 Yan Ke and Rahul Sukthankar
proposed PCA-SIFT algorithm(Principal Component
Analysis),  in which the descriptor vectors are reduced
from 128 to 20 or less. [13]  In 2006, Bay proposed a

acceleration-version of SIFT, SURF algorithm, similar to
Hessian operation. [14] The second method is to improve
the running speed of SIFT through make parallel operation,
including using parallel computer with some software and
utilizing special hardware such as GPU etc.

Although the improved SIFT algorithm can improve the
running speed of algorithm to some extent, meanwhile it
make feature points extraction and matching of SIFT less
stable. On the other hand, the method of parallel operation
has drawbacks that memory of hardware is inadequate,
extensibility is bad, etc. However, it can improve the
running speed of SIFT on the premise of guaranteeing the
performance of SIFT algorithm.

The article has achieved SIFT algorithm on a combined
platform of CPU and GPU according to existing experiment
conditions. The running process of SIFT on this combined
platform is shown in figure 7.

Image type     Num of     Running      Running     Accelerator
                         feature      time on         time on           ratio
                         points      CPU (ms)     GPU (ms)
                      extracted

building 10864 176277        2754  64

woodland 3726 129879        2179 59.6

water 1034 50684       1173 43.2

Table 1. Result of feature points extraction on CPU and GPU

5. Results and analysis of experiment

The table above reflects the situation of feature points
extraction in different types of images and the advantage
of GPU compared with CPU. In general, the number of
feature points extracted in the images taking buildings as
subject is largest, woodland second, water at least. From
the extraction effect we can see that the more texture in
images, the more feature points extracted. As to the
extraction result of image taking water as subject, the
texture of water in images is so little that there are no
feature points extracted in the part of water. A small number
of feature points extracted distribute only on the objects
around water.

From the column accelerator ratio we can see, GPU has
an obvious advantage over CPU. At least dozens of times
of accelerator ratio can be achieved with GPU whatever
types of objects-oriented images handled. However,
images taken in this experiment are quite large (5616 ×
3744) and the hardware of the experiment platform has
some limitation, so the performance of acceleration with
GPU has been limited to some extent. To sum up, quite
large accelerator ratio can be achieved through
parallelizing some process of SIFT algorithm, and the
efficiency of operation of SIFT algorithm has been improved
greatly.
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Figure 7. The flow chart of SIFT implementation on the combined platform of CPU and GPU

6. Conclusion

SIFT algorithm has strong ability of feature points extraction
and matching for images. But it doesn’t work well while
processing images having less texture, especially, there
is much water. In order to improve the running speed of
SIFT algorithm, it is decomposed in this article and
implemented on a combined platform with CPU and GPU.
Satisfying acceleration ratio has been achieved as a result.

Before extracting feature points, SIFT algorithm turns the
original images into grayscale images, So the color
information of images themselves won’t be made full use
of. Meanwhile images taken in this article have the same
size. Henceforth the author will study the performance of

SIFT algorithm with introduction of color model and the
accelerating law of different size of images on the
combined platform of CPU + GPU.
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