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Abstract. SURF-based algorithms have been proved to be one of the
most effective image matching methods. Considering the challenges
induced by the poor illumination conditions or local-feature-similar
noises, one enhanced SURF-based image matching method(E-SURF)
using pre- and post-processing is developed in this work: pre- and post-
processing is adopted to enhance the image matching performance in
some challenging cases: Median filtering and Histogram linear transfor-
mation is adopted as the preprocessing to remove the isolated noises
and amplify the illumination contrast, so that more SURF points can be
found; After SURF matching, one LBP-based filtering is used to filter the
possible false matching points using local texture features. Experimental
results on some complicated images show that the proposed method can
outperform the existing SIFT and SURF schemes.

Keywords: Image matching · SURF (Speeded Up Robust Features) ·
Local Binary Patterns (LBP) · Median filter

1 Introduction

With the development of automation technology, the object recognition appli-
cation is widely used in the automatic production lines. To ensure the accuracy
of object recognition, image matching algorithms stand on a vital position. One
of the most effective algorithms for identifying several images with similar fea-
ture is SURF (Speeded Up Robust Features) [1]. Based on SIFT(Scale Invariant
Feature Transform) method [2], SURF algorithm inherits the advantages of rota-
tion invariant, scale invariant and affine invariant. In addition, it requires shorter
running time and has better robustness for multiple images.

The traditional SURF algorithm is divided in three main steps, which can
be sketched as finding interest point, forming descriptor and matching. There
have been a large number of improved algorithms based on SURF algorithm
proposed in the literatures(e.g. [6–12]). For example, an improved algorithm
based on SURF uses a matching method of subset of features to improve the
speed of registration [6]. Another example is that an improved SURF algorithm
based on distance constraint improves the accuracy of matching [7]. When the
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image is formed with some rigid bodies, interest points can be detected easily,
the matching time can be much shorter and the accuracy can be high enough.
However, in some complicated cases, such as the images brightness is too low
or too high to find enough interest points, the SURF-based matching methods
may not perform very well. Another challenge is the noise, especially the noise
that has similar local features with the interest points, which will cause the false
matching [13,14].

Considering the above challenges, especially the poor illumination condi-
tions and local-feature-similar noises, one enhanced SURF-based image matching
method(E-SURF as short) using pre- and post-processing is developed to pro-
mote the robustness in these challenging cases: Median filtering and Histogram
linear transformation is adopted as the preprocessing to remove the isolated
noises and amplify the illumination contrast, so that more SURF points can
be found. After SURF matching, one LBP (Local Binary Patterns) [4] based
filtering is used to filter the possible false matching points using local texture
features.

The paper is organized as follows. Section 2 describes the principle of
E-SURF method, including the histogram linear transformation, LBP feature
based filtering and median filtering. In Sect. 3, results are given and analyzed.
Section 4 concludes the whole work.

2 Enhanced SURF-Based Image Matching Using Pre-
and Post-processing (E-SURF)

The proposed E-SURF algorithm is divided in four main steps, which can
be sketched as Median filtering, Histogram linear transformation, SURF-based
matching, and LBP-based filtering (Fig. 1). The details of the three components
(except the well-known SURF-based matching) are shown in the following sub-
sections.

2.1 Histogram Linear Transformation and Median Filtering

The detector of SURF algorithm is based on the Hessian matrix, as well as
the non-maximum suppression and scale space interpolation. In some extreme

Fig. 1. The flow chart of the proposed E-SURF algorithm
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conditions like the left image in Fig. 2(Left), the contrast of the image is too low
to detect enough interest points(For the image in Fig. 2(Left), no interest points
can be detected) [15]. Given an image with low contrast like that, the gray values
of that images histogram are within a very small range, which causes the failure
of interest point detection. FOR those extreme conditions, we use Histogram
linear transformation to enhance the contrast of images. Since the maximum
range of gray value is [0,255], we enhance the contrast of the image by widening
the gray value range. This is achieved by using Histogram linear transformation
[3]. Before matching, images are processed with Histogram linear transformation.
That is defined as follows

r′ = r′
b−r′

a

rb−ra
(r − ra) + r′

a, r ∈ [ra, rb]

r′ = r′
a, r ∈ [rmin, ra]

r′ = r′
b, r ∈ [rb, rmax]

(1)

where r ∈ [ra, rb] is the gray value range of the original image, r ∈ [r′
a, r

′
b] is the

gray value range of the transformed image, r is the original gray value, and r′ is
the transformed gray value.

After a series of experiments, [0,110] is chosen for the empirical value of r ∈
[r′

a, r
′
b] . The contrast of the image becomes strong enough for the interest point

detection after Histogram linear transformation (Fig. 2(Right)): For the image
in Fig. 2(Left), no interest points can be detected due to the low illumination;
while all the center points of the circle objects can be detected as SURF points
when histogram linear transformation is applied (Fig. 2(Right)).

Fig. 2. Illustration of SURF detection without (Left) or with histogram linear trans-
formation (Right)

In the SURF algorithm, a matching pair is detected if its Euclidean distance
is closer than 0.7 times the distance of the second nearest neighbor. Inevitably,
some similar but different interest points are matched because they meet the
threshold. Histogram linear transformation is used to reduce those false positive
matches. Consider the threshold, Histogram linear transformation can enhance
the contrast and enlarge the discrepancy in gray value between pixels, which
can make most of the false positive matches do not meet the threshold. Hence,
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Table 1. Comparison of correct matching rate for different filters

Median filter Bilateral filter Mean filter Gaussian filter

Figure 4(a) 87.50% 54.35% 75.00% 75.00%

Figure 4(b) 96.15% 90.00% 90.32% 93.33%

Figure 4(c) 79.49% 45.76% 46.77% 40%

Histogram linear transformation allows for more detected interest points and
gives a significantly increase in correct matching rate.

In many times, there is much noise in the original images which make the
matching interfered. The isolated noises, such as salt-and-pepper noises, will
make up as corner points and result in false matching easily. Because we focus
on the interest points, the impulse noises are most likely to cause the mismatches.
Comparing to other useful filters, the median filter has better performance in our
experiments. The comparison is shown in Table 1. Thus, median filter algorithm
can be a proper method of removing those noises before the Histogram linear
transformation [5].

The median filter algorithm can be divided into two steps. Firstly of all, put
the gray-level value of a pixel and its eight adjacent pixels in numerical order.
Then, obtain the mid-value and assign these nine pixels the mid-value [19,20].
The formula of median filter is shown as follows

g(m,n) = Median[f(i, j)]
i,j∈S

(2)

where S corresponds to a 3 × 3 block revolved around the center pixel.

2.2 LBP-Based Filtering

Another problem in traditional SURF algorithm is incorrect estimation for
matching interest points [16]. In a realistic scenario, there will be many similar
corner points and noise in an image. For better object description, extracted fea-
tures should have distinctiveness, which means a special value to distinguish the
detected interest points and any other points [21]. With the traditional SURF
description based on the Haar wavelet feature, which has good robustness to
region directionality, the features of interest points are defined as the sum of
Haar response values in a small region. The description described by a sum
means that it focuses on the directionality but has less rotation variant. So
when meeting some interest points having similar feature, those points will be
matched each other directly and there is no method to filter disturbance points.
To overcome this problem, mismatches should be corrected and interest points
should have not only directional feature, but also texture feature. Therefore,
local Binary Patterns, referred to simply as LBP is taken into consideration [4].
LBP can extract feature from a 3 × 3 block to make interest points have their
own region texture feature, as well as ignore the scaling of gray level. The region
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texture feature is closely related to better rotation invariant. So LBP-based fil-
tering can be used as one post-processing to remove the error matching points
which have similar Haar wavelet feature but different LBP feature. In the proce-
dure of matching, most of similar corner points and noises will be distinguished
for different LBP feature. The formula of LBP-based filter is shown as follows

LBP9value =
8∑

i=0

f(gi − gc) × 2i, f(x) =

{
1 x � 0
0 otherwise

(3)

where gc corresponds to the gray-level value of the chosen interest point and gi
to the gray-level value of the adjacent eight pixels revolved around the interest
point.

An example chart of LBP feature extraction is shown in Fig. 3. There is a 3×3
block revolved around the template interest point in the top left hand corner in
figure (b). In figure (a), one block is similar to the template block and another
one is acquired by 180◦ rotation from the former block. For traditional matching
method, it is obvious that both of the interest points in figure (a) are matched
to the template interest point in figure (b) because their Haar wavelet feature is
almost the same. However, only one matching is correct. Then for LBP feature
filtering, the LBP values of those two interest points in figure (a) are different.
[17]. Just obtain the difference of two digital numbers extracted from two images.
‘5’ is the chosen threshold for the difference. Only one difference is less than the
pre-set threshold. Therefore, only one pair of interest points is matched. So the
LBP feature can be used to filter the mismatched points.

3 Experimental Results

In this section, the results of the experiment as well as the comparison are
presented and illustrated using a standard evaluation set and an industrial object
recognition application. In this paper, all the experimentations are conducted
using Opencv2.4.9 with a 2.8 GHz Core i5 processor and a 4 GB of memory.

Fig. 3. The flow chart of the proposed E-SURF algorithm



88 C. Zhang et al.

(a) (e) (i)

(b) (f) (j)

(c) (g) (k)

(d) (h) (l)

Fig. 4. Images from top to bottom: (a) (b) (c) (d) are matching results using original
SIFT algorithm; (e) (f) (g) (h) are matching results using SURF algorithm; (i) (j) (k)
(l) are results using SURF with pre-processing (Median Filtering and Histogram Linear
Transformation)

Table 2. Comparison of detected points number, correct matching pairs number, and
correct matching rate for the first group of test images (First line in Fig. 4)

First test
group
(First line
in Fig. 4)

SIFT
(Fig. 4(a))

SURF
(Fig. 4(e))

SURF with
pre-processing
(Fig. 4(i))

Proposed
E-SURF
(Fig. 5(a))

Detected
points

0 0 9 8

Correct
matching
pairs

0 0 8 8

Correct
matching
rate

0 0 88.90% 100%

3.1 Results for SURF with Pre-processing (Median Filtering and
Histogram Linear Transformation)

We tested our algorithm using some industrial images. Due to space limitations,
we selected four groups of typical images. For Histogram linear transformation
(HLT), it is compared to the difference of SURF [1], and SIFT propose by Lowe
[2]. The comparison results are shown in Fig. 4, Tables 2, 3, 4 and 5.
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Table 3. Comparison of detected points number, correct matching pairs number, and
correct matching rate for the second group of test images (Second line in Fig. 4)

Second test
group
(Second
line in
Fig. 4)

SIFT
(Fig. 4(b))

SURF
(Fig. 4(f))

SURF with
pre-processing
(Fig. 4(j))

Proposed
E-SURF
(Fig. 5(b))

Detected
points

255 197 78 33

Correct
matching
pairs

221 170 75 33

Correct
matching
rate

86.67% 86.29% 96.20% 100%

Table 4. Comparison of detected points number, correct matching pairs number, and
correct matching rate for the third group of test images (Third line in Fig. 4)

Third test
group
(Third line
in Fig. 4)

SIFT
(Fig. 4(c))

SURF
(Fig. 4(g))

SURF with
pre-processing
(Fig. 4(k))

Proposed
E-SURF
(Fig. 5(c))

Detected
points

5 0 12 6

Correct
matching
pairs

2 0 12 12

Correct
matching
rate

40.00% default 100% 100%

Table 2 gives the comparison for the first test group (Fig. 4(a), (e), (i)). As
can be seen, when the images have very low contrast (the case of first group),
the original SIFT and SURF algorithm cannot detect any interest points but
the E-SURF method can detect enough interest points due to the enhanced
pre-processing using Histogram linear transformation.

Table 3 gives the comparison for the second test group (Fig. 4(b), (f), (j)). In
this case, the correct matching rate of proposed algorithm is about ten percent
higher than that of SURF or SIFT, and the most important correct matching
pairs can also be retained.

Table 4 gives the comparison for the third test group (Fig. 4(c), (g), (k)).
As we can see, SIFT and SURF do not work well in this case. But the E-surf
method can detect enough interest points and improve the correct matching rate
to 100%.
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Table 5. Comparison of detected points number, correct matching pairs number, and
correct matching rate for the fourth group of test images (Fourth line in Fig. 4)

Fourth test
group
(Fourth
line in
Fig. 4)

SIFT
(Fig. 4(d))

SURF
(Fig. 4(h))

SURF with
pre-processing
(Fig. 4(l))

Proposed
E-SURF
(Fig. 5(d))

Detected
points

224 83 38 4

Correct
matching
pairs

31 14 11 3

Correct
matching
rate

13.84% 16.00% 28.95% 75.00%

In most conditions, our algorithm performs well in the interest point detection
and matching. But in some extreme conditions like the group in Fig. 4(d), (h),
(l), the proposed algorithm improves the correct matching rate but also has
some problems in the interest point matching (Table 5). In some conditions like
Table 3, the number of the matching pairs decreases a bit after our algorithm.
But there are still remaining enough correct matching pairs to achieve the image
matching [2].

3.2 Results for E-SURF (Pre-processing + SURF + Post-processing
(LBP Filtering))

After the gray scale linear transformation, the accuracy of circular matching
and the rectangle matching has been improved apparently, and the number of
points of incorrect estimation has reduced slightly. In order to remove the error
matching points which have similar Haar wavelet feature but different texture
features, LBP-based filtering can be used as one effective post-processing.

Figure 5 gives the matching result using proposed E-SURF (Pre-processing +
SURF + Post-processing). See Fig. 5(a), the mismatched point has been removed
and the accuracy is up to 100% (last column in Table 2). In Fig. 5(b), it is obvious
that all the remained match-lines are correct and the accuracy is also up to 100%
(last column in Table 3). In Fig. 5(c), as can be seen, all the matching pairs
are correct and some redundant matching pairs are suppressed (last column in
Table 4). In the case of the fourth test images (Fig. 5(d)), the matching accuracy
of the rectangle objects has achieved 75% with the proposed E-SURF, compared
with the accuracy of less than 30% with the traditional SIFT and SURF methods
(Table 5).

One of the disadvantages of the proposed E-SURF is that the matched
SURF points will reduced greatly due to the filtering in pre and post processing,
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(a) (b)

(c) (d)

Fig. 5. Image matching result using the proposed E-SURF (Pre-processing + SURF
+ Post-processing).

especially for the case of fourth test group (only four pairs are left, Fig. 5(d)).
But as the conclusion pointed out in [2], the ability to detect small objects in
cluttered backgrounds requires that at least 3 features be correctly matched from
each object for reliable identification. In all the cases, more than 3 pairs of points
can be detected. So the image objects can be matched correctly.

4 Conclusion

We have presented a more accurate and robust algorithm based on SURF. With
median filtering and histogram linear transformation as preprocessing, and LBP
feature based filtering as post-processing, the proposed E-SURF algorithm is
suitable to detect interest points with the image for very low contrast or very
low brightness, and it can improve the correct matching rate at the same time.
Future work will concentrate on eliminating the effect of fuzzy edge, increasing
interest points in multiple rectangle matching, and reducing the time complexity
by graph model.
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