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Abstract. As an important part of information retrieval, it is important to
improve the accuracy of document image retrieval system. This paper proposes
a document image retrieval method based on modified SURF features. Firstly,
FAST+SURF features are extracted from the image, and then the similarity
degree is retrieved by using different kinds of distances and matching points
respectively. With the change of size, angle and illumination, the FLANN
bidirectional matching and KD-Tree +BBF matching are implemented for its
feature points; finally, based on these two kinds of retrieval methods, various
Uyghur document image databases that have been collected and retrieved are
searched. The experimental results indicated that both search methods can
achieve accurate search requirements, but in computational complexity based on
the matching number of retrieval is more convenient. At the same time, the
comparison experiment proves that the proposed method is superior to the
original feature in the retrieval time.
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1 Introduction

With the rapid development of multimedia information technology, document images
have become the main information resource, which also causes the explosive growth of
document image. How to obtain document image content efficiently has become a hot
research topic in domestic and overseas research. Xiaoxiao et al. [1] compared 64-
dimensional vectors to describe the feature points that were more suitable for image
data processing. Two modified SVM algorithms were used to extract information from
matched images and compare with traditional SVM algorithm. Zhao et al. [2] first
extracted the 64-dimensional SURF feature points, and based on the FLANN algorithm
for bidirectional matching, matching pairs for PROSAC analysis, excluding mis-
matched pairs to improve the image matching accuracy, and effectively reduce the
matching time. Cheon et al. [3] proposed an enhanced Fast Robustness Feature
(e-SURF) algorithm to save memory and increase speed. Zhang et al. [4] proposed an
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modified matching algorithm based on SURF (Speeded Up Robust Features) feature
point matching, which combined SURF and RANSAC (Random Sample Consensus)
algorithm. Chen et al. [5] proposed to improve the detection of SURF key points,
extract the feature points of the image detail region, and achieve accurate matching
based on KD-Tree bidirectional matching. Luo et al. [6] modified the SURF descriptor
using the DAISY descriptor, and matched the target image with nearest neighbor
distance ratio (NNDR), with a maximum matching rate of 95.78%. Wang et al. [7]
proposed a robust feature (SURF) based on improved accelerated fast image matching
algorithm, The RELIEF-F algorithm is used to reduce and simplify the improved SURF
descriptors to achieve image registration, and finally the improved algorithm is verified
by the experiments of real-time and robustness.

This paper analyzes the Uyghur complex document image without layout analysis,
proposes to the modified SURF features to achieve the key points extraction, and to
achieve effective retrieval from the large-scale image database. The algorithmic flow of
this paper is shown as in Fig. 1.
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Fig. 1. The block diagram of Uyghur printed complex document image retrieval based on
modified SURF feature.

2 Fast and SURF Feature Extraction

The process of fast robust feature extraction (SURF) is similar to SIFT, and consists of
two parts: key point detection and feature description. However, it maintains the same
image size and changes the size and scale of the box filter in multiples relation-
ship. Based on the integral image, the proportional space is filtered so that the feature
detection takes much less time than SIFT. And the key points detected in the scale
space have the size translational robustness. In the feature description, the Haar wavelet
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response value in the fan-shaped area is calculated, the main direction of the key points
is determined, and the computational complexity is reduced.

However, shortening time parameter is not ideal for the complicated document
images of text and video. Therefore, in order to quickly detect the key points of the
image in the complex layout, the author makes full use of pixel gray level information,
detects the corners based on the FAST algorithm, and describes the sub-description
with the SURF descriptor to form the 64 dimension FAST and SURF feature, effec-
tively shortening the features Extraction time [8]. The Flow chart of modified SURF
feature key point detection is shown in the following Fig. 2.
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Fig. 2. Flow chart of modified SURF feature key point detection

3 Fast and SURF Feature Matching Analysis

To improve the matching speed of Uyghur complex document images, the author
implements two-way fast approximate nearest neighbor (FLANN) matching for dif-
ferent layout images, and compares the results with KD-Tree and BBF matching
results, from the performance of matching system to establish a retrieval system, and
realize the effective retrieval of Uyghur complex document images.

3.1 Bidirectional FLANN Match

Due to the SURF feature vector is a high-dimensional vector, the matching process is
equivalent to the nearest neighbor search problem in high-dimensional space, and the
operation is complex. Therefore, this paper starts from the rapidness of FLANN
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matching, and matches in two directions successively to get the location information of
matching pair. By comparing the location of the matching point to determine whether it
is correct. In order to effectively remove the mismatched point pairs, the author uses the
RANSAC algorithm to calculate the distance between the matched points and the
projection matrix, and compares it with the threshold value, effectively eliminating the
outer points and improves the matching accuracy. The original image FALNN bidi-
rectional matching results are shown in Fig. 3.
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Fig. 3. Schematic diagram of modified SURF features bidirectional FLANN matching

3.2 KD-Tree and BBF Match

KD-Tree is a tree structure for realizes K-nearest neighbor search and matching in
large-scale high-dimensional eigenvector space. Its research mainly consists of two
parts, namely, the establishment of tree structure and the nearest neighbor search. With
the increase of image feature vector dimension, the KD-Tree search ability is greatly
reduced. Therefore, starting from the modified KD-Tree, this paper finds the nearest
neighbor distance within the limit of maximum backtracking times, and compares the
distance ratio with a predetermined threshold to determine whether it is a matching key
point [9]. In this paper, the process of improving KD-Tree matching by improving 64-
dimensional SURF features is shown in Fig. 4.

The matching efficiency of the matching system under different transformation
conditions is evaluated by the matching rate, the correct matching rate and the false
matching rate, and its mathematical expression is as follows:

The total number of matched pairs
The total number of feature points detected

Match rate =

(1)

C ¢ match rat The total number of correct matched @)
orrect match rate =
The total number of matched pairs
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. The total number of error matched
Mismatch rate = - (3)
The total number of matched pairs
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Fig. 4. The description of modified KD-Tree match

4 Uyghur Complex Document Image Retrieval Method

In this paper, the distance-based similarity measure and the matching number-based
similarity measure are used. Four eigenvector distance similarity measures algorithms
are selected and they are as follows:

Euclidean distance = \/ (x1 — X2)2 + —)’2)2 (4)
Manhattan distance = |x; —x2| + |[y1 — y2| (5)
Chebyshev distance = max(|x; — x|, [y1 — y2]) (6)

X1X2 + Y1y
2 2 2 2
\/xl + ) X\/xz + ¥

In the retrieval system that based on the matching number, the correct number of
matches between the document image and each image in the image database is cal-
culated from the correct number of matches, and then the number of correct matches
between each image in the image database is sorted and sorted in descending order to
effectively retrieve the document image. The more similar complex document images,
the greater the number of matches. The calculation of retrieval system is:

Cosine distance=
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Retrieval rate =
N-1

* 100% (8)

Where N is the size of the complex document image database, and S is the position
number of the target document image output in the retrieval system window.

5 Experimental Results and Analysis

5.1 Experimental Data

Collection of Uyghur complex layout of books, magazines, documents, scanned with a
resolution of 100 dpi to form a depth of 8. bmp format of weaving complex document
images, construction of 1000 complex document image database. The system is in
4 GB memory, Windows7_64 bit operating system environment, and Visual Studio
2010 programming.

5.2 Matching Analysis Under Various Transformation Conditions

The original SURF feature detection relies on the choice of Octaves, Intervals, and
thresholds. Under the different thresholds (Octaves, Intervals, Init-sample, THRES), the
number of feature points to be acquired varies greatly. To test and verify the feasibility
of FAST and SURF features, the original SURF features were extracted at (4, 4, 2,
0.0004f) thresholds for complex text documents, in order to obtain the same layout
with different sizes, and compared with FAST and SURF Features for performance
analysis. The experimental results are shown in Table 1.

Table 1. Number of FAST+SUREF key points and time statistics of different sizes image under
different threshold [10].

Image size Feature
Performance | SIFT SURF FAST FAST FAST
(50) (100) (150)
+surf +surf +surf
803 x 1145 Key points 3276 3537 9767 7195 4960
Occupation 30.405 15.866 0.021 0.01 0.009
time (S)
1606 x 2290 | Key points 10320 11516 22028 9414 9299
Occupation 105.450 |51.141 0.031 0.019 0.017
time (S)
3212 x 4581 | Key points 27820 38115 52967 17764 7839
Occupation 250.492 1 162.491 | 0.082 0.04 0.035
time (S)
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In order to detect the robustness of the extracted features to the rotation, scale and
illumination transformation, the modified SURF eigenvectors of the Uyghur complex
document image with the size of 1606 x 2290 were extracted under different trans-
formations. Based on FLANN bidirectional matching, KD-Tree and BBF matches the
number of exact match pairs. When the threshold y = 0.1, the results of FLANN
bidirectional matching and KD-Tree and BBF under the dimensional transformation
are shown in Table 2.

Table 2. Uyghur document image different matching results of FAST+SURF features under
scale transform condition [10].

FLANN KD-Tree and BBF
bidirectional match
matching

Whole | 1:1/2 | 1:1/4 | Whole | 1:1/2 | 1:1/4
The total number of key points 9414 4369 | 2082 |9414 | 4369 |2082
The total number of matching pairs | 1145 |454 200 |9335 |4264 2017
Correctly matched pairs 759 |363 | 172 |7582 |4151 |573

Correct match rate (%) 66.29 |79.96 |86 | 81.22 |97.35|28.40

As can be seen from Table 2 that the image area decreases, the number of feature
points detected decreases, and the total number of matches also cut back. Therefore, for
thousands of key points, the stability of FLANN bidirectional matching is stronger than
KD-Tree and BBF matching. To test and verify the rotation invariance of the selected
features, the complex document images are rotated anticlockwise or clockwise in
different angular ranges, and matching based on different matching algorithms. The
experimental results are shown in Table 3.

Table 3. Two kinds of FAST (100)+SURF feature points matching results under Uyghur
document image rotation transform

FLANN bidirectional matching

0° +5° | +10° |=5° | —10°
The total number of key points 9414 | 10373 | 10614 | 9339 | 10423
The total number of matching pairs | 1145 | 1213 | 1164 | 1070 | 1254
Correctly matched pairs 759 |791 757 752 |785
Correct match rate (%) 66.29 | 65.21 |65.03 | 70.28 | 62.60
KD-Tree and BBF match

0° +5° | +10° |=5° |—10°
The total number of key points 9414 | 10373 | 10614 | 9339 | 10423
The total number of matching pairs | 9335 | 6044 | 6691 | 6005 | 6794
Correctly matched pairs 7582 | 1802 |2112 |2015 | 1845
Correct match rate (%) 81.22129.81 |31.56 |33.56|27.16
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Rotating the image of a complex text document in the anti-clockwise or clockwise
direction can enlarges the image area. Therefore, the number of the detected key points
is appropriately increased and the position of the key point is changed. From Table 3, it
can be seen that FLANN bidirectional matching performance is better than KD-Tree
and BBF matching under the condition of rotation transformation. In order to verify the
robustness of the feature under light conversion conditions, the brightness of the
original document image is adjusted. The experimental results are shown in Table 4.

Table 4. Two types of FAST (100)+SURF feature points matching results with Uyghur
document image illumination transform

FLANN bidirectional matching

The total number of key points 9414 | 9882 | 9411 | 8963 | 9647
The total number of matching pairs | 1145 | 1073 | 1139 [999 | 952
Correctly matched pairs 759 |749 758 |803 |784
Correct match rate (%) 66.29 | 69.80 | 66.55 | 80.38 | 82.35
KD-Tree and BBF match

The total number of key points 9414 | 9882 | 9411 | 8963 | 9647
The total number of matching pairs | 9335 | 4892 | 4931 | 5591 | 5789
Correctly matched pairs 7582 | 3556 | 1869 |3499 |3281
Correct match rate (%) 81.22|72.69 | 37.90 | 62.58 | 56.68

The change of illumination is the lightness and darkness of the image. From
Table 4, it can be seen that the KD-Tree and BBF matching performance is better than
FLANN matching under the key point matching under light conversion conditions, and
the matching number is large and the matching rate is high.

5.3 Analysis of Search Results

Due to the large size of the original image collected, the number of feature points
obtained by feature extraction is too large, which has a great influence on the number of
final matching points. Therefore, in order to assess the performance of the retrieval
system, two modifications were made to the overall Uyghur complex document image
database by compressing each image and cutting each image into 256 * 256 size, as
shown in Fig. 5, and constructed two kinds of Uyghur complex document image
database.

In Fig. 5, Fig. 5(b) is sheared image from Fig. 5(a). For the above two improved
Uyghur complicated document image databases, based on the number of matches,
Euclidean distance and cosine distance similarity measures, the user-specific target
document images are retrieved. The retrieval test results are shown in Tables 5 and 6.
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(a) Compressed image sample (b) Sheared image sample

Fig. 5. The sample instance of modified database

Table 5. The statistical results of the sheared Uyghur document image retrieval experiment

Retrieve performance
indicators

Match the number of
search

Euclidean distance
search

Cosine distance
search

Retrieval rate
Total search time (s)

Average index time (s)

100%
1000
1

100%
854
0.854

100%
861
0.861

Table 6. The statistical results of the compressed Uyghur document image retrieval experiment

Retrieve performance
indicators

Match the number of
search

Euclidean distance
search

Cosine distance
search

Retrieval rate
Total search time (s)

Average index time (s)

100%
1636
1.636

100%
599
0.599

100%
607
0.607

It can be seen from Table 5 above that all three retrieval methods in the cut-
structured Uyghur complex document database achieve a retrieval rate of 100%, but the
search occupancy time is different. The matching needs to find the nearest neighbor and
the next nearest neighbor matching point of each key point, and it need to compare the
distance ratio with the first threshold to determine whether they match. Therefore, the
system consumes more time than the distance similarity metric retrieval algorithm. The
experimental results of compressed Uyghur document image are indicated in Table 6.

It can be seen from Table 6 that the retrieval system based on the number of
matches consumes more time than the distance similarity metric retrieval system. For
the two databases, matching number based retrieval system, the more the number of
image feature points is, the greater the number of matching and the greater the system
matching index time. In terms of similarity measure of distance between feature
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vectors, although the number of vector images in compressed image is larger, the
output target document image can be searched within a shorter time than the cut image.

In this paper, in order to further validate the effectiveness of the FAST and SURF
algorithm proposed in this paper, a cut-file image database of 256 * 256 size Arabic,
Chinese, Tibetan and natural images is collected, each of which has a size of 1000

frames. The sample example is shown in Fig. 6 below:
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(c) Tibetan
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Fig. 6. Comparative experimental database sample diagram

A number of examples of the experimental sample were transformed, such as size
(2, 4, 8), illumination (20, 40, 60, —20, —40, —60), and rotation angle (5°, 10°, —5°,
—10°) transformation, the retrieval results under different transformations are compared
with the retrieval experiments of the Uyghur-cut complex document images, Validate
the validity of the retrieval algorithm. The comparison result of the experimental results
of retrieving the output target image is shown in Fig. 7(a) to (c).

As can be seen from Fig. 7, the letters of Uyghur, Arabic and Tibetan are more
irregular than those of Chinese characters, and the differences in the gray-level values
of the neighborhood pixels vary greatly. The Chinese language has horizontal and
vertical Coherence; the difference in gray value is small. Therefore, the retrieval rate of
Chinese query images after many transformations is larger than that of other databases.
There are many transformations on the query, and the average indexing time for finding
the target image based on the modified retrieval system is 0.013 (0.018), 0.041
(middle), 0.043 (hide) and 0.003 (natural) respectively. Compared with the average
retrieval time of the retrieval system of the original features, it is 35.38 (original), 27.81
(a), 15.61 (middle), 16.05 (hide), 123.33 (natural) times. It can be seen that the retrieval
system of FAST+SUREF features makes it easy to find the target image quickly and
accurately, which shows that this article proposes the effective and reliable method of
improving ideas.
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Fig. 7. Comparison of modified FAST and SURF retrieval platform under various transforma-
tions experimental results comparison chart
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6 Conclusion

In order to make up for the gap in Uyghur complex document image research, this
paper proposes a document image retrieval method which is to match retrieval of
printed Uyghur composite document images using SURF and the modified SURF
features. It is combined the FAST corner detection and SURF description, and two
kinds of matching of the selected 64-dimensional feature vectors are performed, and the
matching ratio is compared under the condition of size, rotation and light conversion to
analyze the performance of the two matching systems. In the end, two retrieval systems
were proposed, that is, retrieval scheme based on multiple distance metrics and
matching number. The original 100 document images, 1000 compressed images and
1000 document images are retrieved respectively. The matched number of searches
takes more time than the distance-based search, but it has a good retrieval rate.
Therefore, the focus of the further work is to reduce the retrieval time while ensuring
the high retrieval rate of the system.
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