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Abstract

The technology of fragments reassembly is widely employed in many scientific fields, such as judicial evidence
recovery, restoration of historic documents, accessing to military intelligence and so on, which is based on
computer vision and pattern recognition. In this paper, an efficient method for Chinese fragments reassembly is
presented. The proposed reassembly method is based on the feature of line spacing and Chinese characters’
feature that the same font has the same height. Considered the feature of English characters that English letters
are connected components, this paper proposes a model for English fragments reassembly, which is based on
template matching. Using the proposed methods on digitally scanned images of actual fragments of paper image
prints has verified the robustness and reliability of two models.

Keywords: fragments reassembly, the feature of Chinese characters’ line spacing, template matching,
connectivity of English letters

1. Introduction

Fragments reassembly arises in many scientific fields, such as judicial evidence recovery, restoration of historic
documents, accessing to military intelligence and so on. The manual execution of fragments reassembly is very
difficult, as it requires great amount of time, skill and effort. Specifically, if the number of fragments is very
large, reassemble manually will be impossible to be accomplished in a short time. Therefore, the automation of
such a work is very important and can lead to faster, more efficient, painting reassembly and to a significant
reduction in the human effort involved.

Fragments reassembly is an application technology based on computer vision and pattern recognition, which can
be divided into two parts. The first part is to access to information of fragments by image preprocessing. The
other part is to reassemble fragments based on accessed information. Conventional methods utilized corner
feature of edge, outline feature, area feature and so on to reassemble fragments (Jia et al., 2005; Wolfson, 1990;
Hori, 1999; Kong, 2001; Li, 1995; Gao, 2007). These methods are based on geometric characteristics of
fragments. Therefore, they can’t recover fragments with similar shape. In this field, some scholars have made
related researches. Otsu N. presented Otsu algorithm based on the principle of least square method, which solved
the problem of searching optimal threshold by calculating the maximum variance between grey classes (Ostu,
1979). Luo Z. solved the problem of feature extraction of Chinese document, by exacting line spacing and the
height of characters (Luo, 2012). Gao et al., solved the problem of labeling 8-connected region in the model of
English fragments reassembly, by combining the advantages of the mark line based method and region growing
method (Gao, 2007).

Considering those methods, which are based on geometric characteristics, can’t recover fragments with similar
shape, this paper combined the advantages of above methods, and proposes subregional scoring method to
optimize the extraction of Chinese line spacing. Because line spacing of English is not obvious, template
matching method is proposed to reassemble English fragments, which is based on 8-connected region of English
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letters. Applied the proposed methods on digitally scanned images of actual fragments of paper image prints has
verified the robustness and reliability of the two models.

2. Model for Chinese Fragments Reassembly
2.1 Thought of Model

According to the feature that Chinese character in the same line have same height and same line spacing, this
paper extracted the feature of line spacing and then set up the model for Chinese fragments reassembly. The
process of model is divided into two sub-progress including the classification process and reassembly process
based on the similarity of edges of binarized pixel matrixes.

In course of locating line spacing in fragments, firstly, the process of image binarization is completed by Ostu
algorithm. The next step is to compare the value of the same pixel row in binary image matrix. If all numbers are
1, means all the pixels are white, this pixel row will be map into 1; otherwise, this pixel row will be map into 0.
Finally, binary image matrix is transformed into a column vector with 0 and 1, as shown in Figure 1. This
transformation not only greatly reduce the amount of data processing, but fully embodies the feature of the line
spacing.
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Figure 1. Transformation of binary image

If a paper is divided into two parts, the break edges must have the text line with same height and same line
spacing. Therefore, according to this feature of leftmost fragments, all other fragments, which locate on the same
line, can be found. However, because the size of fragments is so small, some fragments, from beginning of
paragraph and the end of paragraph, contain large blank area, as shown in Figure 2. Another special case is that
some fragments’ line spacing feature are very similar, but not really matching, as shown in Figure 3. Those two
cases caused large errors to the result of classification. In order to solve this problem, subregional scoring
method is presented to optimize the extraction of line spacing. The first step is to divide the column vector into
more areas. And then this paper compares the similarity between the same areas of two fragments under the
appropriate accuracy. Finally, the problem, which compares similarity between two fragments, is transformed
into another problem that compares similarity between those areas of two vectors. This method led to a result
more accurate.
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Figure 2. Fragments containing large blank area
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Figure 3. Fragments that very similar but not really matching
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Figure 4. Schematic diagrams of subregional scoring method

After using subregional scoring method, the similarity between two fragments in Figure 3 was low, so the total
score was also low. For the case in Figure 2, only the area containing a large number of blank has a low score, so
the similarity of other areas is high. Therefore, subregional scoring method can ensure that two maiched
fragments, which containing a large number of blank, can be reassembled together. What’s more, two fragments,
which are very similar but not really matching, can’t be reassembled by mistake. It can be said that this method
have made classification result more accurate.

Finally, based on result of classification, the fragments in the same row were reassembled, according to the
similarity of edges of binarized pixel matrix. The next operation is to find the correct order of each fragments
row. When reassembling fragments, the case that break edge located in blank area is needed to be considered
specially. Under this situation, there is no black pixel in the edge, so fragments can’t be reassembled according to
the similarity of edges of binarized pixel matrix. Therefore, an improved method is presented, which is based on
the feature that printed documents have fixed line spacing and characters distance. For instance shown in Figure
6, the line spacing is 28px and the break edge just located in blank area. Bacause the line spacing above break
edge is 21px, we just need to search for a fragments row with 7px line spacing under break edge. If encountering
similar situation, fragments can be reassembling by the same method.

Figure 5. Fragments that the break edge located in blank area

IS H A TEIEIRZT EHIF, RLIA Mo BEAE 1) 71 Y30 7Y M8 M) 7S & — Bfo
B E R, XZ RS, ICEUR K HFI . ES RS F. AELDA
B¢ BN R IR, SRIEFIKERERR, E AR/, BRE R RS R,
ERER HENAEFM. BRELIHHE, MEMEIEAK, 5F MR
mERA.

KiE=. WEEH. BN _HYE. 8%, BES. MARNXR.

Figure 6. Special case that the break edge located in blank area

2.2 Steps of Algorithm

Step 1: Comparing binary image matrixes [4] of the first i fragments, if the first & row all is 1, then
[4](k)=1;5 or [4](k)=0.Finally, [4] is transformed into column vector {5}".

Step 2: Dividing {5}" into @ areas, and denoting as {b, b, - b,} . Every area contains /. pixels(# is the

94



www.ccsenet.org/cis Computer and Information Science Vol. 7, No. 3;2014

height of fragments, unit: px).
Step 3: Calculating the similarity of the first 72 subregion in both {5} and{b/}r :
100, 336,V 016, (0]<5
Zm‘w (m) — m=1 t=1

m=1 t=1

b, (O~ 1b,} (0> (D

m represents the first 7 subregion in fragments. o represents fault tolerance, which is the
tolerable max numbers of different value between two areas.
Step 4: Calculating total score of two fragments
2, =32.,.0). (2)
i=1
Within the fault tolerance O, if Z

ore 2100(@—2), the first I fragment and the first j fragment are in
the same row, or they are in different row.

Step 5: After classifying all fragments, reassembling fragments belong to the same row in the order, according to
the similarity of edges of binarized pixel matrix. If the break edge located in blank area, fragments need
to be reassembled according to the feature that printed documents have fixed characters distance.

Step 6: After reassembling each row, the next step is to extract the edge of top and bottom of each row. And then
this paper takes each row as a fragment. We recover all row fragments according to the similarity of top
and bottom edges. If the break edge located in blank area, fragments need to be reassembled according
to the feature that printed documents have fixed line spacing. Finally, all fragments are reassembled
correctly.

3. Model for English Fragments Reassembly

Considering English letters are composed of 52 uppercase and lowercase letters and English punctuations.
Furthermore, the number of English punctuations is small. Therefore, it’s convenient to make English characters
templates. So fragments can be reassembled according to those templates.

3.1 Building of English Characters Templates Library

Found out the font type of this English document, and then found all pictures of characters. According to these
pictures, the library of character templates can be set up. Finally, the process of character templates binarization
was implemented, such as Figure 7.

Figure 7. Binary template of letter O

3.2 Extraction of Letters

According to this feature that every English letter is an 8-connected region, each of connected components
within fragments is marked in the order. The next operation is to extract the whole letter according to the
boundary of connected component. Finally, all letters are extracted in the same method. Figure 8 shows the
sample fragments of L and H. The following is the extraction process of letter L and H. The results are shown in
Figure 9. Figure 8 and figure 9 are schematic diagrams, which is aimed to better explain the principle of
8-connected region.

Step 1: Marked connected component of L and H in the order, as shown in Figure 8.

Step 2: According to the boundary location of B and L’s 8-connected region, extracted letter L and H.
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3.3 Detection of Complete Letters

0000000000000000000000000000
001110000 000000000111000000I11000
0011100 0000000000 011100000 011100 0
001110000 000000000I11 000000111000
0011100 0000000000 011100 000011000
0011100 0000000000 011100000 0i1100 0
0011100 0000000000 0111 000000111000
001110000 000000 00 01111111111111111110 0 0
001110000 00000000 0I111111111111111110 0 0
0011100 0000000000 011100000 011100 0
0011100 0000000000 011100000 0111000
0011100 0000000000 011100000 011100 0
0011100 0000000000V OIIT000000OIII000
0 01111111111111111100 0 0 0 0111 00 0 0 0 01110 0 0
0 011111111111111110 0 0 0 0 011100 0 0 0 01110 0 0
0000000000000000000000000000
Figure 8. Binary image of L and H
1110 0 0 0 0 0 0222 0 0 0 O O 0222
1110 0 0 0 0 0 02220 0 0 0 0 0222
1110 0 0 0 0 0 0222 0 0 0 O O 0222
1110 0 0 0 0 0 0222 0 0 0 O O 0222
1110 0 0 0 0 0 02220 0 0 0 0 0222
1110 0 0 0 0 0 02220 0 0 O O 0222
1110 0 0 0 0 0 0222222222222222222
1110 0 0 0 O O 0222222222222222222
1110 0 0 0 0 0 02220 0 0 0 O 0222
1110 0 0 0 0 0 02220 0 0 0 O 0222
1110 0 0 0 0 0 02220 0 0 0 0 0222
1110 0 0 0 0 0 0222 0 0 0 O O 0222
11111111111111112220 0 0 0 0 0222
1111111111111111222 0 0 0 0 0 0222
Figure 9. Marked image of L and H

After extracting the letters from fragments, the first step is to transform binary images of letters into column
vector {M}", according to the model for Chinese fragments reassembly. This process makes all the information of
characters embodied in {M}", which is convenient to compare the characters and templates. In order to detect
whether there is a same template as the fragment, the next step is to compare {M}" and templates with the same
transformation. If there is the matched template, it shows that the character is complete. Pseudo algorithm of the

method is shown as follow:

3.3.1 Initialize the Parameters

Sum = 10000000 , number of torn pieces(TP) .

3.3.2 Transform those binary images of letters into {M}" .

3.3.3 For count=1,23,...,TP

Transform templates into column vectors;

If rowsof {M}" isequaltorowsof (M, ..}

{MXOR}T = {M}TXOR{Mmodel}T 5

Add each value of {M,,}" and assign to Sum,,, .

Else

Add each value of {M}" and assign to Sum,,, .

End if

If Sum>Sumy,,

Sum = Sum,,

End if

If Sum=0

This character is complete.

End if
End for
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3.4 English Fragments Reassembly Based on Template Matching

Initially, to find leftmost fragments and sort those fragments, according to the feature that the left edge of the
leftmost fragments contains a large number of blank areas. The next operation is to search the matching
fragments from left to right according to the leftmost fragments. Then selecting a fragment from remaining
fragments, and then reassembling these fragments and the left fragments. The next step is to extract the area with
width of two characters around break edge in the top line, as shown in Figure 10 and Figure 11, and delete
incomplete characters around the edge. Final step is to detect completeness of all characters inside the area
around break edge. If there aren’t incomplete characters, it means these two fragments are matched, as shown in
Figure 10. Otherwise, it means these two fragments aren’t matched, as shown in Figure 11. For Figure 10 and
Figure 11, the area inside wireframe is the area around break edge.

ttefs is
le thin
»ach. C

Figure 10. Complete chatacters inside area around break edge

ttelrd W/
le t a]
saclt Y€

Figure 11. Incomplete chatacters inside area around break edge

In order to reassemble all fragments in the same row, the searching procedure is iteratively applied. Algorithm
flowchart of the model is shown in Figure 12.
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I To find leftmost fragments and sort them ]

v

| Build templates library |
v
I R |
L 2
Reassemble the first R row: selecting a
remaining fragm. and reassembling

L 2
Extracting chars. from arca
around break edge
v No

Detecting completeness of chars,

Is it no incomplete chars.”

Making the fragm. become new
fragm.to be matching

No Completing the R row fragni:

reassembly?

R =R+l

ompleting all rows fragm.
reassembly”?

Finish

Figure 12. Algorithm flowchart of model for English fragments reassembly

4. Experiments and Results

The performance of the proposed methods was evaluated using digitally scanned images of actual fragments of
paper image prints (CUMCM, 2013). There were Chinese fragments and English fragments. Furthermore,
appendix 3 and appendix 4 included 209 fragment images respectively, and each fragment image had size
72x180px (CUMCM, 2013). Model for Chinese fragments reassembly was applied to reassemble appendix 3 and

model for English fragments reassembly was applied to reassemble appendix 4. The results are shown in Figure
13.
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A+BRBIT, RCARER, E4RE—HH, BRIREE, A
e ARHANLLE. ERTEHAE, BRYNRIKA, AHA
MBS, WEBRRTA, BREROTEE.

SRABAGFHEE, ZELFRAL. FETMAGR. RHRIER.

ARNRIBER, BEERASAK, FM. SHAGE—KER Kk, U
Rit. BEZERE, BHE B, ERTTA. AENBE—N,
FIDEED, SUR MR, ICMRAHH H. WS IR T. AE LR

8| MIEM AR BRIERKTBR. AR/, REORRERED,

CRER BEEAREHM, BEXCEYEH, HMRAGHAK, BRH
LEL 3t

AT, WERH. BRZHSE. AKX, BRE. MABXE. &
HRRSBAR, AAARNN, BEHEABRLE. AR, DB
A ETFLET, FERHEDR, +ERREWG, B EREED). 8

RABMIEE. FREARR. M ERERE. FRERME. BEER,

FHTHENL. SEEY. KFENFERK, TELRRIET, AR
RRRDY. ARFHLEE, 2B LEES.

ROXE, FOUK. BNE. RRXHE. LEEE, EMRAA 3
—¥%, —BA, —RZ BNKXE REKRRED. REREY, Bif

fEgp. BEME. HEZESEHH. SHET. FRELRED. —¥2
BRERO, FERE, QAZAKA, FEBILERNR, BREEHEE
HIEEIHL, 2R RS, AR, HAOMBHRARKE FHRESE
B, FERE, UTHBH. PREFAZE). ROLLLAWS, Y58,
AR, BRE. WYRETH, ELARM. RMREBRN, BEAR
#E, HATER —ENXKE, BNENER, CHASEN, EBWLET
&, EREF. AHAER, ABRSBR. HiLF, FiTGE BHA. #
ERRE. AMR, FTERH, HEER, HEHFRKER. f¢. Wk
HMRIDAL, BREXRREL BE CXRFHER, KAIEZE 4
LRmE XARBREE, H#REWFHE. —H&HF.

(a)

bath day. No news is good news.

Procrastination is the thief of time. Genius is an infinite
capacity for taking pains. Nothing succeeds like success. If
you can’t beat em, join em. After a storm comes a calm. A
good beginning makes a good ending,.

One hand washes the other. Talk of the Devil, and he is
bound to appear. Tuesday’s child is full of grace. You can't
judge a book by its cover. Now drips the saliva, will become
tomorrow the tear. All that glitters is not gold. Discretion
is the better part of valour. Little things please little minds.
Time flies. Practice what you preach. Cheats never prosper.

The early bird catches the worm. It’s the early bird that
catches the worm. Don’t count your chickens before they are
hatched. One swallow does not make a summer. Every pic-
ture tells a story. Softly, softly, catchee monkey. Thought is
alrcady is late, exactly is the carliest time. Less is more.

A picture paints a thousand words. There’s a time and
a place for everything. History repeats itself. The more the
merrier. Fair exchange is no robbery. A woman's work is
never done. lime is money.

Nobody can casually succeed, it comes from the thorough
self-control and the will. Not matter of the today will drag
tomorrow. They that sow the wind, shall reap the whirlwind.
Rob Peter to pay Paul. Every little helps. In for a penny, in
for a pound. Never put off until tomorrow what you can do
today. There’s many a slip twixt cup and lip. The law is an
ass. If you can’t stand the heat get out of the kitchen. The
boy is father to the man. A nod’s as good as a wink to a blind
horse. Practice makes perfect. Hard work never did anyone
any harm. Only has compared to the others early, diligently

(b)

Figure 13. Results of appendix 3 and appendix 4

Table 1. Application results of the models

Recovery rate Comput. time

Model for Chinese Fragments
Model for English Fragments

88.57%
96.17%

3.03s
47.38s

4.1 Analysis on Result of Appendix 3

Vol. 7, No. 3;2014

Table 1 shows that the recovery rate of model for Chinese fragments reassembly reached 88.57% and the
reassembly time efficiency is high. In the process of reassembling fragments in appendix 3, two reasons affected
the result of recovery. One of the important reasons is the line spacing of the second row in the last paragraph in
appendix 3 was too wide, as shown in Figure 14. This reason caused serious error in the process of completing
the reassembly of all rows. It can be seen that the model is more suitable for reassembling the document printing
with the same line spacing. Another reason is that the line spacing of few fragments was very similar, causing
error in the process of classifying.

BINXE, AOMEFE. BBME. FRXE. JLIEE, ETRA 3

—KE, . —iEz. BMARE. ReMEERRKRD. RERK. B

{Edp. BERE. BEZRERNE. SHEL TERLIRELD. —FiE
HIS&?D T?ﬁﬁ, ,\ﬁkkk FE %)Létiﬁﬁ')i f“J:E{’Hn%ﬁ&'

Figure 14. Compare of line spacing
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4.2 Analysis on Result of Appendix 4

Table 1 shows that the recovery rate of model for English fragments is very high but the computation cost is
higher. The reason is that this model was based on template matching, which has very high rate of letter
recognition. However, we utilized method of exhaustion in the process, caused the higher computation cost.

The font in fragments of appendix 4 in this example was Zapf Calligraphic 801. In order to reassemble all
fragments, Zapf Calligraphic 801’s template library was set up. If we reassemble document with different font,
we only need to set up a new template library. It can be seen that the English document fragments reassembly
based on template matching presented in our paper can be widely employed in daily life.

In the reassembling process, occasionally there were little mismatched cases. Due to English model is based on
the feature of English characters’ 8-connected region. However, not all English characters are connected, such as
Figure 15.These English punctuations didn’t meet the requirement of 8-connected region. When this paper
extracted these characters through connectivity, they were divided into two connected areas. But, all uppercase
and lowercase letters meet the requirement of 8-connected region. And this paper focused on the use of the
connectivity of letters in our model. Therefore, in the process of reassembling fragments by the model, the
impact on accuracy, which caused by those special punctuations, could be ignored.

. . 79

Figure 15. Not connected punctuations

In this example, all fragments were 180x72px images. The method based on geometric characteristics of
fragments can’t solve the reassembly of these fragments. By extracting the characters according to 8-connected
region, our model for English document fragments reassembly can recover the document accurately.
Furthermore, most fragments in daily life have the similar shape. For example, fragments produced by shredder
have the same shape. When people torn papers, they usually torn papers in half, then fold them in half and torn
again. Finally, we get many fragments with same shape. Therefore, it can be seen that our model is very practical
in daily life.

5. Conclusion

This paper considered the different features between Chinese characters and English characters. In order to
reassemble Chinese fragments, the model based on the feature of line spacing and Chinese characters’ feature
that the same font has the same height is proposed. In order to reassemble English fragments, the model based on
English characters’ connectivity is proposed. Compared with traditional model based on geometric
characteristics, the proposed models can accurately recover document fragments with the similar shapes.
Therefore, the models are very practical in daily life. After a practical experiment, it can be seen that our models
had high recovery rate and the robustness and reliability of models were verified.

In daily life, the handwritten documents are very common. In order to save some important fragments of
handwritten documents, we need to recover those fragments. In general, the method of handwritten documents
fragments reassembly is similar to the method presented in this paper. The main difference is the method of
recognizing Chinese characters and English letters. In model of handwritten Chinese fragments reassembly,
method of double elastic mesh is used to recognize Chinese characters (Chen, 2009). In model of handwritten
English fragments reassembly, method of principal curves algorithm is used to recognize English characters (Ma,
2013).

As a future work, in order to speed up calculating, using intelligent algorithm to optimize the process of model
calculation will be investigated.

Acknowledgments

The authors acknowledge the financial support of this research by the Key Laboratory of Product Packaging and
Logistics of Guangdong Higher Education Institutes , the Fundamental Research Funds for the Central
Universities, the project of the Natural Science Foundation of Guangdong Province (No.S2012010008773), and
the projects of Zhuhai Science, Technology, Industry, Trade and Information Technology Bureau
(N0.2011B050102013 & 2012D0501990033).

100



www.ccsenet.org/cis Computer and Information Science Vol. 7, No. 3; 2014

References

Chen, Z. H., Huang, X. H., Chen, P. F,, Li, W. L., & Zhu, S. Y. (2009). Handwritten Chinese character
recognition based on double elastic mesh. Journal ofComputerApplications, 29(2), 395-397.

CUMCM. (2013). The problems of Contemporary Undergraduate Mathematical Contest in Modeling. Retrieved
from http://www.mcm.edu.cn/html_cn/node/d0a7128a712992392cb5cbad3daleded.html

Gao, H. B., & Wang, W. X. (2007). New connected component labeling algorithm for binary image. Journal of
Computer Applications, 27(11), 2776-2777.

Gao, X. T., Sattar, F., Quddus, A., & Venkateswarlu, R. (2007). Local natural scale based contour corner
detection using wavelet transform. Proceedings of Information, Communications and Signal Processing,
25(6), 329-333. http://dx.doi.org/10.1109/ICICS.2005.1689061

Hori, K., Imai, M., & Ogasawara, T. (1999). Joint detection for potsherds of broken earthenware. Computer
Vision and Pattern Recognition, (2), 440-445. http://dx.doi.org/10.1109/CVPR.1999.784718

Jia, H. Y., Zhu, L. J., Zhou, Z. T., & Hu, D. W. (2005). A Shape Matching Method for Automatic Reassembly of
Paper Fragments. Computer Simulation, 23(11), 180-183. http://dx.doi.org/10.3969/.issn.100
6-9348.2006.11.046

Kong, W. X., & Kimia, B. B. (2001). On solving 2D and 3D puzzles using curve matching. Computer Vision and
Pattern Recognition, (2), 583-590. http://dx.doi.org/10.1109/CVPR.2001.991015

Li, H., Manjunath, B. S., & Mitra, S. K. (1995). A contour-based approach to mutlisensor image registration.
Image Processing, 4(3), 320-334. http://dx.doi.org/10.1109/83.366480

Luo, Z. (2012). Semi-auto stitching of scrapped paper based on character characteristic. Computer Engineering
and Applications, 48(5), 207-210. http://dx.doi.org/10.3778/j.issn.1002-8331.2012.05.060

Ma, C., & Yu, M. (2013). Analysis and extraction of structural features of off-line handwritten characters based
on principal curves algorithm. Computer Engineering and Applications, 49(3), 202-206.

Otsu, N. (1979). An automatic threshold selection method based on discriminate and least squares criteria.
Denshi Tsushin Gakkai Ronbunshi, (63), 349-356.

Wolfson, H. J. (1990). On curve matching. Pattern Analysis and Machine Intelligence, 12(5), 483-489.
http://dx.doi.org/10.1109/34.55108

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

101



