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[Abstract]

In this paper, we propose partial denoising boundary matching based on an index for faster matching
in very large image databases. Attempts have recently been made to convert boundary images to
time-series with the objective of solving the partial denoising problem in boundary matching. In this
paper, we deal with the disk I/O overhead problem of boundary matching to support partial denoising
in a large image database. Although the solution to the problem superficially appears trivial as it only
applies indexing techniques to boundary matching, it is not trivial since multiple indexes are required
for every possible denoising parameters. Our solution is an efficient index-based approach to partial
denoising using R'-tree in boundary matching. The results of experiments conducted show that our

index-based matching methods improve search performance by orders of magnitude.
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I. Introduction
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Fig. 1. Examples of boundary matching utilized for image preprocessing.
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Algorithm 1 BuildNaivelndex (T, d, 1)

Input: Boundary time-series database 7, Denoising level d, Denoising length [

1: for each data time-series T € T do

2: for each denoising position p € [0,n — 1] Bf T do

3: Make a partial denoising time-series Tz‘)“ from T

4: Transform T;d*l to an f-dimensional point F' (fg*l) by using the low-dimensional
transformation F'(-);

5% Make a record < T-1D, F (fg’l) >, and store it into the index;

6: end-for

7: end-for

Fig. 2. The naive index—building algorithm for partial denoising boundary matching.
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Fig. 3. An example of dI-MBR construction in a multidimensional index.
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Algorithm 2 BuildBasicIndex (T, d, [)

Input: Boundary time-series database 7, Denoising level d, Denoising length [

1: for each data time-series T € T do

2: Make an f-dimensional MBR M (-) that is initially empty;

3: for each denoising position p € [0,n — 1] of T do

4: Make a partial denoising time-series T;f'l from T’

5: end-for _

6: Construct a set 7! of all partial denoising time-series;

7: Construct a set of f-dimensional points from 7% by using the low-dimensional
transformation F'(-);

8: Construct dI-MBR Mg ('7"”) by bounding all f-dimensional points;

9: Make a record < T-ID, My (”fd»l) >, and store it into the index;

10: end-for

Fig. 4. The basic index—building algorithm for partial denoising boundary matching.
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Algorithm 3 IndexBasedMatching (Q, €, d, 1)
Input: Query time-series @, tolerance €, Denoising level d, Denoising length [
Output: The result set R
R:=92
: Transform @ to an f-dimensional point F(Q) by using the transformation F'(-);
: Make a range query using F'(Q) and ¢;
: Construct a candidate set C by evaluating the range query on the index;
: for each candidate set C' € C do // Start the post-processing step
if PDD(Q,C.,d,l) < e then
R:=RU{C}
end-if
: end-for
: return R;

[
[=]

Fig. 5. The index—based boundary matching algorithm supporting partial denoising.
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Fig. 6. The scalability of partial denoising boundary
matching algorithms(d=24, £72).

V. Conclusions

2 =Qoie T AQlS Abgsto] BE wolxA|
7 S2A oA ofa] 7R wol AR DS S-S
RSt WAlSHE oWsle 2RI slAstairt B
2o FHORE T}t 2rh WA, R'-treed} MY ¥
319l PAAS AFR3to] 920l OfAlO]A B o] xAA
£ AUske 589 Mol Jvt A

A, Qele] ol <A ofAg AUst Tl Aol 7

r
zE

slo] QMG FESIAIGL 17 B2 BEo|} mES B
RO w80 ALRE CCD W NS AALS &
S5P)7} o) meh, 35 AQloR e Rop B4
b
=

[e] o
o et A2 SRS A olgolct w3t AU
A= AL 71dke] o) & B EE
wr} a3 i o 943t o2 e g
§ 472 75 458 2

Aol digh A5 28T olgol

REFERENCES

[11 R. Agrawal, “Efficient

Similarity Search in Sequence Databases,” In Proc. of the

C. Faloutsos, and A. Swami,
4th Intl Conf. on Foundations of Data Organization and
Algorithms, Chicago, Illinois, pp. 69-84, Oct. 1993.

[2] Y. Cai, H. Tong, W. Fan, P. Ji, and Q. He, “Facets: Fast
Comprehensive Mining of Coevolving High-Order Time
Series," In Proc. of the 21th ACM SIGKDD Intl Conf. on
Knowledge Discovery and Data Mining, Sydney, Australia,
pp. 79-88, Aug. 2015.

[3] W.-K. Loh, S.-P. Kim, S.-K. Hong, and Y.-S. Moon,
“Envelope-based Boundary Image Matching for Smart
Devices under Arbitrary Rotations,” Multimedia Systems,
Vol. 21, No. 1, pp. 29-47, Feb. 2015.

[4] Y-S. Moon and B. S. Lee, “Safe MBR-Transformation in
Similar Sequence Matching,” Information Sciences, Vol. 270,
No. 2, pp. 28-40, June 2014.

and L. Gravano, “k-Shape: Efficient and
Accurate Clustering of Time Series,” In Proc. of the ACM
SIGMOD Int'l Conf. on Management of Data, Melbourne,
Australia, pp. 1855-1870, May/June 2015.

[6] B.-S. Kim, Y.-S. Moon, and J.-G. Lee, “Boundary Image

Matching Supporting Partial Denoising Using Time-Series

[5] J. Paparrizos

Matching Techniques,” Multimedia Tools and Applications,
Vol. 76, No. 6, pp. 8471-8496, Mar. 2017.

[71 Y-S. Moon and W.-K. Loh, “Triangular Inequality -based
Rotation-Invariant Smart
Devices,” Multimedia Systems, Vol. 21, No. 1, pp. 15-28,
Feb. 2015.

[8] A. Dalton, S. Patel, A. R. Chowdhury, M. Welsh, T. Pang,
S. Schachter, G. Olaighin, and P. Bonato, “Development of a

Boundary Image Matching for

Body Sensor Network to Detect Motor Patterns of Epileptic
Seizures,” IEEE Trans. on Biomedical Engineering, Vol. 59,
No. 11, pp. 3204-3211, Nov. 2012.

[9] M. Bashir and F. Kempf, " Advanced Biometric Pen System
for Recording and Analyzing Handwriting," Journal of
Signal Processing Systems, Vol. 68, No. 1, pp. 75-81, July
2012.

[10] B-S. Kim, Y.-S. Moon, M.-J. Choi, and J. Kim,
“Interactive Noise-Controlled Boundary Image Matching
Using the Time-Series Moving Average Transform,”

Multimedia Tools and Applications, Vol. 72, No. 3, pp.

2543-2571, Oct. 2014.

[11] Y.-S. Moon, B.-S. Kim, M. S. Kim, and K.-Y. Whang,



Index-based Boundary Matching Supporting Partial Denoising for Large Image Databases 99

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

“Scaling-Invariant Matching
Matching Techniques,” Data & Knowledge
Engineering, Vol. 69, No. 10, pp. 1022-1042, Oct. 2010.

F. Kom, H. V. Jagaciish, and C. Faloutsos, “Efficiently
Supporting Ad Hoc Queries in Large Data Sets of Time
Sequences,” In Proc. of the ACM SIGMOD Intl Conf. on
Management of Data, Tucson, Arizona, pp. 289-300, May
1997.

R. Datta, D. Joshi, J. Li, and J. Z. Wang, “Image Retrieval:
Ideas, Influences, and Trends of the New Age,” ACM
Computing Surveys, Vol. 40, No. 2, pp. 34-94, Apr. 2008.
A. W. M. Smeulders, M. Worring, S. Santini, A. Gupta,
and R. C. Jain, “Content-based Image Retrieval at the End
of the Early Years,” IEEE Trans. on Pattern Analysis and
Machine Intelligence, Vol. 22, No. 12, pp. 1349-1380, Dec.
2000.

N. Beckmann, H.-P. Kriegel, R. Schneider, and B. Seeger,
“The R*-tree: An Efficient and Robust Access Method for
Points and Rectangles,” In Proc. of the ACM SIGMOD
Int’l Conf. on Management of Data, pp. 322-331, Atlantic
City, New Jersey, May 1990.

C. Faloutsos, M. Ranganathan, and Y. Manolopoulos, “Fast

Boundary  Image Using

Time-Series

Subsequence Matching in Time-Series Databases,” In Proc.
of the ACM SIGMOD Int’l Conf. on Management of Data,
pp. 419-429, Minneapolis, Minnesota, May 1994.

W.-S. Han, J. Lee, Y.-S. Moon, S.-W. Hwang, and H. Yu,
“A New Approach for Processing Ranked Subsequence
Matching based on Ranked Union,” In Proc. of the ACM
SIGMOD Intl Conf. on Management of Data, Athens,
Greece, pp. 457-468, June 2011.

M. Vlachos, G. Kollios, and D. Gunopulos, “Discovering
Similar Multidimensional Trajectories,” In Proc. of the 18th
IEEE Int1 Conf. on Data Engineering, San Jose, California,
pp. 673-684, Feb./Mar. 2002.

L. Chen, M. T. Ozsu, and V. Oria, “Robust and Fast
Similarity Search for Moving Object Trajectories,” In Proc.
of the ACM SIGMOD Int1 Conf. on Management of Data,
Baltimore, Maryland, pp. 491-502, June 2005.

R. H. Shumway and D. S. Stoffer, Time Series Analysis
and lts Applications: With R Examples(Ed. 2), Springer
Texts in Statistics, 2006.

S.  Berchtold, C. Bohm, and H.-P. Kriegel,
Pyramid-Technique: Breaking the
Dimensionality,” In Proc. of the ACM SIGMOD Int’l
142-153, Seattle,

G‘The
Towards Curse  of
Conf. on Management of Data, pp.
Washington, June 1998.

K.-P. Chan, A. W.-C. Fu, and C. T. Yu, “Haar Wavelets

[28] Y.-S. Moon and J. Kim,

(\/ Advanced
g Technology (2013 and 2015), Kangwon

for Efficient Similarity Search of Time-Series: With and
Without Time Warping," IEEE Trans. on Knowledge and
Data Engineering, Vol. 15, No. 3, pp. 686-705, Jan./Feb.
2003.

[23] R. Lesch, Y. Caille, and D. Lowe, “Component Analysis in

Financial Time Series,” In Proc. of the IEEE Intl Conf. on
Computational Intelligence for Financial Engineering, New
York, New York, pp. 183-190, Apr. 1999.

[24] M. Krawczak, G. Szkatula, “An Approach to Dimensionality

Reduction in Time Series,” Information Sciences, Vol. 260,
No. 2, pp. 15-36, Mar. 2014.

[25] S. Belongie, J. Malik, J. Puzicha “Shape Matching and

Object Recognition Using Shape Contexts,” IEEE Trans. on
Pattern Analysis and Machine Intelligence, Vol. 24, No. 4,
pp. 509-522, Apr. 2002.

[26] M. Sonka, V. Hlavac, and R. Boyle, Image Processing,

Analysis, and Machine Vision, 4th Ed., Cengage Learning,
2014.

[27] P. Suetens, P. Fua, and A. J. Hanson, “Computational

Strategies for Object ACM  Computing

Surveys, Vol. 24, No. 1, pp. 5-62, Mar. 1992.

Recognition,”

“Efficient Moving Average
Transform-based Subsequence Matching Algorithms in
Time-Series Databases,” Information Sciences, Vol. 177,

No. 23, pp. 5415-5431, Dec. 2007.

[29] R. Arandjelovi'c and A. Zisserman, “Three Things Everyone

Should Know to Improve Object Retrieval,” In Proc. of the
IEEE Conf. on Computer Vision and Pattern Recognition,
pp. 2911-2918, Providence, Rhode Island, June 2012.

Authors

Bum-Soo Kim received his Ph. D. (2013)
degrees in computer science from Kangwon

National University. From 2013 to 2017, he

was a postdoctoral researcher in Korea

Institute of  Science and

National ~ University  (2014), and  Korea

(2016-2017). He 1is currently a postdoctoral researcher in

University

Department of Future Technology and Convergence Research
from Korea Institute of Civil Engineering and Building
Technology (KICT). His research interests include time-series
data mining, construction bigdata analysis, and data mining

applications.



