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Abstract: Due to its simplicity and high reliability, the box-counting(BC) method is one of the most frequently used techniques
to estimate the fractal dimensions of a binary image with a self-similarity property. The fractal calculation requires data
sampling that determines the size of boxes to be sampled from the given image and directly affects the accuracy of the fractal
dimension estimation. There are three non-overlapping regular grid methods: geometric-step method, arithmetic-step method and
divisor-step method. These methods have some drawbacks when the image size M becomes large. This paper presents a BC
algorithm for enhancing the accuracy of the fractal dimension estimation based on a new sampling method. Instead of using the
geometric-step method, the new sampling method, called the coverage ratio-step method, selects the number of steps according
to the coverage ratio. A set of experiments using well-known fractal images showed that the proposed method outperforms the

existing BC method and the triangular BC method.
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Fig. 1. Box counting on an image of 16 X 16 pixels.
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Table 1. Step size and box numbers.

5 N(8) log(1/5) log(N(5))
1 46 0 3.8286
2 20 -0.6931 2.9957
4 6 -1.3863 1.7918
8 -2.0794 1.3863

Fractal Dimension D= 1.23
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Fig. 2. Data fitting using the least squares method.
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Fig. 3. GS sampling on an image of 8 X 8 pixels.



712 20l 8,

[
(b) 6=2. (©) d

\
@) 6=1. 3. () 5=4.

13 4. 8 8 A ofm| Aol A AS W ET.
Fig. 4. AS sampling on an image of 8 X 8 pixels.
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Table 2. Test images for experiments.
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Table 3. Estimated results of the three methods for the images

used in Table 2.
Dimension
N Geomet
© omety Theoretic| BC TBC | Proposed
Koch snowflake 1.250 | 1.354 1.264

! (Opened form) 1.262

(0.0197)|(0.0374)| (0.0109)
1378 | 1446 | 1368
(0.0154) | (0.0432)| (0.0149)
1458 | 1.585 | 1.470
(0.0324) | (0.0544)| (0.0292)
1583 | 1.623 | 1.585
(0.0216)|(0.0311)| (0.0164)
1.664 | 1.662 | 1.680
(0.0281)|(0.0257)| (0.0233)
1792 | 1761 | 1.791
(0.0390) | (0.0401)| (0.0376)
1899 | 1.896 | 1.898
(0.0186)|(0.0226)| (0.0170)
1969 | 1.961 | 1.972
(0.0639) | (0.0679)| (0.0577)

2 |Apollonian gasket| 1.328

3 Vicsek fractal 1.465

4 |Sierpinski triangle| 1.585

5 Rand cantor 1.678

6 | Koch curve 85° 1.785

7 |Sierpinski Carpet| 1.893

8 Hilbert curve 2.000
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X 4. A3 ou|x|qj 3+ A WpHe] =4 Az}
Table 4. Estimated results of the three methods for curves rotated.

Angle of Fractal dimension

rotation BC TBC Proposed

0° 1.250 1.354 1.264
(0.0197) (0.0374) (0.0109)

450 1.259 1.225 1.262
(0.0271) (0.0231) (0.0316)

90° 1.227 1.290 1.267
(0.0124) (0.0133) (0.0060)

180° 1.227 1.290 1.268
(0.0127) (0.0133) (0.0073)

256x256 W A|(4~8 @)l A P& ATk 2w
nich gk 29 Faloz wiAA ko Z Z47F 450 90°,
180° 3 AAIZ £3E 81 256x256 71| oA S F
3l ARESIRIL, 3 4e =it 57)9] oWAE HiFeR
Z=Az)0 FAFI TFEAEE 8 29k Aotk
T 4NHE & F 9g5o] T3 A= AHglo] A
B e o279l U 126200 ZHIH, BCHS
ZF Ul TBCHS 45°2 Al9lskal et A4 Utk
Qlo| 37| A< M o|o|X|ofA Al

kel AgelA wladhdel s mF HAL 100%
8317 YA, AR BANME kst T7)9 oluAE
oE vk womER M(x2") A7l WiE Al dEe)
52 ksl Slel 256x256 AlolRd) AHE
5~9)7} AlojH 7] T EEE 3~7)S ARSI

ME 128904 256744 28 ZAAFIHA FAHES 7)A
o7 MxM T FAr)e] ABolmA(sub image)S )
g AYe THI oA MAES Pkt 1% 63 11
& 742 5709 el elA MAES T8l Bk 1™

N

Mo

=
[e]
A

%Jgro

02\: o z

THAAE HAIF 5 QAR AR e 2710
o2} Z7]7} Ao} efxke] 2fol7} gL Mol

2 o]2A9 ol FHEHsrkE AL B £ drk kAR
GSH<& H%o]—— Uelz] = 9l oln|xle] Z7lo) ulel
3%50] BIZEta Wit @HlE WR(= 1— CR)o| @& A7)

9 4

ox

0.4
— BC
---- TBC
0.3 - Proposed |

Mean absolute error J

928 1\‘130 1éO 2“10 24‘10 256
Pixel size M
3" 6. Mx M NA27) AR (HE 5~9)0ll A 73+ Al ¥
2] MAEs.
Fig. 6. MAE:s of the three methods for A7< A Sierpinski triangle

images(level 5~9).
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