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Effect of exposure time and image resolution on fractal dimension
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ABSTRACT

Purpose : To evaluate the effect of exposure time and image resolution on fractal dimension calculations for

determining the optimal range of these two variances.

Materials and Methods : Thirty-one radiographs of the mandibular angle area of sixteen human dry mandibles
were taken at different exposure times (0.01, 0.08, 0.16, 0.25, 0.40, 0.64, and 0.80 s). Each radiograph was digitized
at 1200 dpi, 8 bit, 256 gray level using a film scanner. We selected an Region of Interest (ROI) that corresponded to
the same region as in each radiograph, but the resolution of ROI was degraded to 1000, 800, 600, 500, 400, 300,
200, and 100 dpi. The fractal dimension was calculated by using the tile-counting method for each image, and the

calculated values were then compared statistically.

Results : As the exposure time and the image resolution increased, the mean value of the fractal dimension
decreased, except the case where exposure time was set at 0.01 seconds (a0 =0.05). The exposure time and image
resolution affected the fractal dimension by interaction (p<0.001). When the exposure time was set to either 0.64
seconds or 0.80 seconds, the resulting fractal dimensions were lower, irrespective of image resolution, than at
shorter exposure times (o =0.05). The optimal range for exposure time and resolution was determined to be 0.08-

0.40 seconds and from 400-1000 dpi, respectively.

Conclusion : Adequate exposure time and image resolution is essential for acquiring the fractal dimension using
tile-counting method for evaluation of the mandible.(Korean J Oral Maxillofac Radiol 2002; 32 : 75-9)

KEY WORDS : fractals; radiography, dental, digital; x-ray film
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Table 1. The pixel size of ROI at each resolution

Resolution (dpi) Pixel size
1200 360 x 360
1000 300 x 300
800 240 x 240
600 180 x 180
500 150 x 150
400 120 x 120
300 90 X 90
200 60 X 60
100 30 %30

0.25s

skeletonized
image
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Fig. 1. Samples of radio-
graphs at each exposure
time.

Fig. 2. Samples of images
at each step of image pro-
cessing.



Table 2. The fractal dimension at different exposure time

Table 3. The fractal dimension at different resolution

Duncan grouping Resolution (dpi) Mean
A 100 1.383

B 200 1.190

C 300 1.088

D 400 1.023

E 500 0.993

F E 600 0.981

F E 1000 0.974

F E 800 0.969

F 1200 0.958

Means with the same letter are not significantly different.

scanner, Eastman Kodak Co., Taiwan)Z o]£-3}e] 1200 dpi,
8u] &, 256 29 Al =2 v]x|"3} 3}, AdobeAle] Photoshop
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g FA d9E A AAE B el o=
AAE A3 F2hak S (12 3 E A E3glen, ojz
E| 1000, 800, 600, 500, 400, 300, 200, 100 dpi2. FHA =S
HeAZ) ololAE YA 7 s L B el
A7) Table 13} 7k}, Scion image 3b3 o] £-3}o] oJAMS
Al e, A4 7H-AleE EE] (1200 dpicll A 48 34,
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A &2 F28 F2E AR FFHEY et &
FZT FES 3o o] & A gAelA FAF
1288 7MHEE & wx 7k 1288 HA) = 3l o]y JAkS
e, I3 g ez AR F(Fig. 2), W3z doE
A sted Bt} A AR (tile-counting method)& E-3)
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3. A4 B4

dolx =del x9U7kS 2-way ANOVASL Duncan’s
multiple range testE ARg-3te] vwFozy F 74719
A#AT HAEEG HAE dolrgitt £ dFelAE Dun-
can’s multiple range test A3} 7} 98 o] &3 2AS
g AAgE AL A% A-E 2oz AHes)
At

2 =

7 x& A7k SAsde zde A3k d7s 7
8}1 ©]F Duncan’s multiple range testE AF-&3to] 72
Fol7k $olakA e A e 7oz RFING =2
AZF 0012 ZA$E At =2 A7te] 1) @t
Az XA gasg o, AErt SEeE
xagh A ke Fashe S B3 (Table 2, 3).

2-way ANOVAE AMgdle] x& AI7he} siAd=r) =9

Exposure time

Duncan grouping Mean

(seconds)
A 0.08 1410
B 0.16 1.357
C 0.25 1.321
D 0.40 1.294
D 0.01 1.281
E 0.64 0.548
F 0.80 ) 0.223

Means with the same letter are not significantly different.

Table 4. 2-way ANOVA test for interaction between exposure
time and resolution

Source DF

Pr>F
<.001

F value
36.68

Exposure time * Resolution 48

e 23kl 38 v|A o sz ExX H4RE
74et A3t M2 7be] Amabgo] £ 5t} (Table 4).
olg3t AT =2, =& Azk-AAAES 637 =g
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3 vlmsian B §T Aok v 2 2ge
e Foz EFshyden], 0.082-600 dpi, 0.08:2-800 dpi,
0.402-400 dpi, 0.253-400 dpi, 0.08-1000 dpi, 0.163-500
dpi, 0.01:2-500 dpi, 0.1632-600 dpi, 0.083-1200 dpi2] 97}
3ol 7MY B ol 3 Aoz Jelyit(Table 5).
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Table 5. The fractal dimension at different combination of exposure time-resolution

Duncan Exposure time

Duncan Exposure time

grouping -Resolution Mean grouping -Resolution Mean
A 0.08-100 1.908 I KMNL HJ 0.40-500 1.201
A 0.16-100 1.892 I KMNL HJ 0.01-800 1.199
A 0.25-100 1.877 I KMNL J 0.16-1000 1.186
A 0.40-100 1.815 I KMNL J 0.25-600 1.184
B 0.08-200 1.635 I KMNL J 0.16-1200 1.180
CB 0.16-200 1.582 KMNL J 0.25-800 1.169
CB 0.25-200 1.555 KMNL J 0.01-1200 1.169
CB D 0.40-200 1.527 KMNL 0.40-600 1.165
CEB D 0.01-100 1.488 KMNL 0.25-1000 1.146
CE FD 0.08-300 1.447 KMNL 0.25-1200 1.137
GE FD 0.16-300 1.390 MNL 0.40-800 1.132
GE FD 0.01-200 1.389 MN 0.40-1000 1.109
GE F H 0.08-400 1.365 N 0.40-1200 1.091
IGE F H 0.25-300 1.357 (¢) 0.64-1000 0.635
IGE F H 0.01-300 1.355 ¢ 0.64-1200 0.623
IGE F HJ 0.40-300 1.347 0 0.64-800 0.560
IGK F HJ 0.08-500 1.315 O 0.64-600 0.550
IGK FL HJ 0.16-400 1.301 (6] 0.64-100 0.528
I GKMFL HJ 0.08-600* 1.285 (6] 0.64-300 0.524
IGKM L HJ 0.01-400 1.276 (6] 0.64-400 0.515
IGKMNL HJ 0.08-800* 1.268 O 0.64-500 0.501
IGKMNL HJ 0.40-400* 1.262 (@) 0.64-200 0.496
IGKMNL HJ 0.25-400%* 1.256 P 0.80-1000 0.297
IGKMNL HJ 0.08-1000* 1.245 P 0.80-1200 0.283
IGKMNL HIJ 0.16-500* 1.245 P 0.80-800 0.245
IGKMNL HJ 0.01-500%* 1.240 P 0.80-600 0.244
IGKMNL HJ 0.16-600* 1.229 P 0.80-500 0.238
IGKMNL HJ 0.08-1200* 1.226 p 0.80-300 0.199
I KMNL HJ 0.25-500 1213 P 0.80-400 0.186
1 KMNL HJ 0.16-800 1.213 P 0.80-100 0.171
I KMNL HJ 0.01-600 1.210 P 0.80-200 0.146
I KMNL HJ 0.01-1000 1.202
Means with the same letter are not significantly different.
* : the exposure time-resolution that most groups belong
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