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Abstract

In measuring surface area errors can be brought about with different measuring people,
This study aims at eliminating such errors in measurement.

With measures by 3 people whose experience varies from person to person, the existing area
measuring method using a planimeter and two other methods which use a computer (one using
a digitizer and the other using a scanner) have been analyzed and compared.

Three methods have not shown a meaningful difference in respect to the value of area and
two methods other than the one using a scanner have shown a meaningful difference among
3 measuring people. ‘

Therefore, we propose the method using a scanner by image processing should be a more
improved one for area measuring. The arguments for that are as fllows.

1. The operation for measurement is simple and it has a high degree of accuracy with few
errors.

2. Because different measuring people cause few errors the operation started by one person
can be handed over to anyone else and the operation dosen’t require previous skill.

3. Once image file is saved, the operation can be performed on several computers at the
same time with seperate part on each computer,

4. Three methods have needed nearly the same length of time, but time for the method using
a scanner can be reduced on computers with a higher capacity.
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Fig. 1. The method of Surgical tape.
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Table 1. Gradient Direction Encoding and Edge
Detection
SGN SGN |  Gradient Edge
(P1,P2) (P3,P4) Direction Code | Decision
+1 3
+1 -1 1
o 0 2
+1 5
-1 -1 7 Edge
0 6
+1 4
0 ~1 0
-
0 X No Edge
o},
1. g P
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Table 2. Comparison of differences among 3 measuring people with each method of measurement (hemisphere 5=

50.14 cm?) (cm?)
method planimeter digitizer scanner
measurer X F-value X F-value X F-value
A 52.43 24.25*** 51.50 19.04*"* 50.91 1.20
B 50,53 50.87 50.92
C 51.93 51.13 50.95
mean 51.63 51.17 50.93
difference of real 1.49 1.03 0.79
surface area
"p<0.05 **p=0.01 ***p=0.005
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Table 3. Ccomparison of differences between method of measurement and measuring people

@ sample 1 2 3 Total
item X Fvalue X Fwvalue X  Fvalue X order F-value
Planimeter 22.88 .04 21.68 4.17° 31.08 52.96**" 25.21 1 .13
Method Digitizer 22.87 21.04 30.30 24.74 2
Scanner 22 .82 20.90 30.24 24.66 3
A 23.11 2,20 21.29 2.24 30.55 17.41*** 24.98 2 .06
measurer B 22.75 20.87 30.27 24.63 3
C 22.71 21.46 30.80 24.99 1 )
. Imteraction .79 2.59 12.24**" .05
P @ sample 1 2 3 Total .
1:'__’ item X Fvalue X Fvalue X Fwvalue X  order F-value
Planimeter 70.74 22.91*** 70.63 15.71*** 64.93 10.56*** 68.77 1 .46
Method Digitizer 70.16 69.60 64.76 68.17 2
Scanner 68.85 69.97 _ 64.58 68.13 3
A 69.87 61.88*** 70.03 17.68"** 64.70 94  68.20 2 .69
measurer B 69.78 69.53 64.76 68.02 3
c _onn 70,64 64.81 68.85 1
=5 Imteraction 30.61*"" 13.86**" 9.23*** .92
b | ©) sample 1 9 3 Total
Lﬂ item X  Fwvalee X  Fwalue X  Fvaluie X order Fevalue
Planimeter  64.80 38.18°** 58.48 26.57"** 58 81 44.89°** 60.73 2 39
Method Digitizer 64.18 58.45 58.46 60.36 3
Scanner 64.82 59.07 59.34 61.08 1
A "T64.77 13.73*** 58.01 11.85°** 59.03 7.69°** 60.90 1 14
measurer B 64.36 58.45 58.67 60.49 3
C 64.76 58.64 58.91 60.77 2
. Imteraction 18, 48 3.78* 3.41* .07
ey sample 1 2 3 Total
item X Fwalue X Fwvalue X  Fwalue X order F-value
Planimeter  84.76 26.50°"* 59.33 73  70.27 329  71.45 2 -0l
Method Digitizer 84.39 59.05 70.40 71.28 3
Scanner 85.12 59.36 70.52 7167 1 _
A 85.08 15.05*** 59.81 6.93** 70.85 55.11*** 71.91 1 .04
measurer B 84.57 58.76 69.97 71.10 3
C 84.62 59.17 70.37 71.39 2
Imteraction 6.25°"" 1.89 12.98"*" !

*p<0.05 **p<0.01 ***p=0.005

(2 2B 702

Sample ] Sample 2 Sample 3
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Table 4. Comparison of measures for each part of the outer foot shell by different methods of measurement

method Planimeter Digitizer Scanner
measurer — — p—
section sample X order F-value X order F-value X order F.value
Samplel A 2313 1 .33 23.38 1 12.93** 22.83 1 .15
B 22.87 2 23.59 3 22.81 3
C 22.63 3 22.66 2 22.82 1
Sampl: 2 A 21.53 2 2.16 21.45 1 37.71***  20.90 1 .21
@ B 20.87 3 20.84 3 20.90 1
C 22,63 1 20.85 2 20.89 3
Sample 3 A 30.90 2 15.87***  30.48 1 13.72** 30.26 1 .78
B 30.47 3 30.07 3 30.24 2
C 31.83 1 30.34 2 30.23 3
Samplel A 69.80 . 2 69, 69***  69.95 2 6.70" 69.87 1 .16
"B 69.67 3 69.83 3 69.84 3
C 72.77 1 70.72 1 69.85 2
Sample 2 A 70.10 2 18.11***  70.02 1 6.43* 69.97 1 .01
2 | B 69.50 3 69.12 3 69.97 1
- C 7230 1 ‘ 69.66 2 69.96 3
Sample 3 . A 64.67 3 8, 84* 64.86 2 4.47 - 64.58 2 .18
B 64.80 2 64.92 1 64.56 3
C 65.33 1 64.50 3 64.59 1
Samplel A 64.83 2 15,29**"  64.67 1 23.59***  64.82 2 L1
B 64.27 3 64.02 2 64.80 3
C 65.57 1 63.87 3 64.85 1
Sample 2 A 58.73 1 12, 39** 58.92 1 5.47" 59.07 2 .48
€)) B 58.17 3 58.10 3 59.08 1
C 58.53 2 58.33 2 59.04 3
Sample 3 A 58.90 1 .75 58.86- 1 23.58*** 59.32 2 .39
B 58.63 3 58.05 3 59.32 2
C 58.90 1 58.46 2 59.38 1
Samplel A 85.03 1 2,68 85.06 1 23.01*** 85.14 1 .09
B 84.47 3 84.14 2 85.12 2
C 84.77 2 83.97 3 85.12 2
Sample 2 A 60.07 1 1.57 60.02 1 19 40*** 59.35 3 37
@ B 58.63 3 58.26 3 5937 1
C 59.30 2 58.85 2 59.36 2
Sample3 A 70.80 1 33.26*** T71.23 1 17.29***  70.51 3 .12
B 69.53 3 69.84 3 70.53 1
. C 70.47 2 70.13 2 70.52 2
"'p=0.05 **p=<0.01 ***p=0.005
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