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Table 1. Results of
i) IEHF7 Square

Individual A
Fy b7V v F 77 = A= F v b
Dot-grid Planimeter Dot-
jtfc? x E B c. V. E ¥ C. V. ¢ ¥
Size Mean value : Mean value Mean value
13049 cm? % cm? % cm?
(Side about)cm
1 1 0.975 10.11 0.975 0.17 1.0125
2 2 3.975 2.48 3.936 0.75 4.025
3 3 8.9375 1.27 - 8.9205 0.27 8.9125
4 4 16.050 2.02 15.8550 0.21 15.925
5 5 24.900 0.57 24,8930 0.16 24,8875
6 8 63.8375 0.44 63.8710 0.06 63.8875
7 10 99.575 0.30 99.5995 0.04 99.6525
8 13 168.5325 0.24 168.3172 .06 168.1625
9 15 224.7625 0.11 224.5055 0.04 224.655
10 20 398.900 0.12 398.4290 0.03 399.2375
i T%ne B?mif??ltegﬁ) 158 ' 184
ICfSRatiO‘ZfZ (% 100 100
7°5':—)‘_—5/F'y b&'_UyF 1 1.16
Planimeter/Dot-grid

ii) & 7 Rectangle

Ky b7V v F 7T = A=
Dot-grid Planimeter
k& T 7
Size Mean value Cc. V. Mean value c. V.
# cm? % cm? %
<About)cm
1 0.5X10 4.7875 2.48 4.9569 0.93
2 0.5X20 9.950 4,15 9.8385 0.69
3 1X10 9.8125 1.83 10.0417 0.44
4 1X20 19.750 0.73 19.963 0.39
5 2X20 39.725 0.55 39.9687 0.18
B E R O D
Time (minute 32 68
3 )
H:Ratio$ (%) 100 212
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the measurement
B C
VAN ZA A Fy 7Y v F 77 = A= Z
grid Planimeter Dot-grid Planimeter
c. V. Mean value C. V. Mean value C. V. Mean value C. V.
% cm? % cm? % cm? %
7.01 0.9875 9.46 1.025 1.21 0.9700 12.39
1.96 3.8798 2.98 4.100 3.75 3.9239 3.18
1.49 8.9974 0.90 8.950 1.50 9.0475 1.19
0.84 16.0000 0.68 15.825 1.13 16.086 0.60
1.41 24.9799 0.38 24.900 1.08 24.9509 0.38
0.28 64.0305 0.36 63.6875 0.62 64.3088 0.15
0.44 99.7600 0.30 99.8625 0.33 99.6433 0.14
0.35 169.2785 0.09 168.125 0.50 167.9519 0.05
0.16 225.2965 0.05 224.5625 0.40 224.7185 0.03
0.04 398.2582 0.05 398.9875 0.40 399.0605 0.08
168 524 191 676
106 285 121 367
1 3.12 1 3.54
i) M F Circle
T~ Fo b7y yF 75 = A5
~ Dot-grid Planimeter
~.
KEx A 2] ¥ #

Size \\ Mean value Cc.v. Mean value C. V.
<¥- %, %)cm cm? % cm? %
Radius,about

1 0.5 0.7875 10.71 0.8027 1.47
2 1 3.2375 4.97 3.1984 1.06
3 28.2250 1.00 28.3140 0.14
4 5 78.0375 0.73 78.3870 0.07
5 10 312.8750 0.23 314.2103 0.0z
il A I C))
Time (minute) 64 88
124 R (%)
Ratio 100 138
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Table 2. Test of uniformity variance and significant
difference of means with 2 sets
T R&ES
fE B T~ Size 1 2 3 4 5 6 7
Kind ~— ]
F 0 11.29%* 20.06** 94,38** 12.95%* 48.02%* 62.69%¥
A
3 0 0.89 0.49 1.89 0.15 0.38 0.08
EH¥ 5 F 2.73 2.14 2.66 1.53 13.92%%  1.66 2.25
Square ¢ 0.58 3.28%  1.73 1.37 0.80 1.53 0.64
c F 3.61% 1.15 1.64 3.48% 8.24** 17.39** 5.71
t 1.34 2.81% 1.61 3.97%* 0.51 4,60** 2.15
*ok * K * K
46 7 F 6.62 37.25 16.35 3.40 ?.76
Rectangle |, 4.21%  0.84 3.93 4.10%%  3.35%
EA F 50, 84%* 22.46%* 51.26%% 111.10%% 144,20**
Circles ¢ 0.56 0.75 0.99 1.94 5.68
HE3R BAZOHBOWHE (FoE)
Table 3. Results of the test of significant difference
between individuals (Fvalue)
& iﬁ% 1 2 3 4 5 6 7
Kind
Fy 7Y v Rk 0.57 3.35 0.27 3.25 0.00 0.94 1.83
A A I S 0.18 0.78 7.06**  21.00%*  3.42 20.45%* 2.30
JL A
Eﬁg%ﬁ)ﬁ%éz_& 0.43 2.37 0.17 2.84
ARz LT .
ﬁégfﬁ’“m L7 2.20 17.29%* 0.83 0.23
F4R EANLEBOSEOTHESE (FoE)
Table 4. Results of the analysis of variance for
between transactions (F value)
K=
Size 1 2 3 4 5 6 7
Individual
-~ A 0.59 1.70 0.27 3.76 0.02 0.11 0.05
-~
';E % B 0.52 10.90** 2.55 1.43 0.89 3.41 0.73
quare C 1.85 7.53%  3.09 8.20%%  0.27 19.09%* 4.55
Z 21.63%* 0.64 13.86%¥ 150.46%* 11.04*¥
Rectangle Hhe : : . .
Vi
Circles 0.40 0.61 0.99 3.47 | 33.24%H
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8 9 10
19.20%% 9.48% 20, 41%*
1.63 3.14* 3.00%
13.22%%  8.63%+  4,26%
5.83%H  5.43% | 70.95%*
84.35%K 134,42%% 24.02%*
0.65 0.55 0.14
8 9 10
1.71 0.30 | 0.30

349.32%% 180.38%* 30.33**
8 9 10
2.26 8.91%% 9 71%*
29.17%%  31.55%% 34,20%*
0.42 0.34 0.02

THEREDHD LS L O, BERRITIZR > TW3S,

#IRD, BANLEE AR LIBEAZORER, £4F0 L
25 3fTNA,B,COYNIC D LEROEN 2 h - 72 b DIZDONT
Tt ol TTTE, REETR - LABERWICEEREZZAOL
2V, EREBOITIE, FEIRTEAZO R 54 BTSN T,
EAZRHBZ LISHENNBEOFELETAT LN TH 5,

3. EHRMEMERR

DFI, HAHEERETH ZEHRECO>OVWTENE ). EH
FREIIE 1 RITRL T %,

T T, EFRICOWTREFTERERZ L EBREOMOBRE 5
1RITRL THED, Shiich TEERZENOTEIIAE L, 7F
SA—FEIDF v VYV y FENOHFR—BRLBEETH 5, K&
ReHEbPB L0 I, THFRKIZ /MEv, EFFTR, A
DEN AERERSL S 1 BN SREEE LS 1EEY, AT I=
A—FEBRNTI0% HiZEKEVDY, 2FBEH»S Bl/h&lko
TWb, ROEN 16 BEERL S 2EFHE TIIEMLT, 0.7~3.7
%ORERY, 6BBLUBETIEaV<LUTLERY, YRoZ Lan
b, EHENKELRBIZ LI - TS 2BHERERL TS,
BT, AT, @877 =A—FZDEFIEEN I 2o T,
BIEOK vy 27 vy FET, 2FBF1FB X VEAELIKEVNIC
EHREIREL 2> TWBEDI, 2BBENHEERICHEE Lz
Tebiz, TOXIRERICR > Ten T2V pLEHRENS,

PRER:. TR LicmzdbezBET, EHFED A 2
1.16 %, BAWI3 4%, CRKB.5EEVWThL S T=A—FnFER
L oT05, EHLM 2 AEIH14ELhL ST =
A =B HRLN,

4. ERFHEOLE

EFBEFTIZONTITR - 7228, X CHERE, Y i< 10 EoxKHE
NFHEE LY, 10EOEHICOVT BRFEEZHEL, EAD
BVRAEIIC L - T, BEOKEWFTRIERZHEA’H B0,
E3EOFENEARD B0 EFANTHTZ. TOBRIFES RN L
BITHD,

H5k H B R XK

Table 5. Regression coefficient

| A | B C
Fy b7y v FEE 0.99757 0.99689 0.99743
7T = A —F 0.99647 0.99703 0.99734
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BRI, BIED &L DICERTHIE, 1IR2TTEYN, MACRERFTEATVWE DI, ZNXSIC
BoTd, ROBERABLFFICLTIY, HETH ETLAL,. 3HLVAHECIS HRARALRE
o .

5. A—DOHEFEICHNLUTETORZIRABBEANVCEBEDORY T Uy ki
TIZA =R EDHE

Mo b ERORE (HHEWM2.5cm?) i3 L T, Fy +2Y v KR ARRBE 1 mm,
5mm O 3FRE, THIZTF =2 —FEME Iz AR OV TRIER T2 - 7z, WEEELZHhZHI0
E¥F>Thod, fRERITTT,

2 mm,

H6Fk AT s bk

Table 6. Comparisons for the same figure
E ¥ B E B M i
Tfitﬁnt\\ Mean value C. V. Time (C.V.)2Xtime
o cm? % 5 ®
. . .. 1 mm 2.2735 0.79 20 25 12.74
f;oi_ggfd”n;;ghfi 2 2.2700 1.62 6. 30 17.06
5 2.2700 6.82 2. 10 100.78
7T = A~ F A
Planimeter method 2.3054 0.80 6. 30 4.16
DB EATE - TR,

Fy b7V v FiEn 3SFEETIZ, F=0.00
FT=A—FELEDIABEETIX, F=0.41
T, WAL QAEBOBEEEZ 2V,

HRCE LML, $6XEZNTDLHLBIIIC, WHIFABL P oeniX, Ky b7 Y v K&
1mm BIFET, B&ED 5mm BENAM10ELRoTWS, (72, Ky b2 ) v FHRO 2mm FElgE: 77
=A—ERFEREE L 2> TV D,

WERICEERENBD LRV E VS 2L b, FEREO SRV Buson BRELEx
he, —%, EBREEHRDL, 77=A—FFFy 7Y v FIRO 3EEO 5 bRESR LS pdr o
Tw3 1mm BELIZEFR T T, FUEKE2P > TS 2mm BROKES L2 TWE, TOBRENK
By hEREFETIE, 5mmEBEEZAVS LEFBEKRE 230X, BIOFHOHIRLLHALH»TH S,
BEELL - LI T51E, AEERE ST, 5mmERL VS LBLREROLOE AW ELE
BdHY, LENR-T, BELEL 205 RHRLAR5, £ 1mm BB TI/NSBE THECRBPERI
LVOTELTRERL, b o b/ NAENERE - HFVBEHANL Y TH 5,

6. FybrIVy FIRORBBEBEICDNT

Fy b7 )y FIROR2S AERERBEL 0BREFAL M T BRI, 2F diffiicviid, WEL X
5Lt BREIERHISL T, BEE—EBRLEHEE, Fy bl Y vy FOLYnRHBREAVEIRELDT
ANEfTleolce TAMDFEERIZFT,

EEOTHEEZ L OMEE 3EiEE (UEHREHE TN 1.7cm?2, 5.7cm?, 24.7cm? L R oT2), THhE
HORFR, #110, 40, 150 DEOERIIVE X IRABBOF v 7Y v FIREBY, 10 Bk
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TR Fo b2V FIROKFERLBEL 0BR

Table 7. Relationship of point-interval of dot-grid plate to precision

i) i)
Aﬁ = N
xE & LR 8 | c.v. Ko | kEsePE
ize interval Mean value Number Size and C. V.
om om? % of point mean area
P 4 1.680 6.35 - %
" 2 1.668 2.41 A 1.680°™ 6.357
#) 1.7cm?
1 1.663 0.65 # 10 @ = 5.792 6.08
a 8 5.792 6.08 ~ 24.750 11.34
# 5.7cm? 0672 261 « 1.668 2.41
0. 2 5.698 0.96
40 A =] 5.672 2.61
~ 15 24.750 11.34
8 24.672 2.16 ” 24.672 2.16
£ 2
#924.7cm 24.704 1.10 P 1.663 0.65
- = 5.698 0.96
#935.2cm? S 35.188 1.27 #5150 {A »~ 24.708 1.10
& 10 153.35 0.86 N 20169 -
;‘%@153.45;{12 * ° S 153.35 0.86

X BEEOWEEITR o 20 EORRIIFETRNLBY TH S,

EIENOL, 1) BABECE-TELY, i) BIERBCEEN 2 A0k TEedl, FTR
i) 2bbrs ko, BETSEEAKNMIELT, ROBREFLL 5Wi23 k) esfEz Av
5L, TOEEBIIFEEICEDO X - fHIc - TWD, Wz 3, BER, SEhsHA0fiz k-
TEFE>TLBLEXDOND, IEL, AR 15mm & AWBAOKEN, 11.34% L2 T30k
Rhdb»3 k58, ROFCH_RTHEVREIBEIRFBEAVS L, TERELRE 2L
RLTWB, RO 150 HOERIZ DWW TR, S5 2EBML TR THRZ, 0 2 E0KHE
¥, 5mm & 10mm T, FfEiEH 35.2cm?, 153.4cm? L KE L oo TWBAS, FEHMREIL 1 %RIET,
i 32 LFELIZR->TNS,

7. AEDOREE

ZZTRENT A MCRWKEHO P2, WEEAPRELZE v +27Y v FHo 0.5mm kL
FT=A-FOREHECHONWT, X CEH, Y CEBREY Lo TSI 7iIkiiviz, ThEE 2w
T 77705, HHEEEHREOBRIE, Y=aX® TRbEhBILHbhb, 5oz —%kRic
T 572012, MUOMEE L 5L

log Y=log a+b log X
THRbEND, B/ RETERED TIDB L

=] I = BEERE
Fy bV v ik log Y =0.978989—0.718406 X 0.15699
7T =X —F log ¥ =0.128949—0.641502 X 0.27476

L3,
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Fwb 5YwisE ( S—BRSmm)
” Dot -grid method(Point interval Smm)

-~

o~

oy

29 {F ¥ (%) Coefficient of variation
(%) (S

£ 95

Upper bound of confidential degree 95% |0 J<Q9T8989-0718406 log X'
ol # %J:EE f 8
I

x

¥

0 50 100 150 200 300
& @ (cm®) Area

1 2.3 1

400

F2— i EFECHT 2 EBRK

Fig. 2— i Coefficient of variation on the area.

T =X —%3%  Panimeter method

S L L = o~
R S &8 8 B =

ﬂl.‘ BVMAEB(%) Coefficient of variation

Upper bound of confidential degree95%
SR 95%0 LR

Jng-OTlSW ~0641502 log ¥

x 1

1 1 1
0 50 100 150 200 300 400
@ & (cm®)  Area

F2 il T 5 EERK
Fig. 2—ii Coefficient of variation on the area.
FTHESNWROERPERCHFETSPE I hE RET S0z, FEBER =0LtBn L
ENFEMNOREL RS2, TOREE,
Fy b7V v P& t =11.76
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FT=A—F ¢ =8.31
T, WEFhY t ROEX Y REL, ER/BFELTVWSHILERLTVS,

SFI, BeOREEEICHL T, FHE 9% L 95% NERRMERT, ERiICHTT 2 EERENE
L LTHEERAD LROEE AV T, KRk - THIEREKE Rz, MEMTERRBEAIONLOL
RETEBNT, HRHBELZTSDT

n=tic2/p?
TROOLNB, TTT, cIEBRE., (3fiRLan t ROET, ZITR5%EL, t=27T, b ik
BERETS5 %L Lz,

LoORHRIC /o TROZEIFHEERN LB TH B,

FREHDL, HEHES %, fERES% LLEHETH, MERBSHEESE 2>THD, lecm? T
X, Fy b Yy FETRBEE, EEHCEETTERVI ) REFERTTVS, LAL, Zhidd
EDnzRHOBZANOFN c ffiic, ERCIT3EEREL LT, 10 EoRIEEC X 5 LiRe Ah
TEREHEL, SEBRERT TLROEE L - eiedic, FECHVWELENHBELR-ZPLT
bB, kxiE, 10@EZ100 BRI - 72 & THhiE, BEREE S - LS A2D, FIEREERL DR AR
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Table 8. The frequency of measurement in case of expected

precision of 5% (critical value 5 %)

F v b 27V v F 75 = A — &Ik
& T Dot-grid Planimeter
Area & B E 9% E B OE 9% £ B E 9% f& B B 9%
Confidence Confidence Confidence Confidence
coefficient coefficient coefficient coefficient
2

1em 75 138 6 15
2 27 49 2 6
3 15 27 2 4
4 10 18 1 3
5 7 13 1 2
6 6 10 1 2
7 S 8 1 1
8 4 7 1 1
9 3 6 1 1
10 3 5 1 1
15 2 3 1 1
20 1 2 1 1
30 1 1 1 1
50 1 1 1 1
100 1 1 1 1
200 1 1 1 1
300 1 1 1 1
400 1 1 1 1
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A Study on the Comparison between the Efficiency of
Dot-grid Method and Planimeter Method in the Area Measurement

Miyoko HIWATASHI

(Résumé)

As a method calculate the area, the planimeter method has been used chiefly so far,
but recently, the dot-grid plate is gradually coming into more frequent use because of its simple
handling and other factors.

The writer investigated the precision and efficiency of both methods.

Graphs used as a means of test were 10 squares, 5 rectangles and 5 circles, and the
measurement was made by 10 repetitions for one graph. For the square only. 3 persons
participated in the measurement to test the individual difference. The point-interval of dot-grid
plate was 5mm and the points on the boundary line were counted as 0.5. In addition, with
one optional figure, the comparison of precision and required time was made when the point-
interval of dod-grid plate was changed. Further, in order to determine the relationship of the
point-interval precisely, when the point-interval of dot-grid plate was changed, 5 graphs were

used so as to be able to provide nearly the same number of dots.

Result of the test

1) The test of significant difference of mean value was made to determine whether there
is a difference between the dot-grid method and the planimeter method for each graph or not.
The value F in Table 2 shows 2 sets of variance ratio, and the value ¢ shows the value for test
of difference of mean value. From this fact, it is hard to conclude whether it exerts an
influence upon the size or form of the area or not.

2) As seen in Table 3, which shows the result of the test of significant difference between
individuals, there is not even one significant difference in the dot-grid method, but in the
planimeter method, an appreciable difference was observed in 6 of 10.

3) As shown in Table 1, the coefficient of variation is less in the planimeter method than
in the dot-grid method as a whole. More time was spent in the former method. In order to
investigate the relationship between area and coefficient of variation, the writer used the
empirical equation Y =aX?, where Y is the coefficient of variation and X is the area. This
equation was transformed into a linear equation, to which a straight line was determined by
method of least squares. And the confidential interval of 99% and 95% was set and, then,
the value of the upper bound of the confidential interval was used as the value of coefficient
of variation corresponding to area. The frequency of measurement was obtained with the
equation of #=¢2 c2/p?, where ¢ is the coefficient of variation, ¢ is the value of ¢ table, and
» is the expected precision of 5%. The value obtained under this condition is shown in Table
8. This value is of the highest reliability because the solution of regressive equation was
obtained by the coefficient of variation determined with measured values ten times, and the
value of the upper bound of the confidential interval was taken.

4) As regards the figure of optional form of 2.3cm? of area, when point interval of dot-
grid plate has 3 types, the difference between treatments is F=0.00 and in 4 types adding

planimeter, F =0.42 and no difference is observed in both. In the 2mm interval of dot-grid
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plate and the planimeter, the precision was comparatively high and the time was short ; in the
5mm interval, the time was short but the precision was low, whereas in the 1mm interval it
was the reverse.

5) In the relationship of the point-interval to the precision, it seems that the precision is
dependent upon the number of points falling on the figure. In other words, using this test as
a criterion, if the precision wanted is to be more or less 1 %, the plate with point intervals
which provides about 150 points or so is to be used, and if more or less 2 % is desired, the

plate with point intervals which provides nearly 50 points is to be used.



