HEHEICBG3 Ny P 7Y v FiE
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I, ERAENHELE LT, REFBROEOFFTr y F 7Y v FRGCEAESAB X 91k -TE
7o ENEHEE LT, Fy b7 Yy FERIEEE THOOERRBETH B2 L, BMRREEDLRLT
b, FEONTITLIE, 7T A—F 0L ) KBROBMEER X 3EENA U BERER RV, &6
Z77=A— 2 XD VEEZOLOV R THE R ENELLNS, ENLI BRI DD, SHLF v b
7Yy FIRZ L BREN R S ABANEL 25 LBbhs,

ZIT, EHACETRTESZLTEH B, BLURERAVWOATERLST=A—FkL, Fy b
7Yy FIEC X 2HER I UHROW S » 6 WBRFE A 7z, SHRERTSF Y 7Y » FROAHE
ROBEIETAREIR >V THITR - Thiz,

ThEeEldBihlc-T, THEZWERWBEE_RREAIFRRK, MEMEZEREREAKIC
BILEHRL EF 5,

2 BR O A FE

EEMENHEL LT, BERAVLRATVWADI, Fy b Yy R, FI=2—-28Edd5, ZniE
DT MEEY, EREREOFELD B,
ZITik, EHEOMEFEE LTHEBEHEZCAVLRATWE Ry b7 )y FL 7T = A—FDFEI>
WTHFNOT A M ERI T, 5, Koy b7V y FEEL 7T = 2 — FHiIC X 2 ERIEOEH &R,
Fy b2V v FEEIZ, BFBROZRICAEESILIERARIKRE RS 5 LT3 HMPHEO LicER T,
HRNICB b LADREPE L, ThR—EOHEE ™I TERERD 5 HETH 5.
e R, ROEENERLZERAOTT, #HORDELSBER—F-—=PThB, ZOLEP O
S,
V(P)=P(1—P)/N
THE2ONB, LIeh-T, I POREMHET
 PxtvPA-PB/N
ThHd, Z2IT, nfHANKY RS >EENHEEML
A{P+tvPQ—P)/N}
NEHETELOND,
Wi, FRBELRSZ THERABREEDD LI TES,

(1) REREREFE_FHIEREE
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EE y b2y FARICRRRIFGAS 5 mm, 3mm, 1mm 22 OMENH Y, ARRLERICE T,
1 ANRDTERENRLR T B0 Lo T1 Ablk hEMNbIE, ROZKEDEENER, £
el B VEEE T, ZORBEOEEEZRDDZ LN TES, KZ 1 ANKRLTEHELTT.

e ' ' '
mm\ 5 4 ’ 3 2 1
HER

1/10,000 0.25 0.16 0.09 0.04 0.01

1/5,000 0.0625 0.0 . .01 0.0025 \
/ l 4 0.0225 0.0 T ha)

Fy b2 v FEOBRIEL, S0BENEXBETROTHETD S, 272, BEFREICELILANL
BOHHIE, D LTHRICHD > TOIE 0.5 £ T5 L2, EBOBEENRIX 0.5 LT, BRI
STWTHELLRRTATHIIE, FATHAME 1 EHEXBLVI X, EDTRIRFRLR
W,

FTEAFIZL B FEL, BERRLEERRO —Rchs A Av—sEELE, WEROEERE A
T, ZORBOHEEERD D LN TH B, WH 5T & o BB, »3HREE»I TEHEEERTS
B FESbSLRVEE, ERTREER L&, bro TWHEMEMED VIRL $b L TEHHE
LY, tOVHELEELEOHERKE LTHAVS, F5=2—FE7 ) — v FCERREELES
2, BEESHECR AT A BRESBLNBITTH B, REASERICED STV, 77 =2
—ZOWEBCEENZBEER, BLICHMEERE L EHICH > TART— 7 2ELETHARNI LT
I-oTETFRLOELEELZLNS,

—RZiZ, FBEIL/NERET 1 % LN, 27 Y KERERETIZ0.1~0.2% S HWHBHIFETE S L nbih T
W3,

DEW, SEITA > KB FEL T T, HKkR3RACIREBIZE - TBL iz, MfEndin
<47 —IMER LTz, A=K

A) $11 ~400cm? NENOIEFEE 10 {E

") #70.5~40cm? NEDEFRE 5 @

NI L L TRE > h b b IicEWR E Lz,

) #10.5~10cm DEENOME 5 {H

=) EBIHENZMM0 BB b0k 1E, BlicEEok, $, /ho 3E
Tho, FRHITEBITEREHTZ L5000 7288, RERLEVPRP 72X ) ThH 5.

RIS i,

A) ZOWTiE, HAZEER Bz, BIEZEEZA, B, CHO34LL, ZAFAR5mm BEOF v
F7Y v FiRE 75 =2~ F 2 X BHER 10E 2K DIEL TR o720 RIRHCHIEICE L 72R & il
7, ' '

B), A, Ky b7 )y KL ST = A— S BEOROEEAB L E2EL LT, A ORSMES T
&oko4)&WﬁSmmﬁﬁmFyFfvyFﬁkf?:f—ﬁKlDloﬁmﬁﬁ&ﬁ&oto

=) i, EEOBRT, Fy h2"Y)y FIRORMBEE R, 2 OREE L BFTERM OB E 72572, 7
ﬁmfﬁ:x—ﬁnowr%ﬁ&¢koEﬁms@ﬁ,FybeyFwOﬁ%ﬁ®ﬁ§aowf?zﬂ
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EFRABBIZHODLNTH B,

Fy b7y FIROBEFIERL L, BERBRECAXLLTL22HT 0.5 L LTHhEL, £/
7=A—2Tik, HEENET S &ENEDNE. BIET3AICED 5N 72100cm2 M (F 25—
ERAWT. REEHEHTEER TR . ERMICE, ZOBELED-.

BB, FTZRA—FF, A—BTFALLEHFLVLEOE N,

2 B o B 2

EFTRERRNOL YV F LD NEE 1L RITFT,
1. FHEOEDIRE

Ko b7 Yy FEELST= A - FEOMICERD B0 E D PERIBLDIT, TRELOKRE ZiCoN
T, WO FEOE—ER b N FEROENRER TR o720 F oy bV v FEEL S T=2— 21k
O 2HEOREMEDY, EECbIHTLATVB LW IFRIC - TREZITR A, ETHENELWE
&L, BADHLELTRELUENET LRI 0T, FHENEOREERTR SN, 2HEOREEN S
BOSE LW DRE I PERARTHI, ThENEREELDBLE2RNLBYI THS,

RoOBDFOEE, 2HOGHLERLTEY, OB FHENENREN ZHNEEZRL TS,

EFFHTIE, ADGEID, BL/NEREEE LS 1BREZRVT, RILWHEEREND Y, T
ETR, KREABEED 2MCEIERRDONI, BTk, A FHELL4ET2, CTROENT
8, FHET3IE, WTFhbTEEOKXNMBRREEREIEDR TV 5,

ER T, MRSCIBEFRRL, S5 AN b 4ECEN D Y, FHERELME  Hirhi 2%
B (#0.5X20cm) IZZEMBRVIENIE, ARBEETHY, FOELELELTHB, 2AKTE, &
B SMCEEAEND Y, THEIE, A0t 300 BRERSS 3 EEH5cm UTFOmRETIX, E=1%
bohirn, ZLT, FOELEHEEIRKESRBZIEEREL 2> TVE0NRbNB, 2EMICHTI OML
HENEDR, BEOKNCEFRED DY 5h, BRICEERLZHEINENI Z LI, ThbbET
TRERSTLRABRNWLEY,

2. BAZELCDNT

BAZEERNT 270D, AL > THRBLEEFHBZOWTHHE L Th, 2ORRIEIRN
LBV ThB, ,

Fy b7 )y FEETR, FEENDHZNDII12b%L, 7= 2A—FETITEFL LD 6 Bz
bhic, ZOBEELLT, Fy b7 Yy FEMEEDT, BRAKBLEERIB LV OBEMAELNT,
BERREIZBLZEANHEDL, BEBRWBLENERVD, HBVIEREIZ2H o THBHNARNEEWN
YT LREFROILT, 7= A—FETH, BRBEZ ST A—F2ELED L) Z L HEAN,
Bl EIERZLTALY, SSHIBACX > TRONAIZEL Y, SMUZESEV TS 7 &2
bV, ELFENERILILDITEINT, TOXIBRBERICRTZOTHARVWNEEZELZBND,

DI, BAANMIE (Fy MY v FEEE ST =2 —FE) 2RI LIEAE (Thik, UEEcE
BEORVDIZOVWTEG TR 572), WD L IEALRAIC LI OE (Zhiz, BEARCEE
ENRP T DIZONT) DREBEITR -7z, 2B, EACLEEOIEINTLITR 20T, BED
eIz, EOFERERLTEL, ik, H2ROEHENH—IET, E0d 5 b OIXNIEE O S #AIHT
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Table 1. Results of
i) IEF Square
Individual
Fy b2V v F 77 = A -4 F v b
Dot-grid Planimeter Dot-
K T om |y | wmlc oy | T o®
Size Mean value s v Mean value e Mean value
( 1 3359 em cm? % cm? % cm?
Side about
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 0.06 168.1625
9 15 224.7625 0.11 224.5055 0.04 224.655
10 20 398.900 0.12 398. 4290 0.03 399.2375
Br E R M D
Time (minute) 158 184
H R (%)
Ratio 100 100
FI=R—5 Ko kY oK 1 16
Planimeter/Dot-grid '
ii) & ¥ Rectangle
Fy b2V v F 7T = A= F
Dot-grid Planimeter
KES I 5] S ¥
Size Mean value c.v. Mean value c. V.
b3 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
I B G ))
Time (minute) 32 68
e £ (%)
Ratio 100 212
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P P )
the measurement
B C
SV v ¥ 7T = A - F Fy b Y v F 7T = A —-
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 11.21 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
ii) M # Circle
T~ Ky b7y F 77 = A=
- Dot-grid Planimeter
\\.
x&s g2 # ¥ ¥
Size \\ Mean value c.Vv. Mean value C. V.
(3{5 %, ’%J)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 3 28.2250 1.00 28.3140 0.14
4 S 78.0375 0.73 78.3870 0.07
5 10 312.8750 0.23 314.2103 0.0z
BT E R OB (D
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&x
%% . ida . Size 1 2 3 4 5 6 7
1n T
A F 0 11.29%* 20.06%* 94,38** 12.95%* 48.02%* 62.69%%
t 0 0.89 0.49 1.89 0.15 0.38 0.08
EHW 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
5 7 F 6.62%* 37.25%* 16.35%% 3.40 9.76**
Rectangle | 4.21%  0.84 3.93 4.10%% 3,35
- F 50, 84%* 22.46** 51.26%% 111.10%% 144,20**
Circles ¢ 0.56 0.75 0.99 1.94 5.68
FE3R BAZEOSGBONRER (FoE
Table 3. Results of the test of significant difference
between individuals (Fvalue)
=—— x=s
1% ) ;ZE% 1 2 3 4 5 6 7
in
Fy 7Y v P& 0.57 3.35 0.27 3.25 0.00 0.94 1.83
7T = A a2 0.18 0.78 7.06%%  21.00%%  3.42 20.45%* 2.30
JL A
E{/‘%‘E%%L}" 0.43 2.37 0.17 2.84
RABRIZ LTz
ﬁﬁ%"m L7 2.20 17.29%* 0.83 0.23
4R EANLEBOSEITER (FoE)
Table 4. Results of the analysis of variance for
between transactions (F value)
K&
1 2 3 4 5 6 7
Individual
EFT A 0.59 1.70 0.27 3.76 0.02 0.11 0.05
2
s 7 B 0.52 10.90** 2.55 1.43 0.89 3.41 0.73
quare C 1.85 7.53%4  3.09 8.29%%  0.27 19.09%* 4.55
% 21.63%¥ 0.64 13.86%* 150.46%% 11.04%¥
Rectangle bhe . . . .
2 0.40 0.61 0] 3 33.24%¥
Circles . . .99 .47 .24
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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%%  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, 7%
29.17%%  31.55% 34,29%*
0.42 0.34 0.02

THERDB LI LI, BRARLIZAR->TWS,

FE3RD, EAOLEELIARIZ LIEAZORER, F4E0 L
#5 3fTOA, B, COLENIZ b UBMANZED B > e b DIZDONT
Tleolce TIT T, RERTR A EEMICEELEZALR
BV, RIRENITIZ, HEIRTEAED R -4 BIZONT,
AANE R LB ANNBRENEEEEZ AT LN TH B,

3. EHRHEMERR

DER, HHNBEERETH ZEBREC >V TSN L 5. £B)
FREE 1 RITRL Tdh B,

T I T, EFBICOWT R RERZE L EBREOEOBRE 5
1 FIC/RL THR, MR TEERENEHIIREL, 77
SA=BHEIVFy MY v FEOFE—BRLBEE TH 5. K&
RKEZNTDRLB L 51, BHREEZ hSv, EFHTE, A
DENAEERERSL S 1 B S REEE LS 1EEY, AnSI=
A—=BERNTI0% At KREVD, 2FB»L Blth&Elko
TW3, AOED 16AEERL 5 2FB TIRAKL T, 0.7~3.7
%nEIL7eY, 6BBUBTIZa~UTERY, YRHOZ LN
b, MHEPKELRBIZ LN - NS RBEREZRLTWS,
B, AFTIR, @857 =2 —Z0EFIEENR LI R Td,
EEOF vy b7V y FEET, 2FEN1EFB X VERSKREVOKR
FERELKREL 25 TWBEDIL, 2FAOFKEZERICHEEL L
ez, ToX)RiERTR TN TRBVWH LRSS,

FrEmsfliL, MRS LTz bb BT, EFFEN A K
1.16 f5. BAKI3 %, CAKBLEELEVWTAL ST = A—FDFHHR
LM oT05, EH LM 2% AEIH14ELIhLST=
A—FREN,

4. ERFHOLRE

EFBETZONTITR - 723, X CERE, Y i< 10 EoiE
HEHEEER LY, 10EOERIC OV T BEURFREZFHEL, EAD
BVERAEIZ X > T, BROKEWHTRELBBZFALH 32,
(X FOFENERDED B0 EFRTHIc, TOBRIIESRNL
BYTHB,

®wE5R B B RO

Table 5. Regression coefficient

| A | B C
Fy bZY vy Rk 0.99757 0.99689 0.99743
7T = A —F 0.99647 0.99703 0.99734
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Fig. 1 Standard deviation and coefficient of variation for individuals.
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EX, WAL DICEETHIUL, 1ILARZFITEDN, MACEERFERTWE DI, ZNX5I
BoTWD, ROERZHABIFFCLTEY, HET TR, 34L VLB IB HRRA SRR
W, ,

5. A—ORFELNLTETORZIABBEANVCEEO Ky T Uy Kk
F5 oA — REDOHE

MMnH2EENKEE (HHEKN2.5cm?) 3 LT, Fy b2Y v FROARERBEZ 1 mm,
5mm O 3WHE, THILF T =2~ F Mz iz ABE DWW TRIBE TR - 7o, BIEETZHZHI0
EF>Th s, BRERITTT,

2 mm,

HoFk F—TICHT 58

Table 6. Comparisons for the same figure
7 2] BE R M i
’I‘i&atni%nt\\ Mean value C.v. Time (C.V.)*xtime
- cm? % 5
” I mm 2.2735 0.79 20 25 12.74
NEANPAAE:
Dot-grid method 2 2.2700 1.62 6. 30 17.06
5 2.2700 6.82 2. 10 100.78
7T = A= ¥R
Planimeter method 2.3054 0.80 6. 30 4.16
SR EATR o TR,

Fy b2y ko SEETIR, F=0.00
T2 A—FELEDIAEETIR, F=0.41
T, WHE bABEENFEET SN,

HRICE LML, B6REANTLPB LI, WHITABL o o/niE, Ry b7 Yy FEED
1mm AT, BED5mm FMBOM10fFL 2o T0D, %, Fy b7V v RO 2mm MgE 75
= A= PREFEE L 72> TV B,

MR R ARENED L ARV E NS 2 L, FEREO PRVt BUson B LS
ho. =%, BREERD L, 77=A—FEF v+ 7Y v FIRO SEEAD 5 bRHSR LS { 2r o
T35 1mm BEEEERLC T, RUEE R TW5 2mm BROKES LR TnE, TOREML
BANEREHETIE, S5mmEiREAVS LEBBRKRE 230, FIOFEOFRLLHALLTH S,
BEEL - L XT3k, MEREREZ ST, 5mmERX V/HERBELREBO L 0EFVB5LE
BHY, LieBoT, BELEL p5HRLLS5, /2 1mm BB TI/NSBE TREICARIELIR
(VO TELETERL, b o L/MEROBFEE > HFNEHANL S TH B,

6. FybFTYy FIRORBBEBEICDNT

Fy b7V vy RiRDR2 2 SAHREBE L OBREFALPICTH2HIZ, 2 IHcVLE, JEL X
LT BRADPEMIEL T, HEE—ERLEHA, Fy b Yy FOLOAREBREAVEE1DT
RN EfFR 0T, TAMDOFEERIZFT,

EEOEHEE bORFE 3EHE QUERRERIIN 1.7cm?, 5.7cm?, 24.7cm? L2 o72), THE
NN, #10, 40, 150 DEOERIEVB LI RRFBOK v 27V v FIREEY, 10 HoKE
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EI1R Fybt2Yy FROSHERBLEEE L 0%k
Table 7. Relationship of point-interval of dot-grid plate to precision

i) i)
I =1
kE & LR s 8 | c.v. KoM | kEs e
1ze interval Mean value Number Size and C. V.
p— om? % of point mean area
4 1:680 6.35
A em? %
o 2 1.668 2.41 A 1.680 6.35
] 1.7cm?
? ! 1.663 0.65 Wiwo@E | = 5.792 6.08
a 8 5.792 6.08 ~ | 24.750 11.34
# 5.7cm? 0672 201 A 1.668 2.41
o 2 5.698 0.96
40 1A = 5.672 2.61
~ 15 24.750 11.34
. 8 24.672 2.16 » 24.672 2.16
3 2
#iza.7em 24.704 1.10 « 1.663 0.65
- " 5.698 0.96
#735.2cm? s 35.188 1.27 ¥iisof@ | 24.708 1.10
x 10 153.35 0.86 - %168 2
#9153.4cm? ’ : & 153.35 0.86

I BEHEOWEE TR oo EOREBRETROLBY TH B,

HEIENOL, 1) BERECE-oTHELY, i) BEBCEEN 2 A0k TELdl, FTXR
i) BbbhrB LI, PETS EEOKNIST T, AOERFRTL bWtk d X 5 2AHEE A
5L, TOEMRMIIIER LN L - iz - TWB, Wz 3 &, HEZ, Sxhs 80zt -
TEEL-TLBHLEEXLND, L, MM 15mm & AWTHEORER, 11.34% Lz TnanE
RuTbdp 3 X918, Ao THE VRESBEsRMREAVs L, EERELRE( DL E
RLTV B, RO 150 HOERIZ W T2, 5 2@BMLTRARTHRZ, 0 2 E0KHE
i, 5mm & 10mm T, MR 35.2cm?, 153.4cm? L KE L oo TWB A, FEHREUT 1 %RIET,
fan 3D LRILIZ/2 - TWD,

7. AIEOHE

ZZTRENT A MCRAWEERO P2, WEEAPRELZF v + 7V v FH 0.5mm L
7T = A= OREMBCOWT, X ZE. Y CEBREE L - TS 7 7ic#liviz, The %2 KR
Fo 753705, EELEEHREOBRIZ, Y=aX® TRbIhBZILBbh b, 50Xz —%kHRic
T Blcdiz, TLOMEE L5 L

log Y=log a+b log X
TRbEND, BNZRETERED TIDB L

] e = BERE
Fy by Fik log ¥ =0.978989—0.718406 X 0.15699
7T = A —FE | log Y=0.128949—0.641502 X 0.27476

Lid,
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Pyt 2VwisE ( SRS mm)
" Dot -grid method(Point interval 5mm)

S

2 8h4% B (%) Coefficient of variation
[$;]

4
3
2
1t Upperbomdofc;niﬁgglq?% ;“SEZ l%ﬁo‘ﬂmmsaoe log X
R { x v BN
0 50 100 150 W 30 400

& f (cm®)  Area
F2— i EHEICHT 2 LTEREK

Fig. 2— 1 Coefficient of variation on the area.

15 75 =X —~4&5% Planimeter method

=2}

T #FRB(Z) Coefficient of variation

Upper bound of confidential degree5 %4
EHAE 570 LIR

00~ b

1 n x

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

W2—i B WK TS LRI
Fig. 2—ii Coefficient of variation on the area.
ETHEShEROERPAERBICEET S E I e RET3720ic, EREBER =0 LBk
EOHEMNREERAR 2. TOHE,
Fy 7Yy P& t =11.76
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FT=A—FHE ¢t =8.31
T, TR t ROEXZYREL, BERSFEL TSI LERL TS,

OFI, BxOHEEMEICHL T, FHE 9% L 95% NERRKMERT, ERicHTT 2EERENE
L UTEERAD LROEEZ AV T, KRk » TRIEEEE R 7o, MEBETERRBEAPbN L L
RETEHNT, ARMELT2LT

n=t2ct/p?
TROOGNB, TZT, cIEBRE, ¢ 3fiRELan t ROET, ZITRS5PEL, t=27T, p i

BEREEETS5 % & Lo

LoORHRIC o TROZEIFHEERNALBY TH S,

RemBL, BERES %, BRES% LLEFETY, MERRSHLEE2->THY, 1lecm? T
X, Fy b2 o FETRBEE, EFEMICEETTERV L) ZEFATTNS, LrL, Thids
EnnERHOIZANOHND c ffiic, BT HEEREE LT, 10 BoRIEEC X5 EHffE Ah
TEREEHEL, EERAEZRT TEROER L ok, FRCHCRLENHZEL -5 T
BB, ok xid, 10E%100 Efl- 72 & i, BERENLD - 2/h& <Y, FTEIERR b bRl
BEFTHB. LichioTs CORD 5% EHTHHHCERILL VR B,

Fy b Yo FEEL ST A —FEEHRD LI BN RENFIBRD R B >T0D, Ry b Uy
Pz oW, AEBLEELOBEBRTT AN LN EEXHDDE T, /NEED 1em? &R 5 0ICFEE
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Table 8. The frequency of measurement in case of expected

precision of 5 % (critical value 5 %)

F v b 270 v F 7> T = A —
& T Dot-grid Planimeter
Area &8 B E 9% £ B E 9% & B E 9% & B B 9%
Confidence Confidence Confidence Confidence
coefficient coefficient coefficient coefficient
2

1cm 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 5 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 Methed 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 ¥ =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 n=¢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 1 mm 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 s 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.



