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ZDEE. Ny =Npoy L0 BEMOELTEHS ENTE, KOK S B3 A751
ED< 5.

i,j.k.a

#1-5-1 JEREREE#H< RY v o7 X

1D Al A2 i e, 022 023
Al 0.0 1360.2 764.0 1123.6 900.7 15994 1482.6
A2 1360.2 0.0 842.1 662.3 8424 1028.8 650.9
764.0 842.1 0.0 637.6 5044 1102.1 871.2
1123.6 662.3 637.6 0.0 729.6  1104.6 796.8
15254 1142.2 1170.0 1263.8 0.0 566.2  1041.0
. 1599.4  1028.8 1102.1 1104.6 566.2 0.0 864.3
023 1482.6 650.9 871.2 796.8 1041.0 864.3 0.0
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2B, QOREZFHTLH/EITIE. Ny =Ny, THO., HREH/NL 2 REERITTH %
ERRT 5 2 &5, AR TIE. ETIMEICKAMNEBEN 7 O AT 5 2 &7 < ERE O
WINEN DR —ATHH I EICBETINEND S,

Z OB EANWTERTTRELEEf T /2. FTHE(LOXRTE 5 O 5., JBEXF
FTn<,

a. BB (EDOXRITTEN 5 DS

RSQ = .98282
THD. 982%M 5 DORFTHIATE, ZDHBICHHT 5 AR /0.98282 = 0.9914

&L B,
£ 1-5-2 5 RIGREHEDOFEE

Stimulus  Stimulus 1 2 3 4 5
Number Name
1 Al 4441 -2.7229 -1.0308 1165 .6679
2 A2 5724 3008 1.0400 .8885 .9297
3 A3 5003 -1.1115 -.3965 5042 -.1208
4 A4 .8430 0753  -3840 -.1186 .9024
5 A5 1.2014  -9967  -.5307 1.0842 .0888
6 A6 5958 -.7890 7752 7281 -1.5681
7 A7 1.2949  -.0698 8680  -.4812  -.0623
8 A8 -3426  -1.1263 1.0271  -.0645 .3989
9 A9 1.1597 -1.0215 -4654 -.6154 .8860
10 01 6312 25668  -.5091 2294 -.0283
11 02 -3318  -2354 .2445 5181 -.8255
12 03 -7354 -1.4875 1548  -1.4746 .0872
13 04 2.7437 .6503 0453 -1.7210  -.6993
14 05 29705  1.2011 1908 2506 -.7035
15 06 -3.3290 1.2150  -.6113  -.6427 -3789
16 07 -1.5331 1745 -2.0760 -1452  -5727
17 | 08 .6550 -1.1587 4931 -1.1917  -.1142
18 09 .8250  1.0711  -.8704 -7031 -.2557
19 010 -1.7171 -1.3542 3583 -3732 -.6596
20 0o11 -.4059 5142 -1743  1.0696 2523
21 012 -4336  -5820 -1.5377 5437 -3391
22 013 .6855 3935 1.1314 -.3538 2310
23 014 1.3841  -.5438 .6148 2721 4938
24 015 -3.2973 .5073 7483 -.3460 .0555
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26
27
28
29
30
31
32

b. MIELDRITCEN 4 DG

RSQ = .96853
96.8%7% 4 DDKTT
%,
Stimulus  Stimulus
Number
1 Al
2 A2
3 A3
4 A4
5 AS
6 A6
7 A7
8 A8
9 A9
10 01
11 02
12 03
13 04
14 (O]
15 06
16 07
17 08
18 09
19 010
20 o11

016
017
018
019
020
021
022
023

Name

9134
1.5485
1961
-3.0316
-.3015
-2.1020
-1.6964
.0926

1.0360 -1.3536 -.8860
9023 -.0566 .7090
1.3514 .5020 .0682
6425 -.1622 2862
-7649  -5462 1.2923
-1020  1.1345 -2454
.5654 6964 -.0022
.8984 .6802 .8042

< 1-53 4 RTCREFZEORE R

1

4058
5497
4407
8419
1.0813
5368
1.1587
-3204
1.0890
5696
-.3479
-.6746
2.5014
27145
3.0221
-1.4039
5788
7464
11.6004
_3723

.5006
8777
.3030
7630
-.5879
2514
-.4636
-.3097

ST E, T ORIITHT 2 HBIREDYV0.96853 = 0.9841

2 3 4

-2.4936  -.9995 .0165
2818  1.0831 9109
-1.0079  -3925 4296
0747  -5404  -.2889
-9116  -.5559 9172
-.8718 9964  1.1770
-.0712 7880  -.4494
-1.0512 9272 -1315
-9865  -.4934  -7398
2.3209  -.4289 2281
-.2413 .2499 7082
-1.3371 1673 -1.3269
.6126 1446 -1.5969
1.1235 2014 2857
11285 -5012  -.5480
1874 -1.9182  -.1120
-1.0447 4716 -1.0721
9970  -7573 -.6363
-1.2568 3409 -3735
4777 -2253 .9448
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21 012 -4018  -5147 -1.4273 4609

22 013 .6137 3516 1.0263  -3617
23 014 1.2767  -.5309 5730 1790
24 015 -2.9707 4696 6647  -3446
25 016 .8441 9642 -1.2102  -.8577
26 017 1.4693 8913 -1369 7206
27 018 1778 1.2337 4703 .0246
28 019 -2.7916 6275 -1902 .2058
29 020 -2960  -7042  -5924  1.2009
30 021 -1.9040 -.0854 1.0105 -.2808
31 022 -1.5596 5312 6462 -.0084
32 023 .0691 .8359 .6082 7185

c. BEILDLKITTEMN 3 DEE
RSQ = .92015
N2%7N 3 DOREFTHHATE, TOHMAICHT S HEREAV0.92015 =0.9594 & 72

B,
*1-5-4 3 RICREEORERE

Stimulus  Stimulus 1 2 3
Number Name
1 Al 3243 -2.1767 9227
2 A2 4836 2877 -1.1920
3 A3 3741 -9216 3596
4 A4 7425 .0827 .5020
5 A5 1.0102  -9180 .6020
6 A6 4674 -8622 -1.2480
7 A7 1.0370 -.0811 -.7269
8 A8 -3235  -9292  -7913
9 A9 9803  -.9317 5838
10 0O1 5122 2.0653 3227
11 02 -3633 -2279  -4515
12 03 -7092 -1.5181  -.0916
13 04 2.5231 6291 -1179
14 05 2.4119 9514 -2032
15 06 -2.6875 . 1.0621 .4088
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16 07 -1.2538 2283 1.6702

17 08 5426 -1.1397  -.5463
18 09 .6834 9259 7472
19 010 -1.4589 -1.0829 -2781
20 o11 -.3961 .6353 3183
21 012 -3771  -4135  1.3093
22 013 5370 3132 -9272
23 014 1.1194  -.4726  -.4909
24 015 -2.6304 4717 -.5670
25 016 7759 9107 1.2027
26 017 1.3481 .8653 .1005
27 018 1485  1.0873  -.4183
28 019 -2.4533 .6233 1442
29 020 -3240  -.7559 .9008
30 021 -1.7119  -.0303  -.8429
31 022 -1.3774 5012 -.5428
32 023 .0446 8207 -.6591

d. BEtDOXITTEMN 2 DGE
RSQ = .83987
84%M 2 DORFTHHATE., EOHMIITKT 2 HEIREAYV0.83987 =0.9164 &72

5,
#1-5-5 2 RICREFZEOHER

Stimulus  Stimulus 1 2
Number Name

1 Al 2648  -1.9690
2 A2 .6340 .6223
3 A3 3135 -8173
4 A4 .6833 .1004
S A5 .8848  -.8503
6 A6 4944 -1.1233
7 A7 9929 -.0507
8 A8 -2965  -9337
9 A9 8750 -.8201

10 01 4476 1.7679

11 02 -.3418  -.2443
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

03
04
05
06
o7
08
09
010
o11
012
013
014
015
016
017
018
019
020
021
022
023

EIAT HTFN2DTHB L,
AHRRN L W EER O ANDI8 T2 BN, AEEERDEENHL <125,

1%

#H

20
18
16
14
12
10

(= S AN ]

-.6430 -1.2492
2.1392 5148
2.0672 7435
-2.3044 9075
-1.5681 3748
5024 -.9886
.6238 .9028
-1.2600  -.8942
-.3411 5451
-4878  -.7976
.5945 4417
1.0039  -3849
-2.2584 .4463
7559 1.0832
1.1511 7053
1532 9539
-2.0659 5647
-.3295 -.8561
-1.5535 .0345
-1.1947 4759
.0632 7949

AAZARIC K BB WD AR U 5 alEtED . F/z,

K75
1-5-33 SHHAZEO®RE

35



ARFEICBNWTIZ. 2 DORFTHHABIZ 84%TH V.3 DORFED AT E 2% & 8%
HNBBZORFTIE ER4% UNGHEDNEZ 2. TN K THBETANG,
WHDEHERMTH TN THHLHDT, 3 DDERFEEINGT 3,

3) BIRT—¥ MK
ZRICREEICHEDE, T—YOBMAREH N, B 1T, AoENALEN, T
BHOLBHENKELLBITE, ARERENEEICLS, B2MTHRBETH S, VT
TERBEE, BEIIT—FET Oy RTEN, FOEEE. BERNERINTVLS,
BB, ZRIOCREETIE, BRT—FYOREME#ME 3 DOF TP/ hELT. 20
FTT 7 NEOBEERLIZDDORBARTH 5. > T, HARNESNDEENWD T
EVE. HEERETARFOEEERLTWT. Z0EDIC, BEHAELE LT S0
b5, DL, BANNHAMNEED TERRSINZDTEHE, T—FYDERHEICHEND S
NP A

ZORIE. EETEAKRDGHMTH > EHRL TS,

o -4
2| n
15
o :—
1 | ; . .
e -2 o .0
O PS : °
O @ U est
A :@ i1
il . .
& g
3 2.5 2 1.5 1 os.’:‘ 0.5 £ 15 2 2.5
‘ 05 : m]
7
o &° &
- a1t g
;7 -15
~
&
2+ e
| ]

WAL A2 AA3 ®A4 [JAS OA6 AAT CAS ~A9 MOl €02 AO3 @04 0005 006 AO7 O08 ~09 EMOL0
€011 AO12 @013 0014 ©015 A016 O017 =018 © 019 % 020 4 021 %022 {3023

X 1-5-34 3185 2 ho#m X
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15 &
A
A
| ] @ Lr
05 |® N
& . [ |
. . P, # o, . )
25 2 45 = 08 L 0s® 4 15 2 2is
o " o %s @ -
o N
A H
: al ®
- . o
© &

WAL @A2 AA3 ®A4 [IA5 OA6 HAT7 OA8 ~A9 HO1 €02 AO3 @04 0OO05 ©06 AO7
008 =09 MO10 €011 AO12 @013 (1014 015 A016 O017 —018 # 019 ¢ 020 4 021 ®022 {1023

B 1-5-35 2 8l &5 3 Sho #Hm X
NS OEICEET MM S, KETHRND XD, HEE OB 2T, 5—5 The
T B EITT 5,

EHOTF—YERTHEATNDDIER., RETTORGHSZHBIZLZHDTH S,
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1.6 FFD ZICKBERT—F D DOER

1.6.1 1 BWOREL

32 PR D Rl E ORBUS TR IR 2 S &12, FFD AT & - T BeRBEAE & Mk L
I B KT RERIC X 2 BEM O RRORECZTOLENH D, 5 1 OAT v ST
AN TV D AR T2 RIS & > THE L., BIORELETS TEMNETRIEEL
THEYTHD., £IT. BEHERECL T, BAKICEXDBEBEIEET 20,
|04-015=5.1535. |05- 019 = 4.8652 . |04-42/=3.0067 £72% 3 DDILKKZHD LT3,

Body:04- O15

Body:05- O19
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Body:04- A2

P i

‘;_/f/'u.,fﬁ
X / ;./FI},\( _b‘/‘a

X 1-6-1 7Y ZOBIK (3 HK)

W&, BROBIERNSIZEN LIRS FEAE R 0EROO 2 DRABICK > TR
BICHE A S, LAl FEMNDSI3EREEZESERINKTETIE A< o TnS, 37
DB DAZITHUTEAIZR> TWishWI &, ZREORBHEIZEWVWIZHYTAHRTT
HO., NS ERFEEFICHED ZEITTERL,

TIT BEOHNEGE ORBEZRTHE 1IN ERE U T, B SIEHE & 2 AP E
FRANIKT- Bk & 79 A B Y D
BEZERTLIHDET S, LB,
TR D 1= DI 2 BRI,
B LA Ay B Em oA S
Mz x W, BiTE A%z e
T5, &IAT, (#) ARIERE
LMty —i2h b M 1-62 FEORE
VOXELAN 7 —4% QR 7 7
TIVIZBIL T, z SR BED D
L. TRTOAEEMTNRD D ZENTER N, 5T, ERICE> TAEER
OHBHIETIES, BIEMRES LU TE MITH I U THERES EIEMEE O 2 S & 2O
HEZRDDHEND LN, COHETREENRNL DL EVNIRAND S, RUITE
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a—7—Y 7k (Darcy) THIIUTz*.geo T—F D FF TUETEIUL, TEEDRILDEHE
BN EZAMS, TO—ROHEK., A7 2Pa— VR EQERICHAINTNS
E2a7WNT 574y A=) (Visio2000)& HEWTHAEEKRD =,

T T, Visio2000 b THHMER MR &2 REATERESI< &, KPE & 7r T M E Ak
DHTENTED, ZOEE, KEFIIH LU THENDD E &L, MENE. A F2RADO
EEFMENETEREIND, TLUT, KFFAMIZ 907 BRI COKFEE /23 /A5 &
L7z,

M 1-6-3 MIEDET VIR Ll & i 7 A

RENL 2 EKDOIRT — &N SLRITTREFEIZE > THZ 1 ST 2B REEZE LD
ZHDTHS, il 1 OFAE & 907 [AlE S B TR & 729 A & OHBIREIT. 0.894 & &
HDOTEW, LN-> T, FERKTIHEREZESNEENKETIHRS<A>Tnws I &k
DH, REOREMOLNE 1 OBEEZRL TWD EOREDATEEEEMITIZbD &% 2
5N5, 550, HBEREZES THEDICEZASNHETEZRFLTH, B HBIG
BIMSNEZENHFTERNWEZANS, HERRTTHHAiHAMELE 1 OZBHLE
BEd5,

40



#1-6-1 F1EEHERAED

* 1-6-4

55 1 RSN

1 B AX 1 FHE (AE
Al 0.3243 | 0.0000 | 90.0000 08 0.5426 | 1.2060 | 91.2060
A2 0.4836 | -3.8460 | 86.1540 09 0.6834 | -0.8681 | 89.1319
A3 0.3741 | -2.0025 | 87.9975 010 | -1.4589 | -5.4576 | 84.5424
A4 0.7425 | -1.1233 | 88.8767 011 | -0.3961 | -5.6359 | 84.3641
A5 1.0102 | -3.0822 | 86.9178 012 | -03771 | -3.4682 | 86.5318
A6 0.4674 | -2.4263 | 87.5737 013 0.5370 | 0.0000 | 90.0000
A7 1.0370 | -0.6548 | 89.3452 014 1.1194 | 0.6662 | 90.6662
A8 -0.3235 | -3.7395 | 86.2605 015 | -2.6304 | -9.3295 | 80.6705
A9 0.9803 | 2.4293 | 92.4293 016 0.7759 | 2.9038 | 92.9038
01 0.5122 | -3.6619 | 86.3381 017 1.3481 | -2.6368 | 87.3632
02 -0.3633 | -6.1592 | 83.8408 018 0.1485 | -1.9220 | 88.0780
03 -0.7092 | -5.2503 | 84.7497 019 | -2.4533 |-10.4160 | 79.5840
04 2.5231 | 4.1149 | 94.1149 020 | -0.3240 | 5.3977 | 84.6023
05 24119 | 1.6135 | 91.6135 021 | -1.7119 | -9.0476 | 80.9524
06 -2.6875 |-16.0443 | 73.9557 022 | -1.3774 | -7.8831 | 82.1169
07 -1.2538 | -7.5946 | 82.4054 023 0.0446 | -5.4836 | 84.5164
FREEfR%  0.8947
4
3 L
fo) (0]
2 P
] o)
m o : '
6D 70 100 110
-1 +
2 F
3 HithaE ()
-4



1.62 ZFE 2HEiDHEE(L

5 2 WICD W T LM OB IR £ 2 BHT 5 2 L1t ko T, BT 2BELAY
SERMICHELT 5. B

SRETR BB & U T |o1-411=4.2420 .
|43-018/=1.9837 . |02-018=1.3152 &72% 4 DOfEKE & D HiFf-.

03-018 =2.6054 .

Body:01- Al
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p——

o

42



Body :02-018
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Body:A2-06
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ZRICREETHR SN 3 DOMIEIZENETNMLTH O, AT THENT U 728K ORI
WEEBLAESTERWI ENS, BFENRIITHRETRKICRE TE S, K T3 1
EIRBRIZTE 2 85 SER DK TR <722 TH A0, 2 ERFO R E X DE WAL D E
%7‘&%‘%}(&%716h5 ZTI T, EREOREZDENEERMICERT RE & OB ZE 2

9%, EIAT. HHOFEEITEKIES 217D HENH DM, EREIEEZE ORI
&L/C%UH%’C%ZM\ EEZSNLOT. WJFREARHEIHAED XML 5 O ETHEE
HFELTEDHIT S,

- = \"-D -
Y]
R

L ard
I

7

7 7 s [
T AT s
//, L ﬁ] NSV

/ (5

o A A

(N l

Y VV

VY

1-6-6 fEAEBORKEIDENERZTREDTEHE

HDE DI L -miE RS HERE (BiRE T %) BLUOHEMAN S OMETE (&
FETB) AL, BEIIREA T ANV ERWTEHENREETH 22, mEICEL T
AT 7 AIVZRBENTWRNWZD, EEMNICE 2 SO BN S HElEE RS 208N
HbH., TN DOPEEE M \.ﬂ?@éﬁt CHIEIERCES 27N T T T 4w 7 AV —)b
(Visio2000) %MV 7z,

TENHIE 2 (), p, ) AR R (xy, v, ) FBMERL (x5, y5) 00 IO H (x,, y, ) E LT &

&, HRB KCEMERN S O LI \/(xl—x2)2+(yl—y2)2 N \/()c3—x4)2+(y3—y4)2 TR

Tzo AHBAE, Hh 2 SJEME. HX, BiR+E L FEXELBIVEREELEORD 5 D
oM, AR+ ELEFEREXELOMBRENEBIZ 07 EEmWHEEEZRL TS, &
IAM BE. MEGHUITI S NEORRMERNICITON TW T, MBEREHIFIEZEL N
EIAME, HEIDBEMBLCTOEIEHELZH 2 ORTFET 2. Tabb, @i

BHEETH> TH, HETOERNTERWNZDE, EMICHT -0 %E LK
MLz,
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# 1-6-2

Visio2000 7 & O 7 B s =

o ] S HIE _ M
X y X y X y X Y
Al -2.1767 169.0 168.5 231.0 165.0 200.0 179.0 197.5 109.0
A2 0.2877 172.5 167.5 231.5 169.5 200.0 179.0 203.5 121.0
A3 -0.9216 171.5 170.0 231.5 166.5 200.0 179.0 198.5 119.0
A4 0.0827 171.0 171.0 230.0 170.0 199.0 178.5 202.5 116.5
AS -0.9180 169.5 169.5 231.0 169.0 201.0 179.0 200.0 119.5
A6 -0.8622 171.5 169.0 231.0 166.0 201.5 179.0 201.0 126.0
A7 -0.0811 172.5 169.5 231.0 171.5 202.5 178.5 204.5 118.5
A8 -0.9292 171.0 166.0 233.0 164.5 202.0 178.5 203.5 115.0
A9 -0.9317 172.5 170.0 228.5 169.0 201.0 179.0 200.0 111.5
01 2.0653 174.0 175.0 2275 173.5 201.0 179.0 199.5 122.5
02 -0.2279 171.0 171.5 231.0 169.5 201.0 179.0 201.0 120.0
03 -1.5181 173.5 167.0 229.0 166.0 200.0 178.5 201.0 106.5
04 0.6291 177.5 174.0 227.5 174.0 206.0 179.0 200.0 117.5
05 0.9514 174.5 171.5 227.0 173.5 202.0 179.0 198.5 125.0
06 1.0621 172.5 172.5 227.0 167.5 199.5 179.0 196.5 115.0
o7 0.2283 171.5 175.0 228.5 169.0 197.5 179.0 194.5 116.0
08 -1.1397 173.5 170.0 232.0 169.0 202.0 179.0 201.0 112.5
09 0.9259 174.0 174.0 224.0 173.5 200.0 179.0 198.5 118.5
010 -1.0829 171.0 166.5 227.5 167.5 201.0 179.0 202.5 1135
011 0.6353 171.5 170.0 228.5 169.0 199.5 178.5 201.0 121.0
012 -0.4135 171.0 169.5 227.5 169.0 200.0 178.5 196.0 117.5
013 0.3132 174.0 170.0 228.5 171.5 202.5 179.0 202.5 119.0
014 -0.4726 170.0 167.5 229.5 170.0 200.0 179.0 204.0 119.0
015 0.4717 171.5 167.5 230.0 169.0 202.0 179.0 200.0 114.0
016 0.9107 173.5 174.5 227.5 172.0 199.5 179.0 197.5 116.5
017 0.8653 174.0 173.5 230.0 173.5 201.0 179.0 198.5 120.0
018 1.0873 173.5 171.0 229.0 170.0 199.0 179.0 201.0 121.0
019 0.6233 171.0 167.5 229.0 164.5 200.0 176.0 197.5 111.0
020 -0.7559 171.0 168.5 227.5 165.0 201.0 179.0 199.0 121.0
021 -0.0303 172.5 167.5 230.0 165.0 201.5 179.0 202.0 115.0
022 0.5012 172.0 170.0 2285 170.0 202.0 179.0 202.0 119.0
023 0.8207 176.0 169.5 228.5 169.5 201.5 179.0 201.5 122.5
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% 1-6-3 T —% L AHBIREK

0o g At i & I
Al -2.1767 62.1 70.0 132.1 4349.7 0.8866
A2 0.2877 59.0 58.1 117.1 3430.2 1.0160
A3 -0.9216 60.1 60.0 120.1 3607.2 1.0014
A4 0.0827 59.0 62.1 121.1 3664.4 0.9502
A5 -0.9180 61.5 59.5 121.0 3659.9 1.0335
Ab -0.8622 59.6 53.0 112.6 3157.6 1.1240
A7 -0.0811 58.5 60.0 118.6 3514.0 0.9750
A8 -0.9292 62.0 63.5 125.5 3939.3 0.9764
A9 -0.9317 56.0 67.5 123.5 3781.0 0.8297
01 2.0653 53.5 56.5 110.0 3025.0 0.9469
02 -0.2279 60.0 59.0 119.0 3542.0 1.0175
03 -1.5181 55.5 72.0 127.5 3997.0 0.7709
04 0.6291 50.0 61.8 111.8 3089.6 0.8092
05 0.9514 52.5 54.1 106.7 2843.0 0.9709
06 1.0621 54.7 64.1 118.8 3506.5 0.8542
o7 0.2283 57.3 63.1 120.4 3614.9 0.9087
08 -1.1397 58.5 66.5 125.0 3891.3 0.8797
09 0.9259 50.0 60.5 110.5 3026.1 0.8262
010 -1.0829 56.5 65.5 122.0 3702.3 0.8625
011 0.6353 57.0 57.5 114.5 3279.1 0.9911
012 -0.4135 56.5 61.1 117.6 3454.0 0.9243
013 0.3132 54.5 60.0 114.5 3271.2 0.9087
014 -0.4726 59.6 60.1 119.7 3581.1 0.9903
015 0.4717 58.5 65.0 123.5 3805.5 0.8999
016 0.9107 54.1 62.5 116.6 3380.3 0.8645
017 0.8653 56.0 59.1 115.1 3307.0 0.9483
018 1.0873 55.5 58.0 113.5 32214 0.9565
019 0.6233 58.1 65.0 123.1 3777.8 0.8928
020 -0.7559 56.6 58.0 114.6 3285.2 0.9754
021 -0.0303 57.6 64.0 121.6 3683.6 0.8993
022 0.5012 56.5 60.0 116.5 3390.0 0.9417
023 0.8207 52.5 56.5 109.0 2966.3 0.9292

AHBATRE  -0.6332  -0.5041 -0.7190 -0.7211 -0.0310

ETAT, 974w A=)V TENTEZEINESN TS 2D, ETEERR
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HEIAME, SHECHTHMENSLE LIRS, TIUTHL TE, B0 b M SR

BEEH Y N U IBHER D y S OB S 350 (x —x, P + (s -y, F EEXET S 10k

O THEREZRD, FHECHELZ. 2B, AlOT—FIZRBEMEEARL, 31 HICDONT
MEEEZRD S,

K 1-6-4 EEHRET—%

Visio2000 R A
Ty | Foy | = My | Ry | EsHE

Al 179.0 109.0 70.0 1432.9 881.2 551.7
A2 179.0 121.0 58.0 1439.8  1043.3 396.5
A3 179.0 119.0 60.0 1436.4  1029.5 406.9
A4 178.5 116.5 62.0 1412.3 995.0 417.3
A5 179.0 119.5 59.5 1436.4 10364 400.0
Ab 179.0 126.0 53.0 1429.5 1070.9 358.6
A7 178.5 118.5 60.0 1429.5 1022.6 406.9
A8 178.5 115.0 63.5 1420.3 989.3 431.0
A9 179.0 111.5 67.5 1434.1 982.4 451.7
01 179.0 122.5 56.5 1236.4 860.5 375.9
02 179.0 120.0 59.0 1457.1 1060.5 396.6
03 178.5 106.5 72.0 1395.0 950.2 444.8
04 179.0 117.5 61.5 1315.7 905.4 410.3
05 179.0 125.0 54.0 1226.0 864.0 362.0
06 179.0 115.0 64.0 1308.8 881.2 427.6
o7 179.0 116.0 63.0 1412.3 988.1 424.2
08 179.0 112.5 66.5 1398.5 950.2 448.3

09 179.0 118.5 60.5 1301.9 895.0 406.9
010 179.0 113.5 65.5 1329.5 888.1 441.4
011 178.5 121.0 57.5 12571 867.4 389.7
012 1785 117.5 61.0 1298.5 888.1 410.4
013 179.0 119.0 60.0 1305.4 898.5 406.9
014 179.0 119.0 60.0 1336.4 932.9 403.5
015 179.0 114.0 65.0 1350.2 915.7 434.5
016 179.0 116.5 62.5 1381.2 964.0 417.2
017 179.0 120.0 59.0 1319.1 922.6 396.5
018 179.0 121.0 58.0 1277.8 888.1 389.7
019 176.0 111.0 65.0 1336.4 898.5 437.9
020 179.0 121.0 58.0 1353.6 964.0 389.6
021 179.0 115.0 64.0 1343.3 908.8 434.5
022 179.0 119.0 60.0 1332.9 926.0 406.9
023 179.0 122.5 56.5 1322.6 943.3 379.3
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1.6.3 HI3MWDKTEIL
3 3 BT OWT B OB AR L2 BHT 5 2 Lick-> T, WPaER LN
46 - 012

SERBMICH T ZRELT 5. JBRERMERENTNTN|42-07 = 2.8622. =2.5573.

|08-020[=1.4471 £75% 3 DOHKNE S & ITHFT 5.
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Body:08-020
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1-6-9 BTV T DOEIR (3 HEK)

1L B2 EITHERNTOEREMEL T, TOROX D IFEEK TR P E £ NE
BACETIEIR< /8o TWAH T EEZMEA T HMENH S, Eiz, EFENELA TN TN
HEBZADMEND D,

1-6-10 53 WO R THiH
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T I T,
ELLT,

FHKTEE 1 EFRIFHE Z2RESERIVKETIRS > TS EZ20OR
FEHEZRSIEREKTREDETAEEZRD, HEAEHD, £z, EFHEMN

EEITTNICEL Tid, FHEZHESEREOAEOREENHNL, THICHL TAHESE
A, bL. TOMENEZELZTINEENHREOTNOLERENLNT S EICE>TH
TZHEMLETES,

(1) fAELOHE
JEHE Z 4 S ERR S AT & D7 A ES BT 78b BRI KR H 2 WIS TEE R

EX L TREAETRRL, TNETNOHEE BTz,

= 1-6-5 MEEOMHBIER
3 EE R FIHZRRE HHES s hEEE EOAE
X Yy X Yy X Yy X Y

Al 0.9227 | 169.0 168.5 231.0 165.0 200.0 179.0 197.5 109.0 87.95 3.23
A2 -1.1920| 1725 167.5 2315 169.5 200.0 179.0 203.5 121.0 93.45 1.94
A3 03596 | 171.5 170.0 231.5 166.5 200.0 179.0 198.5 119.0 88.57 3.34
A4 0.5020 | 171.0 171.0 230.0 170.0 199.0 178.5 202.5 116.5 93.23 -0.97
A5 0.6020 | 169.5 169.5 231.0 169.0 201.0 179.0 200.0 119.5 89.04 047
A6 -1.2480 | 171.5 169.0 231.0 166.0 201.5 179.0 201.0 126.0 89.46 -2.89
A7 07269 | 172.5 169.5 231.0 171.5 202.5 178.5 204.5 118.5 91.91 1.96
A8 20.7913 | 171.0 166.0 233.0 164.5 202.0 178.5 203.5 115.0 91.35 -1.39
A9 0.5838 | 1725 170.0 2285 169.0 201.0 179.0 200.0 111.5 89.15 -1.02
01 03227 | 174.0 175.0 2275 173.5 201.0 179.0 199.5 122.5 88.48 -1.61
02 -0.4515| 171.0 171.5 231.0 169.5 201.0 179.0 201.0 120.0 90.00 -1.91
03 -0.0916 | 173.5 167.0 229.0 166.0 200.0 178.5 201.0 106.5 90.80 -1.03
04 0.1179 | 1775 174.0 2275 174.0 206.0 179.0 200.0 117.5 84.43 0.00
05 02032 | 1745 171.5 227.0 173.5 202.0 179.0 198.5 125.0 86.29 218
06 0.4088 | 1725 172.5 227.0 167.5 199.5 179.0 196.5 115.0 87.32 524
07 1.6702 | 171.5 175.0 2285 169.0 197.5 179.0 194.5 116.0 87.27 -6.01
08 -0.5463 | 173.5 170.0 232.0 169.0 202.0 179.0 201.0 112.5 89.14 -0.98
09 0.7472 | 174.0 174.0 224.0 173.5 200.0 179.0 198.5 118.5 88.58 0.57
010 02781 171.0 166.5 2275 167.5 201.0 179.0 202.5 113.5 91.31 1.01
011 03183 | 171.5 170.0 228.5 169.0 199.5 178.5 201.0 121.0 91.49 -1.01
012 1.3093 | 171.0 169.5 2275 169.0 200.0 178.5 196.0 117.5 86.25 0.51
013 0.9272| 1740 170.0 228.5 171.5 202.5 179.0 202.5 119.0 90.00 1.58
014 -0.4909 | 170.0 167.5 229.5 170.0 200.0 179.0 204.0 119.0 93.81 241
015 05670] 1715 167.5 230.0 169.0 202.0 179.0 200.0 114.0 88.24 1.47
016 1.2027| 1735 174.5 2275 172.0 199.5 179.0 197.5 116.5 88.17 2.65
017 0.1005 | 174.0 173.5 230.0 173.5 201.0 179.0 198.5 120.0 87.57 0.00
018 -0.4183| 1735 171.0 229.0 170.0 199.0 179.0 201.0 121.0 91.97 -1.03
019 0.1442 | 171.0 167.5 229.0 164.5 200.0 176.0 197.5 111.0 87.80 -2.96
020 0.9008 | 171.0 168.5 2275 165.0 201.0 179.0 199.0 121.0 88.03 -3.54
021 0.8429 | 1725 167.5 230.0 165.0 201.5 179.0 202.0 115.0 90.45 2,49
022 05428 | 172.0 170.0 228.5 170.0 202.0 179.0 202.0 119.0 90.00 0.00
023 40.6591 | 176.0 169.5 2285 169.5 201.5 179.0 201.5 122.5 90.00 0.00
THEAREL -04828 -0.5301
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7 1-6-6 5 3 WO AHBEAS B
RS B BIER emmmiameE 2 | o
X \ X y X Yy

Al 2552 1 13502 | -158.6 | 1336.4 44.8 1291.6 || 21052 | 203.51 7.00% 0.5085
A2 2586 | 13364 | -158.6 | 1339.8 345 1439.8 || 224.11 1 193.11 31.00: 0.5372
A3 2483 1 13674 | -137.9 1} 1350.2 51.7 1436.4 || 196.79 | 189.79 7.01! 0.5091
A4 2586 | 1353.6 | -131.0 | 1350.2 51.7 14123 || 20691 | 182.71 24200 0.5311
AS 2621 | 13709 | -162.1 1} 1370.9 58.6 1436.4 || 203.50 | 220.70 -17.20%  0.4797
A6 2517 1 13536 | -144.8 1} 1339.8 58.6 14295 | 193.22 ! 203.52 410311 0.4870
A7 2552 1 13709 | -1414 | 1370.9 483 1429.5 | 206.90 | 189.70 17.20% 0.5217
A8 2517 | 13410 | -155.2 | 1323.8 65.5 14203 | 18637 | 220.90 34531 0.4576
A9 2483 | 13824 | -127.6 | 1378.9 65.5 1434.1 || 182.81 | 193.11 410301  0.4863
01 2207 1 12191 i -1345 1 1205.4 69.0 12364 | 151.81 | 203.65 -51.841  0.4271
02 2448 | 14054 | -151.7 | 1384.7 51.7 1457.1 | 19336 | 203.68 410311 0.4870
03 2345 | 13157 | -137.9 | 1326.0 86.2 1395.0 | 14836 | 224.19 -75.83 0.3982
04 2103 1} 1277.8 | -131.0 | 1291.6 69.0 13157 || 141.42 | 200.16 -58.751 0.4140
05 2241 1 11778 | -117.2 1 1195.0 72.4 1226.0 | 151.890 ! 189.84 -37.95%  0.4445
06 2241 | 12640 | -1345 1} 12329 75.9 1308.8 | 148.76 i 211.19 62431 0.4133
07 2000 | 14019 | -141.4 | 1388.1 79.3 14123 | 120.80 | 220.88 | -100.08: 0.3535
08 2379 | 13226 | -151.7 } 13329 58.6 13985 || 179.36 21037 -31.01%  0.4602
09 2345 | 12571 1 -131.0 1} 1250.2 79.3 1301.9 | 15523 | 21034 -5511%  0.4246
010 2655 | 12433 | -100.0 | 1257.1 414 13295 | 224.26 | 141.50 82761 0.6131
011 2414 | 11812 | -141.4 | 1195.0 72.4 1257.1 | 169.11 | 213.94 44831 0.4415
012 2241 1§ 12295 | -165.5 | 1239.8 | 100.0 | 12985 | 124.14 | 26559 | -141.45! 0.3185
013 244.8 | 12398 | -106.9 | 1257.1 345 13054 [ 21055 | 141.57 68.98 ! 0.5980
014 2483 1 12605 | -144.8 | 1277.8 62.1 1336.4 | 186.38 | 207.10 20721 0.4737
015 2517 | 12709 | -134.5 | 1288.1 483 13502 || 203.60 | 182.98 20621 0.5267
016 2414 | 13467 | -127.6 } 1336.4 69.0 13812 || 172.47 | 196.68 24211 0.4672
017 2414 | 12847 1 -131.0 | 12847 483 1319.1 | 193.10 | 179.30 13.801 0.5185
018 2517 | 12260 | -124.1 | 12295 414 1277.8 || 21031 | 165.51 44.80! 0.5596
019 2655 | 1277.8 | -127.6 | 1260.5 414 1336.4 || 22432 | 169.16 55151 0.5701
020 2172 4 12847 | -155.2  1260.5 79.3 1353.6 || 138.19 | 234.99 -96.80 1 0.3703
021 2655 | 12709 | -131.0 ! 1260.5 34.5 13433 | 231.08 i 165.56 65521 0.5826
022 2517 | 12709 | -1345 | 12812 483 13329 | 203.47 | 182.87 20611 0.5267
023 2379 1 12605 | -117.2 | 1267.4 345 13226 | 20344 | 151.73 51711 0.5728

ABEEE  -0.5837 04988  -0.5866 -0.5918
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TDRED, IV Ly b LOROES, TOMBTDEH, M OAREIZ DN T EEM
MZRZTHEMVERDH D, INH6DERIT. BISHENS LAKRRSTEORBT OIS, £+
LTARY 2 —DFEROBRICENSINEI DD EEZENS, 2B, SHEERNIEMIS D
DIEDT, HFMEIC LD ERZMBENET DD TR, EHICIIB L EE 2
TELZZABWEBIZBZEDOISITHobIHanNb 5,
OmxIHA

W7 ) — T O E & AERERETE 2-2-2 DD TH 5,50 LD 7 )L — 713,
20 AT AR TERMED EHICE SHEB OENNE RS EMERT. SEO XS 7k
BrERITIE, SEMTIN—TOEITHT HIMMOLEL &b ITHRABRBEEDOZEND 2
EEZOND, ZITREDEIIBERTHEOEZEZEE L ATNEE SN, FI2T,
SHERDEZZE 100 ETHNN—t T — V% RDEEK 2-2-3 1TRT,

% 2-2-2 IVIy b EORDESE

B
201K 20-50 SORE AR 50-60 60m 1%

THH MEAN S.D. tha £  MEAN S.D. tfa 7 MEAN
SaHE A 1437.6 51.8 #x 13077 42.8 #51367.5
SHE L 1376.3 45.8 ook 1326.9 40.4 i 1296.9
SEMET T A N 1/4 1333.1 49.9 ok 1288.9 42.8 *x 1261.8
P 1271.3 51.8 ok 1223.5 53.4 o 1190.7
FLEA A 1218.2 422 ok 1168.6 35.2 *ak 1139.1
BT A A 1028.1 50.1 955.5 61.1 959.9
#B T A 1019.0 49.7 ok 964.6 453 954.4
iR = 903.0 92.8 931.4 55.1 934.5
Bt 836.6 41.7 ok 803.6 34.6 803.2
B 716.7 40.8 ok 691.1 31.0 693.6
R 442.1 25.2 o 404.9 19.2 4353
THRLI 53 317.6 17.0 ok 305.6 15.9 305.4
B A 104.6 19.4 *kE 92.4 9.9 o 106.9

60-70  70mf% 70-80 80RE{X

TEH S.D. thE  MEAN S.D. tiRE®  MEAN S.D.
SEME 52.1 * 1343.3 56.0 1326.6 49.1
LEEESY 51.0 1278.8 53.9 1263.2 44.9
SEMEV T AR 1/4 481 1242.1 55.4 1230.1 46.9
R 58.2 #* 11547 61.5 1144.5 62.8
FLEA AL 477 * 1112.3 49.1 o 1084.1 45.4
BT A b 50.1 941.1 57.2 956.0 52.5
BT A A 473 * 931.7 48.7 938.0 454
JER™ 524 ok 881.8 61.7 890.9 55.7
B 415 792.7 425 794.6 33.0
B 37.0 ok 661.9 32.6 * 678.0 30.1
RS A 26.2 ok 396.0 22.0 ok 4373 22.6
e 3= 20.2 SR 288.5 20.0 286.1 20.2
iR =l 13.5 % 90.0 9.9 ok 103.0 9.2

* 1 p<0.05 #* 1 p<0.01 w5 D <0,001
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it

2055 1% 20-50 505%{% 50-60 605% %
TEE MEAN S.D. tfRiE  MEAN S.D. tfi®  MEAN
SEHE 1333.5 52.4 1285.8 54.9 * 1260.6
BHE A 1282.3 53.1 * ok 1226.6 53.7 * 1201.9
%Jfﬁrblx k174 12432 49.4 ok 1197.1 54.3 * 1173.1
Hima 11852 53.3 1123.7 54.4 L 1085.7
LIS 1121.3 49.0 ok 1057.5 49.8 ok 1027.7
AT A ME 971.8 492 ok 928.6 45.5 918.8
BOTANS 971.7 441 925.3 42.8 915.8
ME e 884.7 56.7 ok 826.7 40.6 835.9
e B T A 782.7 37.5 Ak 741.7 38.1 740.6
P T R 696.3 325 648.8 31.9 642.4
R 422.7 28.9 ok 387.1 23.8 * 396.8
ERALEE AL 290.8 21.4 ekl 274.1 16.5 271.8
B 88.1 14.0 88.3 9.1 84.9
60-70  70mR{% 70-80 8071t
HH SD. tfaE  MEAN S.D. tihF  MEAN S.D.
SAME A 44.6 1241.5 56.6 1231.2 36.8
SHFE 41.0 * 1176.3 55.0 1173.7 35.3
WEHEU T A R 1/4 44.0 1156.8 53.0 1145.7 38.1
g {ky= 53.1 1062.3 66.9 * 1030.6 57.1
HEA 44.4 * 1002.9 50.3 ok 971.8 41.1
B T A MR 39.9 909.2 45.1 915.8 28.5
BT AMS 435 899.0 424 896.7 33.8
M8 ™A 38.6 *Hk 806.6 36.9 805.4 31.6
3= 34.9 733.1 38.6 745.1 35.1
[ 5 31.8 * 625.8 31.5 622.0 253
A 17.5 ok 372.6 20.7 Hoxok 391.3 15.5
RO A 20.2 ok 259.1 19.4 ok 243.7 273
BRALE 9.0 ok 89.9 7.9 R 109.9 16.9
#223 VNI vhEOAOES (SEHEZ 100 LS
Bk
2055 1% 20-50 S50mEA% 50-60 605 {%
THA MEAN S.D. R TE MEAN S.D. T MEAN
SHHMES 100 0 100 0 100
S 95.7 0.7 ¥ 94.9 0.8 94.8
CEHEY =2 1/4 92.7 04 e 922 0.6 92.3
B 88.4 2.0 87.5 2.7 87.1
zLJE,,\ 84.8 1.0 wrx 83.6 1.1 83.3
FlEZ AN 71.5 1.9 e 68.3 3.2 *x 70.2
B A A 70.9 1.7 xxx 69.0 19 = 69.8
RE R AL 62.7 49  wxx 66.6 34 % 68.4
B 58.2 14 * 57.5 1.3 58.7
BER 49.8 1.6 49.4 1.3 e 50.7
B 30.0 48 29.0 1.0 #xx 31.8
TRRALTE A 22.1 1.0 21.9 0.8 * 223
B S 7.3 1.3 ** 6.6 0.7  *** 7.8
60-70 705% 1% 70-80 80E Y
TE S.D. e MEAN  S.D. R E MEAN  S.D.
Ejﬁ’ﬁ 0 100 0 100 0
SHES 1.1 95.2 0.7 95.2 1.1
W@Ixmm 0.7 92.5 1.0 92.7 0.7
kP 2.4 86.0 3.3 86.2 2.9
FLEEA 1.2 82.8 11w 81.7 1.6
il 25 70.1 3.0 *x 72.1 2.8
Ay AN} 1.7 69.3 1.7 = 70.7 2.1
R et 32 65.7 4.6 67.1 3.1
™ s 1.7 59.0 2.1 59.9 2.2
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BB R 1.3 Hxx 49.3 1.3 *xx 51.1 1.4

B R 1.3 *xx 29.5 1.4 kxx 33.0 1.3
T RBAL 1% A 12 x*x 21.5 1.2 21.6 1.3
BRATHL A5 0.9  F** 6.7 0.7  xx 7.8 0.7
i
205%A % 20-50 50m%Mt 50-60 605E 1%
TH H MEAN S.D. tRRE MEAN S.D. tHRE  MEAN
SEHMES 100 0 100 0 100
SHE A 96.2 0.9 *Hk 95.4 1.0 95.3
SEHE7 T X1 /4 93.2 0.3 93.1 0.9 93.1
T 88.9 1.7 ok 87.4 2.1 E 86.1
HLEE S 84.1 1.4 ok 82.2 14 * 81.5
BT AR E 72.9 1.9 722 1.5 72.9
A A=, 72.9 1.0 Rk 72.0 12 * 72.6
ME R AA 66.3 2.8 bk 64.3 1.4 Ak 66.3
B Rt R 58.7 1.4 *ax 57.7 14 ok 58.8
BB SR 52.2 1.1 Ak 50.5 1.3 50.9
s 31.7 1.5 30.1 1.4 ok 31.5
TREALIZ 21.8 1.1 * 213 1.0 21.6
LT A 6.6 1.1 6.9 0.7 6.7
60-70 7055 70-80 801N
IHH S.D. tIRJE MEAN S.D. tiR7E  MEAN S.D.
SEHME 0 100 0 100 0
SHAE A 1.0 * 94.8 1.2 # 95.3 1.2
SEHEY = 2 1/4 0.6 932 1.6 93.1 1.3
P rdsaly 2.6 85.5 2.8 ok 83.7 35
FLEEA 1.6 * 80.8 1.4 ok 78.9 2.2
B AR E 2.1 73.3 23 ok 74.4 1.6
%Ak E 1.6 72.4 1.7 72.8 1.9
RE BerhAR 2.3 ok 65.0 1.8 65.4 23
3 qua gy 2.3 59.1 1.9 ok 60.5 23
BXE A 1.4 50.4 1.6 50.5 1.5
MR A 0.7 otk 30.0 0.9 *ox 31.8 12
TRBALTE & 1.4 * 20.9 1.4 ok 19.8 2.2
BT A 0.7 ok 7.2 0.6 8.9 1.5

BY2-2-TI3HMEES TEBE L 2B R OE S THWERTH 5. SEO@E S, HAEIE
TNERIZHE > TR ERBBIIRD SNV, ZTOHR T, BLmicid, FHmss SHLEAR
M IZHENIEIANC TS D 80 A THE L85, ZOHEMIILETHETH .
BB, HOVRAMIBOWTHEERMAIIERRICEZ D TEDHEINTWS A (L5 1998),
BT, BERPERDBAICRHTHHANMEL TS, COZENERBRLTWSN
HLNRW, AIYIA MR, BATIARMRIIERANNI R E2FEDDHAETH > TRIRE
FFEEELREATH D, INSOREIIITIIREREIZIZNE D TH BN, %2 ERiOBER
THDEFIDT LA NENEALDHEBLIBEKNBLEHIZ 70,80 HRITAR S N5,
B THEHANERLDIIERMSATH 5,

64



201 501 607E 1% 10 801t
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20i% % 50 1% 601t T0% 4t 80mE{t
2-2-7-b IV SO ED HER — o1k —
(FEMESS A2 100 E L THEEN L=y B)

2728 IR SND KD T, FHETI 20 MATERWLEIC S > 72 BRaMsiAY 50 %L
BTHRWMEIZS HDICH L. TR BEHRMmE, H0RED 5 B X 0 SIS
BWEICHD, 208D EDELLIRN,
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70

65

60

— -

55

50 +

40
’ 2055 50m% 4% B0R%I TOREAK: SOREIL

K2-2-8 VI b EOERMADOES OMEICHES HR

QEHXIEH
NIy REEOEMIER 2-2-4 OBV TH S, EAHHEE TITIERICLED 2 b & 7
TEHHEDNRNS DONHEDOT, EYEAEK 2-2-9 1T R T=,

#2224 IVITy b EDOEEILDIEH

Bt
(B mm)
2055 R 20-50 50mfR 50-60 60N

TE | MEAN  S.D. tiF MEAN  S.D. tiE  MEAN
SHMED = AN 1/4 80T 187.9 15.6 ok 199.2 18.4 198.7
b Gkp=thA 219.0 23.2 * 228.9 19.6 232.8
e AN ENT 204.4 23.8 R E 234.8 28.1 233.2
B B AL 257.1 16.5 262.7 20.2 256.1
B AL 179.0 19.3 186.6 17.6 185.4
TR AL 121.5 27.2 o 106.4 11.0 ok 115.5
TRBALT% S 113.8 7.7 * 117.9 7.9 ok 107.7
BROL 1% R 80.4 12.1 o 93.1 9.0 o 79.1

60-70  70%%{% 70-80  80m%f%

T B S.D. thRE MEAN  S.D. tfRE MEAN  S.D.
SEMEY T RME1/450T 20.8 197.1 20.5 ok 185.3 21.2
RN 25.1 2323 293 223.4 22.0
% AN EAL 32.8 233.4 37.9 221.0 36.3
R B ST 25.1 254.0 324 2423 28.8
BRI AL 26.8 *k 167.4 27.9 170.9 25.2
Ji AL 10.5 104.7 16.4 110.9 12.3
T RBALFE AL 10.2 106.5 10.4 ok 100.0 8.7
PR 1% AT 10.9 E 90.4 10.8 o 79.3 7.5
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205510 20-50 505518 50-60 607
TEH MEAN S.D. IR TE MEAN S.D. tHRE MEAN
SEMEY T AN 1/4 807 161.5 17.5 ok 175.0 18.1 174.7
iR AL 197.0 19.7 ok 223.3 26.4 2322
ANV 15 171.1 19.6 208.1 34.8 229.6
g™ AL 2225 17.7 ok 241.1 27.9 * 250.9
BRIE S 183.1 14.5 179.8 20.1 180.2
i mAT 113.0 15.9 * 107.3 10.3 111.5
TREALTE RAL 107.5 8.7 109.4 8.9 ok 104.1
BRAOL P8 AL 79.5 8.4 *x 84.5 6.7 * 80.8
60-70 70mE% 70-80 80mk{k
5 B S.D. thR E MEAN S.D. i E MEAN S.D.
SHHET T ANE 1/4 5801 18.0 173.9 22.9 174.2 19.5
B4tk p=Y VA 23.7 228.2 27.2 234.9 33.3
e AR HAL 26.5 222.1 38.6 230.9 37.5
|3 )=\ 17.7 248.5 35.0 2553 35.6
BRiE S 17.3 ** 167.7 25.4 163.9 21.8
BT AT 11.7 ok 101.1 13.7 * 108.0 11.5
TRBEALTE BT 8.6 *k 97.9 9.7 * 93.2 10.0
AL YA 7.1 79.5 7.2 ok 69.1 8.2
mm
300 ¢
250
200 -
150 +
e T
B s [
100 | B
50 |
— & — TEHEY AN 1/4800 — &= AL
—h— %V ANASL —— R AL
e BT [ N (e Y=t
0
2055k S0RE{Y 60m%{% 70REAR 80mEfY
2-2-9-a VI b OEBOMEITIED R (B

67



mm

300
250 e e *
PO e -
Pl - ——“;t—~ TTTTT ___.'__,__———:_'_.‘
P AT T T e PR
”’z’ ‘;_,
200 | e PRe
l"‘
e e . .
< ’ .
150 |
*———————- e .
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—— THE YT AN 1/4 54 — - — R AL
—- k-~ YT ANRL —- &= Bl R AL
e o EHEAT — IR RN
0
207% R 50R%{t 60mEft (AN {0 A
2-2-9-b VT S OBEBDOMEIZED HER k)

SHEY T A R 1/4 55 & B OFNLD S EHOBIBADN BB ThHDH, T O
LA RE /4 AL RO BT NSO L AOVEW TN SRS EEICNE 5, SR
5O DEAE. BYETIE 50 BRA~T0 5t1E 20 SBILE 0 BEL, 80 A THA LT
B, ZHTIRINS OEE L0 EAIL 50 ML 20 KD BB 80 B THIED L
IR BRI AT TR TIRE AT I R 5 10 As, & TIE 50 BRI 20 St
LD HES 80 MATHHA LA, BEEAN, FRAATIE. BEbICERT 20 SR
F0HNEL, LU TERBOENERT EBbNS,

O EEH

DIVITy N EOENETHEIIER 225D0EBDThHH. IS #E %X 2-2-10 127
T, SEICEE TRVWED A S FR 7L — TEIOEL BT, BLIBOMEANRS
N5, Thabb, FEHBOREOMAE A, FEOMAEE D, MmoZlifE B, kg Lie ik
OERERTAE P CIRICEEVEIR L. BT 2 Emc. BIIovE 5T
JRENS RN, BERIEZ NI, R BRI E KX < TR EICH D E b,
—J, BATLA NOBMOME B, B0 ME CIMESE L. TS OO R
R ERT. Al G IZEMHRO FASDEE, ME H I3RS aiEm o cd 220 50,
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60 A THEMORIEAONE 515,

£225 UIIITwhEoMmE

B
(HAL )
20851{% 20-50 50t 50-60 B6OEE{%

HH MEAN SD. tHE MEAN SD. tRE MEAN
bIEEDZEH AIEA 149.5 4.6 148.6 47 147.5
BEER RIS fAEB 154.7 5.0 154.4 3.8 155.1
BRERDZEH AEC 1445 6.3 144.0 4.7 145.7
JEDE DA EE D 175.0 4.1 1747 34 1732
fEER D22 AEE 169.4 7.2 Horox 157.5 6.8 157.7
8 - #oRiE AEF -1.7 2.8 23 2.9 3.4
SEROF FVE  AEG 28.9 5.5 30.4 6.8 30.5
AT OER fAEH 13 2.9 142 3.4 14.2

60-70  7ORE{% 70-80 80mE{t

Iz S.D. tHRE MEAN SD. tH%¥ MEAN S.D.
LAEE O HEA 6.1 149.0 5.7 148.1 4.9
fEERORTE fAEB 5.1 158.1 7.4 ok 162.8 6.9
BRE 7R ABEC 5.7 146.4 6.2 o 150.9 6.9
BEDEDfE AED 4.8 170.9 5.6 1694 . 52
REERDZEH fHEE 7.6 157.5 8.2 160.6 9.6
g EEROmME BEF 3.1 43 3.3 * -7.1 6.4
BHR ORI T30 AEG 7.9 29.0 6.0 31.0 9.3
HiIEOER A EH 4.5 12.8 5.8 10.2 6.7
otk

2054 20-50  50mE{t 50-60 60mE{t

IHH MEAN SD. tHE MEAN SD. tRRE MEAN
FEE DTS FEA 152.8 5.1 151.6 5.0 151.3
JEER DR fAEDB 1522 5.5 * 156.4 6.3 *% 160.2
FRERODZEH HEC 145.8 5.2 144.7 5.2 * 147.6
BOED K E ABED 174.5 3.2 174.9 4.1 170.6
BEER D22 AEE 167.0 5.9 ok 154.5 8.7 155.4
fReg_EERORIHE fAEFR -0.4 3.2 o 23 3.2 Sk 5.5
SR ORI T30 E BEG 26.5 6.3 27.8 6.0 29.3
BiTEOER fEH 11.7 3.9 o 14.6 4.4 15.8

60-70 _ 70m%f% 70-80  SOm%A%

EH S.D. tRE MEAN SD. th&E MEAN S.D.
FEEDEL AEA 6.5 o 147.1 7.9 149.6 9.5
FEER DRI fAEB 6.7 160.5 6.5 * 163.8 7.5
BRERoDZEH AEC 7.5 147.1 6.4 ik 168.7 8.7
BOED A EE AED 6.4 169.5 6.7 o 165.5 6.8
fEE D5 AER 8.0 155.1 6.1 * 158.7 8.3
{REe_EEROFIME 4 ER 4.0 * 7.6 5.0 * 47 6.1
BHROFTTF2NVE  AEG 8.6 31.4 7.9 27.9 9.0
AT DOERL A EH 5.0 * 13.1 6.9 11.1 6.2
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£ 2261320 RREDEDHERENZHEDLZDDTH DA, N BNER THEE
E220EF. BAYIA MOBIOME B, BBOREOAKEE, Ak B2k 2%
TAKFTHD. BNFHT ) —TTUNRAEABENTTISHDIE, EHHOREED
A A BEROTFRALERM R MAE C Eaind. £in, BERIKD b LEOL RS
THESINTTHED, 2Ty MBROZENRLETHEEID S RMICET B & 2%
LTnwa,

£22:6 2IVITy N EOMED 20 HA L DEDE KU

50/%1% 601 7 0d% 8 Omfc

H H
LEFEDZEH AEA
JEE DRI HEB * EEE
BB DZe H AEC seex
BOEDAE AED o sk
SR D AT AYD B AEG
Al I D {E A} fAEH *
S0/t% 60/% 1% 7 0% 8 Omf%
B H
I e FATEA 7 ;
@gg@ﬁﬁ{% ﬁng * % EEEY BT *kok
BB D2 fFEC -
BOEDODAE AED P sogw R
W%J:E‘K@ﬁﬁ{tﬁ HEF Hx EEEY EEES sk
BTAROFT A0 B MHEG o
Hif [ D AR AEH o ok

*1 p<0.05 **: p<0.01**: p<0.0C

DKIRTIENDIEH]

EEO, @, OOFRIL, & EBITIIN Ty MRS - TEDRIEERADINT > R
MENTZZEERE L, K227 133V Ty M- TRISNA KR EDER 7))L
—THIOETH D, K 22-11 1ZZDT T T TH 5. @t HKRONERAG TIZ. 2h
SOfREREZBEEAD EICIOBEEGHEZN LIVEZZENTELTHAD,
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#2277  PIIVILw b EOHHEOREE — k-
HAT : mm
25-297% (n:44) 5055%4X(n:46) 60/ AR (n:47)
MEAN SD tB#EMEAN SD tBHMEMEAN SD tHE
T 373.8 17.1 3747 244  ** 3612 228
Hido 328.7 25.5 3213 266  ** 3045 293 *
A E 45.1 25.9 533 294 568 361 %
B T NS PRI 980.3 442  wxx 930.6  42.7 919.7 436
B LA S KH 982.1 61.0 *** 932.7 463 927.9 416
A E -1.8 34.5 21 209 82 337
35N 1354.1 526 *** 13052  55.7 % 1280.9  44.8
ATAA S 1310.8 707  *** 12540 @ 543 % 12324 467 %
A= 43.3 40.5 512 19.9 486 283  **
R SHEAORIDE 51.1 12.0  ** 592 135 587 126 *
BUIZAMERIVIANOE -0.1 23.9 33 186 29 280
70j%1 w(n:38) 805%R(n:43)
MEAN SD tH&EMEAN SD
T 365.5 31.1 358.0 288
LS 287.9 40.7 2772 39.0
At 77.6 38.7 80.8 483
BT A RNSKE 902.0 427 899.8 342
B LA b5 RE 915.1 46.7 9221 30.2
HitEZE -13.1 29.7 223 307
358 1267.5 57.7 1257.8  37.0
BT 1203.0 59.4 11993  45.6
A%z 64.5 24.8 585 341
SEHE S R S DR S DE 65.2 154 % 574 156
BYUTARERTIANOE 4101 253 -18.6 262
(mm) 100

80 —

60 k///////y///

40 N -

—— EX AL X OFIERE
20

—a- ) TRANMOEREECHO L O/ HE

0 L 1 - L L L “\nnl i 1
10 20 30 40 50 60w 70 80 %0
-20 e
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B 2-2-11 VT b EOXOFIEE (B-a1) ORI D i
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224, VIIvy bEROEAHNER
KIRIBEITBEADNEHN T HHDRO T, AANMTZ&EHEHEBHEL TBL &
BENHDH, —DORAEL T, PIVTy MIEOLBEREFERTHIET. WHWEH 1
A TIEMRHE LIZ WEERORES 2@ < ISR BB 275, £9. 30 HHIC
ﬁ%&m2t3ﬂﬁﬁéﬁmfiﬁﬁﬁﬁ%ﬁm‘:h%@@ﬁ?%t%éhéﬁ%@ki
MsBEZTV, 0%, FROTRES OMBEICHEERED 2 IR 2 8EICB W T
ERRDDIELT D,
O FRIRICET 2 D 9T |
22813, BICEDLS 11 HA., EAICEDS 6 HEH., MECEDLS 9EHE, KR
OXITEH S 4 HB D, &EF 30 HEICHEREZMAL 31 HBICK S ERD DO ET
H5, FHAME 1 LLEOERDMNE S BAHELNTVD, BEESICHT IR TFAMBOME
FRND ELT, TNFNCEDLI BERNENINTNWLZDONERED,

7228 S0 S Q0 ERLEDIILT Yy D ERS T ]

PC1 PC2 PC3 PC4 PCs PC6 PC7 PC8

=T BHELAOSEE Y3 0901 0102 -0163 0.049 0055 0308 0059 -0.092
EHEhEOEmE Y5 0779 0161 -0122 0212 -0131 0123 028 -0.210
BULAREOEE Y6 0880 0060 -0079 -0.028 0408 -0.069 0.056 -0.105
B s D S Y7 0721 0181 0011 0233 -0106 -0132 -0.114 0356
BESOES Y8 0.900 -0.007 -0.040 0152 0139 0001 0037 0016
ey A =NL =T Y9 0781  0.047 0033 0201 0035 0004 -0.191 0077
TR D Y10 0462 0149 0121 0530 0047 -0.09 0401 -0.002
FIVIANEDES Y21 0.822 0043 0347 -0106 -0.044 -0021 0126 -0.241
HESDEX ’ Y23 0829 0133 -0285 0216 -0011 0100 0.052 -0.188
EESDOE S Y26 0902 0040 0267 0038 0026 0097 0042 -0.087
S EDE S Y33 0733 0183 0129 0337 -0082 -0002 -0080  0.162

A T EMADSE TOES 70524 0135 0860 0.131 -0037 0130 -0026 -0.046 0.153
BULAMRDOEI TOEHS 70620 -0.008 0920 0017 0057 0009 0002 -0.145 -0.121
RS DE E TDEH 70719 -0.022 0865 0070 -0219 0082 0075 0235  0.050
REBEDOEITOER 70817 0188 0641 0278 0114 0216 0133 0411 -0272
B S DR S TDEH 70916 0270 0720 -0.124 0253 0054 -0066 -0.146  0.059
THEBSZLNEDEITOES 71015 0239 0598 0123 0359 0151 0060 0317 -0.221

AE  EEEozh fAEA 0092 0152 0541 0002 0544 0200 -0323 -0.071
B DFHE AEB 0123 0033 -008 0263 0073 -0074 -0.808 -0.039
BeBozet AEC -0.093 0089 0263 0750 -0.091 0225 -0.143 0.121
BOHEOEE AED 0125 0067 0176 0752 -0.106 -0323  0.027  0.087
fEER Dz EE 0134 -0016 -0.141 -0.073  0.108 0003 0.057 0.862
K& EERODRTIE AEF 0028 0360 0002 0022 0799 0034 -0104 0.192
SEEHAROBT T Y0 BE AEG 0163 0110 0285 0015 0047 0715 0074 -0.033
HiTE DOfERH fAEH 0024 0439 0117 0306 -0267 0170 0374 -0474
DIARIACOEIENOE  AE 0228 0092 0534 -0095 -0649 0080 -0246 -0.125

L ok -0.123 0000 0.814 -0.048 -0370 0373 0052 -0.020
AL * 0105 0097 0074 0.057 -0576 0750 -0.026 0.114
B &ALl * 0220 0068 0919 0098 0039 0079 0044  0.104
LA SR E TORTEE 0.001 -0038 0712 -0102 0200 0436 0350 -0.008
Fifh AGE 0219 0007 0313 0723 -0064 0192 -0.193 0244
[FAEER(ES 7.5 42 34 2.7 23 1.9 1.9 1.6
FEHE (%) 24.2 134 11.0 8.8 7.4 6.0 6.0 5.2
REFGE (%) 24.2 37.7 48.7 57.5 64.9 71.0 77.0 82.2

* 0 VT MROBESNSER U -E

I ERDBBEROSESHAZXEDTNS, BIHBIZENZ ERD
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BHEODDLEDICEAEEORERERD E/2>TIND,
CE2ERMEIIINI Y FEFBOBEATRHICVZZA XD H LORT-AME
MREWN,

503 ERS U FICIE. AECKRLICETA2HEEANOEML TAMLTWS, 81 L5 2
FEE. AMROERBIREND X DITNDOP LT XENAEETHHEAEEZSNSD
T FROAEA OMEICEZERED 5 BREEMEZ BN ST 50T ans 24
%,

#2293, WREMEMEZ BN ET 5 B0 ETH 5.

& 2-2-9 50 #5800 LD I Ty F DI

PC1 PC2 PC3 PC4 PC5
EEHDZEH HEA -0.692 -0.017 0.115 0.526 -0.089
RS D RS fAEB 0.053 -0.181 0.167 0.875 0.096
Bz MAEC 0.274 -0.550 0.086 0.373 0.312
BOEDAE AHED -0.059 0.173 -0.016 -0.243 -0.766
EER Dz AEE -0.187 -0.147 0.028 -0.168 0.482
K& EE O RTE fEF -0.105 0.127 0.770 0.130 0.253
SR O/ RN D E AEG -0.031 0.945 -0.029 -0.063 -0.153
HiT T DR fAEH -0.025 0.937 0.002 -0.065 -0.178
TLANTA DRI END E A1 0.895 -0.072 -0.252 0.115 -0.062
5 % 0.343 0.369 -0.669 -0.150 0.239
A AL S * -0.759 0.242 -0.522 -0.028 0.100
B EmIHLE * 0.942 0.025 0.033 -0.075 0.068
TIZANNSKEE CORIEE -0.855 0.106 0.243 -0.228 0.070
Es 0.346 -0.440 0.337 0.207 0.517
[EERE 3.841 2.581 1.601 1.431 1.402
TFEH5E (%) 27.437 18.436 11.432 10.224 10.013
REF5E (%) 27.437 45.873 57.306 67.529 77.542

* 1 )V Ty MROBFBENSEH L 72 E

BB BSERTOBEREHEMBTL2-EL T, EFRDP AT OBRKER/NDHIZX
2-2-121TRL TS,

B EMNE VAT A 2GS REROERL TabEY A N
TAZMEDL SVFETEND TS, FiHOENE < 2O/ RT L LfHL LoEN
RKEL2DN. TIAIDERETORBLDAIERENKENNE D NI KD
EEBEZHND,

CE 2 BRI BRI R0 I/ THB O, R ETE O EAVK E N
EDMOERD TERDN S,

<33 BRI WRICBED S ks LR bN S,

C B4 ER B ORI OREIT, B 5 ERMIARES L ORTEOEEIZ.

6 ERRMIERICE, ENTN I HEDOAICAEMT 5,
COXDBHERNS, GEwZEOKRZ I Ty MZHEEGLZHDICT 5200 RMEE
HELT, % 1 EDOBRTDECANEETH D ZENDND, N5 %EEKRN2IE
H, Z&A@HELEmPOLEL, fiTTAMNSKEETOL, BATVIA SNSKEET
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DL EESHA T, KIRFFHIWOADIE L, EfHOEEIT, EHNRIEREITIC
aXal g B R A BERR TN R IB BB RAY S - 1228, RN RET 2 KIROBE
KRG EDEETIHRWI Ebho 2,

T

2-2-12 B 1 FD A7 DEK - /i
23 &

AEDVFBIRT —71d, KIREES T TEZ—XDENHDTH 5. ZDIEMADHH
W HROMEBEICE > T MEOEZICRBSINDBELH B4 500 2EHWLT—4
MRBREETHHGHH D, FRIOSHHNEL. Py y b, U2E—ZXARL A, d—hk, #
U, BRE. VR EORE TR RO & Bbns,
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3E HEBRBEICHEALEMRHRITICBITI2PEEIE
KR EE ORI - BRI

—RLESFHMEEOBERICK BRI FEMRICET 2BEMNT -

3.1 HIROE®

HRREHIEH T REAMET —F1L 8B 4 BIORT LS ITRA BRI DD H 5.
UL, INST—YREZOEEDORTHADREMEEL L THEIETESDIT TR,
ANINELTOREND 5.

OANMRFHET—F OREEMF TN EBHAL LD LT 2MBOFALEEEIZRES
LA WREBOT Uy TERAE O BREERET B0, EORHT—5 %
TOEEHEHITHDIIRDTH 5, 28513 BHZHSBOBHEO Y v FHHER
BOHE, HABEREOIBOZFNG ERUTIIARL, 5127y 7585 ERABICE
DFRIZRETMNEY > 7 BHEFLRTNEBR S NN STH D, HEWE, TAT vy
NV)ALDT 4 AT LA DEERS CHRERDIROBIZREL L TRELZVWEA. 7
—%& & UTHEMIRE (B ASTOER N SEILE TOEED & WS (L L 7= Bk
sHUBEE N ET 5. LU, TOMEZEZEANS ZEIITERNWES S, ks IE,
PEALAE & 3R TICE< JEHNT TH T L2 o 3 <HIEL R8T O NAETH 20, &
BRI/ a2 &R A —FIfESFARERBE ES5RNWNSTH S,
QUEDDANHRET —F I NEEERIZL TNWADITF TR :

el A BRMOBEIEREZ O HREM D ZWEE, BESNLI—TEOHEN TR
IMENERET H72DDT—FELTHWSNSZND LA, UL, FEHMRERS
FAIO@mEEZREL THAHDT TR, FICERLI— 2059 5841C1E. B
DEBREBREREBEAICR S, Tabb, MUCHETD., BEROZ S MhWEEF TN %
RELHILBEHZ TH0ERITTEHORBNENDDIZH L, @E ICIT N RS
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16~19 0 0 0
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A 600~800 mmdD 27 )L — 7 & 1000~1200 mnD 7 ) — T DT — & Zff
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DWAFE . HBESHA
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A LBEEF

(3) fEREHEE

AIEESRAY 1000~1200 D 27 ))—7 (RIEEIRJL) 1. 600~800 D 27 )L — 7 (AI3EI1R)
AR BEIIC BRSO S ARSHEN R E < B[S D KEWERICH - 72 (3
3-3-8~9 &[X3-3-2~3) . EREUADFEARETIE, MM HEEERICBNTHEEENR
HHNTE,

F LR EDAOHFERSTENZFERC THNIE. ] ZE B A 1000~1200
mn (RIEEUR) DAY 600~800 mm (AIFEEN) 1T LB AN K & WEIANZ H - 7=,

ZDD6, HEEICEBENRD 5N/,

ULDOFERNS, ERENFATTH > THTOMD S ETIENKENT I —TDHM,
/o, FENIFIEFRCTH-> THREFHAEIEORE N O SNHN) TIL—T DN,

AR SA WERICH D E VA B,

BB, IN—TMEL 7T —5 OMBEF DO T — Y NGRS NZET 771 IILDOY A &

1300

f b

AERBICEHEHL 2.
& 3-3-8 A[FEEDE N & B Rk (BA7 : mm)
G357V S IRYN RIEEANA WA
S5 E PV 22 S E PR 2=
hE | 50.00 5.18 50.02 8.70
N hr R 1514.61 66.34 1563.86 58.41
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1497.00 70.15 1545.86 69.75

653.80 25.48 665.85 27.60

e s ~ 319.00 21.28 325.00 16.10

819.00 41.50 839.92 27.71

230.50 27.36 239.57 25.85
IR T 51.64 4.82 51.85 5.61

1600

1400 |- -

1200 |-

1000 |-

Crerry

800 |-

600 |-~

400

200

3-3-2  AFEBOEW & BARSTEE

%339 AR DR VY & B AT ] B
AIEEEAVERO N REZE7INRUN
i RiERE | HOfE FRYE(R 22
162.32 12.58 170.00 5.54
53.03 11.41 57.10 11.04
49.28 13.99 63.21 17.82
. r Db 64.64 14.58 77.14 10.13
IR O | 5035 14.90 64.28 15.67
7 QR 36.60 10.36 47.14 13.11
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O =5zt
ERE

X 3-3-3 AR D& & B AT B

3.3.3 HEAIBhE & AlE
(D 5HrE®
FEH P EIRD OB, FRICAERICEE L TWDHO0OF LT, FRPE & il &
DOBHRIZDOWTHLNITT 5,
(2) Hik
HEREL . BLS3BADIE, REEDEWS304 (%3-9-100 TH 5B,
%3910  #EERAEEK

TR aat B %
16~19 28 13 15
20~29 95 50 45
30~39 95 40 55
40~49 71 29 42
50~59 49 21 28
60~69 81 48 33
70~79 91 45 46
80 LAk 20 13 7

aE 530 259 271

95



ERAF—s . HEETHRO S5 AT 5 — AT B b DI LTI,
DT — 5 DBEMWER LT, TR LTI, ik & AT O
T EFHL~,

aAE . MBS TE

(3) #EREHR

SRS SRR, AT & A BEET R & ORI WHEIIE R S heh o 7. & 4.8 1213,
FAXT AR O AR B D FL & N 7= BAET T B & rlE A & OMBIRE &2 RS, BbAER &
FBENVRWBEEIIRESH TH L, TNHRL TRV SIS A oz, Thud. &
& EEATGMEIROEDN, HBREICL> TENEEHEFIEVOEHNS HDOTIEANT &
MERL TWBE EEZ 5NS,

1B, T OMO S 25042 T O EE & B 81 & O MBfT A& RD 72 A%,
TORRIWREMEZET Z/20, TNLDT—INNERSINZET 771D A b
ERBORRBICEEK Lz (—HOBTT 7 1I)UE Gh) AMAEBTHHEL S ¥ —BLN
PN RN S N A

#3-3-11  BAE e @ik & AR O M MR E R

JEBIER O | FE BEER O i | JE BEER O P | I B i o feh
i & L5 & HIT R D 18T PN | Aff g O[] 54
H90-90MAX | 0.1429 0.1467 0.1503 0.129 0.0992 0.0586
H90-60MAX | 0.1801 0.1798 0.1839 0.1402 0.0837 0.0906
H90-30MAX | 0.1819 0.1727 0.1825 0.1681 0.0246 0.0712
H90+00MAX | 0.1865 0.1804 0.1867 0.1777 -0.0038 0.0286
H90+30MAX | 0.1669 0.1587 0.1983 0.1849 0.0254 -0.0008
H90+60MAX | 0.1501 0.1441 0.1951 0.1642 0.0585 0.0064
H90+90MAX | 0.1827 0.1457 0.2014 0.1687 0.0643 0.0156

H60-90MAX 0.1439 0.1513 0.1647 0.1195 0.086 0.0577
H60-60MAX 0.1724 0.1706 0.1796 0.1295 0.0512 0.0752
H60-30MAX 0.1377 0.1542 0.1758 0.146 0.0434 0.0669

H60+00MAX 0.1468 0.1607 0.1733 0.1596 0.0372 0.0492
H60+30MAX 0.1633 0.1395 0.1817 0.1637 0.0517 0.0222
H60+60MAX 0.162 0.1268 0.1894 0.1501 0.0859 0.0096
H60+90MAX 0.2044 0.1555 0.2105 0.1475 0.1117 0.0392
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60~69 6 0 0 4 2
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At 45 15 7 15 8
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AFROFEER (HEARD K06 RTEE ORISRV EASN R SN, &
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& 3-3-13  PHEIRMERE O SR F ik & nT AR &

AR JE JEEAL b i 2 b FE e SRR T i
H60+00MIN | 0.3982 | 0.3544 0.4328 0.6616
H60+30MIN | 0.5274 | 0.4467 0.5444 0.7284
H60+60MIN | 0.5384 | 0.4950 0.5623 0.7395
H60+90MIN | 0.5665 | 0.5342 0.5924 0.7495
HOO0+00MIN | 0.3858 | 0.2388 0.3997 0.7276
HOO+30MIN | 0.3338 | 0.2845 0.3953 0.7077
HOO0+60MIN | 0.3279 | 0.3247 0.4014 0.7177
HO0+90MIN | 0.4050 | 0.3731 0.4529 0.6927
H90+00MID | 0.6421 | 0.4931 0.5760 0.5780
H90+30MID | 0.6414 | 0.5260 0.5950 0.6526
H90+60MID | 0.5981 | 0.5826 0.6129 0.7167
H90+90MID | 0.5204 | 0.5690 0.5646 0.6250
H90-900MAX | 0.2930 | 0.4108 0.4026 0.3738
H90-60MAX | 0.3831 | 0.4925 0.4623 0.4817
H90-30MAX | 0.5646 | 0.5773 0.5881 0.5684
H90+00MAX | 0.6789 | 0.5821 0.6576 0.6265
H90+30MAX | 0.6821 | 0.6271 0.6889 0.6916
H90+60MAX | 0.6006 | 0.6852 0.6753 0.6775
H90+90MAX | 0.4854 | 0.6164 0.5855 0.5247

% 3-3-14  PHEISABRE O BEET n] Eis & nT 2R EE &

BRI O | JFREEONER | FEBO R AIfEOEN | B E S
H60+00MIN 0.3858 -0.1960 0.3242 0.5011 0.3778
H60+30MIN 0.4852 -0.2967 0.4007 0.5423 0.3717
H60+60MIN 0.5177 -0.4135 0.4832 0.6002 0.3653
H60+90MIN 0.5143 -0.4753 0.4775 0.6434 0.3451
H30+30MIN 0.4316 -0.5658 0.4538 0.6687 0.3536
H30+60MIN 0.5314 -0.5894 0.4987 0.5505 0.3320
H30+90MIN 0.4872 -0.5929 0.4401 0.6249 0.3643
HO00+30MIN 0.4247 -0.5887 0.4416 0.6426 0.4753
HO00+60MIN 0.4431 -0.5974 0.5061 0.7090 0.5743
H00+90MIN 0.5200 -0.5668 0.4472 0.6675 0.4808
MO00+00MIN 0.5356 -0.4916 0.5123 0.4300 0.4167
MO00+30MIN 0.5598 -0.5208 0.5502 0.5349 0.5101
MO00+60MIN 0.5530 -0.5235 0.5801 0.5405 0.4579
MO0+90MIN 0.5739 -0.4981 0.5499 0.5749 0.4117
H30+30MID 0.3913 -0.2475 0.4947 0.4812 0.1612
H30+60MID 0.2821 -0.2732 0.5877 0.5057 0.1096
H30+90MID 0.2531 -0.3264 0.5451 0.5459 0.0751
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7% 3-3-15  BAHIMEHERE O B ARk & AT R %

R HE JEEAL b2 S e SAER T i
H60+00MIN | 0.1922 0.3207 0.3323 0.1301
H60+30MIN | 0.1891 0.3301 0.2875 0.0643
H90+00MID | 0.8360 0.8438 0.8514 0.5431
H90+30MID | 0.8095 0.8419 0.7104 0.4011
H90+60MID | 0.6384 0.7014 0.5999 0.3497
H60+00MID | 0.6943 0.7185 0.8090 0.4532
H60+30MID | 0.6957 0.7347 0.7131 0.3518
H90-90MAX | 0.3999 0.3777 0.6105 0.2734
H90-60MAX | 0.4261 0.3829 0.6471 0.3379
H90-30MAX | 0.6899 0.6552 0.8234 0.5078
H90+00MAX | 0.8534 0.8526 0.8619 0.5787
H90+30MAX | 0.8069 0.8250 0.7306 0.4593
H90+60MAX | 0.6469 0.7165 0.6296 0.4101
H60+00MAX| 0.7272 0.7406 0.8112 0.4869
H60+30MAX | 0.7209 0.7606 0.6969 0.4004

7 3-3-16  BEETREHL SR OO BAET v Bk & A AR R &

BRI O | FEHONE | FHOUE | siOBN | siiomE st
H60+00MIN 0.0624 0.2929 0.2760 0.4630 0.1844
H60+30MIN -0.0044 0.3101 0.3102 0.4235 0.1945
H60+60MIN 0.0256 0.2969 0.2885 0.3411 0.1854
H60+90MIN 0.1152 0.1850 0.2504 0.3246 0.1013
H30+30MIN 0.0441 0.2879 0.3545 0.4609 0.2694
H30+60MIN -0.0211 0.3054 0.2896 0.3412 0.2375
H30+90MIN 0.0465 0.2886 0.2488 0.3396 0.1880
H00+30MIN 0.0034 0.2531 0.1294 0.4857 0.2657
H00+60MIN -0.0120 0.2196 0.1729 0.4444 0.2034
H00+90MIN -0.0070 0.2706 0.2178 0.4075 0.2052
MO00+00MIN 0.1513 0.2291 0.1290 0.4681 0.2139
MO00+30MIN 0.0937 0.2523 0.1173 0.4409 0.2121
MO00+60MIN 0.0619 0.2821 0.1382 0.4142 0.2034
MO00+90MIN 0.0082 0.3332 0.1539 0.3741 0.1501
H30+4+30MID 0.1314 0.4477 0.3524 0.3520 0.2710
H30+60MID 0.1062 0.4311 0.3375 0.2868 0.2349
H30+90MID 0.1551 0.3683 0.3296 0.2293 0.1979
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#* 3-4-2 YN AaAT

% B H
No. X HilA 1] Y HiAE R No. | X AT Y 1A
1 0.1149 -0.0181 26 0.2429 0.0252
2 0.1193 0.0233 27 0.2472 -0.0951
3 0.2028 -0.0697 28 0.1217 -0.1040
4 0.3300 -0.1092 29 0.3197 0.0497
5 0.1130 0.0133 30 0.4053 -0.0282
6 0.2160 0.0813 31 0.0996 -0.0154
7 0.2461 -0.1265 32 0.1472 -0.1793
8 0.2878 -0.0509 33 0.1268 0.0136
9 0.2949 -0.2205 34 0.1284 0.0194
10 0.1896 -0.0878 35 0.2121 0.0469
11 0.1613 -0.1609 36 0.2078 0.0731
12 0.1584 -0.1197 37 0.2944 0.0062
13 0.1057 -0.0135 38 0.2324 -0.1806
14 0.1254 -0.0525 39 0.2208 0.0582
15 0.0996 -0.0154 40 0.3893 0.0783
16 0.1448 -0.1995 41 0.3624 -0.1039
17 0.1345 -0.0832 42 0.5039 -0.1034
18 0.1176 -0.0629 43 0.1771 -0.0547
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WMEIZE Z 5N TR, AMEFEIRTEREE U TR X 5 st Ic B> Th 0,
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Nov 14 11:02 2000 plyFormat Page 1

Stanford .ply Format as used for CAESAR

ply

format binary_big _endian 1.0
comment created by cypie v2.3
element vertex 182135
property float x

property float y

property float z

property float confidence
property uchar red

property uchar green

property uchar blue

element face 356093
property list uchar int vertex_indices
end_header

Line 1 ‘“ply"
Flags file as .ply format, good for double-check
Line 2 ‘"format binary_big_endian 1.0"
Helps to sort variations of binary format.
So far, this is always "binary_big_endian 1.0"
Line 3 ‘“"comment created by cypie v2.3"
Comment line used to determine an implicit
scale factor. Early cypie versions needed a
scale factor of 4000 to produce millimeter
coordinates. Later cypie versions needed 1000.
Files written from CARD Lab software need a
scale factor of 1. This could be a major
problem unless conversion software accounts

for the scale factor properly. Needs discussion.
Other comments can be present and will be ignored.
Line 4 ‘element vertex 182135*
This line starts the section describing vertex
information. It indicates that there are 182,135
vertexes in the file.
Lines 5-11 "property float x”

"property float y"

"property float z"

"property float confidence"

"property uchar red"

"property uchar green”

"property uchar blue®
These lines define 1 vertex record. Each field in
the record is defined by data type and name. Float
fields are 4 bytes (Line 2 defines byte order, but
only binary_big_endian is guaranteed to be supported),
uchar fields are 1 byte. No other types are
currently used or supported. The confidence field
is not used and SHOULD be optional (this has not
been verified). Color fields are optional. Other
properties can be present but will be ignored.

B-3-1
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Nov 14 11:02 2000 plyFormat Page 2

Line 12 "element face 356093"
This line starts the section describing face/polygon
information. It indicates that there are 356,093
faces/polygons in the file.
Line 13 "property list uchar int vertex_indices”
This line indicates that each face/polygon consistgs
of a list of vertex numbers/indices preceded by a
vertex count for the face/polygon. The count is a
uchar (1 byte) and each vertex number/index is an
int (4 bytes, byte order is defined by Line 2, but
only binary_big_endian is guaranteed to be supported) .
Line 14 "end_header"
This line indicates the end of the ASCII header section
and the beginning of the binary data section. Data
begins after the carriage return ("\n" or O0xOA) in this
line.

Except for confidence and color properties, all lines must exist
as shown above, except the "comment created by..." line and the
counts of vertexes and faces.

Each vertex consists of the fields described in the header.
According to the header, there are either 4 or 7 fields in
each vertex record. Also according to the header, X, Y,
and Z coordinates are binary big-endian IEEE floating—-point
values. Confidence is the same data type for a total of 16
bytes in the record. Color, if present, adds 3 more bytes
for a total of 19. Line 4 determines the number of vertex
records to be read.

The polygons/faces section follows immediately after the
vertex section. According to header Line 13, each

polygon has a l-byte vertex count ("N") followed by "N"
4-byte integers. Line 12 determines the number of polygon
records to be read.

B-3-2
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SUBJECT_ID = <subject identifier>
[ Text identifier for human use, not used in processing.
Normally, this is the name of the original data file
from which the landmarks were picked. Must be present. ]
SCAN_TYPE = <type identifier>
[ Text identifier for human use, not used in processing.
Rarely contains useful information anyway. Must be present.
STUDY_NAME = <acqguisition study identifier>
[ Text identifier for human use, not used in processing.
Rarely contains useful information anyway. Must be present.
LAND_STUDY = <landmark study identifier>
[ Text identifier for human use, not used in processing.
Rarely contains useful information anyway. Must be present.
STD_LAND = 42 [ or 0O |}
[ Count of landmarks in standard set, always either 42 or 0 ]
AUX_LAND = <N> [number of auxiliary landmarks in dataset]
[ Count of landmarks in auxiliary set, can range from 0 to 400
STANDARD =
[ Flag for start of standard landmarks. ]
1 <lon> <lat> <radius> <x> <y> <z>
[ Lon, lat, radius are historical from original Cyberware

1

cylindrical grid data formats (lon=theta, lat=%Z, radius=rho in

(rho, theta, Z) coordinate system (but in our uses, lat=Y);
use and value are small for triangular mesh formats. Lon
and/or lat of -999 signals null/void landmark, otherwise no

useful meaning. Some older CARD Lab software uses a radius of

0.0 as a null landmark flag, but the software is corrected as

this problem is found. X, y, and z are 3-D coordinates in the

object’s coordinate space. The total number of entries is as

listed in the "STD_LAND =" line above. Entries must be
numbered consecutively (1-42) as a check against
corrupt data. Standard landmarks have standard names, so

name is not included in landmark entry. Standard landmarks
are all on the head and face, and are mostly historical due
to original CARD Lab emphasis on head/face data. |

42 <lon> <lat> <radius> <x> <y> <z>
AUX =
[ Flag for start of auxiliary landmarks. The total number
of entries is as listed in the "AUX_LAND =" line above.
Entries must be numbered consecutively (1-N) as a check
against corrupt data. ]

<1l> <lon> <lat> <radius> <x> <y> <z> <auxiliary landmark 1 name>
<N> <lon> <lat> <radius> <x> <y> <z> <auxiliary landmark N name>

END =
[ Flag for end of file. Used as a check against corrupt data.
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B4 CAESAR 7L x4 MCZHIT55HE

CAESMR7 Y 7 MiZBW T, AMETEFHEIE . hERm OB AMBICY— > —)b
EEo729 2 TO 3XRIEBIRGHIZfT> Tnb, 3RITHREHIEBORE, RSB
EFBEBORE., BKXK, YA —IVOREBORER EITEREMENT T, BEHR
o ha)bERELRE (19924:12Dayton THIME = #1723D-Workshop TR DIEZE. 19934 M
SNATOND U —F > 7 7 )L — TR S 4. Scanner D BAKKZZBER N A Y — K L7z, 70O
N IV ORRFHZTIZI995FE~ITEE T2 ~3FEEZNTTNWD, 196FENSEDRATT D
REET> THAREZHED . 1998 SEROFHIZHIA L7z,

PUR. CAESR7 0P =7 MZBITF 2 AMKAEREHIEE I DWW TR RS, LA R, CAESARY
Oz MB35 MEEIEBEERBIZ DWW TR S,

B.41 FHAIF—A
541 F—ATHEEL, 1 HIC20AZFILE. 5ADIBEOITIEUFDEBY TH D,
7B, BUERBRE ZFBMEFHNE N, BRI R MR A YT 5,
144 1 BB AT, ERSEH Y
2% 1 T2 R—0 O — 7 & NMKFFHERE
2% G RY—=ADY—h—)LIED. 3
RICAF v Y
B42 BXREZDYAIEU

o7 (DR FTL—ORMBED v — DX
A=Y T I TH5H, >a—VIZBLIEBAT, by 7
tﬂ%vf(ﬁﬁ@&)ﬁﬁb~@*%??wyﬁ
AR—=YT T THB, a—VIIBLZHET., by
TERUEMD S I (HEEH/NY) T
HD, JZARNMNIOBNBLTH5. ObIL, thE
FOMREDIZIE L TOBDE0KEDHZDTH T EMN
T&E5, BREFONZHKOAHEVOHZ XD LTIX
Wi, EFEHA—AETY 22T, ZOF
BO=DIFELZHDTH D, BT X3 BR
BEZMHEYENRET S, by TdHra—vUdb, K
ANOTFHED EMSEHT S (KB-4-1).

KB-4-1 ZMEAER

1) by TOEE

by 7TOHA X2, T390y — DY A XEBETHDT, FTAANDT TV v —OHPA
Ae8Rd. ANy TOFAXR, T390 v =D XEEETHDOT, ETAADT
TVv—DYA X5, AANHFEOTA X TEDRWL, £R3HED DT 255X, Bl
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DYA T B, By THAETEENT ¥ —TldkEO DT THARVESE. U7 >
H—T1DFRDhy TEER,

(2) >a—YDEE

FEHFIIERKD T 4 v FERAX, BLERSIEEBREICHOVAL XD Ry TRpD> 35—
WEELT, BNHEZIERD T 4 v NERAN, BBEASIEHBREICHOY A1 LD Ry
TOHDT a—VEELT, BENZDIDIKET S, 70 v MRS, sHAIEIC
ENT 5, '

B.4.3 FiHblE

HYFEETL. OEBREOEOELZBARZL. Q) FaHENCHER12OBM AT 1o
S F T ED (EBA-1BH). Q) FHICTLNY REDIFEH, @) YTA R
TITA R hEMTEE, QOHBFMBABICR YV Fo— 282D 2T, (6)40
DIEBEBIET S (EB-4-22M),

(1) BERLERERE

OO MFr v T (KB-4-52H1)

QT : BOEELEDDHEZDDHDT, DREEHNDELEVWDLD, BOEEEELN
LODSHF Yy 7O NS EEDBEDITHS T TR, FEMBOHENE L THER
FHOFEFITIHI TS (MB-4-251).

KB-4-2 FHEOZDIZFHITILINY REIZDHIREE

FEEERNEARBERAZERBDIDITAHATFICEID S
QMERT 1 71 F— (A—H—1FCover Girl),
@UITZA RV FHOTL HE7~8mOEAWS YT A, HEDERIBZNHD (B-4-3
).
OFy I Fr—2 i DRODKDDR—INF 2= D—HDOMWITNINWT LT Uy TED
b0, BABMEZ CNTRY. Xy 7F2—2OMER Tor YOz D <DITHY
FTHHEUT, ED9TET, WHTERNLIITHRDD (KB-4-3, KB-4-4Z%18),
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BB-4-3 PTARAIL R &Sy 7 Fr—>

TIA RN ME, ZOBEANN, SEALXRY (A=) O)L A
SBMBEETFTS, HTLHKETITRN

®B-4-4 % 7 F x—> OO,
(2) EHZ DA
WEHREDETEHENHSNMNIRELED., DOSHOF Y v TEANS, ENENESIT

MO HDOF v v #HBREOHEPEENFASNI/ID LD, PO5HOF vy v TE2H NS,

ENENEEINDOSHDOF Y v TEMRE, TXNTOEEF v v 7O FICATVAS,

BEOERIOEZOEEIE. (XA—LERIBVWEII) BHOLOFTRZ—F—)Lianl
PAZTIZEEDD (HB-4-5K), O ENGNDSHDOF vy TEMRE, Mo TV
WEEZTANTEF Y v TOTFICANIAD, Fr v 7O ENS, Ro—F— I BWLEALTE
TLDSTHES (FB-4-5F). HNF v v 7O FITHR> TWRWI &, EfAMS OB S

MHEZTWDHZ E2HRT 5,
FryTOUDLIEHIEL., e <ERRNESICEET S, FvvTOUbITH
U, =A< ERRNnEDITnET 5,
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BB-4-5 EZDNERWHEBREANOF v v TONIES

(3) FaHHR#R

KBA4-1ITRT EB VDL TIMED O, FeHETDEANT A 14 F—TX— 2 %EDIF 5,
EABDHEEIARLIITRTEBODEHETINES D, FHMETHIANTY A 514 F—T<
— 0 %&DTFBH, EASHALEARTHMUZFICY—0EDITSE, =TI TEALFIF/AI N
ET 5, F2/ZL, UIA MREHRIFEHIT AEANICY—2 T 5, L5 T, 11O
CX—27%L7725, FEIKRILZIZD, JIAM ) E2EE, Xy 7F— 2 &I
B\ L TRHAE D 5,

FEHOMILL, AEEFERREARBERLAEEBDEIICATICED S (KB-4-1).
DIARNSFEORILL, ABEEFERAEAGRBERAZEBAEIICATITED
%5 (KB-4-1)e DIZA RNV MI, WOTFTHZDT-HED, BERAANTESZAITNT
NWHBLXRZIBWLAN— ROV NOMNEETRTTHE D, KETHRITHEMNEDI,
Zw I Fr— 3Ty VOB DITIFIFMYTE LI, HENM LOEBEICZS
L. BOBATIZO7Y » 7 Tilkd 5 (MB-4-4), |

KB-4-1 FaHANRBUR

EHE ZFR B (QATBN)

1 A& (Glabella) : EFRHBELET. EAOESOB TR BRTFDE, (JISZ850017
E L)

2 Bl (Sellion) : EFET. BROBHEALZE. JISZ85001C[F L) (K

B-4-6 1)
3 A BMJSA A (Gnathion) : EFRRENT, FEHEOA MHAREROED FHD M,
(JISZ8500iZ[F L) (XB-4-78HR)

4 FEMES (Cervicale) : 557 HMEDOBZEE O e, (JISZ8S00IZ[F L) BHEDITFES
L7z&EEIT, BIKERFNOBEEEADITS E LN,
5 KBS (Acromion) : BHRERIED, BHI/MIO L, (SO, JISZ85001ZF L) JFlk
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SRR BT, HBORIBEOHRRIIY—27 2T 5, (KB-4-
SZM)

6  4iMF (OlecranonRt) :  JHAEICHIFEEZD, REONEDRBES DA, O
ROFRIZDITS, (KB-4-95HK)

7 HEBERZEZEA (Radial BEZIRBROE W, (JISZ850012[7 L)
Styloid,Rt.) :
8 A REEZEA (Ulnar RAE RS OEAL . (JISZ85001Z[F U)
Styloid,Rt.) : '
9  UTAMEEFR (Waist WEREDRD T T T AN T A > EREFTRDOEE, BT ~8
Preferred,Posterior) : mmDOIALDDEMD FTH7=0TIWRICL, INEIFHADE
FTHBEOAFICTTTHE D,
10 fAEEE L& BZODDHIRETOREE OfRmE M. ERICHEZ3<,
(Suprapatella,Rt.) :
11 B EEzE PEEARDOEBIMUD H, FIRS S8 5 Z &,
(Malleolus,Lateral,Rt.) :
12 AR EZE I B NRDR®NEIOD .

(Malleolus,Medial,Rt.) :

BB-4-6 szl (ZUA2) XB-4-7 F bHA K

-

o

[XB-4-8 AL XIB-4-9 JtEE
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(4) FHAIR/2 &

BRI HEUEIUTOEBD, AMRAIERZRED A—NIIAA ACPMETH o7z, i
THEMHETILUTFDOEBD ., AMEHIEREED A —HITA A1 ACPHETH - 7=,

) 7>haRA—% : JERZ DT THEM.

2) filfsgt

3) WEhEr

4) HBR 2RO, KOBROEREZWDZDDED, HNFITTHEHUORN, #kEHs

OEDHIBEIZTINA—IHBETELZENERZEDZ &, LML, ZOHIE. 75

AT 7AN—ZEZ—)aA—T 4 2T LEERTHRICTH D, VI T 714 /)N—HD

HOVE, T 7 OMEICHEDNHMEINTHWAEDT, K0FEWBFERNLINEEDN S,
5) {AEEF : NVAX—H,

6) JZHE/EEt : Langeth &L,

D BEMRDR : CodAZBNEHBTHEINTEZ D7, BEFOKRDK (60 x

80 cm). #EREDOABIEZI S DT, EMIC T THBREN T DOREAE Z 15T BB

WTH3 (HB-4-1028),

BB-4-10 HERE DT OME &R DE X .
8) KiTHFON : fEmrs & 2B 70 DRF & JH. 810, Sy s F o> OEE 27
BB OERMID DT THS (Mb-4-1150).,

KB-4-11 HERZIID D7 KlgESH. xRy r7Fz—2. BDE,

9) R REXFHOR, GSORLLHBONEE,. BEEE2EAICHTTEEEZY
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BidaLEicfio,

(5) FatHl
FEHAT 2 DI3EB-4-2127T 4 0HETH 5.
FRHAT 2 DIEB-4-2URT 4 0 HETH 5.

FB-4-2 CAESARICB T AFaHAIEE (

FHHIT A)E), A > MidDr.Robinettelz k5,

e HEIER (GEEE4) dA b
1 {KE Weight (Mass) HHE
2 Bk Stature CAESARMH EE
3 BT Crotch Height CAESARM H /WhZH
4 B — RS EERE Thumb Tip Reach fERatEE N
5  JEHRETAEK TIENE Subscapular Skinfold BEEE/N
6 bR —BARERE MAENGJE Triceps Skinfold AL
7 WiE (FEME~JEIE)  Arm Length— Spine to shoulder — FERME TN VIL
8 Wik (FAME~/fEA) Arm Length— Spine to shoulder— B QL= DA AN Y
9 ik (BEME~FHE) Arm Length—Spine to wrist— Ei S = DA AN 1Y
10 WEfHHEE Armscye Circ..(Scye Circ.over Acromion) VAN D1%
11 REBMaIBE Chet girth ((Chest girth at Scye) VAL D)2
12 FLBALLHYPH Bust/Chest Circ HE
13 FERHaRH, 7 >4 —/NA b Chest Circ..Under Bust BHE (ftos) /7 LIv
14 I X b Waist Circ..Preferred KEE 7NV
15 I Z ME Waist Height,,Preferred KEME BHE
16 @73L Waist Front Length KEPRE TSIV
17 J& ki85 Total Crotch Length KERE HE TNV
18  {AERHERH Vertical Trunk Circ. KERH 7NV
19 ExPH Hip Circumference,,Maximum KEFRE
20 mKMEPHE Hip Circumference Max Ht.. HEIHE
21 KBE&E KM Thigh Circumference VA D)%
22 BEH (WA, SHR)  Ankle Circ.. KET NIV, EEER
23 £ Foot Length HE
24 JE1&Bideltoid Shoulder Breadth (Bideltoid Brth.) HE
25 & Sitting Height HE
26 E{7RRm (OMEA)  Eye Ht.Sitting HE
27 PEEfrjRiER (EIER)  Acromial Ht. Sit.
28  JE{7JFIEE %% Elbow Height,,Sit.(Elbow Rest Height)
29 EfiiEE (BEE L) Knee Ht.Sitting
30 FRALKBEFR KB Thigh Circ..Max.,Sitting SIRLERERLEDIE
31 P Hand Circumference
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32 SHPH Head Circ NISEFEERLD

33  E4E Head Length NHEILRICEE
34 ¥HSIE Bizygomatic Brdth NFEHRICEE
35  HHPE Head Breadth NI EE
36 JEALEXIE Hip Breadth,,Sitting HE

37  B—BBEBE Buttock--Knee Lth.

38 BEE (UFFHF. £UAF) Face Length

39 FRE (FRA. BEH¥Z%5) Hand Length

40 FA(IEPH Neck Base Circ.. KEARE 7NV

EBETE E GHRE OB DL 6 OEAE L 725 R A % MB-4-121T7R T . IRIRICH W= 2 3l
I 2 e S AESEIAE R OHRBRE DL HHOEME L85 B ZKB-4-1212R 7,
RIICH W R BICII R 2 RE D HME LR HMNGINTH S (KB-4-102H) . #HEREIT.
EADROER &5 2 fREmZ2 R EITOWTHHERICAOE. BEONEIEREAHKILO0cn
/2B ED1T, BT LEMIEILTIED, 728, 3RUBRAF v > ONVMEBTH EDN
BRI TH 5,

sHAIFNEZ KB-4-312r 9. FRHANIFHAE CRlBE AR ZHATIT O, FeE N
LHEN® 720, FHUFNEZEERB-4-31TR . FatlllIEtl# S ilfE "R &M A TIT
D, RERENHDIEANH -0, HLHHZHLERIIN— I Z2DT5RHEANH >
0T HDOT, PLMCRTEHNEFISEE I 5N TN S,

sHUAT A S, FEOWIL, YTIZAMNLE, XV F—2ZFT LT, 3XK7C
SHUNZENT 5. GHUNTALS, FEOHITL, TILARMILE, Ry 7 Fr— %17
FTLT. 3RITFHICENT 5.

il Tos Alanadd
s i Lk

XB-4-12 CAESART O 17 MIBIT DN RETOWERZT DO EDIE
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#B-4-3

CAESARIZBIT 5 F5HHNE GHUT 28, NEALIREICTFS Z &),

{RE Weight ((Mass)

SHEIZ:
.

N
WhEOESR, R IIMEICHEIEREEZNTTET U Z2HIEL THRES
DLW D, HBRENCAESARAB RO B2 E T/ IRETHI S,

2 HBE Stature

FHAIZS -

7 hORA—%

SEPLED SR ORE S (NIVTw V7 R) FTORBEEEE, HBETIE-T
HIGZME, MBICHEICKREZNT T, 83 C0FMEL D, FEIZ
HARICTET S, FBREDRIL. MMEIChnE=2EichbEs (FEEPE
HEE10cm, A D EEEAE33E),

7 ROR A= EWEREDOEBAICNI TS, EEES AT, EBRIZIZILT
I A, TROBERRIRA EOEATIHARLS, EZTHh0WNHLSHERTES
ARy =R

}

2 Bk 3 KBTS

J& R & Crotch Height

SHEIZS
E O

B
il
45

7 hORA—%

BMETIZNALE D SIE TR ORI ETO, o TIESIME»S TR
FTOEEREE, HBFFEIEEICHSEIREEZNTTEITC2EHIXL T
D, FRIFHARIC FET S, $HREORIL. SIMMEICHAWEZREICHDES
CEEEBNITE R 10em. 7245 O e Bl A B33 ),

7 RERA—F B HBRE DR FIT-TS, BETIEAKBRAIE O E
T, WHETHERICTY > FORA—FOBHZES. AMRICY=2F THRIE
B EITS, BoNEICHEROEEET I, ZOREEL. T—I AN
BEEDFEICEA—FNTITI,

BETH — #4455 PERE Thumb Tip Reach

FHg -

7 RORA—%
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o oF: P EBE MOHBEAILBEOTERMETOEIKEER. WEEIIE
EEPERICY TS, MEZFEE SWICHE, FOBE AR 510cmD
NMEICHL<, EEZ/KFEFFIC BECEMIC) T, g A LEEZS
b s,

HEZE . BT, BEOTERKEICH L TETICA5EDI1CT 5, 5
EDOEHLEHETZHADOTH> T, BIEOEHEE TZHESOTIER N, B
FABZENSEEI W &, EREEREREN S 10ecmil HI2H < DT, Bk
RKEWEDIZ, EEZEBEIC DTS EFHENEBEICONEWEBREN NS /-
Do
HIEMRBPFO L ENEDT &,

4 BEEE-BRFESCIMIERE. fREOFRAEICER

JEHE F AR FEIE Subscapular Skinfold

A . At

£ E: FETEESOKTEHORS. #BRFL. BEWMONEHNWTID, AFF
HFATLT. FHCODALEKRB/ERTENZH 5,

HE%: BEREMALD1I~Z2cam FATHSLEDOZ LM, ERITIE,. DD TFAET
H> Tz,

e = SR ER B T HERAJE Triceps Skinfold

FHEIER - FEARIEET

EOE: EWEEBEOR MEHORES., MNEooEIciif/=RETO, LD%mEc
BUITBEEMNOMT, MICKEEETEEZOMATES 2%,

NEE: EEZOIOAMER HISMNEO LA THTATHLIN, ELTWE,

i (FEME~JEI%) Arm Length— Spine to shoulder —

FHgE 0 BR

EOE: HBREEIEASHZERT, 89UC20RLTCID, BOohEm<, 6F&22
SULICED, BICH TS, BHAD SRESETCORAEEREZN S,

ik (ZME~/EH)  Arm Length— Spine to shoulder—
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e BR

£: HBREIEESHZAT, €9UC20R3L D, BOohEnl, AF2Z
SUICED ., BICY T2, EEADSHEKRET FER~FIES) . Hig
RN NEET BN~ Z2HTTRIS,

9 Wik (BEME~F ) Arm Length—Spine to wrist—
FHElgs : EBER
EOFE: HBREFEIEESHIERT BT UCEOELTYED. BONHEHRL, AFEC
SUICHED, IS TS, BMANSHESET BEEA~BIEL), Fik
RIS NEET (BHEA~NE ., HENORBERSZELETEHEDON Y
R ETEKTTHIS,

7 Wik (BH~FEE). Bk BEH~NE). 9 HE EE~FH) FUROZSHE (B
~FH) FrHROLS

10 fEfT#RFH Armscye Circ..(Scye Circ.over Acromion)
sHEIEE : BR
EO#: FERFIEESHZAT, B9 CE0RLTID, BOhEHL<, AF%2Z
KULIED, BICRIESN SO N2 EB 0 FENE TORMROHE, #
BETETCZOELTILD, AFFIKLICED, BTN TS, BRZHK
DMTELZEIATHBREIRZ HRICNET 2, ERO0 HEFEAIC
BT, AiRER, BEREEL . BgSETERS,

10 BEFFHEE Armscye Circ..(Scye Circ.over Acromion)
11 L#&RKIE Chet girth ((Chest girth at Scye)

FHflgs © BR
EO#E: HBREREEHERT 89LC20ELTID, FOhEHBL, HFFEEZ
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KSUICED., BCEMERZ 8 MOEE, TEHEFKFEICHSA, §i
A=A AR R OF: SR

1 HEEEORD 5

12 FLEAMIK9EE Bust/Chest Circ..
FHEZE . EBER
E OF o HESARWUILNZNEO LAV TIYAALEICEATICH - A8 O B E, @D
M TR 2 E#&h o RS THl S,
HEE . BHELEEEET. ZHEIZCAESARD by YO TFIZEH DT 5V v — %%
TS,

12 FLEEM B ORI D HEL

13 FERMaIEH, 7 > —J/NA & Chest Circ..Under Bust
SHHIZS . &R
E O IMEREBORFEIT S, TIVv—0Ohy T OE FTKFITH - K80
BEE%®, BEONKE TCEENEKbD - S THIS,

14 7T X Ml Waist Circ..Preferred
AHlEs - BR
E F+: RIDWBEOETT., JLNDRTHZLEAANDOERDZT LA SOEE,
HES . CZOFHHOERZICYIA MRIERIZY -7 EDT 5,
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15

16

17

18

14 JXAMOEE. JTAMIVFOMBTHIS 15 TITAMNS

) T X & Waist Height, ,Preferred

HElEE 0 T hORA—%

EOFK: HREOLMET, ILNCRTHIZLERADORDET LA NOEX %
Do

HEESE . ZoOHEBIREENE S,

AL Waist Front Length

g . BR

EOF: BMRSRETNETA ST T X MTET £ TOREEE,
FEE: TIVrv—OFZEMIAT. EFEHIS,

16 RiLO EORBESA 17 BRERBE

M ERi#%E Total Crotch Length

aHHlZE © EBR

EOE O UIANIAUAIEFRFNSTIARN T CBRETETOR T E2E5EMmE
Bt BERE IR ICHEITREERNMNT T, BT U EMIEL T,

AEAEDH Vertical Trunk Circ..
FHElEE . BR

EOF: O ADEOD, BMMR Ry Fz—2THLTHS) LEEH (BlgS) of
RPSEINTERZEB L, BKTFNSANZ DS HBEEN SR E TOERE
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PRk, B FTERZVSEDTERNLIERTE I &,

HE%: JFATPROMEEZESTETRDS, BYTANTIIERZEBITHLAATS
N BT TARDEATTHEBRIZE L DI,

18 PRERHERH

19 &P Hip Circumference,,Maximum

FHAgE - BR

EOFE: EBHOmRKEEESAEICKECHS, #BREIE-THIAEME, B
CEMIILTIED, #BREFDRIE, @MWz 2iicdhbEs (EHRN
(I 10cm, o4 ORI ARE33E) . FHlE SalBE N H N L TEHT 5,
B EAR TR RO 2em ESITEREZS T, KETHB L 2MRT 5,
ERZ1em< GVWTD NAHICFTANS, 20D EHED ZFHARDS, BR
ZREIZENTEN LGNS, BRREIZRLSMEZRL,. RATH-ET
AR TRAENICHEZHD., BREFNTHEIIC. JOR R TRAEHRS
2D, RARMERSMEDS S ICHENHL5E1E. THO&ES THIS,

b @ﬁ 20 E%E

20 BB Hip Circumference Max Ht..
FHEIZR : T2 hORA—%
E F MUMEMSERKEMOLX)VETORERS, $HREFTIE->ITHIAZR
=, MEICHHITEEZNT, T CE2MIAL T, #BREDORIT. SifL
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21

22

23

HIZhWEREIZHDE S (EHSANAITER10cm. 24 O B AE33E) .,

FREFRRTHXZHS,
EES . EEENHS, BROEOHREZHES, FHUEZIIHBRE OLMICNTERZ
BIZATWS,

KBRE: KB Thigh Circumference

FHElER © &R

K KROBRKEE. #HEEIHEICEEICHREZNT, €9 CEMIXL TED,
ERIZERICTET S, EREZRBORSIEN (B EKBOER) 124 T,
1em 9 D NAIC PTG EZEFRAR > TRKAMEEA DTS, HAMEIT. 24
TLUBEE BIEEABOESR) OBE FITH BT TIHRN,

S

21 KERPEH

TEHE (NE. 4M8)  Ankle Circ..

FHE2E . &R

EOER: HNE ANRORRERAZELIBAEZROICES, HREBRETHEICHEITK
BEMNF, BT UCAEHEXL T,

22 RHEH

JEf& Foot Length

FHEIZS . RBIRET

EOFE: EBRBEEmECHZIEREEZNTTID, BORBINSELEWVE (B
1THELITE 24 OEmE TE RN ETICHS,

RS JRENT. RIS 2 FE AR SR
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24

25

26

23 Rk, BREBERITHIMED Z LITHEE.

JE 18,/ Bideltoid Shoulder Breadth (Bideltoid Brth.)

RHElZS ¢ HRIRE

£ E: EAEOTABMOBRKRHEMOE. #REIEICemELTED. B
DF%E¥a<s

EEE: 2T LUBAFECHIZ DT TN,

FE; Sitting Height

EHEIZR . T2 hORA—%

EOFE o KRPEREED)SHEHIORSSETORERRE. ®BREIE-> TSI ERN
WTETCZMIEL TESREICES, BIREZKEIZT S,

FEESE . BEsEEAEL ERFHREICRITHIN,
KEBOKFE, BOEA, TROEEIL, Erm. SMILEE, AREZRETR
W5, EAOKBZTICY 5, mFArfhnicsnians, KBz Rtz
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Development of Extraction of Characteristics from Three-dimensional
Shape Data by FFD and its Methodology

Takashi OHYA!,Matsutarou YOSHIOKA!, Kazuo TSUCHIDA! &
Toshimasa OZAKI'

'Research Institute of Human Engineering for Quality Life
2-5,1-chome,Dojima,Kita-ku Osaka 530-0003 Japan

Keywords: FFD, Three-dimensional Shape data, Distribution of Shape data

Summary: Technological development is becoming necessary in order to make
effective use of data collected to improve the intellectual foundation of human body
shape data for use in product design. Today chairs have been integrated into
Japanese people's lives without any classification judgments differentiating the
shapes of chairs as having functions for use and functions for pleasure. Also, seat
backs with functions that simultaneously enhance safety and make driving easy, are
desirable in today's motorized society. This study is to illustrate the
multidimensional distribution patterns for the three-dimensional shape data
collected, typifying the distribution of shape data, then designing products
conforming to the typical shape of each group. This paper describes the
three-dimensional shape data analysis technology that will be needed for the
techniques for typifying shape data.

1. Introduction

The primary design condition for the back of a chair depends on how rationally the purpose of
use and the height of the chair can be set. When the purpose of use and height of the chair have
been determined, it is then possible to move into design processes such as arranging the conditions
of the surrounding working environment to make it easy to work while seated. For a chair, the
height of the desk with which it will be used as a set, and in the case of a car, the heights of the
steering wheel and levers and the height of the sitting surface, greatly affect work efficiency and the
physical condition of the human body; great care is therefore needed when determining these
heights.

When a person sits at a low seat level, the entire body is stabilized, and the person can apply
power to the fingertips, but his or her back tends to bend easily, and when the seat level has become
too low, it is not very easy for the person using it to move into a standing position, the work range
becomes quite narrow, and long-term work in the resulting posture places quite a heavy burden on
the body.

When a person sits on a seat at a height level equivalent to the crural leg height or
approximately one-quarter of the person's height, the upper body feels quite comfortable, but still, if
the person does not tense the back muscles slightly in order to maintain correct posture, the back is
very likely to become bent. To eliminate this tension, a stand of appropriate height to lean on
should be set up in front of the person, or a backrest on which the person can lean should be
prepared. Accompanying this, the work range becomes wider than when the person sits on a
low-level seat, and active movement becomes possible.
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When the height of the chair seat level becomes higher, and the buttocks are angled and
positioned on the edge of the seat, the posture of the upper body will be quite good, but the burden
on the lower limbs increases. Ease of work increases further, and shifting to the action of walking
becomes easy.

Regarding the human body and ease of work, no matter what kind of chair is used, and no
matter what the seat level height may be, if the chair lacks a back rest, some strain occurs in some
part of the human body. So it is not desirable to use a chair without a back rest for long periods of
time. When a person must use such a chair for a long time, the person is likely either to use some
supplementary tool to stabilize the body, or to take an appropriate measure such as resting between
periods of sitting.

Regarding the designing of chairs that conform to the shape of the human body, however, the
basic dimensions that have become the standards for this can be found on the home page of
Assistant Professor Kurokawa of Tokyo Mercantile Marine University.

«—E—p
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Fig.1 Home page of Assistant Professor Kurokawa of Tokyo
Mercantile Marine University.
A:Vertical distance from seat surface to top of head
B:Vertical distance from seat surface to eyes
C:Vertical distance from seat surface to lower part of scapula
D:Vertical distance from seat surface to lower part of elbow
E:Thickness of thigh
F:Vertical distance from back of knee to sole of foot
G:Thickness of footwear
H:Horizontal distance from rear part of elbow to knuckles of closed fist
I:Horizontal distance from SRP to back of knee
J:Horizontal distance from back to front of knee
K:Shoulder width (horizontal distance
between outer parts of arms when elbows
contact the sides of the body)
L:Width of buttocks (maximum width of buttocks when person sits with legs closed)

Even though typical chair manufacturers mostly use these human dimensions as the basis for
their design dimensions, almost no design concepts conforming to body shape can be seen
concerning chairs. As mentioned in the previous chapter, this can be considered to show that
products conforming to the bodies of the elderly are not yet being designed.

The shape of the lumbar portion of the back as it contacts the back rest is considered important
in ordinary chair design, but the shape of the upper part of the lumbar region of each individual
person is almost never considered important. However, riding comfort and a relaxed feeling are
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considered important for the seats of automobiles, airplanes, and Shinkansen trains. As mentioned
above, an approach from the ergonomic viewpoint is needed, but methodology for grasping the
shape factors has not yet been developed; therefore, typification of human characteristics is still
within the range of dimensions and shapes. Therefore, characterization of shapes and the
establishment of a methodology applicable to design are considered necessary.

2. Study of back shape modeling method

2.1 Modeling premise

The FFD method (Free Form Deformation Method) is a method of smoothing a shape in
subjected space by setting control points in the space subject to deformation, and operating these
control points. Assuming that there are 2 individuals, A and B, with different shapes, the
relationship between the control points and the shape data points which characterize the individual is
set as shown below.

Number of control points = Number of shape data points

The reason why a large number of lattice points (control points) is required is considered to be
that this information is necessary to deform A to fit B. The National Institute of Bioscience and
Human Technology (NIBH) has assumed, concerning the control points which make the distortion
of deformation possible, that the number of control points for a foot is N = (9,5,5) = 225, and the

number of control points for preparation of a dummy is N =(7,6,10) = 420. When we apply this

NIBH know-how to the back, regarding the control points for the shape of the back, approximately
N =(5,3,7) =105 is sufficient, and 105/1.3 = 80will be sufficient as the total number of shape

data control points.

It is necessary to obtain the lattice point movement vector using the following evaluation
parameter, E, as shown below, in order to deform 2 objects to fit together while moving the lattice
points (control points)

2 2 Z ik ~Cinja ) (Di,j,k =Dk )]l + [(Ci,j,k ~Crajx )“ (Di,j,k =Diiix )]2
=
[(Ci,j,k Cu 1k) ( t;k t/—lk ]Z [ :]+1k (Di,j,k _Di,j+1,k )]Z

+ [(Ci,j,k - Ci,j,k—l )_ (Di,j,k - Di,j,k—-l )]2 + [(Ci,j,k - Ci,j,k+1 )_ (Di,j,k - Dl',j:,k+l )]2

2 (e, -P,)
(1.1)

Here, each of i,j and & is the number of lattice points in the X-axis, Y-axis, and Z-axis directions
respectively, C,;, are the control point coordinates after moving, and D, ;, indicates the initial

position.

Note: An unique system of coordinates in which the vertical direction in the standing position
condition is the Y axis, and the horizontal direction is the X axis, seems to have been adopted for
human body measurement data. In this section, we have adopted the mathematical right-hand
orthogonal coordinates system, and the vertical direction is shown on the Z axis. However, the
mathematical coordinates system is not used in the software, and therefore the vertical direction is
still shown on the Y axis. In this report, due to the relationship with software display, we use the
idiomatic coordinates system, and it must be noted that, from the mathematical viewpoint, the
vertical direction is the Z axis.

2.2 Number of shape data points and how to obtain them

It is necessary to determine the correspondence between bodies in order to obtain these shape
data. In other words, characteristic points can be used to determine the correspondence between 2
individual bodies, A and B. But, according to the Human Engineering for Quality Life (HQL)
Research Institute's back shape data, there are only 6 characteristic points: the cervical vertebra point,
right acromion point, left acromion point, right angulus inferior scapula point, left angulus inferior
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scapula point, and the gluteal process point. There are innumerable data points (point group data) in
the back shape data. Some rational modeling is needed when considering the determination of
correspondence between bodies using these point group data as if they were imaginary characteristic
points. In other words, scientific knowledge, and experience in the determination of
correspondences between bodies, are required in order to apply FFD. NIBH, which developed FFD,
has the following basic ideas concerning modeling,.

(DModeling covers all anatomical points.

% \\~\ .“ V // A
Fig.2 Charactefistic points of the back

(DRegarding the use of FFD, for example, these points are considered from the viewpoint of
application of FFD when deciding on the application of FFD to designing the back of a chair.
A dense grouping of imaginary characteristic points is considered for any spot where there is
both sharp curvature and unevenness.

@The efficiency of work using this type of modeling must be considered.

(®Modeling is done to prevent topological characteristics from changing.

We also decided to do this development to determine correspondence between bodies
according to these ideas.The simplest modeling method is that of obtaining imaginary characteristic
points by dividing the sectional shape of the human body into horizontal slices according to a fixed
rule.

As done in the consignment research for development for the upgrading of special-school
vocational teachers in the 1999 fiscal year, the body is radially divided into individual cross-sections
at various angles centering around each point of intersection of the plane of the cross-section and the
median line or other standard line, and each point of intersection of this plane with the curve of the
back cross-section, provides the newly-determined imaginary characteristic points. But the
unneeded part of the back shape is eliminated, so the setting of imaginary characteristic points by
line segment division provides greater work efficiency.

Therefore, if we can prepare imaginary characteristic points by equally dividing the curve of the
cross-section obtained by planar cutting of the point group data for the human body, to create a
certain number of imaginary characteristic points, we can then arrive at the subject of determination
of cross-sectional shape. The curve cut directly by a plane from a three-dimensional polygonal mesh
will be a polygonal line. This is because, when human body shape data are digitized, the body
shape line becomes discontinuous points, and when a polygon is formed, a polygonal line
phenomenon inevitably occurs. In other words, since the human body is constituted of smooth
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planes, it is necessary to smooth out the curve directly obtained from the three-dimensional
polygonal mesh. Also, when the modeling must be changed, it is necessary to smooth the curve
again. To avoid such redundant operations, it is desirable to form the planes from the very
beginning,.

Fig.3 Modeling shapes

The following shows the scopes of final back-shape data for preparation of shape data for FFD.
Top to bottom: Range from the horizontal cross-section passing through the cervical vertebra
point to the horizontal cross-section passing through at hip height.
Left to right: Range cut by the plane which passes through the acromion point and axillar
point and is orthogonalized to the frontal plane.
Forward and rearward: Entire range measured by VOXELAN.

2.3 Preparation of back shape model based on HQL data
Preparation of FFD input data is important for converting the three-dimensional shape model to
numerical data, but the problem is that the work load increases. In this development, ease of labor is
needed for actualization of the plan for which trial modeling was done in the previous section using
the back shape data for approximately 30 persons of advanced age.Therefore, we reduced the work
load by developing software for preparation of FFD input data. The following shows the main
steps.
(1)Obtaining of luminance data and height data from sample data
Data for 30 men over the age of 65 were randomly extracted from the HQL data base, and the
following data were obtained from the data for the back of the upper body of each man.
(DLuminance data from "IDT" folder (*.idt)
(DHeight data from "DDT" folder (*.idt)
(®Characteristic point coordinates (7th cervical vertebra point, acromion point, scapula lower
angle point, hip height)
(2)Generation of 3D model data
The number of divisions of each "7th cervical vertebra - acromion line", "acromion - scapula
line", and "scapula - hip line" sections are the numerical values defined in previous section.
Although characteristic point data are not marked in the VOXELAN data, the system of coordinates
based on these data is different from the system of coordinates based on the dxf file. Therefore,
characteristic points were convoluted to the dxf file. By this, the cut planes could be convoluted to
polygonal mesh.
(3)Generation of three-dimensional model division point data
Reading the subject model data (*,dxf) and carrying out conversion using "Mesh To Nurbs".
(4)Conversion of format to FFD input data format
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(DConvert the 3D model division point data format to the FFD input data format. Specify the
input folder.

(@Specify the output folder.

(®Specify the number of projection lines

@Specify the number of divisions for each projection line.

(®Execute conversion.

Execute the conversion process after the data for @- (® have been input. In this way, the
data for the positional coordinates which divided the cross-section segment into 10 equal parts by
12 cross-sectional lines, are obtained in the final back shape data domains shown below:

Top to bottom: Range from the horizontal cross section passing through the cervical vertebra
point to the horizontal cross-section passing through the hip height

Left to right: Range cut by the plane which passes through the acromion point and axillar point

and is orthogonalized to the frontal plane
Forward and rearward: Entire range measured by VOXELAN.

3. Calculation of shape data distribution diagram using FFD method

3.1 Shape data

In order to apply the data obtained to FFD, it is necessary to convert the data format to what is
called "Movie.byu". Triangular connections are made based on the coordinates of the division points
and converted to "Movie.byu" format. (http://www.cica.indiana.edu/graphics/object specs
/BYU.format.txt) At this time, we carried out processing of the picture image cut out as-is without
carrying out any modification such as rotation axial translation. To obtain this shape data, we used
the Viewer software (D'arcy f§ version) now being developed by NIBH.

2

3.2 Shape data distribution diagram
(1)"Multidimensional measure" method

The commonly used "major components analysis" method develops a structure between given
variables, and creates composite variables using a linear equation, maximizing the dispersion of
composite variables, and obtaining the eigen vector for the maximum eigen value. Therefore, the
"major components analysis" method derives a significant answer from given variables, and if the
variables used are biased or inappropriate, an erroneous answer results.

On the other hand, unlike the "major components analysis" method, the "multidimensional
measure”" method considers the distance between forms of shape data to be 1 object, and finds the
structure in a group of measurements showing the distances between objects. However, it is
necessary to search for the factors that regulate structure, the degree of freedom increases, and the
interpretation of each axis which regulates variables is complicated.

We used the "multidimensional measure" method in this study, because the purpose was to
obtain the characteristics of the aged. Kruskal's STRESS index was used to evaluate the adaptability
of distance by simple regression. As the STRESS value increases, adaptability becomes lower.
In other words, a large STRESS value means adaptability is poor, and a STRESS value of zero
shows perfect adaptability. Another index used was RSQ, the squared coefficient of the correlation
between distance shown by actual data and the distance obtained from a structured model. The
RSQ value is also an influential index for understanding adaptability. In this study we have made
judgments using RSQ values.

(2)Derivation of axis by multidimensional measure method
Assuming the values of the coordinates on coordinate axis "a " after i,j,k —th deformation to

be C;

i,)k.a>

and assuming the values of the coordinates on coordinate axis "a" at the initial position

of the control lattice point to be D; the distance, N, between forms is defined as follows.

Sjsk.a
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L M N 3
N = Z ; ;\/(;(Ci,j,k,a _Di,j,k,a)z)
(1.2)

In this modeling, however, the control lattice point does not change. The inter-form distance
N 4 p from the viewpoint of form A can be obtained by substituting the values of the coordinates

for form A into the inter-distance matrix D, ;,,of form B. At this time, N, ,p =Ny, ,.

Only the differences between forms can be handled. The following diagonal matrix is produced.

Table 1. Inter-distance matrix

ID Al A2 e 022 023
Al 0.0 1360.2 764.0 1123.6 900.7 1599.4 1482.6
A2 1360.2 0.0 842.1 662.3 842.4 1028.8 650.9
764.0 842.1 0.0 637.6 504.4 11021 871.2
1123.6 662.3 637.6 0.0 729.6  1104.6 796.8
15254 11422 1170.0 1263.8 0.0 566.2 1041.0
. 15994  1028.8 11021 1104.6 566.2 0.0 864.3
023 1482.6 650.9 871.2 796.8 1041.0 864.3 0.0

Using equation (1.2), N,z = Ny_,,, and expanded and contracted inter-form matrices will be

created. It is necessary to note that this study describes a special case in which individuals can
correspond with each other by modeling without crossing positions.
We used the multidimensional measure method with this inter-distance matrix. First, we
lowered the number of structuring dimensions from five, one step at a time.
a. When there are five structuring dimensions, RSQ = .98282.
Using five factors, we can explain 98.2%, and the correlation coefficient for the explanation
will be the root of 0.98282 = (0.9914.

Table 2 Result of 5 structuring dimensions

Stimulus Stimulus 1 2 3 4 5
Number Name
1 Al 4441 -2.7229  -1.0308 1165 .6679
2 A2 5724 3008  1.0400 .8885 9297
3 A3 5003 -1.1115 -.3965 5042 -.1208
4 A4 .8430 .0753 -.3840  -.1186 .9024
5 A5 1.2014  -9967  -5307 1.0842 .0888
6 A6 5958 -.7890 7752 7281  -1.5681
7 A7 1.2949 -.0698 8680  -4812  -.0623
8 A8 -3426  -1.1263 1.0271 -.0645 .3989
9 A9 1.1597 -1.0215 -.4654  -.6154 .8860
10 01 6312 2.5668 -.5091 2294 -.0283
11 02 -.3318 -.2354 .2445 5181 -.8255
12 03 -.7354 -1.4875 1548 -1.4746 .0872
13 04 2.7437 .6503 0453  -1.7210  -.6993
14 05 29705  1.2011 .1908 2506 -.7035
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15 06 -3.3290 1.2150  -.6113  -6427  -3789

16 o7 -1.5331 1745 -2.0760  -1452  -.5727
17 08 6550  -1.1587 4931 -1.1917 -.1142
18 09 8250  1.0711 -.8704  -7031 -.2557
19 010 -1.7171  -1.3542 3583 -3732 -.6596
20 011 -.4059 5142 -1743  1.0696 2523
21 012 -4336  -.5820 -1.5377 5437 -.3391
22 013 .6855 3935 1.1314  -3538 2310
23 014 1.3841 -.5438 .6148 2721 4938
24 015 -3.2973 .5073 7483 -.3460 .0555
25 016 9134 1.0360 -1.3536  -.8860 .5006
26 017 1.5485 9023  -.0566 .7090 8777
27 018 1961 1.3514 .5020 .0682 3030
28 019 -3.0316 6425 -.1622 2862 7630
29 020 -3015  -.7649  -5462  1.2923 -.5879
30 021 -2.1020  -1020 1.1345  -2454 2514
31 022 -1.6964 5654 .6964  -.0022  -.4636
32 023 .0926 .8984 .6802 8042 -.3097

b. When there are four structuring dimensions, RSQ = .96853
Using four factors, we can explain 96.8%, and the correlation coefficient for the explanation will
be the root of 0.96853 = 0.9841.

Table 3 Result of 4 structuring dimensions

Stimulus Stimulus 1 2 3 4

Number Name
1 Al 4058  -2.4936 -.9995 .0165
2 A2 .5497 2818 1.0831 9109
3 A3 4407  -1.0079 -.3925 4296
4 A4 8419 0747 -.5404 -.2889
5 A5 1.0813 -9116 -.5559 9172
6 Ab 5368 -.8718 9964  1.1770
7 A7 1.1587 -.0712 7880 -.4494
8 A8 -.3204 -1.0512 9272 -.1315
9 A9 1.0890 -.9865 -.4934 -.7398
10 01 5696 2.3209 -.4289 2281
11 02 -.3479 -.2413 2499 7082
12 03 -.6746 -1.3371 1673 -1.3269
13 04 2.5014 6126 1446 -1.5969
14 05 27145  1.1235 2014 2857
15 06 -3.0221  1.1285 -.5012 -.5480
16 07 -1.4039 1874 -1.9182 -.1120
17 08 5788 -1.0447 4716 -1.0721
18 09 7464 9970 -.7573 -.6363
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19 010 -1.6004  -1.2568 3409 -.3735

20 011 -.3723 A777 -2253 .9448
21 012 -4018  -.5147 -1.4273 4609
22 013 .6137 3516 1.0263  -.3617
23 014 1.2767  -5309 5730 .1790
24 015 -2.9707 4696 .6647  -3446
25 016 .8441 9642 -1.2102  -.8577
26 017 1.4693 8913 -.1369 7206
27 018 1778 1.2337 4703 .0246
28 019 -2.7916 6275 -.1902 2058
29 020 -2960  -.7042 -5924 1.2009
30 021 -1.9040  -.0854 1.0105  -.2808
31 022 -1.5596 5312 .6462  -.0084
32 023 .0691 .8359 .6082 7185

c. When there are three structuring dimensions, RSQ = .92015.
Using three factors, we can explain 92%, and the correlation coefficient for the explanation will
be the root of 0.92015 = 0.9594.

Table 4 Resultof 3 structuring dimensions

Stimulus Stimulus 1 2 3
Number Name
1 Al 3243 -2.1767 9227
2 A2 4836 2877  -1.1920
3 A3 3741 -.9216 3596
4 Ad 7425 .0827 .5020
5 A5 1.0102  -9180 .6020
6 A6 4674 -8622 -1.2480
7 A7 1.0370 -.0811 -.7269
8 A8 -.3235 -.9292 -.7913
9 A9 9803 -.9317 .5838
10 01 5122 2.0653 3227
11 02 -.3633 -.2279 -.4515
12 03 -7092  -1.5181 -.0916
13 04 2.5231 6291 -.1179
14 05 2.4119 9514 -.2032
15 06 -2.6875  1.0621 4088
16 07 -1.2538 2283 1.6702
17 08 5426 -1.1397 -.5463
18 09 .6834 9259 7472
19 o010 -1.4589  -1.0829 -.2781
20 011 -.3961 .6353 3183
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21 012 -3771  -4135 1.3093

22 013 .5370 3132 -9272
23 014 1.1194  -4726  -.4909
24 015 -2.6304 4717 -.5670
25 016 7759 9107 1.2027
26 017 1.3481 .8653 .1005
27 018 .1485  1.0873 -.4183
28 019 -2.4533 .6233 1442
29 020 -.3240  -7559 .9008
30 021 -1.7119  -.0303  -.8429
31 022 -1.3774 5012 -.5428
32 023 .0446 8207  -.6591

d. When there are two structuring dimensions, RSQ = .83987.
Using two factors, we can explain 84%, and the correlation coefficient for the explanation will
be the root of 0.83987 = 0.9164.

Table 5  Resultof 2 structuring dimensions

Stimulus Stimulus 1 2
Number Name
1 Al 2648  -1.9690
2 A2 .6340 .6223
3 A3 3135 -.8173
4 A4 .6833 .1004
5 AS .8848 -.8503
6 Ab 4944 -1.1233
7 A7 .9929 -.0507
8 A8 -.2965 -.9337
9 A9 8750 -.8201
10 01 4476 1.7679
11 02 -3418  -.2443
12 03 -.6430 -1.2492
13 04 2.1392 5148
14 05 2.0672 7435
15 06 -2.3044 9075
16 o7 -1.5681 3748
17 08 5024 -.9886
18 09 6238 .9028
19 010 -1.2600  -.8942
20 011 -.3411 5451
21 012 -.4878 -.7976
22 013 .5945 4417
23 014 1.0039 -.3849
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24 015 -2.2584 4463
25 016 7559 1.0832
26 017 1.1511 .7053
27 018 1532 9539
28 019 -2.0659 5647
29 020 -.3295  -.8561
30 021 -1.5535 .0345
31 022 -1.1947 4759
32 023 0632 7949

However, when there are only two factors, the possibility of occurrence of information loss due
to explanation variables is high. The larger the number of explanation variables, the smaller the
information loss, but determining significant variables becomes more difficult.
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Fig.4  Determination of the number of explanation variables

In this study, the amount that can be explained by two factors is 84%; when we use three
factors, the amount that can be explained increases by 8%, to 92%. After this, even if the number
of factors is increased, each factor improves the amount of explanation by only 4%. The number
of data items is 32, so 90% is sufficient for the confidence section; we therefore selected 3 factors.

4. Discussion and Results

4.1 Shape data distribution diagram

We plotted a scatter diagram of the data according to the "multidimensional measure" method.
Along the first axis, the negative values are large, and the greater the absolute value, the more
remarkable are the characteristics of the aged. The same trend was seen along the second axis.
‘When making the graph, we plotted the data as coordinates, then defined the axes as coordinates. In
the "multidimensional measure" method, the scatter diagram shows the structure between 3 objects,
with the assumption that the inter-form distances between the shape data are 3 objects. Therefore,
complicated work was done after the scatter diagram showing the existence of factors regulating the
structure was obtained. If the scatter diagram dots are clumped together, this indicates a problem
with the data creation method.
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Fig.5 Scatter diagram Axisl v.s. Axis2
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Fig.6 Scatter diagram Axis2 v.s. Axis3

As will be mentioned in the next section, we extracted the characteristics concerning these axes
from the scatter diagram, and then compared them with the data.
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4.2 Interpretation of shape data distribution axes by FFD method
(1) Specification of first axis

It is necessary to specify the meanings of the numerical value axes by the multidimensional
measure method which structures inter-form distances by the FFD process, based on 32 cases of
characteristic point shape cross-sectional coordinates for the aged. It is appropriate to do visual
comparison of individuals for which the forms are far apart, and specifying each axis is the first step.
Therefore, we used 3 comparison diagrams for |04-015[=5.1535, |05-019|=4.8652, and
|04-42|=3.0067, in order to understand the characteristics of inter-form distances shown by the
scatter diagram.

Body:04- O15

ol

Side

Body:05- 019
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Body:04- A2

Side

Back

Fig.7 Modeling shapes (3-model comparison diagram)

The characteristics shown in the drawings for these 3 individuals are that the straight line
connecting the scapulae is no longer horizontal relative to the plane figure, and that it is also visually
evident that two individuals standing in the upright position show 2 different postures, one bent
forward and one bent backward as seen from the side view; in other words, the fact that the postures
of these individuals are not at a right angle to the "camera", and the fact that their postures are bent,
are mutually independent factors, and it is impossible to handle these simultaneously.

Therefore, we have assumed the vertical axis to be the primary axis showing the characteristics
of the aged, and the angle relative to the horizontal axis formed by the straight line connecting the
cervical vertebra point and lumbar vertebra point is assumed to indicate the degree of bending.
Also, in the coordinates system used for this analysis, we assumed the vertical direction of the upper
back to be the Y axis, the direction toward the right side of the back to be the X axis, and the depth
(front-back) direction to be the Z axis. However, the characteristic point file of the VOXELAN data
in HQL, lacks some of the values on Z axis; therefore, not all angles can be obtained analytically, so
some angles must be obtained by geometric construction. The most accurate method is to output
the shape data on paper, and connect 2 points, the cervical vertebra point and the lumbar vertebra
point, to obtain the angle, but this method has the disadvantage of inferior work efficiency.

Work efficiency can be improved and work time can be shortened if the *.geo data output by
polygon viewer software (Darcy) can be processed as it is output, so we obtained the angles using
the Visual graphic tool (Viso 2000) used for preparation of flow charts, block diagrams, schedule
tables, etc.

When a straight line connecting the cervical vertebra point and lumbar vertebra point is drawn
on Viso 2000, the angle of the line, relative to the horizontal axis, can be obtained. At this time, we
assumed that when the right side of the line is higher than the horizontal axis, the angle is indicated
as a positive value, and when the right side of the line is lower than the horizontal axis, the angle is
indicated as a negative value. To obtain the angle of the line relative to the horizontal axis, we
rotated the line 90° counterclockwise.

The next table shows the summarized correlation results concerning axis 1, obtained using the
multidimensional measure method from the shape data for 32 samples. The correlation coefficient
of the numerical values for axis 1 with the angle of the line rotated 90° relative to the horizontal axis,
is 0.894, which is extremely high. Therefore, these results are considered to prove the hypothetical
rationality of the fact that postural bending is shown more clearly by the structure on axis 1 than by
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the fact that the straight line connecting the scapulae is no longer horizontal in the plane figure.
When we studied the factors that must be considered to increase the correlation coefficient slightly,
we found that we could not expect any drastic increase of the correlation coefficient; therefore, the
forward bending angle, which is a clear factor, has been determined as the explanatory variable for
axis 1.

Fig. 8 Comparison of model shapes and bending angles, in side view

Table 6 Comparison of first axis and bending angles

Axisl Value Angle Axisl Value Angle

Al 0.3243 0.0000 | 90.0000 08 0.5426 1.2060 | 91.2060
A2 0.4836 | -3.8460 | 86.1540 09 0.6834 -0.8681 | 89.1319
A3 0.3741 -2.0025 | 87.9975 010 -1.4589 | -5.4576 | 84.5424
A4 0.7425 -1.1233 | 88.8767 011 -0.3961 | -5.6359 | 84.3641
AS 1.0102 | -3.0822 | 86.9178 012 -0.3771 | -3.4682 | 86.5318
A6 0.4674 | -2.4263 | 87.5737 013 0.5370 0.0000 | 90.0000
A7 1.0370 | -0.6548 | 89.3452 014 1.1194 0.6662 | 90.6662

A8 -0.3235 | -3.7395 | 86.2605 015 -2.6304 [ -9.3295 | 80.6705
A9 0.9803 2.4293 | 92.4293 o1e6 0.7759 2.9038 | 92.9038
01 0.5122 | -3.6619 | 86.3381 017 1.3481 -2.6368 | 87.3632
02 -0.3633 | -6.1592 | 83.8408 018 0.1485 -1.9220 | 88.0780
03 -0.7092 | -5.2503 | 84.7497 019 -2.4533 |-10.4160 | 79.5840

04 2.5231 4.1149 | 94.1149 020 -0.3240 | -5.3977 | 84.6023
(0K} 2.4119 1.6135 | 91.6135 021 -1.7119 | -9.0476 | 80.9524
06 -2.6875 |-16.0443 | 73.9557 022 -1.3774 | -7.8831 | 82.1169
07 -1.2538 | -7.5946 | 82.4054 023 0.0446 -5.4836 | 84.5164

Coefficient 0.8947

(2) Specification second axis
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We did quantitative specification of the second axis by visual observation of the forms for 2
individuals, which were separated by a considerable distance, while reconsidering the factors. We
selected 4 individuals for which inter-form distance values were |01-41|=4.2420,
|03-018]=2.6054,]41-018|=1.9837, and |02-018|= 1.3152.
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Fig.9 Modeling shapes (4-model comparison diagram)

212



Each of the 3 axes obtained by the multidimensional measure method is independent, and it is
not necessary to consider the condition of the side view analyzed in the previous section, so we can
limit the study subjects to the plane figure and rear view. The straight line connecting the scapulae in
the rear view is no longer horizontal, as in the example given for axis 1, although the great
difference in size between the 2 individuals is considered to be the more remarkable characteristic.
Therefore, we decided to observe the correlation between these characteristics and the measurement
which quantitatively shows the size of the difference between individuals. It is necessary to carry
out graphic integral computation to calculate the area, although we consider that the area cannot be
used at the design stage. Therefore, we selected the distance between the two shoulder processes
(shoulder width) and the dimension of body length below the cerebral vertebra point, as the factors
to be used.

Distance

Fig. 10 Definition of measures showing differences between individuals

Concerning the distance between the two shoulder processes (shoulder width) and the
dimension of body length below the cerebral vertebra point (height), segmented as shown in the
diagram, the latter can be calculated using a characteristic point file, although because the
characteristic point file is not complete concerning the former, it is necessary to obtain the distance
directly from the coordinates of each of the 2 points. 'We used Visual Graphic Tool (Viso 2000) the
same as that used in the previous section, in order to obtain these coordinates easily.

We assumed the coordinates of the left end shoulder process to be (x3,y;), those of the right end
shoulder process to be (x2,y2), those of the cervical vertebra point to be (x3,y3) and those of the
center of the body to be (x4,y4), and we obtained the height from either the shoulder width line or the

cervical vertebra point, using \/ (x1 —x2)2 +(y,-y,) and \/ (x3 -x, )+ (y3 -y ).

We obtained 5 correlations between Axis 2 and: shoulder width, height, shoulder width plus
height, shoulder width times height, and ratio of shoulder width and height. The correlation
coefficients for both shoulder width + height, and shoulder width x height, were 0.7, indicating high
correlation.  But indication of dimensions is commonly done for measurement of the human body,
and the correlation coefficients are roughly equal; therefore we used the correlation coefficient for
shoulder + height, which can be more easily understood than area, as the factor for Axis 2. In other
words, even though back area is used as the factor for analysis, we selected shoulder width + height
for practical use because the confirmation of differences between individuals cannot be done using
area.
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Table 7  Data and correlation coefficients

Axis2 || Shoulder | Height i Sum { Multiply | Ratio
width :
Al | -2.1767 62.1 700 1321 43497  0.8866
A2 || 0.2877 59.0 581 117.1 34302  1.0160
A3 | -0.9216 60.1 60.0 1201  3607.2  1.0014
A4 || 0.0827 59.0 621  121.1  3664.4  0.9502
A5 | -0.9180 61.5 595 121.0  3659.9  1.0335
A6 | -0.8622 59.6 53.0 1126  3157.6  1.1240
A7 | -0.0811 58.5 600  118.6 35140  0.9750
A8 [ -0.9292 62.0 63.5 1255 39393  0.9764
A9 [ -0.9317 56.0 67.5 1235 37810  0.8297
o1 || 2.0653 53.5 56.5 1100  3025.0  0.9469
02 || -0.2279 60.0 59.0  119.0 35420  1.0175
03 || -1.5181 55.5 720 1275 3997.0  0.7709
04 || 0.6291 50.0 618  111.8  3089.6  0.8092
05 || 0.9514 52.5 541 1067  2843.0  0.9709
06 | 1.0621 54.7 641  118.8 35065  0.8542
07 || 0.2283 573 63.1 1204 36149  0.9087
08 || -1.1397 58.5 66.5 1250 38913  0.8797
09 || 0.9259 50.0 60.5 1105  3026.1  0.8262
010 | -1.0829 56.5 655 1220 37023  0.8625
o11 | 0.6353 57.0 575 1145 32791 0.9911
012 | -0.4135 56.5 611  117.6 34540  0.9243
013 | 03132 54.5 60.0 1145 32712 0.9087
014 | -0.4726 59.6 601 1197  3581.1  0.9903
015 | 0.4717 58.5 650  123.5 38055  0.8999
016 | 0.9107 54.1 62.5  116.6  3380.3  0.8645
017 || 0.8653 56.0 591 1151  3307.0  0.9483
018 || 1.0873 55.5 580 1135 32214 0.9565
019 | 0.6233 58.1 650 1231 37778  0.8928
020 | -0.7559 56.6 58.0 1146 32852  0.9754
021 || -0.0303 57.6 640  121.6  3683.6  0.8993
022 | 0.5012 56.5 60.0 1165  3390.0  0.9417
023 | 0.8207 52.5 56.5  109.0 29663  0.9292

Coefficient -0.6332 -0.5041 -0.7190 -0.7211  -0.0310

The dimensions obtained using the graphics tool are scaled down and differ from actual
dimensions, so correction of these dimensions is necessary. For this, we obtained the
magnifications by comparing the distance between the "y" axis of the lumbar vertebra cut line, and
the coordinates of the cervical vertebra point, selected from among the characteristic points,
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compared this with height, and converted the dimensions obtained by the graphics tool to actual
dimensions. We assumed the Al data to be irregular values, and obtained the converted values for
31 points. As the result of specification of the second axis based on the magnifications obtained
from the above diagram, we obtained a correlation coefficient of 0.72.

(3) Specification of third axis
We did quantitative specification of the third axis by visual observation of the forms for
individuals which were separated by a considerable distance, while reconsidering the factors. We

did this study based on 3 comparison diagrams in which individual inter-form distances were
42-07|=2.8622, |416-012|=2.5573,and |08-020}=1.4471, respectively.
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Fig.11 Modeling shapes (3 comparison diagrams)

Just as for the characteristics shown for the first axis and second axis, it must be realized that
the straight line connecting the scapulae is no longer horizontal in the plane, as in the following
diagrams. It must also be noted that the median line has shifted to the right or left.

Fig. 12 Extraction of factors for third axis

Therefore, when the straight line connecting the scapulae is no longer horizontal in the plane,
we obtain the angle formed by the straight line connecting the scapulae, and a horizontal line, as the
measurement to be used, in the same way as for axis 1, and observe the correlation. Also,
concerning the shifting of the median line to right or left, if the shift is somewhat influenced by the
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angle formed by the median line and the straight line connecting the scapulae, we can use this angle
to specify the shift. If the angle has no influence, we can simplify the factors by using only the
shift between the third axis and median line as the measurement.
(DCorrelation with angle

The angles formed by the straight line connecting the scapulae, and a horizontal line, and the
rotation angle of the median line, in other words, body axis relative to a horizontal line or vertical
line, were indicated, and the individual correlations between these were observed.

Table 8 Result of correlations between angles

Axis3 Left shoulder  Right shoulder Cervical peint Bottom point |Body axis{Eccentric

X y X v X v X y angle angle
Al 0.9227| 169.0 168.5 231.0 165.0 200.0 179.0 197.5 109.0 87.95 -3.23
A2 -1.1920| 1725 167.5 2315 169.5 200.0 179.0 203.5 121.0 93.45 1.94
A3 03596 171.5 170.0 2315 166.5 200.0 179.0 198.5 119.0 88.57 -3.34
A4 0.5020 | 171.0 171.0 230.0 170.0 199.0 178.5 202.5 116.5 93.23 -0.97
AS 0.6020 | 169.5 169.5 231.0 169.0 201.0 179.0 200.0 119.5 89.04 -0.47
A6 -1.2480| 1715 169.0 231.0 166.0 201.5 179.0 201.0 126.0 89.46 -2.89
A7 -0.7269 | 1725 169.5 231.0 171.5 202.5 178.5 204.5 118.5 91.91 1.96
A8 -0.7913 | 171.0 166.0 233.0 164.5 202.0 178.5 203.5 115.0 91.35 -1.39
A9 0.5838 | 1725 170.0 228.5 169.0 201.0 179.0 200.0 1115 89.15 -1.02
o1 0.3227| 1740 175.0 2275 173.5 201.0 179.0 199.5 122.5 88.48 -1.61
02 -0.4515| 171.0 171.5 231.0 169.5 201.0 179.0 201.0 120.0 90.00 -1.91
(6X) -0.0916 | 1735 167.0 229.0 166.0 200.0 178.5 201.0 106.5 90.80 -1.03
04 -0.1179 | 1775 174.0 2275 174.0 206.0 179.0 200.0 117.5 84.43 0.00
05 -0.2032 | 1745 171.5 227.0 1735 202.0 179.0 198.5 125.0 86.29 2.18
06 0.4088 | 1725 172.5 227.0 167.5 199.5 179.0 196.5 115.0 87.32 -5.24
07 1.6702| 171.5 175.0 2285 169.0 197.5 179.0 194.5 116.0 87.27 -6.01
08 -0.5463 | 1735 170.0 232.0 169.0 202.0 179.0 201.0 112.5 89.14 -0.98
09 0.7472| 1740 174.0 224.0 173.5 200.0 179.0 198.5 118.5 88.58 -0.57
010 -0.2781| 171.0 166.5 2275 167.5 201.0 179.0 202.5 113.5 91.31 1.01
011 03183 | 1715 170.0 2285 169.0 199.5 178.5 201.0 121.0 91.49 -1.01

012 1.3093 | 171.0 169.5 2275 169.0 200.0 178.5 196.0 117.5 86.25 -0.51
013 -0.9272 1 174.0 170.0 228.5 171.5 202.5 179.0 202.5 119.0 90.00 1.58
014 -0.4909 1 170.0 167.5 229.5 170.0 200.0 179.0 204.0 119.0 93.81 241
015 -0.5670 | 171.5 167.5 230.0 169.0 202.0 179.0 200.0 114.0 88.24 1.47
016 1.2027} 1735 174.5 227.5 172.0 199.5 179.0 197.5 116.5 88.17 -2.65
017 0.1005| 1740 173.5 230.0 173.5 201.0 179.0 198.5 120.0 87.57 0.00
018 -0.4183 | 1735 171.0 229.0 170.0 199.0 179.0 201.0 121.0 91.97 -1.03
019 0.1442| 1710 167.5 229.0 164.5 200.0 176.0 1975 111.0 87.80 -2.96
020 0.9008 | 171.0 168.5 227.5 165.0 201.0 179.0 199.0 121.0 88.03 -3.54
021 -0.8429 | 1725 167.5 230.0 165.0 201.5 179.0 202.0 115.0 90.45 -2.49
022 -0.5428 1 172.0 170.0 228.5 170.0 202.0 179.0 202.0 119.0 90.00 0.00
023 -0.6591| 176.0 169.5 228.5 169.5 201.5 179.0 201.5 122.5 90.00 0.00

Coefficient -0.4828  -0.5301

The body axis angle is indicated by the angle in the counterclockwise direction, and the angle
formed by the straight line connecting the scapulae and the body axis is determined as the eccentric
angle. When the right end of the straight line connecting the scapulae is higher relative to the
horizontal line, the eccentric angle is indicated as a positive value, and when the right end of the
straight line connecting the scapulae is lower relative to the horizontal line, the eccentric angle is
indicated as a negative value. We rotated the body axis line 90° in the counterclockwise direction,
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and obtained the angle of the line relative to a horizontal line. We obtained a correlation coefficient
of -0.4828 with the body axis angle, and a correlation coefficient of -0.5301 with the eccentric angle.

Table 9 Result of correlations between third axis

Left shoulder pro.Right shoulder pro] Cervical point Right ! o idth diference’  Ratio
X v X v X y width

Al 255.2 1350.2 -158.6 1336.4 44.8 1291.6 || 210.52 | 203.51 7.00% 0.5085
A2 258.6 1336.4 -158.6 1339.8 345 1439.8 || 224.11 193.11 31.00¢ 0.5372
A3 248.3 1367.4 -137.9 1350.2 51.7 1436.4 196.79 189.79 7.01 0.5091
A4 258.6 1353.6 -131.0 1350.2 51.7 1412.3 206.91 182.71 24201 0.5311
A5 262.1 1370.9 -162.1 1370.9 58.6 1436.4 || 203.50 i 220.70 -17.20 1 0.4797
A6 251.7 1353.6 -144.8 1339.8 58.6 1429.5 193.22 1 203.52 -10.31 0.4870
A7 255.2 1370.9 -141.4 1370.9 48.3 1429.5 206.90 189.70 17.20%  0.5217
A8 251.7 1341.0 -155.2 1323.8 65.5 1420.3 186.37 1 220.90 -34.531 0.4576
A9 248.3 13824 -127.6 1378.9 65.5 1434.1 182.81 193.11 -10.30:  0.4863
01 220.7 1219.1 -134.5 1205.4 69.0 1236.4 151.81 203.65 -51.84: © 0.4271
02 244.8 1405.4 -151.7 1384.7 51.7 1457.1 193.36 | 203.68 -10.31 0.4870
03 2345 1315.7 -137.9 1326.0 86.2 1395.0 14836 1 224.19 -75.83 1 0.3982
04 210.3 1277.8 -131.0 1291.6 69.0 1315.7 141.42 i 200.16 -58.751 0.4140
05 224.1 1177.8 -117.2 1195.0 724 1226.0 151.89 189.84 -37.951 0.4445
06 224.1 1264.0 -134.5 1232.9 75.9 1308.8 148.76 | 211.19 -62.43 17  0.4133
07 200.0 1401.9 -141.4 1388.1 79.3 1412.3 120.80 | 220.88 -100.08: 0.3535
08 237.9 1322.6 -151.7 13329 58.6 1398.5 179.36 | 210.37 -31.01 0.4602
09 234.5 1257.1 -131.0 1250.2 79.3 1301.9 155.23 210.34 -55.11 0.4246
010 265.5 1243.3 -100.0 1257.1 414 1329.5 224.26 141.50 82.76 0.6131
011 241.4 1181.2 -141.4 1195.0 72.4 1257.1 169.11 213.94 -44.83 0.4415
012 224.1 1229.5 -165.5 1239.8 100.0 1298.5 124.14 | 265.59 -141.45 0.3185
013 244.8 1239.8 -106.9 1257.1 34.5 13054 || 210.55 141.57 68.98: 0.5980
014 248.3 1260.5 -144.8 1277.8 62.1 1336.4 186.38 | 207.10 -20.72F 04737
015 251.7 1270.9 -134.5 1288.1 48.3 1350.2 || 203.60 182.98 20.62: 0.5267
016 241.4 1346.7 -127.6 1336.4 69.0 1381.2 172.47 196.68 -24.21 0.4672
017 2414 1284.7 -131.0 1284.7 48.3 1319.1 193.10 179.30 13.80: 0.5185
018 251.7 1226.0 -124.1 1229.5 41.4 1277.8 | 210.31 165.51 44801 0.5596
019 265.5 1277.8 -127.6 1260.5 414 13364 || 224.32 169.16 55.15 0.5701
020 217.2 1284.7 -155.2 1260.5 79.3 1353.6 138.19 | 234.99 -96.80; 0.3703
021 265.5 1270.9 -131.0 1260.5 345 13433 231.08 165.56 65.521 0.5826
022 251.7 1270.9 -134.5 1281.2 48.3 13329 | 203.47 182.87 20.61 0.5267
023 237.9 1260.5 -117.2 1267.4 34.5 1322.6 | 203.44 151.73 51.71 0.5728

Coefficient -0.5837  0.4988 -0.5866 -0.5918

@Correlation of body axis angle with parallel displacement of body axis
Our concept is that the parallel displacement of body axis is not axisymmetric.

The distance

between the median line and each scapular process along the line connecting the scapular processes
is ignored, and the distances between the median line and each acrominal point can be considered
equal. Therefore, the distance can be obtained from the characteristic point file as shown below.

Assuming the coordinates of the intersection point of the perpendicular dropped from the cervical
vertebra point (Xo,yo), to the straight line connecting 2 acrominal points (x3,y1), (X2,¥2) to be
represented by "M", we obtain the distance from "M" to each acrominal point. The right acrominal
point width is the distance between the right acrominal point coordinates and the intersection point
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"M", and the left acrominal point width is the distance between the left acrominal point coordinates
and the intersection point "M"; to check correlation, we determined the sum, difference, and ratio of
these distances.

Their correlation with body axis is slightly better than the correlation of angles with body axis.
When the first axis, second axis and third axis are considered together, the correlation coefficient is
95%, and the correlation coefficient when only the first axis and second axis are considered together
is 92%. In other words, correlation efficiency is increased by about 3% by the third axis alone.
The correlation coefficient percentage of the factors obtained by the first axis and second axis is
high, indicating the clarity of these factors, but the correlation coefficient naturally becomes lower,
in order, for the second axis and third axis.

‘We estimated how high the correlation coefficient level should be to be sufficient. We can show
that the correlation coefficient is 91.64% with the factors obtained using the first axis and second
axis. When this condition is expressed as a normal distribution, the variable is ©#=1.3813, and
when the third axis is added to the first axis and second axis, the variable becomes u=1.7438.
When we use normal distribution properties, a correlation coefficient of about 0.424 for the third
axis will be sufficient. The distribution form is not clear, although considering normality, and do
ranking in order, we feel that it is difficult to obtain a high correlation coefficient level using the
third axis, since the correlation coefficient drops, in order, from the first axis to the second axis to
the third axis.

Considered in this way, the nonsymmetrical correlation coefficient obtained for the parallel
displacement of body axis is higher that obtained for the angle, and in particular, the indication of
ratio is considered to be better than the indication of difference.

4.3 Distribution of characteristics of the aged

We derived the following 3 factors as the factors for typification of the characteristics of the
aged by the "multidimensional measure" method described in the previous section. In other words,
the first axis shows that body posture bends further forward as the person becomes older. The
second axis shows that the height of the aged becomes lower, or that the body size of the aged
becomes smaller, accompanying advancing age, and the third axis shows that the spinal column of
an aged individual gradually bends to either left or right as she or he grows older.
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Fig.13 Distribution of forward-bending angles
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Fig.14 Distribution of shoulder width + height
It is important for the person responsible for design to obtain the consumer segments needed
for merchandise development, and to understand the distribution of the characteristics of these

segments. We have described these characteristics as the percentile values that are often used in
human engineering.
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Fig.15 Distribution of left and right asymmetry

As shown in this diagram, less than 40% of the aged have a forward bending postural angle
greater than 90°, but designing that takes this forward bending angle into consideration is needed for
the backs of reclining seats and chair suitable for the remaining 60%.

The characteristics mentioned above provide information about factors that are very important
when an enterprise is studying marketability in the stage of product development, and in the
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determination of the concrete quantity of merchandise to be produced, accompanying the
decision-making that is related to the enterprise's strategy.

5. Conclusion

In this paper, we describe an approach using the multidimensional distribution patterns for the
three-dimensional shape data collected, typifying the distribution of shape data, then designing
products conforming to the typical shape of each group. And we could find out three-characteristics
of the aged, that is, forward-bending angle, shoulder width + height and left acrominal width/left
acrominal width. It is very useful to design products conforming.
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