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NAGASHIMA, Iku: Stem form approximation by orthogonal polynomials (II)
The case supposing radii as a continuous function J. Jap. For. Soc. 64: 307~
314, 1982 In the previous paper (1), the stem curve approximation was
concerned with an expansion of a discrete orthonormal system. Cormparable in this
report,
mal system which is discussed. The continuous stem curve is defined by a scheme

which connects segments between the points of co-ordinates, a pair of the radius

and its height, from the base to the top of a tree in a longitudinal section. The
approximation theory of the continuous stem curve is summarized.  Then LEGEN-
DRE’s polynomial was modified slightly so as to be more convenient for the nature
of the stem form. On the orthonormal expansion, it is convenient that all coef-
ficients mutually are evaluated independently, and the square sum of the coef-

ficients shows the accuracy of the curve fitting, similarly to the case of the discrete

function. Adding to these merits, in-this case, the radii can be represented at any
height with no irrational interpolation because the radius is defined continuously
on the real axis of the stem.
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Continuous stem form
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The orthogonal polynomials
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F-1. E—AVFOHE (§:EE No. 1, #% 11.1m, 20 F4)
r=2 Calculation of moment (sample: Ensha No.1, tree height 11.1m, 20 yrs)
BEH a=i/10 &, a; b; =t @ (PA-G-DH 10%8=50 106 (3= (5 ~1)9)

0.0 10,045 0 0

1 -35.85  10.045 ~35.85 100.45
0.1 6.46 1 i 1

2 -4.60  6.92 —69.00 484.40
0.2 6.00 16 8

3 —-7.00  7.42 —455.00 140.60
0.3 5.30 81 27

4 -3.00  6.20 —525.00 2,294.00
0.4 5.00 : 256 64

5 —-5.70  7.28 ' —2,103.30 4,440.80
0.5 4.43 625 125

6 -860 873 —5,770.60 7,944.30
0.6 3.57 1,296 216

7 470 6.38 —5,193.50 8,115.30
0.7 3.10 2,401 343

8 ~14.20  13.04 ~24,069. 00 22, 037. 60
0.8 1.68 4,096 512

9 —10.40  10.00 —25,636.00 21,700.00
0.9 0.64 6,561 729

10 —6.40  6.40 ~22,009. 60 1,734.40
L0 0.00 10,000 1,000
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fHE (Ba LI waET LTWAEE 20 £4, 5
BER 7Tom, BE 11m OXRF 4R EFEEBE GG &
) WEE LTW5HE 60 44, MWEER 30cm,
B 25m DAFAED 2 TH B, ERITFNF R
ED 10 EHORMETHEIR T W5,

BT IO JF B D\ CRHFE ORI Lchs - Tl
W75, UTERKCOWTOBRBETICILES No.1 0
FAREG & LCHBT 5,

1. B&BELTOERIORE

HSEROMCER TH BN LRSS T EIERD
ARL a; EHIR by BEET B, TR 1LEJEH
DRHE 2T (9) R, Thbd y;@=a;3+b; 1c
BB o0 REEIET D BIET B 11l

(1/4) ==~21,466.71 (1/3) 31=28,622.28
12=1074((1/4) 3+ (1/3) 33) =0. 716557

#-2. ELRBAGHOHE (Fl: H&No. D
Calculation of stem form orthonormal
polynomials’ coefficients in the expansion
(sample:Ensha No. 1)

1% 53
7 L
7o ¥, o 2% YD
0 4. 120250 ano 1 -1 1 -1
1 1. 405042 a1 -1 5 —11 19
2 0. 715557 Anz - —4 25 —81
3 0.430237 Ap3 — — —15 119
4 0.284421 Qns — — _— —56
by V3 VB JT Ve
B R 0 RK C, 4.7029  0.0956  0.2650 —0.3418

X5 BBmLTCETE, kR THETE S,
@;=10(y ;(x ) —Y 51 (% 3-1D)
by=A—Dy;@D—jy;1(@;—1)

i

eii L, =5

ZODRBDOFEREYE-1 O h IR L, tEx
3, F1BRORE (=1 oW Tk 3,0/10)=
10.045, y,(1/10)=6.46 %27 »C @;=35.85 & b=
10.045 2EFE IR T B,

2. E—AL LORE

10) ek »TE—2 Vb U FEHETD, LE 2
i r=2, Thbboke—AVE uy ¥EFELLIS &
THEEIL, (10) b
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» #-3. FEOEUME (B EE No.1)
Approximate value of the radii (sample: Ensha No. 1)

z C}?" (e f2 Reya I3 C¥, Ji Y
0.0 8.15 ~0.12 7.94 0.72 8.64 1.03 C9.67 10.045
0.1 7.33 —0.12 7.21 0.09 7.30 —-0.21 7.09 6.46
0.2 6.52 ~0.03 6.49 —0.22 6.27 —0.43 5.84 6.00
0.3 5.70 0.03 5.73 —0.32 5,41 -0.17 5.24 5.30
0.4 4.89 0.08 4,97 —0.25 4,72 0.18 4.90 5.00
0.5 4,07 0.11 4,18 —0.09 4,09 0.30 4,47 4.43
0.6 3.26 0.12 3.38 0.11 3.49 0.32 3.81 3.87
0.7 2.44 0.12 2.56 0.28 2.84 0.02 2.86 3.10
0.8 1.63 0.09 1.72 0.36 2.08 —0.51 1.72 1.68
0.9 0.81 0.06 0.87 . 0.29 1.16 —0.51 0.65 0.64
1.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

far ¥ OEfL: cm
171 % , . FTDOLDENNT B
=t 5 Has =G4 7%e
: ) = C\ U, =4.7029v'3 (1—x)

10 —
+3 2 by{i*—C— Dﬂ C¥,=0.0956v'5 (—1+5x—42%
- o= = 7 (1— 2_

v:;oﬁf;%iﬂunw 113 0,=0.7157 AEE Ca¥5=0.2650v'7 (1112425 2*~15 %)

ENDEEYTIT L D e EBIIIRED

FELLBERFHATIE F2 R N5 L57k4
W (r=4) FTDE— 2V e bEBR—ELTEHRT
EX .

3. BIRWEURRIORE G OFE

EHEXRERRNC L 288E EUR @ R0 /fH
Cn Thhs (1) REFHETS, EREOFHER D X
CXb, RAFED ar 11 24) ROEHERLHEN n O
T D_FOBECEEFR T Thik (26) RoD
FACE T bty TH D, T ORED n=4 FTO
3D (26) LR o THT e Ty O 20K
ZENBERY ThHbH, T, FFEELTOEHRORE
FELBHIDTEESRT . Cn ORDFTEE-2 T
L oTHTs, ROXTHEACERD E—AV T+ Ly
L ¥y OFHE any EOBERIEED, BB b BT
T Cp 3 RED, Ik BB R A T iwh b 5
C, #RDBIIT

(4.120250 X 1+1. 405042 X (—1)) X/ 3 =4. 7029
LEHEEIRS, AHRE2 BRI ->TIRTD C A&
BhR, LiNoToDy v 7L (4 Nol) o
TD 4K E TOBBILELR
Fi(x)=4.7029 ¥, (x) +0. 0956 ¥, (x)
+0. 2650 &3 (x)—0. 3418 ¥, (x)

ELTRE -7

4, HFEYUEOFE

(®) RIERIET B Lo EUE frled *‘zor)wf
FEREE LTORREHELTRE 5,

LEBEROLE CG¥, O 4RET, Tibh n=4

C¥y=~0.3418V0 (—1+19 2—81 %2
+119 28 —56 %)

* IRBROER AN CRREDE L E filx) 2RD B
(E-8o 1UDEMCIFIE CF FT, Thbb
H@=CT wXy, 2RETOEM T 51 fLlz)=
CUHGCT s X EUERE I h B, FELDT+5
EEZDLIRBLE, IVEVCKRE2 G TS Cly
% 1EPOOF ML TWHE X Wb ST UL & oERSY
#E-3 LM (a) ©ELI, B No.l ot
LIERER-4 (b) WAL, B4 RIhkIdk
BEgDBA L B0 % UL ELCESE G i & LTHE L
bNHTZETHD b LUBnEF D T Gy OEH
Z o LTWIEE, f(®) 3 LRI e s it
BHCIESTHA o 2L, ELUDBEFLTHIE
TH o T EOMEx D FTEEMELR—BIIRD 5 ik
Hast IR 3% b DTy (RIESZ, 1978), 7o & 21,
E-3EBWTRE (0=0) D FERFEHPME X yO=
10.045 ThHBH O L, HELE FO) 1%, 13\ GY¥,
oxEE [1(00=815 L&z bh, HF2HEEF TR
CWy=-0.21 % f1(0) & in 2T f(0)=7.94 L—p&
BL, ®3HEETLBE C¥=0.72 % £,(0) win
%C f2(0)=8.64, FEHEICE 4THE TT f£,(0)=9.67 &
B DX S WEINBIRRY D55 s LT f(x
DHEED G X HNZER LT 50 B ERNC R
REbEHFE-3 0L L v nieonwTh CGF, &
BLT, faa(@) @ATFMAT falxd) & LT3,

5. EEBOBRECHM

FHESEHIC X > GEHI BB TLUPERE L
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(a)

(b)
H-4. & U # 8 R

Stem form approximated
(a) #4 No.1 Ensha No.1l, (b) 7# No.l
Inahashi No.1

T, TOBEEXEEPHMC L > CTRHELTAHR LS G-
o BEFAFL (16) R X v EG /B O %,
Tibhb ¥ OB HDLELRE LTOERERRERHR
DEEDO=FEE I THEL b5, T, ¥ OFESR
@) XZohoT

[ 2<x)dx—=—l-ﬁﬁ{iﬁi(3it—3i+1)

oY T AU
+m%@@ﬁ4ymmm% @7

KX oTiET 2. £-1 OF{EEL - T, & No 1
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F-4. FBREVHFTE (Bl : EENo. 1)
- The residual sum of squares (sample:
Ensha No. 1)
; 2 z 2 %\E
: G Gt B (/ vida—, 2 CZ //y”a'w
1 47029 2216  22.12 1.00 %
2 0.096  0.01  22.13 0.96
3 ° 0.2650 0.07 22.20 0.65
4 —0.3418 012  22.32 0.12
‘ / Iyzdx= % C;2=22.3414
0 1=1
#-5. RBRETPHMERC X AEUER
Ratio of the residual sum of squares
(2 groups, all trees)
> -
s=7 ﬁEnsha = ﬁ%nahashﬂiig
#oANo. 1 2 3 4 1 2 3 4

1HEDZH 1.00 1.33 0.37 1.15 2,13 2,49 1.63 2.57
2IEC 0.96 1.32 0.28 1.13 ~1.80 1.62 0.79 2.52
3|ECT 0.65 1.06 0.22 0.18 0.85 0.57 0. 26 1.13
4BEET 0.12 0.40 0.05 0.18 0.34 '0.24 0.08 0.49

#iE: %

OPEEETE [y (@) de=22 3414 278 bh B,
oL, TOFEBEBORRIE I, —F, #KkET
DRRE D FRNIFE-4 DE AFNTHIT e (A7) FRic
WIET BBREFAINOLEI/REOFICRER T B,
TOEND, BEFFNRC X5 ELEREYZRSE, 1
WO, TirbbE 1EDLRILBIE 1%, H2ENE
IR AEL, 4RECORL, ThbbE4EE
TEIFRIZ0.1% Tin 5 TuvB,

KSR 2INV—=FDFTRTDY Y IR DNTHE
FHFRDERBELDTHS, HE SV — 20T
3, BIEOZTIRIE 1% Lo, H4EETEE
1% DT EmoTnb, g 7 — FeonTit, 852
HETT2% WMBOBREFLFMOLE, F4HETLA
1B LT ERST VB, 2D 2 Z —F DT %
3, EHEIN —FNDOHTULE VDIE I D LI WER
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