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’Matlab’ is one of the most popular commercial software among the researchers in the area of
control and system engineering. Although Matlab has no special functions as a programming
language, it is equipped with many state-of-the-art packages, which makes Matlab competitive
with its clones. In this paper, we focus on *SCILAB’, one of the clones of Matlab, which is
developed by INRIA. Unlike other clones, the SCILAB has packages which are powerful
enough to match those of Matlab. The SCILAB also has the function to define a new data
type and its operators in the programming, which is similar to ’class’ in C++ programming
language. In this paper, utilizing the function, we introduce ’power series arithmetic’ into the
SCILAB, following the next three guidelines.

1. The power series are truncated at the total degree of variables.

2. Computations of the power series should be efficient.

3. The power series should be treated as if they are numbers.

We developed the packages for controller designs which utilizes the power series arithmetic.
With the packages, the H, optimal controller is obtained in the form of truncated power series
of the design parameters. We present a design example of H, optimal controller with restric-
tions in its overshoot and undershoot (such design restrictions require trial and error process
in a conventional controller design method). We also present a technique to detect numerical
errors due to power series arithmetic.
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end;
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function pn = psmat_inv(a)
if (a.row ~= a.col) then
error(" Matrix is not square!!");

end
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10: while (i-1)<tdeg

11: i = 2%i;
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13: end;

14: endfunction
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e eval_y(a,b,c,d,t) — 0000 abecddI0 tO0000O0OOOA =a, B=D0,C =
¢,D=d000000 000 0000000000000 r=t0000 y)OOODOOo
googogo

e psmat_eval_y(a,b,c,d,t) —psmat 0000 ab,c,dd psO000 tOOO0OO0DO0O
A=a, B=b,C=c¢,D=d000000000 0000000000000 t=t000
Oy)OOOpsO000DO0O0MMOOO0DOOODODODOOOMEOO0O0O

e psmat_peaktime(a,b,c,d,t) —psmat OO 00O abec dd0O00 tOD0OO0OO0O
A=a, B=b,C=c,D=d000000 000 D0000O00000000000 y@)
00000 y,, Ops 000000000000000 00000 y(f) = ypee 000D
(0000psO00000O0ynOOODOOODODOUODOOODOOODOOOrODOO
00 t000000000mo0ooooooooooooogmE@oooo

63 UDOOODOODOOOO
O0h 000DD0D000000A,B,C,DODOOODOOOD

-1 1
A= , B=

gooooooodooooo0ooooooD /[R,Ooooooooooooooooomedd
0000000 /K, OOODOOOOO0ODOO0O0000000 @, RO0DDOO0OOMMIREL 0000
OO0 ur)=—-Kx(nOOOOOOOOOOODOODO o, ROO0O0O0O0DO0O0DO0OO

10]
LR=1 “

-1
O},Cz[l 2|.D=0 3)
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00 Riccati 000 PA+ATP-PBR'B'TP+Q =00 POOOOOOOO

212 -1.29
-1.29 1.6l

00oooon
K=B"P=|-212 129 | (6)

0ooo
u(t) = —Kx(t) = 2.12x(t) — 1.29x2() 7

000000000000 0000000000000BO00000000000M[O yO
yeo)=10000000000000M0

/.

AN

o

@
o
[eS)

()

0.4 0.4

0.2 0.2

0
1 2 3 4 5 -0.024 1 2 3 4 5

Oe6:000000000ODOO O7:00000000000O0O00

0ORODOD0D000000¢:r=20000000000000010000 y)0O0O000000
10% (=1.1)00000000000000000 y»OOOOOOOODOOOOOOOOOO
gobOOOOOOOOOOOOOOOOOOOOOOoOoOoOoooooooooooono

OO000o0o0oOoooO 1000000000000 ooooooogooon 8)

000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000 QO0O0000000000000000000000 w(00000
000000000000000000000000000000000000000000
O0MBN 0000000000000000000000000000000000000
00000000@EO00000000@OO0O0O000O00000000000000000
OMBD 00000000000 MO000000000000000000
0000000 QRODOOOOOO000O0O00000000000000 |zl 0000
0000000000000000000000000000000(

(1 +z7)° 0
= ,R=1 9
Q 0 (1+2) ©)

0000z, 000000000000Jz] <05, |2 <05000000000.03125 <
(+z21),(1+2)°<7593750000000000 0.0312500 7593750000 H, 0000



112 0000 o /700 340 2005

oooooobooboooon,x0000000000O0DOCOOOOOOOOCOOOO0O0
cooooboooooobooocooooooboooooobOOo0oU0 FRbOOOOoOoooooooboooo
oooooOoO0oo0o0o0 »,00000000000000000
oo0O0O000000C0O0O0OD0OO000000000 SCILABOOOOO0OO0OOOOO000000
000oooooooooooo“0o:» 0000000000000 000D0O00000000
00000000000000000000,0B0000000

1: a=[-11; -3 1];
2: b=1[-10]";

3: ¢ = [1 2];

4: d = 0;

0000000 QRODOQD 000000000

q2(® = [1 0 1];
a(2,2) = g2*q2*q2*q2*q2;
r = [1];

1: id = ps_str([’zl1’,’2z2°]1,7);
2: q = psmat(id,zeros(2,2));
3: ql = ps(id);

4: ql(® = [1 1];

5: q(1,1) = gql*ql*ql*ql*ql;

6: g2 = ps(id);

7:

8:

9:

0000000000000000000000000000000 z,,,00000000
000000000700000000000070000000000000MmM2-8000
00QO0O00000000002000 Q0 psmat0000000000000000 2x2
00000000340000q10 (1+4z)00000000000000 [000,z00
0,z000,---]000000000([1 110(1+z)000000M0MO000 5000 QO
(1,H)000 (1+2)’000000000000000006800 Q0 (22000 (1 +2)°
0000000090000 RO 100000000

0000000000000000000000 H,00000000000

1: p = psmat_are(a,b*inv(r)*b’,q);
2: k = b’*p;

3: at = a-b¥*k;

1000000000 Riccati DO O ATP+PA+PBR'B'P-Q=000 PODOOOODOO
Q0000000 21, 0000000000000 pO psmatllz, 0000000000
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0000200000000000000000 KOOOOOOOOKO psmat0000MM0O

000000000 u()=-Kx(nOOOOOO0030000000 w()0000000000

00000000 AOD (=A-BK)OOODOOOD at00000000at O psmat O [
00000000000000000000000000

1: [yl,tl1]=psmat_peaktime(at,b,c,d,0.1);

2: [y2,t2]=psmat_peaktime(at,b,c,d,2);

0@0D0 z1=0,2,=0000000000000000 ¢=0.1,¢r=20,r=4000000
oooooogoggdr=0100000000000OTOOOO12000000000000O
gooobobOoocoooooobocOoooooooOboboOo0onooonng psmatd Ozp,2o00
gobooooooooooocOoobOOoOdtwti0oyl1ooooooon

tl =

0.1224596 - 0.0105167*z1 - 0.0228435%z2 - 0.0160519%z142 + 0.0228602*
1¥z2 - 0.0086916%z242 - 0.0048062%z143 + 0.0207401%z142%z2 - 0.0
49321%z1%z242 + 0.0175755%z243 + 0.0104859%z124 - 0.0246366%2z143"
z2 + 0.0149730%z142%2242 - 0.0004266%z1%2243 - 0.0124474%z274 +
.0045135%z1A5 - 0.0363986%z144%z2 + 0.0879816%2z143%2242 - 0.0959
83%z142%z2A3 + 0.0581038%z1%z244 - 0.0090761%z245 - 0.0106686%z1
6 + 0.0397802%2z145%z2 - 0.0281488%z144%2242 - 0.0641130%z143%224
+ 0.1386888%z142%z244 - 0.1077031%z1%z245 + 0.0369955%2246 - 0.
039249%z1A7 + 0.0579790%z146%z2 - 0.2246491%z175%2z242 + 0.3786463
*z1A4%z2A3 - 0.2959000%z143%z244 + 0.0528626%z142%22A5 + 0.053303
9%z1%z2A6 - 0.0415234%22A7

yl =

-0.0588569 + 0.0067010%z1 + 0.0137098%z2 + 0.0101002%z142 - 0.0147790%
z1%z2 + 0.0043691%z242 + 0.0026767*z143 - 0.0129860%z142%z2 + 0.§
164857%z1%z242 - 0.0110891%z243 - 0.0070773*z144 + 0.0169150%z143
*z2 - 0.0101725%z142%2242 - 0.0003118%z1%z243 + 0.0087567%2z24 -
0.0027660%z145 + 0.0236845%z144%z2 - 0.0581702%z143%2242 + 0.063(
380%z142%z243 - 0.0376935%z1%z244 + 0.0048071%z2A5 + 0.0072892%z]
A6 - 0.0275811%z1A5%z2 + 0.0206004%2144%2z242 + 0.0412952%2z143%22A
3 - 0.0913448%z142%z244 + 0.0717595%z1%2z24A5 - 0.0237037%2z246 + 0.
0024990%z147 - 0.0385361%z146%z2 + 0.1507337%z145%2z242 - 0.254123
9%z144%z2A3 + 0.1980022%z143%2z244 - 0.0342933%2z142%22A5 - 0.03812
40%z1%2246 + 0.0285312%2247

y1,y2000000000000000000ye)=1000000000000




114 0000 o /700 340 2005

1: tmp = c*psmat_inv(at)*b;
2: nf = -1/tmp(1);

3: nyl = yl*nf;

4: ny2 = y2*nf;

y(0)=-C(A-BK)'BOODOOOODOOOOODOODOO 1/(-CA-BK)'B)y0 yl,y200

00000000001000 CA-BK)'BOOODODO2000 —-1/(C(A-BK)™'B)0 nf O
00000003-50000nf0 y1,y200000000000000 nyl,ny2000000
OO0 |nyl|D000@ny2-10000000000000000 z1z200000000000
D0 0RPOoO0D00000DDO0000OOoDooooo

[ ] /

A

-0.4 -0.2 0 O‘,2 0‘,4 -0.4 -0.2 0 O‘.Z O‘.4
Zl Zl
08 0d00Ooooooogoooon 0o0oopoooDo

Inyl|tny2-1000000000000000000000000O0O0COOO0OOO0OCOOO
O00oo000o00000000O0C0DO000O00000000000000000O|ny1<0.024
00000 24%00Mny2-1<0.10000000000 10%0000000000000010
0000000000000 0000000000000000021=03,2,=-040000
0000 nyl=-0.023890ny2=1.079320 000000000 KOOOOO

: q = zeros(2,2);

q(l,1) = (1+40.3)45;

q(2,2) = (1-0.4)45;

p = riccati(a,b*b’,q,’c’);
k = b’*p;

Ui D W N R

1-30000000 Q00000004000 RiccatiDOO0O0O0OOODO riceati() O SCILAB
000ooo00oo00ooo0o0ooo0o0oooo0o0oo0oooO0o0omonO soo



J.JSSAC Vol. 11, No. 3,4, 2005 115

0.4 -0.2 0 0.2 0.4
<y

O 100000000

0KODDOOOOOO0O0OO0000ODO0O0O0000000000000000000000¢@

Oy(e0)=10000000000000000000@AOCO0ODODOOOO0OOOOOOOOOO
ocoooboo24%010%00000000000000000000O00O0O0O0O0O0O0O0O0O0O00OO
cooooooocoooooooocoooOoOCocOoOoOoOooOoOOoOoOoOoOoOoDOOCcOoOoOoooon
coooogoooo

e OODODO |5 <05, |22/ <0500000Q00000 (1+42z)°,(1+2)° 0 0.03125 <
(1+2)°,(1+2)°<759375000000000000000000000000000
00000000000000C0C0000000000000000000000000
ooQ

e 000O0ODOODOODOODODOOOODOODODODODOOODOOOOD QOOOODDO
003125 < (1+2)°,(1+2)° <75937500000000000000000000
0000D00000000000000

ooooO0oo0ooOobo0oboOo0oO0o0O0OO0CO0O0OO000OO0OO00O00O0n Izl lzl
oo0o0ooO0O000oO0O0000boO0o0oOO000bO00b0O000000000 Mzl lz21 O
000000000oooooooooooD 0.03125 < (1+21)°,(1+2)° < 75937500
000000000000 00000 +21)°,Q+2)’ 0000 |z1] <05,]z2) <05000
759375 < (2+21)°,2+2)° <97.6563 00 00000000000000000 0.031250
097.6563000000000000000000z1<0.5,22/<0500000000000
{t+ar.d+a’l @+’ (+2°) [+ Q+2)’) [2+2).@+2)’| 000000
ooooooo

000000000000 00000D0000000 (z1,b22)=(0,0000000 (z1,21) =
(=0.5,-0.5), (=0.5,0.5),(0.5,-0.5),(0.5,0.5 000000000000 000000000O0
Uooooododooooddd nyl,ny20000000000000000 nylny200



116 0000 o /700 340 2005

00000000000000000(,22)=(-05-050000000000000000
0000000 -05<z,,<00000nyl,ny20000000000000000000
00000000000000000000 nyl,ny200000000000000 (z1,22) =
(—0.5,-0.5),(0.5,-0.5),(0.5,0.5 0000 000000000000 0(z,2) = (—0.5,0.5) 0 0
0000000 30% 0000000 -05<2<0,0<2<050000 nyl,ny20000
000000000000000000000000003125<(1+z)<1,1<(1+2) <
759375000000000000000000000000000000000000000
0.75+21)°,(1.25+2)° 0000 Jz1] <0.25,1 <0250 00000000000000000
00000000000000000000000000.03125<(1+2),(1 +2)° <7.59375
000000000000000000000000000000000000000000
ooo

7 OO

SCILABOOO0000000C0OO0O00000D0O0 MATLABOOOOOOOOOOOOO
oooOOoOoOOoOoOoOOOOOOOOOooOoOoooSCILABOOOC++ 00000000000
goooooooooooooooooooooooooooooooooOoOO0O0 SCILAB O
coooooobooooooooOoOoOoOoOobboOoobooOono

(» 000000000 OOOOOOOOOODOOODOODOOO

(b OOOOOOOOODOOODOOOODOOOOODOOO0OOOODOOOODOOOOOOOO
00000000000000000000SCILABOOOOO0OO0OO0OO0OO00O0O00OO0OO
ooooao

(o DOODOOOOOOOODOOODOOODOOODO

000000000000 0000000000MathematicaVer5.0000000 20000
00o00oo0oooDooooooooooooooooooooooooloooooooo
000000000 Mathematical 1/500000

gooobboodoooooobb oo bbooooooobobobboo
goooobbboodoooobbbbboooooobbb b0 obobbbobo
Riccati D00 O00O00O0O00OD0OD0ODOODOODODOODOOOODOODOODOOOOOOOOO
0000000000000000000000000000000O0000o0oooooOn
00000000000 0A,0000000000000000O000000O000OO0O
0000000000000000000000000000000000000ooooo0o
0000000000000 00o0000o00o0ooo00oUooo00Dmooooooooo
0000000000000 000000000000O00000000O0O0UDLOoOoooOoO
00000000000o00o00oo0o0oo0o0o00oo00DoOo0ooDooUooooDoOO
000ooooooo



J.JSSAC Vol. 11, No. 3,4, 2005 117

(1]

(2]

(3]

(4]

(5]

(6]
(7]

(8]

(9]

[10]

[11]

[12]

o o oo
Scilab Group: Scilab 0 0O,
ftp://ftp.inria. fr/INRIA/Scilab/contrib/SCIJAPANESE/intro-jp.pdf
Kitamoto, T.: Approximate eigenvalues, eigenvectors and inverse of a matrix with polyno-
mial entries, Jpn. J. Indus. Appl. Math., 11(1), 1994, 73-85.
00:000000000000000O00bO0O00oo0o,00o0ooooooono, J78-
A(4), 1995, 531-534.
00:00000000 /[, 00000000000,00000000000, J81-A(2),
1998, 289-292.
O0O: 000 Riccati 00 O0O0D0ODODOO0OOODODOOOOO,O0DOO00000O0000,
J81-A(3), 1998, 445-447.
00:0000000000000,000000000004, J81-A(4), 1998, 803-806.
000ooooODOO0O0o0o0oUoooooODDO,00000000000O, J84-A(2), 2001,
243-245.
Kitamoto, T.: On computation of approximate eigenvalues and eigenvectors, I[EICE Trans.
Fundamentals, E85-A(3), 2002, 664-675.
Kitamoto, T.: Computation of the peak of time response in the form of formal power series,
IEICE Trans. Fundamentals, E86-A(12), 2003, 3240-3250.
Kung, H.T., Traub, J.F, All algebraci function can be computed fast, J. ACM, 25, 1978,
245-260.
Lipson, J.D., Newton’s method: A great algebraic algorithm, Proceedings of ACM Sympo-
sium on Symbolic and Algebraic Computations, 1976, 260-270.
Yokoyama, K., Takeshima, T.: On Hensel construction of eigenvalues and eigenvectors of
matrices with polynomial entries, Proceedings of the ISSAC "93, ACM PRESS, 1993, 218-
224,



	序論
	MATLAB について
	SCILAB について
	概要
	べき級数型の導入
	SCILAB における新しいデータ型を導入する機能
	SCILAB へのべき級数の実現とその方針

	べき級数の演算子の導入

	多変数多項式，多項式行列の導入
	ベンチマークテスト
	テスト内容
	テスト結果と考察

	制御系設計への応用
	制御系設計の対象と H2 最適制御
	制御系設計用のパッケージ
	制御系設計への応用例

	結論

