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Practical Optimum Feedback Controller

By
Hideo MATsuoka

Abstract: A computer system adapted to a practical processor of an optimum con-
troller is investigated, in which the optimal control signal derived from L.S. Pontry-
agin’s maximum principle is calculated in real time. Iterative algorithms implemented
as a software in the processor are at first explained, which constitute a convergence
process required for solving a two-point boundary value problem. Engineering consid-
erations of these computing procedures show that the digital hybrid computer system
is most suitable and practical as a hardware for carrying out this method.

The simulater with the same logical structure as that of this computer system is
organized by using resources on hand to simulate the generation process of the opti-
mizing control signal and to refine the algorithms so as to bring a rapid convergence
with high precision. The 2nd and the 3rd order system, the 2nd order system with
bounded energy, and the rocket steering problems are studied by using this simulater.
Convergence processes are displayed graphically. Main results of the simulation are
as follow: (a) The rapid convergence is practically possible for given problems. (b)
There appears no great dependency upon the arithmetic precision in convergent circ-
umstances except speed. Convergence speed is, therefore, accelerated still more by the
computation control in the processor that will make the relative arithmetic precision
constant in overall control process.

In the feedback system, the optimum controller centered with this hybrid processor
must repeatedly re-evaluate the optimum process for the ever-changing environmental
condition. Frequent feedback given by the increased computation speed bring much
efficiency and effect to the feedback control system, which behaves practically in a

sub-optimal fashion..
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1R oyy b EBHOREOIHRE
REH K Frax |4E] N 72 7s . a(0) ‘{g
1 1/2 1. 2897 .6110 | —1.0000 | —1.0000 1.0000 | — .7853
2 1 1.3813 .3385 | —1.4167 | —1.0303 .5542 | — .3729 i
3 2 1.4212 .2043 | —1.6414 | —1.0635 | — .0835 . 0507
4 1 1.4115 .2007 | —1.5201 | —1.0468 .2354 | — .152
5 2 1. 4339 1550 | —1.4906 | —1.1787 | —1.4233 . 0947 kb
6 4 1. 4556 .1805 | —1.1284 | —1.6142 | —3.3840 . 3296 s
7 8 0. 6730 1.6744 | —1.1900 | —1.2354 | —1.7786 . 9812
8 4 1. 3943 6710 | —1.1592 | —1.4248 | —1.0823 . 7510
9 2 1. 4596 .1785 | —1.1438 | —1.5195 | — .7341 .5707
10 1 1. 4628 .0710 | —1.1362 | —1.5669 | — .5601 . 4579
11 2 1. 4656 .0437 | —1.0400 | —1.6011 | — .6587 . 5646 :
12 4 1.4671 0377 | — .8926 | —1.6733 | — .7194 . 6783
13 2 1. 4670 .0268 | — .9663 | —1.6372 | — .6890 .6193
14 4 1. 4665 L0543 | — .9121 | —1.6204 | — .7812 . 7083
15 2 1. 4670 0213 | — .9392 | —1.6333 | — .7351 . 6641 3
16 1 1. 4670 .0165 | — .9248 | —1.6460 | — .7261 . 6419
17 2 1. 4675 .0085 | — .9023 | —1.6460 | — .7515 . 6656 2
18 4 1.4671 0118 | — .9136 | —1.6460 | — .7388 . 6944
19 2 1. 4670 .0056 | — .9192 | —1.6460 | — .7324 . 6801 ¥
20 1 1. 4667 .0054 | — .9102 | —1.6508 | — .7356 .6728
21 2 1. 4670 .0034 | — .9102 | —1.6509 | — .7356 . 6797 }
22 1 1.4671 .0041 | — .9148 | —1.6484 | — .7341 . 6763 4
23 2 1.4673 0021 | — .9089 | —1.6494 | — .7397 . 6832 R
24 1 1.4673 .0020 | — .9119 | —1.6489 | — .7370 . 6798
25 2 1. 4674 .0014 | — .9070 | —1.6499 | — .7400 . 6844
26 4 1. 4675 .0005 | — .9021 | —1.6499 | — .7424 . 6887
27 2 1. 4674 .0005 | — .9045 | —1.6499 | — .7412 . 6865
28 4 1. 4672 .0001 | — .9026 | —1.6499 | — .7412 . 6875 o
29 8 1. 4670 .0006 | — .9026 | —1.6499 | — .7402 . 6869
30 4 1. 4670 .0004 | — .9026 | —1.6499 | — .7407 . 6873 b
31 2 1. 4670 .0001 | — .9026 | —1.6499 | — .7410 . 6874
32 4 1.4671 .0003 | — .9030 | —1.6499 | — .7410 . 6872
33 8 1.4671 .0025 | — .9040 | —1.6499 | — .7430 . 6880 b
34 4 1.4673 - .0004 | — .9036 | —1.6499 | — .7420 . 6876 g
35 2 1. 4674 0002 | — .9033 | —1.6499 | — .7415 . 6874
36 1 1.4673 .0000 | — .9033 | —1.6499 | — .7412 . 6873 o
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Fmax=1. 6748
(11, 72, 3) =(—1.18131, —1.33740, .188476)
Qeoy= —. 158203
B3 NIIEIDEAICHTEHDTH>T, MET2BEEL 50 H 5 EIREBICA -
7z. 67TEET |4Ew|=0 &5 -t 0EAT |4Ewm|<L1073 E18-TNS. I HAE 2L
TOTELTH 5.
Fmax=1.7986
(11, 72, 7s)=(—1. 36010, —1.00878, .549072)
Loy = —. 383666
5.6 HEMECOVWTOERNER
CCTREREED LFFHICENMNBEREL 2 LLTHAVTYIav—bLIES,
K CRBEB X UEBRAHCEOBEDEMEIBICKABENEILLEVSIT L, BXTU
dz OBE (F 4 S2NVLDOBR/NBAD 2EZ L&, ChMUERRICEDKS L EE%E
BEIZTHICONTRNE. 5.2 TH - B KRBT U TERWICAEZ S . §HRER
NIRRT — 2N 2EHE L TERINTVEOT, DRDERIAZET 2L ATRIE
16 #¥ (10~15 = U~Z T£bT) 2RV TH 5.
1) 7 OEMRICHT 2HBEEICKBR
D.D.A. it G.P.C. itk 2 OEFHEMr Ly PEINBEICE, BEINLY VI XA

%2 % yOERRICHY 28% 16 #H (10~15-U~Z)

M 72 AE1(27%) AE(2716) 2-Fmax (2716)
1.ZZZZ 1.ZZZZ 10 — 8 — 8
1.Z 1.Z 4 0 -2
LY 1Y 4 0 -2
LW LW 4 0 -2
1.8 1.8 10 -8 -8
1.0 1.0 18 -W -Y
0.X 0.X 1w —10 -z
0. W88 0. W88 1w —10 - Z
0. W8 0. W8 1w —10 -z
0. W 0. W 20 —10 —11
0.8 0.8 30 —18 —1W
0.4 0.4 60 —30 —31
0.2 0.2 ‘ —60 + L61
0. Wo 0. W88 —128 138 —10
0. W gg*! 0. W9 164 —15W —4
0. W8 W#2 0. W8Y3 70 —60 —10

*1 miene OB
22 4y -avba-LGC.3T, Ke=g CONRMOF—5
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1969 £ 1 B REHREECETIHE 51
£ 3% |4E(F) oRERKICX3EL

REs | dz=2-u dZ=2-12 dZ=2-1 dZ=2-10 dZ=2-
1 1. 4140 1.4136 1.4136 1.4121 1. 4063
2 1.0643 1.0776 0.6328 1.0735 1.4216
3 1.0773 0. 6957 6236 0. 6945 6741
4 6962 .1971 .2313 . 2040 . 1875
5 .1980 0306 1072 0368 .0228
6 .0318 0110 | - .o0514 . 0084 . 0457
7 .0110 . 0042 0257 0084 0445
8 0040 0094 L0121 0084 . 0445
9 .0019 . 0095 . 0057 . 0087 . 0445
10 .0023 .0109 .0014 . 0087 . 0445
1 0022 .0109 0025 0087 . 0445
12 0022 .0109 . 0058 0084 0445
13 0022 0109 .0025 . 0084 . 0445
14 | Y3y b .0109 0027 0084 . 0445
15 FATNV Ly s, 0027 | Y3yt .0445
16 FA4 7w .0027 ATV |y,
17 0027 1 7n

Y3ivykh
| YA T
Ko 12 1/2 11 12 1/2

AZ=2""DbDiL, B 20 BICRIFREALSDTHS. YIv b -HA4o0
NALTH D, 7 DHEISHEEL .

—ZEbN3E. TOY LIRE—BLEN220Ey +HY, F—2iR 19y MeBd
h, ZTORENOEy FRFSTHB. BEATRIZOV IR Z—TO/NIEADNEIZE 3

By FEBAEY FORKBLPNTVS. LEB-TZOVIRE—ILELNBEDEKAE
RBB8XZ4ThH5.

EHEREE LU TETNICEZ SRR, BEfEicdlLT) Fp)=2 £ 52 5h 37
PHESZ b 9 TR L TR m=n E5Z237207T, EZ0bDRBELITV. 22T
m=n AU TOBADEREESZ, COEEORBIEDBRE 2—F(p) 5L CHRED =
# AdEwx DEEFANI. CORREBE2RICRENG. dt BXC dZ O F 4 V20t
RNBARZENEN 278 BXU 274 TH 5. Y

MNEADNBREZIBVDT, || OEZNSTICEIBRTELONIBENEY
KEZRT, BEERELTIO8DLLSB.

COBERETa 2 A TRNAENIT &R, VI v b H A INCA-RENITETH -
T, CDEEY Iy b-HAI0TEIONS |dEw| OB/MEX /NS ISIE T REA
WEEICRET 5 EXAARBNALIBY. BRECARZOEDILYORETEEH I
NREFESZV. Ldd, CORODERIBEABEOBE OB VIRET LT i3,
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B4 FE Fu: OXBEFICLZEL
Rt | dz=2- dZ=2-12 dZ =212 dZ=2-10 dZ—2-8
1 1.4141 1.4137 1.4137 1. 4126 1. 4072
2 1.7228 1.7225 1.9307 1.7188 1.7168
3 1.9139 1.9134 1.9576 1.9007 1. 8955
4 1.9944 1.9936 1.9930 1.9912 1. 9629
5 1. 9995 1.9987 1.9973 1.9944 1. 9902
6 1.9997 1. 9989 1.9977 1.9976 1.9726
7 1.9998 - 1.9988 1. 9987 1.9946 1.9816
8 1.9995 1. 9980 1. 9990 1. 9946 1.9816
9 1.9998 1.9988 1.9992 1.9958 1.9816
10 1. 9997 1.9982 1. 9985 1.9976 1.9816
11 1.9997 1. 9986 1.9983 1.9958 1.9816
12 1.9997 1. 9986 1.9995 1.9977 1.9816
13 1.9997 1.9986 1.9983 1.9958 1.9816
14 | y3yr 1.9986 1. 9980 1.9975 1.9816
15 FAIV | yigt 1. 9980 1. 9958 1.9816
16 y4 7w 1. 9980 1.9958 | Y3y b
17 1.9980 | Y3yt vA4 7
R Y47V
Y4 7
Ko 1/2 1/2 11 12 1/2

dZ=2"°DbDi3, F 20 RIRFHERLEMLSOTHS. JIv bt -¥47
WANA>TD, 7 OESHEEL .

m=0: OEEBDLUTHEINS LERBEICIIASRBENHSEY, BBEEOF ORE
KRPLOBEBODOKbOrE. BBEDOHFBPRBSENDTHAS.

2) dZ DREDORNARAENDEE

D.D.A. TOF— 2 DEBHESBEBOLLHESRYOBEROBEEXBLS>ETEE,
dZ OB/NERIE dt OR/NBEANORMICIE, H2BOBEBRS—EBENICTE 5. REDOHEK
DOREFEBRIN T .

(dZ DE/NEL)=22%(dt F/NELL)

Z DEBRADEKIER 1~2 5DT, dZ B/NEMNBBBORERNEEEZED S LAH1E
sha. B

RNARFA~NDEER, BORTELONAPBELROCTAEIN. dZ OR/NEAN
U DT, CCTIE 2712 2710 278 LT, 4 v.-avio—nid GC3 2AEL,
K°=1/2 ¥7:13 1 L UTERMTR b, FEOBEOKRSILAT, BIRBIUE
LRICZDHEREEZ .
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Thb. 5.2~5,6 THREINILBATRHOIEBEOR/NEA 2, 274~271 HTH > TE
REXD 4~8 B, ISR ZNITRNARKBELRIREREZEE TS L, 100 £ 5
VEBWC EiKish. ury MEBOBAYBNBEF VL LOEROBD LA 4 « 24—
NBSHBDT, ERHFEOERIIXLE-TL 5.
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AREZEMTEZLD L, TOREFARVOSEHETH 2 LHFINLHBEMATD, RO
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2. ROREERERT 2 X5 KEEHREREEORKE L TREL BT NER S0,
FERITT 4— Fovy 7BESKRELLS. FIANKN_REIC =R O KRE 0 HI\R T
3, THUoREEHMATONERE,, UEEENLTUEINZZ EBMONTN S0,
— D n RORECDEITHZDICLIRTETHA 5.
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HUTMEGNEREE ROV, —BICIEELZECRINEZRSEL.
BEsmatEoEEIcE, SRRNT 4 —F Ny 7BEEL DLV T EEFATAEL
LL T3, MiBECRIANLIICEEBELTITORNABRRIZEAZALTHY,
WhAME O.D.A OFEBEREODIICY) Iy b H4 7 VICAB) DBEENTLELNHL
LTHhot. BEATTBLENSCT L, D.D. A BETREEDOB/NEINOBERINIZ DI
B0 OBEOS/NII A REL T, T LI3EFEREEERMcELTmETSC E
AN T 2. COBICEIRNABREOEEBRTE 74— F Ny JBETAN—T5. ¢
BbhbHEUNEEASBIC—EETILIREFNVERBET 3. REZHETHLSE, BHEAD
SEARBATNS & &iTid, BRECEMNEELZNIZLEERLIIVD, REKKMEK
FESL EEBEENSILLOKTE. YIab—va VORREPOHOME XL, KE
BEEROINNAREOD TRBERDIELEALELIORVDT, KEABRAMEOREEND L
{Th, T74—FN9wIREKELTHTA T4 < VIREHBBERINS.
CODXIBEBT 4 — F 5y 788FRICE, SIEIROEREICHT 2EISELZED
AT EHAETHS. HESNREHBEHBEENCH 2HEEROETVE, EED
HANRECEABCMATHE, COBNDEERDS > THENRORLEMD, EFVEE
EILTEFNEEHARROBBICEC—RILE XD CHEBETITHELLETHS. TOD
o ngmERE, BEOE BEEEoHOFHANERI W BBERHAARE L, AL
HEEOHE~OH L LY, B LETOLE, KRBE~OBRAOHBBEICERINSGTD
A9, HEERROES, REFREELM EEHRE L CBAE DN 7Y FEERTERE
Thid, SMEBNESMEE EEBLLE L ¢ FER TR TR oML # 5 (Identify)
LT, BEBAFELERILS. HMEBRCLTOBREBENOBEKEBRARAETHS. %
RBEHEFLU I THOONNEFEEZEZL SN S.

O

ABEIE, BIR H5E0EEDL LIKERTIN, R O - TRIBEHEEE BV
BAEZG. BEXBHOBEERELET. N 7Y F - Y27 AOMBILIC S 7o » TIIFIRBT
REFBORFRZENBARAR GERFRE) OLEANTHAIZEZRT, TLHEROK
FicEL TR, AU RERFEBIMERICEHRENV —F v BXT2—FT 1Y) T 14—+
a7 sOFERERBELU. B NROEEZBHOUAENETRI D THIREL
RUMEZEAMCAE TR BRHOEEZRLET.
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& &
"tanacy DED S sin ey BEY cos ag ZRET D E. 172U, tanawy=@s—1n2t)/
nEL, 7y, 7 9, BERTHB."
D.D. A. {bOBEDRIEIL, dt D5 dsinaw & doosaw 54 32L, BXU M &
7s 5 sindwy L ocosawm ETHRETACLETHS. BURDLEEL K P OEEAIGE
B (o) BLUBREE (2, v) TEDHS. 1L, Yy=13—72t THY, z=m TH53.

1) dt 5 dsinauy & dceosag ZEBC L.
BHA L22+'=r hoCOROHLAOES % & > TR
Plx.y) BB,

. y

dr=2dz+Ydy
r r

BEONG. CORDEDOE I Fit z TR TH 2 & G
TAHPS0THY, FHE2HT y/r=sina 43,
i dr=sin a-dy
EB5. dy=—npdt THEH DS, dt 5 dsinaw &
¢ deosaw %D DHT D.D.A OFu s AiE 45K
0 DTELICIES.

= 44 2) 7, 73 &S tanAy=7s/71. ro=Vn2ips? 13
LEBEBUT, sinaw, cosaw XU ro ZHE

ER- X

* tanam=2/m Z#3 aow 3, eol|<T OBICZ>5255, BAEEOAI LV b = 7
?g‘;’ﬁ Y HERBELTICRERC |aw|<1/2 23, —>0E P 5kU QoEErzhzh
(cosaw, sinaw), (m, 73) £43E, b&dEEEOYBNBRL S m<0 EHZDT
RQOBEIFLRWARMOALIY, AP IBLIILRBE2RBOALE5-THQ &
AP LI y#HMKBELTEVCENOABICSH 5.

D.D.A. TOREDFIAR, AP %2R A, 0 »POXRIOMALES ao BESET E:
EW, COEEMRBELIBH awm % |7s] BEICEST S HHICO EIEBETHQ YR ‘
ro=Vnl+y? OBFALERESETOL 3. CORBRDE Q D = IEE O #a s 1l 25 7
#52%. DD.A 07045 A% 46 Micid.

LY voz21tHB 9 50L123%C, I, 13 daw % 73 EAUFSD/ o 2T
W ZDdaw 2T, I, Ic THAQ (11, 73) A4 aw BRI, & (- 1/7712—}-773
0) &L, AKIC Is, Ic TH (1, 0) A ¢THP (cos aey, sinaw) %5 3. I,
D s BOER S sx Ir ODRITHIS.

3) DDA #RL—v gV A

DDA OARv—va YRYMEREE— FEEEE— FED-o XD D, ThEh
DEDABESEDP->T GP.C. OS5 r08BTICay ba—LvOZH b i- L%
1155,

d

i

5l
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dt

dy=—"7.dt
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o dr=s‘m—a_dy
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cosa _/

dcosa

da
dcos a
sina
—
dsina

45 sina, cos@ RED S0 I J A

® HERE
o EWF
* B F
dti Y B
loa O\ dalO) It STOP
M 0 5
1 y#0 y#
b

Id
1 dsina(0)
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