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Digital Control Systems of Working Fluid Flow Rate for the OTEC Plant

Masatoshi NakaMURA*, Yasuhiko OisHi**, Haruo UEHARA®**

The purpose of ocean thermal energy conversion (OTEC) is to extract power from temperature
differences existing in the oceans. Because the thermal efficiency in OTEC plants is generally
low, on the order of 3 percent, and the operating conditions, such as seawater temperatures, are
constantly changing, the role of control is of great importance in operating an OTEC plant
effectively. This paper describes our first attempt at digital control of the OTEC plant “Imari
2”, in which the working fluid flow rate of the OTEC plant was controlled by a personal
computer (SORD M223) based on modern control theory. The innovative feature of this study
is the construction of a digital control system and the implementation of digital control for the
real pilot OTEC plant.

between the software of control theories and the hardware of the OTEC Plant.

In the construction of the system, a provision was made for linkage
We succeeded
in implementing the control of the OTEC plant by use of this digital control system.

Key words ; Digital control, modern control theory, OTEC plant, working fluid flow rate
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WTE—ET 525, {EENRAEER Y 7ORMEIC LD
BEREBIC B W TIHENEL S,

4,2,1 BEREERETI I OHMN

1) BREER D/A BHSE» o OESERE o (V)T
VAL VEIBES N VAV) L2 5, fEBIRARRAR
TREBEVAELSER I LI FOMEIIHIGL
THRESEMLZDOBRIREFHIERG Thb» 5, ¥
4.3 V,~GoBFERT., 7V 72 RELT B0
1F, D/AZEBRBERBRIOV) ETLAHATERVO
BVAIEKIS(V) ETLELD»LTHDL, 7V 7B L
VR 70T 4+ ¥ 8 VEIBRRO (BB HEEE
KHAZEND,

2) s
PEBITRARTEER R ¥ 7 CHRFERICE © NI RO VEE)
WIREERL, #&8 QOER RS, ZOHEROE
DOBHERTHRE E 3 G, TyoTRD >N E DFER
374 V5 VEIEERO TBEHER] willaZEgh s,
3) RIS

BB RZFRBRHORE R KD 2 0T LELER
Ge, TyoldBRHEIM TR SN S, WE G RTERTE
IDBEH S, WEFEGUENBLLESEE V.
(V) EHAT5, B4, 412 G—V0BFEERT. B
B Tl REC L DEHAS R, Tl {ELLRE
HHEIEE oo mV) ZRABEMNRER I VB LIS
nTwa, A/DEEBOATEER 1 (V)#itss Y
ThaH, BEFEIE MV A -5 —Th2DTT >~
FTHIBESNT A/DEEBRIZA L, REs, HEM,
Ty IO T 4 V7 VEIEREO TR
HAZEhB,

4.2.2 T425IVEIEEROFE

1) ARERFIEET
RHRERR, 7408, 7¥ 7, GEs, BEN
DENRTNORERD 525, A/DERBTHRES L
12T 4 VINE Vs, Vo7 =Y TZHL T2 OB
B %% ERFICC0H,OBEABEHE S G ENL T

12 13

9 10 11
T
t

G; (X10°kg/h)
8
T
]

i

Ay

=]
=4

4
T
i

=} i i i

5 10 15 20
TEBNFAAERR > 7EBEIE VI(V)

4.3 (EEIRAEERRY R4

1 | ! i 1 |

FiiEHER Ge (X 10°kg/h)
B4, 4 mEFEHNE

b, N, FIZERTHIEUETCHL CESE
ArEnkELLIERskn, ZOMEREEL
T7ANFEBELTVE, ZD7 4 VI IF60H,D 3 F
B %25% 5 LBETYy > 7Y v /L, FOMEF
%

%
Ve=2 Ve(R)/25 (V)
k=1

(4-1)
EFEMESERELLTHEVLS, Vel 20w ThERK

25
vvo:kz Vvo(k)/zs Q%) (4-2)
=1
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EFEMESEEL L THV 3,

MEFOBERIR4, 4 TRENTVS, 2 2 TIRE
HENLEBE VB ENLTORE G LT 20 %
HBELENHY, M4, 4D Ge— Ve AND T2 F
7EMA4,5RT. G4 SOREHE2HE LD
Ve® 1 RS TIEPIL 72,

Gr=6.25X (V,~0.87) X 10 (kg/h)
(4+3)

TEbENS,
T, BRICTFT AV INTAZICE > TAEN
BIEEZHEL, ZOREEHE,

o= (Vyo—0.12) X 1000/938 (mV)
(4+4)

TERbhEND,
BEN ORI, TORERLY

Tvo=—0.67X1072+0.25X 1072 X 1o
—0.21 X107 X 0yo* —0.45 X 0yo® +0.11
><'l)v04 (OC) (4’5)

THEbENS,
BLE MR i (401),(4-2),(4+-3), (4

10

AR Ge (X 10%kg/h)

:s«f

i

= 1 {

0 1 2 3
RS EE Ve(V)

4.5 74 Yy IR s RER ORI

4), (4-5) KL vHEkans,

2) BaEFtE

BRI DASFEH DB E R, 1FENED 7 o v 220
BEik (296), (2-7) R

(kcal/h)

{szGFL
(4+6)

L248.9—0.1885T o —0.012T %,

TRDBN, ZORBEAI TN TS,

3) HETLTY XA

IR Qo HEM Qi —B s ¢ 3 BIFR G E
SETEH LML (3-32) R

G (k) = fix(k) +f;21 {Qe () —Qub (kag/h)
PR =Piilk— 1) 45,6, (k— 1)
—K {Qe(k— 1) —Pex(k— 1)
~P,GHk— 1)} (4-7)
TRIN, ZORMEAIENRTHS, (4-7) Rig
TEE Qe (0), GA0), x(0)EBEEL, Thoik
FTARTOLLTWE,

4) BB :

BRI, EBIRAERR Y TR e 7 v 7
BHRr sk s,

FEIRAERR - 7OREEE 4, 3IEREaN T
5, 2ITH, REGEBIQRIENRTOERE VA
LB EHLLERDD, M4, 30 V,~G,E ARy
Al 7% A, 6 WCRT. VAR 4. 6 OBHISK
HEED GO 2 WEBTEML, £ DREES/N2E
BETRD

V,=—0.0446 XGA+1.746 XG,~0.06 (V)
(4-8)
TEband,
Ty, FOFAEZ/2ELTVREDT
v=V,;X2/3 (4+9)

BT TR e LA ER TV S,

4.3 FAUSLHEORGTIE
ERITAERED 7 4 &5 LHEDFIEELT 1)
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B V(V)

= .
B

TEBIRAIEE R > 7
10
T

[Tol ot

53 W N WO VU NN NN S SN SN N N N
3 4 5 6 7 8 9 10 11 12 13

HAEFHER G (X10%kg/h)

4,6 Ta7VEEED S S LEEREERN V 7RIS

~5) WRY, &B, 3) ~5) THEEATEZ S ursI
LDOFEREB X MERFIR TR T,

1) #& &

77 v RO RES, WEst, T, v a
VHBO A/DERBORERB LU T Y RO
D/AZHER, 7> 7, FEAERY Y 7 Ok% %2 -
4, TERT, EMBOBEZREF v A NVBEETHD, T
DFERIZ3)~5)THEAT 2 70/ 7 A BO LD
THBH, k72, TOIATR (2—1) RTOETHE
HEAMESRARIC S 2 2 B

Qi = GuCu (T Tuo) (kcal/h) (410
OBEHL TR 2>TWBDT, Tus Tuos Guns
Guss (Gu=Gui+Gi) OB BITo T3,

2) 752t OikE

7T v b O, BHERE 2 OMEICHI80 X 10° (ke/
RT. b LEERO»b D IREB TR s NE
KEFERL, BEKOLPHLY IR, 7 TRD SNIE
KEFEHTIEHER, PN Toa=7°C, Tu=25C
WERET D, WKEBEBARERL 725 & CIEEITRMAE %2R
LiEL® 3,

3) {EBNRMRTREY A T AQEEDHD T — 7

Fu s T A SA R A) BBV, (FEIRERE S
AT LDATIGe(k), HIIQe(RYDT —2 RFHLL,

FDT =57 74 NVEERT 5.

4) FEIREREY A7 AORE

70275 51D (1§ B) #AWT, (EEhffkmaEs
AT LEETNMALL I LIRD SV AEEZBEB O R

KNt 75 PEREER
o P NS T N ey 4
o ow 7 A DD 4 7oy 7 R
Tw 4 1 — 1
T & i 2 1 2
Tw 3 3 M1 3

X 7 1 EEET
Woat At
Cw 27 4
Cua 28 5
Gy 26 6
Ea4.7 Hliy 27 AHER

FA=F @, by, bE3)VTIER LT 774 L%
HEWKHET S,

5) {EENRMRIED 7 4 ¥ & L1

7u 7% 4 COR (18 C) 12, 4) THSNIRM
T A5 OHETEME, HIEROBEH I A—FTHD
QD EEME Qy VF 2L —F DI Ay, Apy &7 H =03
O u # ATILT, 2K 5.

5. EERHRCEE

AETE, FIETRLLHEEY A7 LADOERO S &
CEBREPT>IERE2FRT. 27, N2 T EEHL
TEETRAAREY AT LORERTo R ERLZ
DETNALEYITH 2 Z L RHERT S, DF v
Fav—5, &7V EBOLFHRERED T 1
CyNEBOBRERL, BEENZS.

5.1 {EERARESRTLOETEHRES
EEIREE Y AT 22T ML LIRD 7SV A
EERBK

bo+ bzt

1+aqz! (5-1)

Qr(k) = Gp(k) +w(/z)
DRANT A—F %, (37) ReAOTHE L 7245
RERL, ZTOHROBHE{TH.

AN G (R RS v F LCEBEET, ¥ 7L EAHR
2BDEMED b & TISOED AT F—% Ge(2), Qe
(R)ZEL, 2075 7%2K5, LITRT., Zhsd
AMAF—s 2BCT (3-7) RNTELNI ST A—
¥ OHEFE(E I
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4 =-0.53071
by=45.1778 (5-2)
b =—23.9898

ThHb, INSOHEMEPBEYITH B E S ERE

T3z, EBROHT Q) £ F AT Q (k)

=—aQp(k— 1) +5G: (k)
+5Ge(—1)

Qe (&)
(5-3)

DEETS . H5. 212 G (k) & Qp (k) 77, F—
AN G EHLTES, 10 Q) 5. 20 Qr
(R)ZHE T2 &, MHEREBCLIL—HLTWA,

DI ERERBBCHEARS 201 Qrlk) & QF(k)UDi,h

RERE « LIFES

EOLEFHOF M o 2D &

150
6:\/2{(3;«‘( Qr k) } /150
=250 (keat/h) (5-4)

&0, ZOMEE, Qr(k)H3200~300X10° (keal/h)
EVIHEICHART, EboT/HEL (5-2) RTHEL
FRHEE N T A=, FHICD L EBRAREY R
TLADFHERBEL TWE EEZHNDL, LizhnoT

(5 2)RNTRIHEE T A—F 2AOTHER2HE
BT 5.

BB, CITRANELTGeRER LD, 2hid
Gr=G,LREL T, EBRRY FDIGEDBN L HEL
T2l ERMEHELTWE, GOV IKGEHVE L
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5.3

LD, BERRY e BEBEEAE LT AVRIES
ZELHERETDH B,

5. 2 EEIRBREBOT « 2 5 ILEIHERER
EB R E v A 7 - OFIfl= Qr (b)) 2, EHE
QuiciBfE 3¢ 2 6lHE, BIFE

me=ﬁﬂm+ﬁ§uka~1)—Qa
2k =Pi(k— 1) FP,G,(k— 1)
—K {Qe(k— 1) —Pax(k— 1)
—P,G,(k— 1)} (5-5)
ERAG,H4, 2 TRTFEY AT 208 £ TIT- 724
BERRL, EEEMZ 5,

i cEsNEFEEERCESE (5.5) RO P,
Py Py PR (310 TED, HIHASHEERE Q.=
250%10° (keal/h), V¥ a2l —% O 1,=1,=0.7,
& T F— O 1 =0.5, > 7R 2 8, HIEEE
M1008D b L TITo 77 4 Y F VEIERRZK 5. 3
R

IR Qp 1 HIERAERAI30M €, B QI A
D, ZTOWRESEFEL T, SIHEERIREERSNT,
{EBIRIRIRED 7 4 ¥ 7 VEINE G L 7z & &0
3.

5. 3 MESCSHOKREE
HIEICBLTOERERICORT & 8 0 HIHE Qi
B Q. DEEND VEHIERBEOHE Y & 13 758k
Z2OHRMP DL, BEOALPIHOEX DHRED

7 a4 Oy VEIEER

DI AR B 2 BEHBEOHEE Ok, HIENTSR
VAT ADEDBBETE, BEOESEIRD AN
TeHEEFROMM L, MESAE L URBRTNEANE
b,

Fio, RHIETE, FBREFREVATLEVIHE
BT PO O AOFIETH oIz, BKEY
WERFEEBY AT L22E08ENLETHS. TITR
INSOMBER L HHBEREYE DD,

1) MBI

FIEBE S +AE R wERE LT, BEOREN
H5, REME VBRI EN S Gr, Tyl T 2151
EROEEERE Ve, VoK ZEFREER2E LT 55
BENELEENTVD, CO¥SERET 2O
B¥EEHwL 7408 (41), (4-2) K2RV
Tw3, 07408 OEERRE

H (Z) = ( 1z tdeeeee +Z—24)/25
=(1~z%)/ {25(1 —z"} (5-6)
TiREN, ZOREEEER
H(e®T)=e 22 gin (256T/2)
/25sin(wT/2) (5+7)

THRENBY(H5.4). 22T w ZAREES, Ty
YTV TEALTHD, TIOT7T4NTE, T—FD
MBRMEEHYO A2 DT, BOERBMTT 3,
BRIEESC BT 2 EEIEZ BRI TR, B
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H5.4 MERH7 4Ly OBEEEE
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EEBEEEWMOETORELDF s 2 NELL,
ZONBI L QR EET 5, Uledt > THIFEIRH
I L shaWiBEEbh D, ZOWIOFTEIIH
BEECB S0 AETERE Y LT 2 0E b 2,

2) BEFE

EFECB TR, HEHRTDH 8GR E Y
AT LE LROSVAGEZBEETETMEL, 20k
HSZA—F 2RAN2FEETRD, LrlL, IO
FANDERTH B LIEE L0,

SVAGEEFIE Z TR IR EEELS, 72k
ZITATI CHERETREZREL 2T NER SV,
T RANZ A= OHEFHELELTE»IE, B2
FERDIRE I e — LR/ 2 5, WETEHGE, #
BRUEEZFELLBLEOZ ENH L, EOFENE
LB THZ»BELOFEEACCEEL, EF10
BEE % +5311T 5 LB H 5.

3) HlHEFE

AFETE, $IEFEL LTV Far—F B0
TH—NEHO, BRI A THBELF L —
F OB L UA 7T~ OlE I THBELICED,
FIWRBEBOMENEEN TR, Lo T,
HBHEOCC U CRMEREREED Z N ERND S 01X
BRET B LI RERBERFE T A—IEEZ DL
LEzZ 5N,

RFEETE, 2TENCY AT 2RZEOFEETV
ZORRERCTHIEARZRE2BERL, EROSIHEZT-
TV EEILARAEDRERBREZDEEHLTW S,
LTS o THIER AT > T 3 Rz S R O B ks
LB ECEZ OMERE 2w, 22 TYRT A
ORI L 7225 5 A 1T 5 BIsHE 2 HHET 2

LS BOBLERFATH L, BSHIEIZ, ko
BIHFEELA v 74 v OREREHEA B D Self
Tuning Regulator (STR)?, F/:dh s U oE&GET
NEEDTBEVT, ZOEFMIGERT 5 & 5 &l
% 1T 5 Model Reference Adaptive Control
(MRACPZ X935 5.

4) BBV AT LLEOHIE

KR TREY AT LD T —ET 2b bEEHE
WEY AT AZBWT, (FERAOERBH OGS
BEECELEI L0 IHEITH /2. UL, B
REZRE77 > MCBRHCERSNZ L, &
ELLRBHI2HBTEILTHE, 2OTF b
DEFER, BEARE, WEKRE, (FERARE
DIDT, TDO32%I AL TRLINER E
ERTORBHN 2B T 2H#Hs0E 22, C
DIzHITIF, BIEFBETIT> T3 Gy, Ge® BEMEAS
DETHY, £LLZAHNROERYOEASLET
b5,

6., Heh&

AWIFE T, HEERFE T L ¥ — R ER
DIBRREERBER S [FHE2EH] ofF
iR maEslEe s — Y a2 — 4 SORD
M223% F iz 7 4 V7 VEIBIC & - TER S 7,

FIRFEDREE 2D L, BRISTELLR » & OF¢
FET 4 DY NVEIEICLBELERE REF0OEERES
b, 7v7) 2b %25z 2H%MHEBE LTERL,
BFI584E 5 H» & 0 FEMI

1) PTAVITVRLDEREZD TS 7307
2) 77V LHIEERBORE
3) BREHER & IO RHEIEE
4) fEEIRMARE Y 2 7 A DOEE
5) T4 V¥ NEIFEIEST
DFET, —IEOFII~ & E Tz,

FHFFEEEL T, SBROMIEEE L L TCRTOEE

DRI I o 7z,
1) TEEHFARED T 4 ¥ 7 VEIEOBEREL
—FERSEEDHED DT E —
ORI - HIUHEROWR
OMETRRE
ORY TR LERLFAE
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3) BT ESNE, SRR
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—ERE 1 O#IEA X & Bl BIE R AIGHE—

4) TEBIRIE « Bk - Wk ¥ ERIESIE
—ZANLHNREE - #lEEROHA—

5) EEEY AT LD
—¥—Er - REELE D HIE—

6) EkEHEIE

— =8 K% @ SORD T F E D TOSBAC %
B LI —

BEE AWPREHLD, BELYE CEBRICHT
HEVT:, EEREETHEREET 3L X —TRER
RO R EMEIF  EE R E T FPERTH¥ROMN
HERABE, 2o CIEROFET 2IH 72 4 R
THRUEE TR L B TR TEBE o RE
WS L URIMFLEBCRHHORERL 7,

g7 usSAIDETR SIS L COROFDT
Ul AL ARRDOUTC, Ful I LD—EMEFE L
THWERIEREREE B SATESRHK
B) OILHEEARICESL 7.

2 F X B

1) EF, MEREERETAE, A —of (B85

2) FE Em 3L, VT NT =Ty RERETRE S
o BrREEREONE, BABRESRE
49-442, B (B58) 1214,

3) HEM, YAT ARE, FHESHEYS (1856)

4) HH, T4 Y7 VEIE  BEER, o2 —bo—
ANo 2 (HE58)

5) K, T4 Y5 EBNEE I, BRE (ED

AT Lk HIEE25-8, 25-9 (BR56), 476, 551,

7) R. Isermann . Parameter Adaptive Control Al-
gorithms. A Tutorial. Automatica 18-5,
(1982), 513.

8) 1 D.Landeu and B, #ICHIEY 2 7L OB &
ERE, A — 2tk (B856)

48 : 7075 L L ERRER
A, 7urs LSA (FEIBREY AT LOEED
7o D F — 5 HED)
B, Yo77 41D {EEHAEREY X 7 20RE)
C.7a7 74 COR WEBhGMAGIE > A 7 2 D)
8 A 7075 4LSA
(A—1) a7 7 L0%kE EEREEREYS
v hd e DHREY, REHOEESELY A/DEHEEE
BULTEERIzED 2, ZOBEZ Tus Tios Tvos
Gus Ge, Qus QeOHEEICIBBEL T, 7—F 7 74 L %
YERL T 5.
(A—2) 7ars LOMEFIE
1) “NAMEOFEXPERIMENT=" (E1) Z
DEBOART (6 XFLUN) #ANTH. 04
HITF—5 7 7 A MDMERE NS,

2) “SAMPLING TOTAL TIME TO(sec)="
(300) > v IBEREANT S,

3) “SAMPLING TIME T(sec)=" (2) %>~
Vv M EAIT S,
TO/T M7 —% DEE L5,

4) “NUMBER OF DATA FOR REMOVE

NOISE=" (25) #MEREDDOMEFHD
TANEIDT =5 OEEEANT S,

5) EvkESLT (SAMPLING START
STRIKE CONT> %##RL, CONT %43 &+
7Y v IHBRT 5.

6) EvEENLT (END OF SAMPLING> #%
FRLTC, Yo7V IhED 5,

6) i, SEHEERY AT AOREFELI, I v 7) HEREHNG, Tus Tuor G Tvor Ger Quo
QDT =27 7 A WEERT 5.

10/ 34

20 / SAMPLING

30 VCLEAR

40 ON ERROR GOTO 1120

50 GOTO 340

50 / A/D CONVERTOR

70 FOR I =0 T0 5

20 LET Z(I} =0

20 NEXT I

i00 CaALL #5 4+ X + F

110 FOR I =0 T0 5

120 FOR J = 0 TO 24

130 LET Z(I) = Z{I)+X(A*J+I)

140 NEXT J

150 LET Z(I) = 0.0025%(Z2(I1)/25)-5.12

160 NEXT I

170 / AMP.COEFFICIENTS

180 FOR I = 0 TO 2

190 LET Z(I) = 1000%(Z(I)-B(I})/G(I)

200 NEXT I

210 / THERMAL CAL
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220
230
240
250
260
270
280
290
200
210
320
230
340
230
360
370
380
390
400
410

43

440
450
460
470
480
490
500
510
520
520
340
550
540
370
5080
390
£00
410
£20
630
640
450
&40
&70
680
590
700
710
720
730
740
750
760
770
780
790
500
210
820
230
240
850
3560
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FOR I =0 T0 2
LET Z9 = A(I+3)+Z(1)*A(1+4)
LET 79 = A(I+2)+I1{1)*19
LET 19 = A(I»1)+Z(1)*ZI%
)

LET Z(I) = A(I+0)+Z(1)%Z?

NEXT I
FLOW CaAL

LET Gl = 24%(2#I(2)+2%71(4)-2)

LET G2 = 6£.25#(2%#72(5)-0.87)

LET &1 = GI#(Z(0)-Z(1))

LET L = 45.9-0.188535%Z(2)-0.0012%Z(2)*1(2)
LET Q2 = G2%L

RETURN
MAIN

INPUT "NAME OF EXPERIMENT = " s F1%

INPUT "SAMPLING TOTAL TIME (sec) TO= " 4 TO
INPUT “SAMPLIG TIME (sec) T= " » T

LET N = TO/T

PRINT "NUMBER OF SAMPLING= " 3§ N

PRINT "N= " § N

DIM Z(5) s X(149) + BL2) » G(2) » A(Z2+4) » FOLIO)
DIM CCEsN)

AMP. CONSTANT VALUE
BIAS B(O)-B(2): GAIN G(0)-G(2)

LET B(O) = 0.014

LET B(1} = 0.029

LET B(2) = 0.012

LET G(0) = 941.94

LET G(1) = 939,21

LET G(2) = 938.99
THERMAL COEFFICIENTS FOR mV-°C
THI

LET A(0:0) = -0.0014&27
LET A(0s1) = 25.24
LET A(0,2) = -0.3685
LET A{0:2) = -0.7

LET 4(0,4) = 0,119
THO

LET A(1:0) = 0.0241
LET A(1:1) = 25.14
LET A(L1:2) = 0.42464
LET A(1,3) = -0.7152
LET A(1:4) = 0.1634
TVO

LET A(2:0) = -0.006499
LET A(2:1) = 25.39
LET A(2:,2) = -0.02063
LET A(2:2) = -0.452
LET A(2:4) = 0.1114
LET P(1) =1

LET FP(2) = 150

LET P(3) = 4

LET F(4) = 0

LET P(3) = 0

LET P(&) =1

LET P(7) = 2

LET P(8) = 2

LET P(9) = 4

LET F(10) = 3

PRINT CHR$(7)

PRINT "SAMPLING START STRIKE CONT®

STOP

PRINT " TIME THI THO TVO GH
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BH QF Gf
270 / SAMPLING
880 LET T8 = TIME
890 LET C(0:0) = 0O
900 FOR K = 0 TO N-1
910 LET Ti1 = TIME
920 LET Ti = Ti+T-1
230 GOSUB 40
940 LET C(1:K) = Z(0)
H LET C{2:K) = Z(1)
H LET C(3K) = Z(2)
: LET C(4:K) = G1
: LET C(5:K) = G2
: LET C{(é6:K) = @1
: LET C(7,K) = @2
H LET C(8,K) = 0
950 PRINT USING “H&8#. 8% HH&#.88  HS88. 88 HEHE. B HHEE.HE
HEEH . EE O BHEELHE HEHELEE BHBEOHEE" 5 C(0K) » CL1:K)Y ¢ C{Z9K
o B3 K) » CUAsK)Y v CUSK) » C(AsKE) » C(73K) » C(BK)
960 LET T2 = TIME UNTIL 72 > Ti
970 LET C(OK+1) = TIME-TS
280 NEXT K
920 / FILE
1000 PRINT "END OF SAMPLING®
1010 PRINT CHR%(7)
1020 RECORDESIZE #1 + Y(N-1)
1030 OPEN Fi$ AS FILE 1! RECORD CONTENTS 9
1040 FOR I = 0 70 g
1050 FOR J = 0 TO N-1
1040 LET Y(J) = C(1:+)
1070 NEXT g
1080 FUT #1 RECORD I
1090 NEXT I
1100 CLOSE 1
1110 END
1120 / ERROR CHECK
1130 PRINT CHR$(7)
1140 CLOSE 1
1150 PRINT "ERR= " 3 ERR + " ERRL= " ERRL
11460 END
8B 7RI F 41D BEFRLT, ZOdhho AN HIEBIRT 5,
(B—1)7u 75 A0 7a s 5 i SA TR 5) “INPUT=", “I=" (GF), (5) #=E&R&h
LEF—5%briz, EEOAENT -5 OBIFE L b0, EANDEH (GF) £ 201U a— FES
AREREETET LT 5, S REEBR ORI SS (I=5) 2ANT 3.
A=F RN FRETHET 2, EEOAHNF~5 0 6) “OUTPUT=", “I=" (QF), (6) 3FEFa
77 7RIS, NIbDONSHIDEFIEZD Vv a—FESEA
(B—2) 7u7/ % s0HFIE 1T 5,

1) “NAMEOFFILE=" (E1) 7uz%4SA
THRL 72 F =8 7 7 A VEEANT S,
2) “NUMBER OF DATA=" (1500 +F—4%1{#&
AT 5,
3) “INTERVAL=" (2)
(sec) #ANIT 5,
4) <(TIME :;I=0>

VIV AR I = |

(THI I=1>
(THO :I=2>
{TVO ;1=3>
GH I=4>
GF I=5>
QH :I1=6>
QF I1=7>

7) AT =075 7R 5 —=V%EANT 5,
“QH AND QF MAX=" (5000 Qu& Q-
DBRRAT—NEANT S,
“GF MAX=" (20)
ANT 3.

“TOTAL TIME TO="
BRATr—NE2ANT S,
8) AHNF =527 5 7RRL, n—Fav—»i

ErEdtvryAF—1%2W¥. #0H £ CONT

GrDB|ARAT — N %

(300)  EHfFEhD

BT,
9) “GRAPH AGAIN? YES=1,NO=0, I ="
(lor0) VSRR —NOEENHD L&

FI=17TT7) ~NEB., 1=0TR~NED,
10) “ORDER OF A(Z-1)=" (1) “ORDER




68

PREf - KEEE -

Gf i I=8>
AMEEBEORBEATIL, X5 X~ FHEDE
HzA3,
11) RANST A =5 DWEHERE @y @y oo ,
Qms Doy byy e b DIEICRRT 3,
“STOP AT THE LINE NO 9607
CONT k- T7aZ S anBEHEL, EFLOH

12)

LEES
OF B (z-1)=" (1) =7FMLi3a/0
DTS TR,
14) “PRINT OUT A (Z—1) oo A(0), B
(Z— 1) veereeer B (0)”
YES=1, NO=0 “I=" (1or0)

AHCRDO BB B LV AICE 7Y > 5 IcH
NTBHEIPEENTL B,

J1Qe e EHT 2. 15) #T.
13) 7) ~9) OFIET, GFRHETI3EFLOHEN
10 /1D
20 /IDENTIFICATION L1INPUT - 1 OQUTPUT
30 ON ERROR GOTO 1430
40 PRINT "I1D DATA=N IDENTIFICATION SI/S50 "
50 INPUT "NAME OF FILE= " ; F1%$
50 INPUT "NUMBER 0OF DATA= " 4+ M
70 INPUT "INTERVAL= " ,; H
80 FRINT "TIME:I=0O"
20 FRINT “THI :I=1"
100 PRINT "THO :I=2"
110 FRINT "TV0D sI=2"
120 FRINT "GH :I=4"
130 FRINT "“GF :I=35"
140 FRINT "QH :I=4"
150 PRINT "QF ¢I=7"
160 FPRINT "Gf :I=2"
170 DIM U(M=1) + Y(M=1) &+ C(24M=1) + RE(40) 4+ A(T7:8) » XO(7)
180 DIM Y2(M-1) 5 L(7)
190 RECORDSIZE #1 » Z(M-1)
200 OPEN Fi$ AS FILE 1
210 INPUT "INPUT = " 5 Ui% 5 "I= " 3 1
220 GET #1 RECORD I
220 FOR J = 0 TO M-1
240 LET U(J) = Z(d)
250 NEXT J
260 INPUT "QUTPUT= " 3 Y1% + "I= " 3 I
270 GET #1 RECORD I
280 FOR J = 0 TO M-1
290 LET Y(J) = Z(J)
3200 NEXT J
310 INPUT "DESIRE= " 5 Di%  "I= " 5 1
320 GET #1 RECORD I
330 FOR J = 0 TO M-1
340 LET C(1:J) = Z(J)
350 NEXT J
3460 CLOSE |
370 /PLOT
280 FOR J = 0 TO M-1
390 LET C(0:3) = Y(J)
400 LET C(2:J) = U(J)
410 NEXT J
420 GOSUB 1620
4320 /IDENTIFICATION
440 INFUT " ORDER OF A(Z-1)= " 3§ P1
450 INPUT " ORDER OF B(Z-1)= " 3 Q1
460 LET E9 = 0.1E-14
470 LET NO = Pl+G1+1
430 LET MO = Pl+Q1+2
490 FOR I = 0 T0O NO
500 FOR J = 0 TO MO
510 LET A(I:J) = 0
520 NEXT J

[}
53

NEXT I




/Mo

/AT

BHREERET 7~ MBI AEBIRANED 7 1 ¥ 9 VEIEY 25 A

FOR I =1 70 P1
FOR J = 1 ToO F1
FOR K = 2 TO M-1
LET A(I+J) = A(L:J)+Y(K-1)#Y(K~-])}

NEXT K
NEXT J
NEXT I
FOR I = 1 7O GQi+1
FOR J = 1 T0O Bi+1

FOR K = 2 TO M-1
&%TVA(P1+IyP1+J) = A(PL+IsPI+J)+U(E-T+1 ) #U(K-J+1)

NEXT J

NEXT I

FOR I = 1 70O @i+1
FOR J = 1 70 P!

FOR K = 2 TO M-1
LET A(PI+1.J) =
LET A(JsFP1+I) =
NEXT K
NEXT J
NEXT I
FOR I =1 TO P1
FOR K = 2 T0O M-1
LET ACI MO)Y = A(IsMO)+Y (K%Y (K~-T)
NEXT K
NEXT I
FOR I =1 7O @1+1
FOR K = 3 TO M-1
LET A(PI+IMO) = A(PL+I+MO)+U(K-TI+1)#Y(K)
NEXT K
NEXT I
GOSUB 1490
FOR I =1 70 P1
LET L(I) = -A(I:+MO)
NEXT I
FOR I = 1 TO @1+1
LET L(P1+I) = A(PI+I.MO)
NEXT I
FOR I = 1 TO NO
PRINT L(I}
NEXT I
PRINT CHR$(7)}
STOP
DEL
FOR K = 0 TO 2
LET Y2(K) = Y(K)

A(PI+II)+HHK-T+1) Y (K-J)
ACTsPI+IY+Y (E=-J)#U(K-T+1)

NEXT K

FOR K = 2 TO M-1
LET 51 = 0
LET 52 = 0

FOR I =1 70 P1

LET 51 = S1+L(I)#Y2(K-1)
NEXT I
FOR I = 1 TO @1+l

LET S2 = S2+L(PLI+1)*I(K-I+1)

NEXT I
LET Y2(K) = 52-51
NEXT K
C
LET 51 = 0
FOR K = 0 TO M-1
LET 50 = ABS(Y(E)-Y2(K))
LET £1 = S1+350#S50

69
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1170 NEXT K

1180 LET A4 = M*LN(S1/M)+Z%(FP1+a1)

1190 /PLOT

1200 FOR J = 0 TO M-1

1210 LET €(0,J) = Y2(J)

1220 LET C(2:3) = U(J)

12320 NEXT J

1240 GOSUB 1420

1230  /PRINT

1260 INPUT " FRINT QUT A(Z-1)«-+A(0) & B(I-1)---E(0Q) 7 YES=1,
NO=0 I= " 351

1270 IF I <> 1 THEN GOTO 1400

1280 OFPEN "S0UTA"™ A5 FILE 2

1290 FRINT #2

1300 FOR I =1 70 P1

1310 PRINT #3 » TAB(14&) § "A" 3 I 3 "="
1320 FRINT #3 USING "“##.##&#s~m" 5 L)
1330 NEXT I

1340 FOR I = 0 TO &1

1350 PRINT #3 » TAB(14&) 5 "B" 3 I § "=" 3
1360 PRINT #32 USING "##.####8"""" 5 LIPL1+I+1)
1370 NEXT I

1380 PRINT #3 +» TAB(14&) 5 "AID = " 3 A4
1390 CLOSE 2

1400 CLOSE 2

1410 CLOSE 1

1420 END

1420 CALL #11 » 0 +» 3

1440 CLOSE 1

14350 CLOSE 2

14460 CLOSE 2

1470 PRINT "ERR= " 5 ERR » "ERRL= " j ERRL
1480 END

V4RO /7171177770777 0 7770707777007 0000000007007 77070777700770740107770771777717

:/ subrou

tine sweers

ELLPLLTI7007 0070700070000 7070080000007 7000000000007 0077770770787777

1101717777

1101177774
1500 IF NO =
LET I0
LET M1
ELSE
LET I0
RETURN
FOR I
: FOR J

HugmN

0

as 88 ve 98 wu
1]

1510 1 70

=1

AND MO >= 3 AND NO < MO AND E% >

0 THEN

ABS(A(1,1))
20000

NO

TO NO

: IF M1 < ABS(A(I:J)) THEN

; LET M1
NEXT J
NEXT 1
FOR I 1 70
LET X0(I)
NEXT 1
FOR K = 1 TO
LET M2
LET RO
LET CO
FOR J
FOR I
IF M2
ELSE
LET

we wa

1530

K

(LIS

26 sa 88 sg s

1540

s 88

»=

Mz

ABS(A(I,J))

NG
I

NO

ABE (ALK

K TO NO
K TO NO

ABS(A(I,J)) THEN GOTO 1550

ABS(A(Td))



15460

1370

1580

1600

1610

1620
1630
1640
1650
16560
1670
1680
1620
1700
1710
1720
1730
1740
1750
1760
1770
1780

se ®8 g en s an wa me

an u8 s Be se =E 9% ms @% sa

88 sa wa ee w8

es %8 @n 96 we 23 s

6o sm vs =a

NE
LE
Fa

NE
RE
/SUBR
IN

INPUT

IN

OPEN

CA

WEREERE Y7 v MBI A2 EEIRMERED 7 1« ¥V 5 VY AT 4

LET RO
LET CO
NEXT I
NEXT J
IF M2 < MI1+#E? THEN
LET 10 =K
RETURN
FOR I =1 TO NO
LET M2 = A(I.K)
LET ACIsK) = A(I,CO)
LET A(I:CO) = M2
NEXT I
FOR I = K T MO
LET M2 = A(K,I)
LET A(KsI) = A(RO:I)
LET A(RO:I) = M2
NEXT I
LET I = XO(K)
LET X0(K) = X0(CO0)
LET X0(C0) = 1
LET KO = K+1
LET AO0 = A(KsK)
FOR I = KO TO MO
LET A(K»I) = A(KyI)/A0
NEXT 1
FOR I = 1 TO NO
IF K = I THEN GOTO
ELSE
LET AZ =
IF A2 =
ELSE
FOR J =
LET A(I+d) =
NEXT J
NEXT I
T K
T N1 = NO+1
R K = NI TO MO
FOR I = 1 7O NO
LET JO = X0(I)
LET A(JOsNO) =
NEXT I
FOR I = 1 TO NO
LET A(I:J) =
NEXT I
XT K
TURN
QUTINE FLOT
PUT "@H AND QF MAX= " 3
"GF MAX= " 3 M9
PUT "TOTAL TIME TO= " j
"SOUTA" AS FILE 2
LL #11 » 0 + O

1
J

non

1600

ACT+E)

0 THEN GOTD 1400

KO TO MO

ACI»d)

ACI+NO)

Me
T0

CALL #11 , 1

/HIDA

LET @8% =

CA

LET 8% =

CA

SHI

"DATAS"+F1%+"
s 2 5 300 » 245 5, 0 5 Q0%
"INTERVAL ;" +NUMS(H)+" SEC"+"

LL #11 » 2 4 2300 » 2325 » 0 » O%

LL #11

/JIKUY

/TATE

CALL #11 + &

CA

20 s 20

430 y 20

230 4 1

LL #11 & & 220 ¢ 1

LET 5 = M&/3

A{I»J)-AZ%A(K:d)

INPUTS"+UL$+" DUTPUTS"+Y1$

SAMPLE S " +NUMSE (M)

71
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1790 LET €1 = 230/5
1800 FOR I = 0 TO 5
1810 LET K = I%S81+20
1820 CALL #11 + 5 v 20 +» K » =2 4+ 1
1830 LET £9% = NUM$(S*I)
1840 LET K = I#51+20~-3
1850 CALL #11 + 9 +» 0 + K + 0O » 59%
18460 NEXT I
1870 7/
1880 LET § = M9/5
1890 LET 51 = 220/5
1900 FOR I =070 5
1910 LET K = I#51+20
1920 CALL #11 + 5 4+ 490 4 K s 2 4+ 1
1930 LET €9% = NUM$(S*I)
1240 LET K = I#31+20-3
19350 CALL #11 » 9 + 495 4+ K + 0 + S9%
1260 NEXT I
1970 /YOKO
1980 CALL #11 » 5 4+ 20 4+ 20 4+ 470 4+ 1
1990 LET & = T0/5
2000 LET S1 = 470/3
2010 FOR I = 0 TO §
2020 LET K = I#51+20
2030 CALL #11 +» &6 4 K » 20 4 -2 4 1
2040 LET $9% = NUM$(Sx%I)
2050 LET K = I%#51+420-5
2060 CALL #11 +» 2 s+ K + 7 + 0 + S9%
2070 NEXT I
2080  /PLOT
2090 FOR I = 0 70 1
2100 FOR J = 0 7O M~-1
2110 LET X2 = INT(470%J/(M=-1)+20)
2120 LET Y9 = INT(220#C(I:J)/M3+20)
2130 IF J = 0 THEN
: CALL #11 » 4 5 X9 4+ Y9 + O
H ELSE
: CALL #11 + 4 4 X9 » Y? 4 1
2140 NEXT J
2150 NEXT I
2160 /
2170 FOR Jd = 0 TO M-1
2180 LET X9 = INT(470%J/(M-1)+20)
2190 LET Y9 = INT(230%C(2:J)/M2+20)
2200 IF J = 0 THEN
H CALL #11 5 4 + X2 + Y® + O
H ELSE
H CALL #11 + 4 4 X9 + Y2 » |
2210 NEXT J
2220 PRINT CHR$(7)
: STOP
2230 IF INP(212) = 1 THEN
H CALL #14 , 2 + 1
2240 CaLL #11 » 0 » 3
2250 CLOSE 2
2260 INPUT " GRAFPH AGAIN 7 YES=1,s NO=0 I= " § I
2270 IF I = 1 THEN GOTO 14620
2280 RETURN
8% C 70454 COR HIEER O AT (FEGhFRMETRE) & (FEEiG
(C—1) 7us/ 7 o088  (FEREORIEESR EERHEOME) 075 72T,
O#AELEEEL S5 L5 CEDREORES T FIEEEREIHD Tus Tuos Tvor Gus Ges Qus Qe G

#iT 5. DF =57 74 VEERT 3.
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(C—2) a7 r0HERFIH

1My EFMNLT

73

o

REV, REERX OFHEE A

HEE L Hho
VAR IR
{CONTROL START STRIKE
CONT> ##ZmRL, CONT ##3 L#ilfH it x
5.

vy EEMLT  <END OF CONTROL>
FRL, HESKRD B, (500)

“QH AND QF MAX="
DEKAT—LEATT S,
“GF MAX=" (20)
Ah¥T3,
HIEERD 75 7 28R, N—FaE—nLE
Ak EFFErAF—1 2T,

“GRAPH AGAIN? YES=1, NO=0 I="
(lor0) ZS57A7—NLOEEMNHL L x
1F1=17T12) ~NRE3, I=0 T~

“PUT FILE? YES=1, NO=0, I=" (1
or0) FT—=8774LEETLS]I=1%AH
L, Baxuvis I =0 Tkt
“PRINTOUT? YES= 1, NO=0, I="
or 0)

%
(500)  Qu& Qe

GrDOBERAT — N %

(1
FT—sE7) s s 1=1,
HAAL RS 1= 0 TIRT T 5.

2%
To= " 4 TO
T
NOISE= " 5 N?
p ACZi4) 4 PO10) + Q$(40)
1 BO ;i ° Bi= " 3 Bl
i R1
i R2
i R3

*P4-PZ¥F3))

1) “NAMEOF EXPERIMNT=" (E2) &
OEBOER (6 XFLUW) #ANT B, T2
DEBTT =5 7 74 A2 53,

2) “CONTROL TOTAL TIME TO (sec)="

(100)  HIEMBEEE 2 A5 5, 11

3)  “SAMPLING TIME T (sec)="  (2)

HEREE AT 5. TO/T »EINSE L 2 5, 12)

4) “DESIRE QD=" (250) {FEIfi{kDEHE
HOBED BEEE AT 5. 13)

5) “NUMBER OF DATA TO REMOVE
NOISE="  (25) #ERED:HOMEFLY 14)
OF— S EEEANT B,

6) “POLEOFREGURATORRI=" (0.7) v 15)
Falb—YOWEEEET 5.

7) “POLE OF REGURATOR R2=" (0.7)
VE2L—FDYLD 1 O0BEIRET 5. 16)

8) “POLE OF OBSERVER R3=" (0.5 #

THF DR IEET 5.

9) “u=” (0) 17)

“y=" (0)

“y =" (0)

“X=" (0)

SO 75 AREET 50O ANU, HAY,
100 / COR
110 / OTEC CONTROL
120 VTCLEAR
120 VCLEAR
140 ON ERROR GOTO 2020
150 / MAIN
160 INPUT "NAME OF EXFERIMENT= " § F
170 INPUT "CONTROL TOTAL TIME (sec)
180 INPUT "SAMPLIG TIME (sec) T= "
190 INPUT "DESIRE @D= " , @9
200 INPUT “"NUMBER OF DATA FOR REMOVE
210 LET N = TO/T
220 PRINT "NUMBER OF RECIRSIVE= " 1 N
230 LET N8 = &%#N9-1
240 DIM Z(5) s XQ(NB)  B(2)  G(2)
250 DIM C(8:+N)
260 / SYSTEM
270 LET Al = ~0.790&82
280 LET BO = 44,7158
290 LET B1 = -35.2835
300 LET P1 = -Al
310 LET P2 = B1-AL1#B0O
320 LET P3 =1
3320 LET P4 = BO
340 PRINT "ALl= " 3 Al 3§ " BQ= "
350 / REGULATOR AND ORSERVER
360 INPUT " POLE OF REGULATOR Ri= °
370 INPUT " FOLE OF REGULATOR R2= "
2820 INPUT " POLE OF DBSERVER FR3= "
290 / FEED BACK AND OBSERVER FARAMETER
400 LET F2 = (R1+RZ~R1#RZ-1)}/(P4-(PF1
410 LET F1 = ((RiI+R2-P1-1)-P4xF2)/P2
420 LET F3 = (R3-FP1)/P3
420 / AMP. CONSTANT VALUE
440 / BIAS B(O)-B(2), GAIN G(0)-G(2)
450 LET B(0) = 0.014
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440
470
480
490
500
510
320
530
540
350
560
570
380
590
600
610
420

540
4350
£60
570
580
690
700
710
720
720
740
750
760
770
780
790
200
210
820
830
240
850
360
2870
880
GH

890
900
210

920
930
940
950

se B8 me ®N pe 6 sw 64 m@ 8% o GO

FREE - KERE - LEES

LET B(1) = 0.02%
LET B(2) = 0,012
LET G(0) = 941,94
LET G(1) = 239,21
LET G(2) = 938,99
/ THERMAL COEFFICIENTS FOR mV-"C
/ THI
LET A(0:0) = -0.001429
LET A(0,1) = 25.24
LET A(0,2) = -0,3485
LET A(0,3) = -0.7
LET A(0:4) = 0.1419
/ THO
LET A(1:0) = 0.0241
LET A(L:1) = 25.14
LET A(L1,2) = 0.4244
LET A(1,2) = -0.7152
LET A(1:4) = 0.14634
/ TVO
LET A(2,0) = -0.00646%9
LET A(2,1) = 25.39
LET A(2,2) = -0.02045
LET A(2,3) = -0.452
LET A(2:4) = 0.1114
/
LET P(1) =1
LET P(2) = N9#&
LET P(3) = 4
LET F(4) = 0
LET F(3) = 0O
LET P(4) =1
LET P(7) = 2
LET P(8) = 3
LET P(9) = 4
LET F(10) = 3
INPUT "U= " , U
INPUT "Y= " 4 ¥
INPUT "¥= " 4 V
INPUT "X= " X
PRINT CHR%(7)
PRINT "CONTROL START STRIKE CONT®
STOP
FRINT " TIME THI THO TVAQ
aF Gf"
/ CONTROL
LET T8 = TIME
LET ©(0:0) = 0
LET D? = 148
FOR K = 0 7O N-1
LET 71 = TIME+T-1
ouT 17 » D9
FOR I =0 T0O 3
LET Z(I) = 0
NEXT I
CALL #5 ¢+ X9 » P
FOR I =0 T0 5
FOR J = 0 TO N9-1
LET Z(I) = Z{I)+X9(6%J+])
NEXT J
LET Z{I}) = 0.0025%(Z(I)/N9)-5.12
NEXT I
FOR I = 0 TO 2
LET Z(I) = 1000%(Z(I)-B(I))/G(I)

NEXT I

GH




)

960

970

280

990

1000

HHEd.

1010
1020
1030
1040
1050
10460
1070
1080
1090
1100
1110
1120
1130
1140
1130
1160
1170
1180
119Q
1200
1210
1220
1230
1240

BREREERET T MNIBY 2 FEMARED 7« V5 LY 27 4

LET C(7:K)

o2

: FOR I = 0 TO 2
H LET 79 = A(Ls3)+Z(1)%A(1+4)
H LET 219 = A{I+2)Y+Z(1)*ZI9
H LET 29 = A(L+1)+Z(1)%*LI9
H LET Z(I) = A(I:0)+Z(I)%19
: NEXT I
H LET G1 = 24%(2%Z(2)+2%1(4)-2)
s LET 62 = 4.253%(2%#2(5)-0.87)
H LET @1 = GI#(Z(0)-2(1))
H LET L = 48.9-0.18855%7(2)-0.0012%Z(2)%7(2)
H LET 82 = GZx*L
LET VI =V
s LET X1 = X
: LET Ul = G2
: LET Y1 = B2
: LET E = Y1-G9
: LET V = V1+F2%E
H LET X = Pl#X1+P2#U1~-F3%(Y1-P3#X1-P4+U1)
: LET U = V+F1i#X
IF U <{ 3 THEN
H LET U = 2
: ELSE
: IF U > 8 THEN
: LET U = 8
LET V9 = -0.048446%#U%U+1.746%1J-0,06
: LET V9 = (2%V9)/2
: LET D9 = (V9+10.24)%12.5
: ouT 17 » D%
LET C(1:K) = Z(0)
H LET C(Z:K) = Z(1)
: LET C(2:K) = Z(2)
H LET C(4:K) = 51
H LET C(5:K) = G2
: LET C(&:K) = Q1

LET C(8B:K)

PRINT USING

U

ngamag HE O BHEBELBE BEBEOBE BEER.RR
ClOK)

4 HEBGLBE HEBELBE HEEEHRT S
v C(34K) v C(4:K) » C(S

1K)

H

C(éy

LET T2 = TIME UNTIL T2
= TIME-T®2

LET C(OsK+1)
NEXT K

PRINT "END 0OF CONTROL"

FRINT CHR$&(7)

STOP
/
/GRAPH
PRINT "GRAPH"
INPUT "GH AND GF MAX= " ; M3
INPUT "GF MAX= " + M9
OPEN "SOUTA"™ AS FILE 2
CALL #11 +» 0 + O
CALL #11 4 1
/MIDASHI
LET Q% = "DATA;"+F2%+"
CALL #11 » 2 » 300 4+ 245 4 0 4 0%
LET G% = "INTERVALS"+NUMS(T)+" SEC"+"
CaLL #11 » 2 4 300 ¢+ 225 » 0 : Q%
/JIKU
/TATE )
CALL #11 » & 5 20 » 20 ; 230 1
CALL #11 + & + 490 4 20 5 230 5 1
LET § = M8/3

KDY s
» Ti

C(7:K)

'

Ho#d . #%
COLPK) v CU2sK
y C(2sK)

INPUT:GF OUTRUTGF"

SAMPLES " +NUMS (N)
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1250
1260
1270
1280
1290
1200
1310
1320
1330
1240
1350
1260
1270
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1300
1510
1520
1530
1540
13350
1560
1570
1580

1590

1600
1610
1620
1630
1640
1650

16460

1670
1680
1690

1700
1710
1720
1730
1740
17350
1740
1770
1760
1790
1800
1210

LET S1 =
FOR I =
LET K

TEBE c RAERE - LEES

230/5

0

0D 5
I#31+20

CaLL #11 +» 5 4 20 43 K 4+ -2 4+ 1
LET S2% = NUM$(S%1)
LET K = I%#51+20-3

CALL #11 + 9 » 0 ¢+ K + O » 528
NEXT 1
LET § = M9/5
LET §1 = 230/3
FOR I = 0 TQO S
LET K = I#S1+20
CALL #11 » 5 » 490 ¢+ K » 2+ 1
LET S2% = NUM$(S#I)
LET K = I%81+20-3
CALL #11 4+ 9 » 475 4y K » O 4 52%
NEXT I
/YOKD
CALL #11 » 5 » 20 5 20 + 470 + 1
LET 5 = T0/S
LET 81 = 470/5
FOR I =0 T0 5
LET K = I#S1+20
CALL #11 + & » K 9 20 4+ -2 4 1
LET S2% = NUM$(S*1)
LET K = I#51+20-5
CALL #11 » 9 + K + 7 + O + 52%
NEXT I
/PLOT
FOR'I = 6 T0 7
FOR J = 0 TO N-1i
LET X9 = INT(470%J/(N-1)+20)
LET Y9 = INT(230%#C(I+J)/MB+20)
IF J = 0 THEN

CALL #11 +» 4 4 X9 » Y2 4+ 1
NEXT J
NEXT I
/
FOR Jd = 0 TO N-1
LET X2 = INT{(470%J/(N-1}+20)
LET Y9 = INT(230%C(2:J)/M9+20)
IF J = 0 THEN
CALL #11 + 4 » X9 + Y9 » O
ELSE
CALL #11 + 4 4 X9 ¢+ Y9 4 1
NEXT J
PRINT CHR$(7)
STOP
IF INP(212) = 1 THEN
CALL #14 +» 2 + 1
CALL #11 , 0 ¢+ 5
CLOSE 2
INPUT "GRAFPH AGAIN ? VYES=1,N0O=0
IF I = 1 THEN GOTO 1080
/
/FILE
INPUT "PUT FILE ? YES=1, NO=0
IF I = 0 THEN GOTO 1870
RECORDSIZE #1 5 A9(N-1)
OFEN F9% AS FILE 1 RECORD
FOR I =0 T0 8
FOR J = 0 TO N-1

CALL #11 » 4 5 X9 » Y? » O
ELSE

I._-.N

[}
¥
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1820 LET A9(J) = C(I.J)

1830 NEXT d

1840 PUT #1 RECORD I

1850 NEXT I

1860 CLOSE 1

1870 /PRINT 0OUT

1880 INPUT "DATA PRINT OUT * YES=1, NO=0 I=" 35 I

1820 IF I = 0 THEN GOTO 1970

1900 OPEN "SOUTA" AS FILE 2

1910 PRINT #2 » "DATA NAME ="+F%%

1920 PRINT #2 + " TIME THI THO TV GH
GF H OF Gf"

1930 FOR I = 0 TO N-1

1940 PRINT #2 USING "####. 4% #4884 #F #8884 HH88. 84 884, 44

FHEFHE HEEEEE BEEEHE BEBSOHE 5 COOsI) o C(L:I) o (2
I o C(3+I) » C(AsI) » TAS+I) v C(&I) » C(741) » C(ESI)

1950 NEXT I

1960 CLOSE 2

1970 7

1980 CALL #11 + 0 » 5

1990 CLOSE 1

2000 CLOSE 2

2010 END

2020 / ERROR CHECK

2030 PRINT CHR$(7)

2040 PRINT "ERR= " 3 ERR + "ERRL= " ;7 ERRL

2050 END




