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ABSTRACT

With the increasing municipal wastewater loads, people pay more attentions to
the municipal wastewater treatment, so it is the requirement that we develop more
efficient procedures for wastewater treatment plants to meet the stricter requirements
on effluent quality and economics. The activated sludge process has been
extensively utilized for the secondary treatment of industrial and municipal
wastewater. The aim of this thesis is primarily to propose and illustrate methods for
modeling and control of activated sludge processes, develop a simulator for the
activated sludge process, in order to possibly strength the users’ knowledge for
different process plants and the control strategies, and possibly improve process
efficiency.

The first part of the thesis introduces the activated sludge model No.1 (ASM1),
and illustrates the representative method, the characters of the water quality and the
different components in detail.

The second part of the thesis includes a derivation of reduced order models for
the activated sludge process. Firstly, the paper introduces the derivation of
time-varying linear state-space models for the anoxic part and the acrobic part.
Secondly, by integrating the anoxic part model with the aerobic part model, we can
get the resulting models — a time-varying bilinear state-space model for the
activated sludge prenitrification system. Finally, we simply introduce a settler model
under the ideal condition. |

in the third part, a MATLAB-GU! (graph user interface) based computer
simulator of the activated sludge process is developed. An overview of its functions
and applications, the algorithms and procedure of simulation are given.

Finally, three representative control strategies, such as the control of external
carbon flow rate, the supervision control of the DO process and the control of
internal recirculation flow rate, are used in the simulator under different weather

conditions, in order to analysis the practicability and feasibility of the simulator.

KEY WORDS: wastewater treatment, activated sludge process, computer simulator,

control
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AR X RRAEMEMRE, KUMERS X 20
R ERBEA, BRSNS
R AT IR T XY Ss MR, HoF
R, AR AR R A

Xp B g4
FAELEA
SsRRGEDFBER. ABEBMN
SRR R Y AR X R B B . TS
— SR T & T

YRR, (decay) IR £ HH
TEYR S (ysis) SEE=EFHREERRR X #
RIS =YY Xs FEER4AE
VIR ETR S5, CERBEKESETHR

A IR TR AR 02 R 8 B

B AR ET R

BRemvin. Bk, SidEYRNEAERTLIER S, MAEYFREZHE
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B EWNEE ST (ASMD (BN

BT X, ERESY Xs MBKPARRER Xs —REKBBROERT
ik ok S EYIBRKIEMR S5, ATT4EREMERAA.

So BEAKEY AT EPHBEFER. BE2-1 78, ENAAENER
FEYRFEEKER, MTEEYANEREX. XE5£ER AP HE. B9
ENMKERTS, ATESHAYSERBERAXHTFARN, E% 2R EM
BT PRBR S EMERER X, #M3REYREBEX - IRATHER
St &P,

Sno ®aH AFHGFEAEKTNANHRSE, AL RFENRELE
KEBEATE Svo. BITFTEHERERMASETHFEY, ARLLEN,
WA EER R EAAmE—TE,

Sni o E M ARPE T MR VLB I E AL R LTI 7= A R VT PR A, AT L@
SRR R B ERITFEAKRZREKPHTERER. TEEER
GEEABRENEFEFEAKNEE, ANBARTESBIMEY T, ASMI
MR ARY (—ixs) ERRFEN BFEEKITEDHTHKE.

Swp BT EBRMEENEARRET~ENTHEEENE, TUEBIEM
e R ATt B LR L A E

Sax RAEIKFRIBEE (HCO™), WERISIAERD T XA REMFIEELEY
SR R pH (IR 34T REATI. T B SRAEY K pH HIEFEE; HF A
AFE MBI ESE KRR E. WREKFEREAE, BFEY
FEMER & L. XRERAGOUT/EERY (%) UKk pH €T, ZFH
=T BREYRIENE. BPRBREETNS—ARENRKEAER, EEEN
EALEBESGD, FLLRISRARNAERE, AHE—ERE LA CARMEm
EiHx.

X, ZREHTHEEIE, CRRERESRS, EREATLUEE.

S R EHBREYR, ERAFUTIIBER.

2.3 A5KE KPR #T1ER

ASM] ERAKE R 13 ME4R 8 TR (B REEEFRLEK. B
HESEEK. BRERITFREK. RHEER. BRERER. THEERIANE
i BRE SR AR DL BB RE Z R R A VLR, —RRE
EEMERANAREATE. MEY (BREEMERE) NEKANEHEE.

F
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WL DAL K F S0 0

FIRNEUIERULBE AN AKRTE. ECANRELRE4R, &
NEE=EEX A SIVE JiE) SR iy s B
MAR-HMHB+RENSERBE=BHE | (2-4)

2 -r©+2¢, -0 (2:5)

Hoh e E, ARARNBARNFEASNRAKERNR, 0Nl GER, ¥
NENRNBHEIR, O/ BEIREEED, r&F MR (2-1) EInT.

| &) =8 p£) (2-6)
K S HUEHBREGERE, o) N/ A FEBHR N EAE.

MM FBE5E—FiERNNRE—4S, TUBH—REHEHE,
R RS RIS T R R A BE RS [ B R . 3T %TaR, W
S h— BB RN HEHE. ERREETANEHEY, ol
E— 0K KRR RN HS AR R EAN TR, L TAS N RN
HEFRUEEST NS RN RS R EE KA. BEXSFERR
(2-4) B (2-6) T ABIIEHESRLEE A RE OIS T RN T

REERENRN NS SAGEEL. REEKNERSNAFRTEN
o, BEITORAIT IS BB A e R -

C‘LYBH ~ SS SO KOH SM)
= ~b, |X
dt {”H(xﬁsJ{(xoﬁso "6\ Ko +50 NKro +8n5 )] 7 [72 (21

+D(X gy o — X py)
HF BFRMAEYESFEAE T ALK, FrUl BFEE R E AR 4 7B

o {8 4
[ [ " IKO,.+SJ ]XM+D(XM,"-—XM) (2-8)

AV EREFRE R T ARENAE KT (EFSAREXEFT),
[] 6 X AR R DB K AR DR, AT ] AR RIS AR 1R BT AL Y B AR A LR

TR AR TR TR

aSs _|_Ba|__Ss So|4p [ Ko S wo .
dt Y, \ K, +8; J\ K, +8,) "\ K, +8S, A Koo +8,0

kh X.&‘ ;‘!XHH {[ Sr} ]+‘ﬂh[ KG.H I SHD )} Xﬁﬂ +D(SS,;'" __SS)
K, +Xs/Xz \ Koy +8, Koy +So AK o + S0
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BoE BRI SRR (ASM) RO

BT T—FERE, BTHICARAFTNA, F8EEERDHEK
Eiin, R XA TRBIIREREMERRYAIRAERLD, B LG
A HLER BRI P& T 1R A

: X
de =(1’“fP)(bHXBH +bAX3A)“'kh S/XBH SO
dt Ky +Xs/Xp [\ Kox +50

KGH SNG
Xpy +D(X;, - X

B 18 3 B R DR E S A R R A BRI R 7 RE, B R
BURL 2 B T3 Y W = A

%;_P = folbyX gy + by X 3) + D(Xpy — X ) (2-11)

55 F2(2-10)484L, BURLYE AT 4 Py REARE LB M B T E W RO T 38
m, R BT KRR, ERariasmT s 7

dX
dt

] (2-10)

Xup/X S
=(io— foiyo Wby Xpy +0,Xg)—Fk AD/” BH 0 +
(g — folxp YOy X gy +0, s4) — k&, K, +XS/XBH {[KDH 5,

] (2-12)
K S
’7;{ o }( N )}X sy T D(X NDun Xp)

Koy +8, NKyg +38x0

1 F 32 BB AR FI RN, DRI AT L8 B A T A B AR AL
B B T H TR A |

E*E_@_,_.._. -k 8 + k XND/XBH [ So ]
dt TR e X/ X gy WK + S,

(2-13)

KGH SNO
+ X. . +D{S -8

ZERSAGE R R A R R IR IR, R e THAER AR
A i S AR R, TR P B B —E:

By _ — i fly S5 %o + Kow {__Sw } vk Sup (X gy
dt K.+8; J\ Koy +8, LK, +S, AKyyp +Sxo

~ L 1 S u 3o
- + +D(Spym ~ S (2-14)
ﬂA(Im YAIKHH + 8y IKDA +SG}XM O o)

(IBEFEA S EDESHREE: ERGIETHRERRENEE. TEX
AL RS R 2 RO B R, T T LAS B A RUR B IR TR TR A -
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AL ol K 300 - AT 38 3

ds o

......._._: —yﬂqg

1y

X oy +
v s s e e
+S K,, +S HG+S (2-15)

O

Y,

P |

HAKENEETRES,

Ko +3,

B

]X + D(SHO in NO)

T ASFEMEFENTFAE KT ERNREBHEE,

X

AT 799 2 SEIK IR

i

AT 1SEE B ERERIYRSF T 4

I

Ks

S S
. J{ © ]X BH
§ 0

(2-16)

. #1T X, HS, 15 KA
X F0S, I E R EE

AHBEYR, SREEANEERH
AR, 2 (2-15) F
e{E, BOREURETE A SR I 4R

& R IR
EHAENEARE, I

EHE

][ Ky + Sy

THEHB B RER R
XA (sl SNl

CEE AR X HE, B,

+3; A Koy + 8
S iy So
X, +D(S,, —S
Ixoﬁs} as + D(So.m = 50)

FE T EATH —ESE RS —ERER
A EEYFE, BOCER[31]4E

id—&:(}: T T R Y F

dt dt
FRAEZ S AT RN, REXEER
IR 2.86 ATHER B AL BRI
A AL

5|

H

P — FABEIK, A LR — 7 COD HHE 1/2.86=0.35 THITHEL

.o HLh, L (2-16) F
HIESY =K

1K) 4.57 AEEE W R R
ENEE 457 R8N, E
AFXENFEREEZSEZNAT

MEREAR,
[ FAEMA R TR — AR R, Bk
HENEERGERSERFE, TR M

KEME. MR by RREZENFEEEH, URFENERERSFLANTERS

HERIRFRA:

A LLF B 7E ASM #EEUH

by
1-Y, (- £) (2-17)

T B ERERER R, ERE L 5 E4H

H=

HgZHRBEFN . RY S,

SR SR T A VU A B PR YRORL T B R BT o E

B4rth, ik f, X2

L

ST )R PR

RN MRBANE

A TRIAMREERNAERBRE

B, RY S EREEERIA 0.2 (BD 20%), 2RT

W, WEREBEDRER

1%, BRI AR E S E VIR,

FEAERABERNEY R SNE S, WATLIRER £/ f BRXARWTF:
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FE FEHEE 1 SRE (ASMD HERSF

1-7,

fo=-tn_p
RS A¥ (2-18)

BT EERMEREREFGT, BRENSRBEM) HFOESHENE
—8, FUEUEHS P RAXNB BN YT 2L, TLlEsAq
WHEERF PR AR EENERRRERT AT, BT
B S EAMMBMAZER. |

At ERath, T ERERNEELFPS, X, S, HS, XEATEE,
FTUATT BAGE 1 Ox LERPRER B x M — P 10x 1 ERmA R B e GZEAT
BFNEES, . X SuxntlS,,, BENEHRNELES, BEI—TEA

Z8), WAL (2-70 25 (215 HPHFELTELS I TR AR
7\

%g}- = f(x(6), w0 (£), D) + B(x(®), 10 (0), D(2)) - u () (2-19)

K u (O FRFRBTITHAZE (HIEBEIRES,), rApYREAIHAS B
REEIRE B ERNRE.

2.4 ZEKENGE

AEFHMNHET IAWQ RHAEMEER 1 SREL, o T aREFEEH
KR e R B, FRIBE KA RE F DR 8 R E R E A H R 5]
NEFEELT ENATREROTFEIE, XETENTRELBIEN
5L AR B2 AR DR
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BT AT 2R

F=F FEHEREREAEMEE

AR ERRISENA T ZNATERSRIEE (ASP) ffEH
i) IAWQ FEHISIE | SME (ASMD "4 BREA A S S T
Rk, FRETRB2-3]FHE MR B ERBH AR, ERET
ASM1 ERVIEH E A, BT MIRIZEE HH: N A T 6888 Wi BT R4/
B, BT RHETHENEHE, FTHEE — LR ERPIEH
B M BHITRI, ATTEBIRHE ASM] RAZ MBE . XHER TR
L E H R RZERE ASM1 FEFNRUHER RALHNLR L, AR
LR RS, ROREAANIS— M RERE T ASMI A H 245
ERTNEN, B ELNAS, TUANRNBENTHER.

EEMEBMT: 3.1 HEENFAGE LR 3R A2 EHR 0 M
12, FIRTSHT IR T HRME: 3.2 T B8 BRI I R A B 6 H AR A B
LTSS I RS A R IR, BT SORR(35), 3.3 WA AR
MBS, 34 RN EEARNELS.

3.1 BEMHRETEER

TEXHERI MR 2 a0, BRINE AR EHILRETRRE, XHZRA
B ERRE &,
BREHRBENT:
(1) ZHER MR EMRENRER ASM1 #RH, Hi%3B4 KR35
BB T 2R ENRE.
(2) BREXFBEFNREEV ]
(3) ZXEREREANE, BIS, =0[mg/]

(4)  SMMBERM B WA LR IRERT E YR E IR B ER
(S, (N[mgCoOD/N) W—84.

(5)  TEHALSREE (COD) AR A ME T A MMM A PR
X5 ()[mgCOD/1].
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BN EthsRdEfe it R s ath

BEERADO =00V, EF o) ARTHHKRE. BHANNLHH
2373 A

Q‘;(') S5.c 0 (3-1)

u(t) =

Hooh Q0. (1) ASMNMBEIRIWRE, S, ()[mgCOD/IASMIKIE+H COD MR E .

HEREAMH), QF@), BEWHFEHRE, RINTUBITZRERS
THRERFEIRE S\ () MPREAT LY EMAHRY S, () KIBISTE:

das ,5; @ __ R(®) + DS yo.n(8) = Syo () (32)

ass (1)
dt

o TR in BRERERBFRRIHOK, HE) AKBER. MEREG). X 215 #F
® (3-2). & (2-9) f1xk (3-3) RILLFEH:

= aR(t) + D(t)(Sg,, (1) - S (1)) + H(t) +u(f) (3-3)

— I_YH n Ss(f) Sm(t) X (t (3-4)
k)= 2.86Y,, a ”'(Ks +Ss(f)J{Km +Sm(f)]”‘ ou ()
2.86
= (3-5)

Sy WRRBNFERE: OB R BRHERENBESH, Rk
FRETTEERT, MFAC-ORRGS)HHSBREEENRHTEE T
#R[7]-

g, BT S, () RATHREEANRERN, 5o 4RITARC-ONR
(3TN A&FE— B, LEFEL, BEXFFIN COD irEMEE
BERANET S () WEP, KT, FENSBHTEYERNTRLER
BT A MIREAR A, T ELITTRLE T A A I T A M T A AR 7
SRS % COD AIENE A E—EAE, HhRETHRE: COD MZaEHIE
TAERE RS S, ()« TR TS, () R R T A Y

WA BUE X (1) -

EEEAMG)T, % THABTHEE COD MiFIRAZARIER, RIE
EE Y — AN HHRESBERFBRSOMS,OREBH. BT S, (¢)REERN, B

PLBRATET BUA R AR MR AW, B S, () MBER T RR A
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AL Tk K FEEF A i3

ds,()/dt = DUXS, , )~ S, (1)) -
EIAFRPREZTRS, (=S, (O+S,("), M5 32> FxX (3-3) FEH:

ds,.;; ) _ ~R(1) + D(X(S 3o 0 () = Sy (1)) (3-6
Beool) _ yR(1) + DN Suonm (D)~ Scop () + H(E) +u(t) S

dt
R R(H) =ry (DS (O BIXFR, BATATLUAZA (34 eI REEmA:

_ 1-Yy, . 1 Swo{t) Ny x
", (1) = 2.86Y, a H(KS +5, (r))(Km +Sno (:)]’73 an (1)

T S () EEEEIELMERES, FUhTHBEX 3-6) AR G-
Frl LT ERRESRAERR, RNEEHATELNEN S o
S.(0), BT S, ()=S8.p® -8, @), TEEH: R)=r, ()Seop(®-5,1) - B
Seop >0 MBI TFHEFEKTA] LAKRE - (1)

Sg(?)

= = S (3-8)
R{t) =rs (1) S.(0+5,0) Scop(8) =5, S cop(t)
st (3-6) Mk (3-7) &ZH:
dsf:; @ _ —rs_ (DScop (1) + DX S pon ) = Spo (1) (3-9)
BeanD — g7, (6S200®) + DOScaoa )= Scop @)+ HO+u(0) (310
BERAT R
Sw@® | =D -1, (@ [sm(:) ]{o]u 0
Soop®| 10 ors (6) D) | Scap(®] (1
Lo o D(I)Sm,m(f) “ (3'113)
+I:0 11 D) cop,nm (1)
H({®)

H A ISEIRA o) IR BIREE, S, O ERRH, Bl y=Sy(®, ATLEER
S EER: |

Syo ()
=1l O (3-11b)
Y [ {Scon(f):l

% (3-11a) HiLB 5 —R R IR ﬁ“[g:ﬁz(z}]ﬁﬁﬂwﬂﬂ‘lﬁfﬂ: H(p)
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F=E SRR SRR RS R

FKFER, RrAATNERIRG).
MREBR R r,_ () 70, RIFEICERBOIXT T LN RGN T LT R

WH -, BATTUANN G-11) FrRe Ry T ATy, iErin T
iEB: (1) AT#H
STFMAGE-11) ARKEENERSE, REBELRBEIP X TEURTE RS
FIaEfs R, B E, RTLAKU:

0
M,(t)=B(1) = [l}

M. (1) =—AOM. () + 2 M (=] ()
(= T a T Dy~ e (O

FABAMRBAERRZ] t B r,_ (1) 70, WRTLIE B [M,(): M, @O FHEBRZ t
ITEBRIIN 2, FTUREEER ¢ HEIZSEEK.

(2) AT

RIE, RIECER(36]F R TRUENZERSREMERASE, BddH, [
PLK -

N,()=C@®)=[1 0]
M©O=No0Aw + SN,0=FD0) -ro, 0]

BRI € By, ) %0, MTTALLBBIZEAER I t B

N, 1 o]_,
ran Nl (f) =~ Fran _ D (l') _rswp (t) —

FrUARSEFEAERE N 2] ¢ R 2SRRI,

FERBANMAHOZB N REMBAER, TERITET RBICERHIHR
FMALENELY ., RERIERTEHNTHhEERERNSRERPETAEE
v, BRT#H 1 M2 3R SARKREM. 5 L8R REMmARM, &
11T AR B T RPR SR RIEA:

Sm-l () _ S o) ]
| S wo.2 () _ Sno2(f) (3-122)
$eop i ® = A(t) Seoms (8 +Bu(t) + G, d(H+ G, H, () a
| Scop2 () Scopa ()




AL T R FMLFE R

jESNG(t) =[

HITIEA .

]

ARGEEN:

MAREREA:

KB N

Lrg, (O Mrg, () ARURPCER, A

SNG'I(r)]{,ﬁﬁJﬁHj, Eﬂ FSNQ (f) =|i‘;m0,1(ﬂ

S o2 (f)

Snos (1) ]
Syoz (1)
Scon: ()
Scop,2(t) |

y=1' 100

Hof d() R MBS, H () A ATRBHIDG:

d() :[D(f )S vo.m () }

D{t)Scopm(t)
H, ()
H(@=|
‘m(}mj
(RO  FQ)
A(’}'{o Fa(t)}
ee|-P® O
(0= D) -D(@)
~r, () 0 ]
i IR SN0}
[ars  @-D(t) O
507 by e, 0-DO
o
0
B =
1
I_O_
1 0 0 0]
0 0 g 0
Ge=lo 1 % o
Y 0 1]

NG, 2 !

~23.

s
W
Sl

],ﬂuﬁﬂﬁﬁmﬁ

(3-12b)

(3-13)

(3-14)

(3-15)



B SIS IR S R 1L B B S

R, (1)
Scop,i (1) ,

 Scons ) i=12 (3-16)

3.1.1 #Erikszagas

TR A0TSR A (WWTP) ik HRR T4 tH AT ¥ COD
(S.op) WM, Olsson A1 NewellP®RAh#E L5 AI ¥ COD WITTRE 5
REMEAP COD HREEMAUENLFIK (TOC) ZRIKERKRA.
EIX—3h, FENFAHEH COD MELME. BIEFATHED
ASM1 &, BANFTLIAZS J &R E AR (TSS) MG COD BHXNFHER.
ATHRFPNETR, EXFHEFERUT:
X=X, (0)+ X, () + X () (3-17)
B BEESETR X, () =X, O+ X0, B X, O)ARFENEFELDE
BRI, X,O)ABaTAMEYBRERTGEMEETRY R, RiZRBEX
A Xpss () TS 0 (1) HIA:
Xeop®) =X+ S5 () +5, (1) = X (1) + Scop () (3-18)
Sk X, (6) WTBLERR B COD &, EEMERAAR (3-17) I G-18)
o, R R LA A ER T

dgz(’) = =R() + DX S no n (1) — Sno (1)) - (319)
ax i ") - _a¥, R@)+ DY X s (1) — X s @) - H(®) (320
ﬂi?f D) - ~2.86R(1) + D)X copin () = X oo () + 1) (3-21)

B3 (3-18) TTRABE]S ., (0) = X oop () — Xps (1) » FEEAMAR (3-8), AL
73

S
R(r? =7, (1) 5 (r)S f; - (X cop O = Xgs O) = 75 (XX gop () — X5 () (322
X (3-22) AR (3-19) B3R (3-21) $, /B

i - D) DS 0 1)+ sy (VX1 = P VX (D) + DS o0 (1) (3-23)
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AL LA AW RN

ax. (t
@ D < @7y O~ DOV s (0) = @ (O K o ) (3-24)
+ D) X g5, (1)~ H(t)
dX (@fd) !
(::i: O 2.8675,, (DX rss () = (28675, (N + D)X cop () 5 56

+ D(6) X cop i (F) +u(f)
HRXER X copn () = Xpgs O+ Scopn (@) » TEAREIA (3-23) 230 (3-25) Fi
FREGHRATRFTERN:

- D() rg (©) —rs o (O 1 T 1 0 0 0] ig)i””"" (2)
dN=| 0 alyr, (O-D{) —aXyry () )+ 0O +|0 1 -1 0 ;(:;3""’
i 0 2.86r3m - 2.36?&@ ()~ D(t)- 1 0 Lot - _D(f )Scop.m (¢ ).,
(3-26a)

Kb 2 =[S,0(0)  Xp®)  Xeoe® » ARABAWCALRRNT, KE

EE H() TR E R TR AT, | PO | yar Rt AR

D(#) Xy (1)
| D{(1)Scop £} ]

MRNERES,, ()~ M, By=Sx@, WELAEBRIEMEE TR

Swolt) |
y=1 0 0] X® (3-26b)
X con(0)_
M (3-26) MEHHIZREFTBERNRERNAT M.
TEAEHREAMSERBANEE, TERMEFRIHT REIBREM
ARE AL, BIEANSERBRKNEE S, BRITATLE R T
RALT R RIE:

z ()= F()z,(1)+G()g(r) (3-27)
K z, (1) = [SNO,I 9 SHO,Z(t) Xrss (f) X 1s5,2(8) X copa(t) Xcou,z(f)]T , T 1A
2 PR FARHSEN, S FO)BRAENMENBILRNER R O

rscm.t

Fors (0> 8O)=[u)) DDSsop® DOXrss,® H\(©) Hy @) DWOScapa®)

FESFIE RS RS EATATHER. REERFE)EXN:
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=8 FEHSRIERFRUNCZRUS R

0 F@ F@
-} [H B
Fuﬂ=[_DG) y ]
D) -D()
@ 0
F,(t)= 0 r ()
a¥yrs (- D(t) 0 i
D) ar, .. ()~ D(t)
F 4 (=
2.86r; __ (1) 0
0 2.86r5, (1)
-alyrs 0 |
0 —a¥yrs (1)
F, 5 (t ) = 286 '
| -2.86r, (1)~ D(1) 0 |
D() ~2.86rs (- D()
AR BN REERES.
01 0 0 0 0]
0 0 00 0 O
Gee) = 0 01 -1 00
0 0 0 0 -10
1 01 0 01
00 00 0 0

3.1.2 SR

ST RENER, BETRBRIMHARERESARER (326 T
RABH (TR LOTPRRE, HIRIE

F(r):(ﬂ (t)

K447 ASP A KIS HOR R A L.
it 3.1.1: MBTIRREH:
(1) rg () D() HABERT A RALM H

(2) EHIRES o () F Sy, () TTETELNBREE;

(3) S8 EEEK

(1) Fz(ﬂ]

B X g (1) T X () MR R BB AR B
(4) BANBIETHEYE COD (Sqppa (1)) BUELZMREZ
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A Ak K S8 3

AL, W (3-26) FHRIRMEERERr  ()Eg LR ETHIAR.

BEAN (4 RAREXTROFELMTFREL, BEEH (1) ELFHA
it RFARILE, BATAWHRER LSSPRANEE, RAERES (D
WARZEARTHSL . MRBREAH (1D B @) EETHBERIN, B, 240,
CFANXE S 3.1.1 AT E T RUGERA .

St (3-23) HTHMAE R
Svo6)==DSyo (@) +75,, X =rs Xeop®)+DSyo,()  (3-28)

M (3-23) 03 (3-25) FH X p 0 (O = Xipgs 1 () + Sop,n ) BLEF (3-28),
TUBHEERNERRHRER, ZREAPNEELENRETERK
SC()D,In(t):

1

N . D . . D .
X o (O) = =80 @) =~ S0 (1) + Xrss +——Sou®  (3-29

Scoo Scop Scop

ma (3-23) FLIEH:

| B D D
Xeop(®) = ———S8xo (1) —— Sy () + Apgg "'""""Sﬁo,m () (3-30)

rsam rscan rsmn
&3 HERL (3-30). & (3-29) 5L (3-25), BB RNERER:

DAS 1, (8) + DAS o () = DS o () = S0 (©)

ry = — : (3-31)
@ Q) +2.868 (1)~ X g () + DSppp 1 (£) + u(t)

ASyo () =Sy =Syl AX (1) = Xipgg i (1) — X s (8)
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