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PRE-\D: T,=-bym(k-V)-bym(k-Y) (Yo-V)

Ty=-a,m(k-\)-a;m{k-Y)

Ouipul processing. ROUTINE

T T ouTPoYY
Posiprocessing 4_-_ROUTINE
{time k) POST_YY
Perform ____ROUTINE
time delay DELAY_YY
A 4
Preprocessing o ROUTINE
{tine k + 1) PRE_YY

Exit

r:as ib.-):. dj.)'w Q;‘%jﬁ) (?V—“\) J.i.&
YY=\D, YD, ¥D. D, \X, ¥X

OuUTP-vD: y(k)=a.x(k)+p,(k-Y)
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p\'(k) = aTX(k)vb VY(k>

XD s
CUTP-vD: y(k)=a x(k)+ T, (*v-1)

PRE-YD: Tr=ax(k-V)+ax(k-Y)-b,y(k-V)-by(k-Y)
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XX e
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POST-YX ty(k=V)=g,t,(k) +g,t.(k-)
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INPUT: No parameters passed.
Returns sample x(k} in AX.

QUTP_YY: Pass x(kj in AX.
Put number of cascaded stagesin CX,
Returns output yik) in AX.
DELAY_YY: Pass number of modules in CX
to perform time.delay,
PRE_YY: Pass number of modules in CX
for preprocessing.
POST_YY:  Pass number of modules in CX
for postprocessing.

YY = 1D, 2D, 30, 4D, 1%, or 2X.
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LEA DI.MO i MEMORY POINTER
OLP_1D: ADD AX, T1[SI) i MO

STOW i STORE

IMUL  AOLSI) i AO#MO/4 IN DX

SAL Dx. 2 i 40#MO

ADRD DX, T2{SI) iy

MoV AX, DX iY IN AX

ADD SI. &2 i MOVE INDEX

LOCP " OLP_1D i LOOP BACK

RET
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LEA SI,M2-2 s POINT TD M1
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REP

MOVW i BLOCK MOVE

CcLD

RET
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II 5 ? Maanitude (2n — 1 bits) 2n-bit product {aX)
i.

{ Truncation
1

Y
{5 }Magnimde {n—1 hi:s)J n-bit quantized product {aX/2"
H
(a}
LEA ST, A ;COEF POINTER
LODW ;A2 LOADED
MUl X SAXAIN DX
SAL DX, 2 AXINDX
{b)
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CDEF: DU ;FOR ALL MODULES. HALF VALUES
1 ROM OR RaM

VAR: D4 [¢] {FOR ALL MODULES
1 RAM

i

TEMP: DU o] ) FOR all MODULES
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YU 42,5 Strorage atiocation (M -1) <&
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LPARALLEL JTHMPLENENTATION OF A FOURTH-ORDER FILTER

SMATN PROGRAM CALLS THIFL BORA SUDRQUTIMNES

FILYER 1 oAl Tt CINFTIALIZE A2D DA
S AMD VARTABLES
F1 LOOP caLL JHrUT JGET SAMPLE FROM AZD
- oy Bx. X FSAVE
MU a0 i DETAQwY 4
SAL Dy. 2 SBELAQY
v TENP. DX . SAVE
Mo AX.DBX CRESIDRE ¥4
1OV CY. Mg LCALCULATE § STACE
CALL [RTLEAET .
SAL AT, 0 SREIAL = - R}
nEQ ey
APy AYLTENR CINELUDE T it
I FEHP. AY . SAVE
21 AY.RX SRESIONE Y 40
Hav [FRD]
oAt PO D LCALCIR ATE &T2 SRR R
B L8y - FROM Gt GUANE
SAL Av. 2 CNE AN = A
1.ée ~Y
ADD AXLTEMP dCALCULATE v
ALl auvirut LSEND Y TG DisA
MOV CX. H2
caLL DELAY 1D i TIME-DELAY
HOV Ct. R
cALL FRE 1D i PRE-PROCESS
Jip Fi_Loor i CONT IRUE
S INTT CLEAR 111, 2. T1., 12
. SET Ur A/D. D/A DEVICES
NG T MoV AY., %0
MOV CX. ¥i1
LEA bi.Ho
REP
ST10W fPUT O INTD ALL AAN
RET
S ANPUT -ASSUNE HEMORY-NMARPED 1/0
SAZD AT B0 STATUS AT FOH
INPUT MV AX. HOCOOH i START -CONVERGION
ouT HOHL AL
e IN AL, OF O3t P CHECK END-CDHVERSION
AND AL #OAI
J2 NP SHATT UNTIL READY
N At 60H i GET SAMPLE TRON A/D
RET
sOUTPYT TO D/A AT BOH
oUTPUT: ouTt BOH, AL iglk) 70 D/7A

{ 4 -1 2 . £ fe VLAY, - .
ST A0 JML:} (_gj’jn 6§j9~l Mbﬁ (% E ~‘n) L}“M
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caLL DELAY_ID

MoV Cx.,#a ;DO 4 STAGES
caLL PRE_1D

JHP FLOOP i NEXT SAMPLE

. 1D FILTER COEFFICIENT STORAGE FOR & STAGES

" Ln‘“

SO D 7181
AOQ D 12484, 3217.4574,74636
AL Duw —a46%, 12484, -14777, 10847
D+ -610.3217.-<826. 15783
Dw 7403, 4574, ~15308. 6540
D 2734, 7636.-11207, 14068
i VARTABLE STORAGE
MO D 4DUP (0O)
Mi. bW 4ADUP (0}
Mz: Dw 4DUPLO)
; TEMFORARY STORAGE
T1 pw 4DUP (0)
T2 Dy 4DUP (O)
; INTEL BORS& MAIN
FILTER: cAaLL INIT i SEE PASALLEL €
FLOGCP CALL INPUT SEET OX(K): SEE
- InMUL 50 s B0¥X (KY /4
SAL DX, 2 i SO# X (K}
MOV AX, DX
MoV Ccx, #4 iDD & STAGES
CALL ouUTP_iD i COMPUTE Y(X)
cALL oUTPUT FOUTPUT YK
MOV X, #4

- & £ -4 >
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; PREPROCESS FOR NEXT SAMPLE

i80/2

i ALPHA
i ALPHA 1
i ALPHA
i ALPHA
i ALPHA

MOk
PMik=-1)
PMiE-2)

; TEMP STORACE
s TEMP STORAGE

XAMPLE
PARALLEL EXAMPLE

SEE PARALLEL EXaMPLE
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Abstract:

Regarding the everincreasing significance of the digital control of the dynamic
systems and wide variety applications of the stepper motors in industry, first the
different forms of the digital controller implementation is discussed. In this thesis,
through this investigation, the effects of finite word length on the relative stability
and fastness of the digital system is studied. Next the principals of three kinds of
stepper motors (Variable Reluctance, Premanent Magnet and Hybrid) are studied
and the desired model for studying transient performance is determined. Then
transient performance of the stepper motors is analyzed by simulation. Because of
the nonlinearity in the model of stepper motors and the absence of any
discretization method for the nonlinear systems, linearization of the stepper motor
model based on the Lawrenson-Hughes theory is discussed. Digital controllers as
drivers for stepper motor based on the frequency response technique are designed
and the effect of their applications on the position control stepper motor systems
is investigated. Finally, word lenght effect on the designed digital controller’s
coefficients, response and the stability of the system with the designed digital
controllers by 8 and 16 bit microprocessors is discussed.

Simulation results show that the cost of implementation and the fastness of the
response of the digital controllers are two important parameters in selecting the
type of realization and implementation. All block diagram realizations are based
on the hardware and software implementation of the digital controllers. This
implementations are encountered with the finite word length effect. Implementing
the designed digital controllers for different types of the stepper motors with 8 and
16 bit microprocessors shows that 16 bit microprocessor introduces ignorable error
on the position - time curve of the stepper motor. However error due to 8 bit
microprocessor implementation is considerable. Also PD digital controllers have

better performance with respect to the PI digital controller with finite word length.



