


















































































































































































































































































































































































































































































Practical tests performed with a I kW motor 
validated the theoretical considerations underlying the 
new control approach.They are similar to the simulq.tion 
results and prove the feasibility of the proposed FPGA 
controller. The ripples present in Fig. 8 and Fig. 9 are due 
to the imperfection of the measurement system used. 
They do not . reflect real variations of the motor torque 
and speed. 

.. .................................................. " .... . 

.. ..................................... M ......... " ... _ 

5. Conclusions 

The main advantage of the quasi field-oriented 
strategy presented in this paper is the low mathematical 
complexitY, which simplifies the digital 
implementation. The control quality obtainable with this 
approach is intermediate between the results of the 
sensorless scalar approach and those generated by 
sensorless field-oriented control. The proposed strategy 
is SUITable to many industrial applications that require low 
cost implementations without the need for extremely 
high dynamic performance (fans, pumps). This speed 
control approach requires that vector .e has an 
acceptable amplit,ude to allow the calculation of the 
angle ,n, As demonstrated by equation system (I 0) the 
amplitude of the intemal load voltage is proportional to 
the angular frequency roes and to the stator 
amplrtude Ir According to the presented theoretical 

considerations, the stator angular freque cy wes is larger 
than zero at zero rotor speed: in this case rt eq als the 
reference slip angular frequency the 
calculations can be theoretically performed even at zero 
rotor speed. Practically, the control quaJity at low speeds 
depend's on the number of brts generated by the N O 
converters and the width of t he intemal busses 0" the 
controller. 

The most important parameters affecting the control 
algorithm precision are the rotor resistance and the 
stator resistance. The rotor resistance variations directly 
affect the slip calculations (see equation (9)) based on 
vector e. On the other hand, the stator resistance 
variations affect the precision in calculating the vector e 
itself (the calculation is based on equation (I )). An 
increased rotor resistance leads to a negative speed 
error in steady-state operation while increased stator 
resistance generates a positive speed error. Both 
resistances increase simultaneously during the motor 
operation, and therefore the two elTOrs partially q -el 
out. However, the implementation of a simple resisti:l.J Ice 
estimator is envisaged by authors to increase the speed 
calculation accuracy. The estimator will use I, 'and the 
rotor speed COr as inputs because they are the main 
quantities that determine the heat generation and the 
heat dispersion respectively. 
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Appendix -

Appendix A 

************************************************************************* 
************************************************************************* 
**************** VHDLCode **************** 
************************************************************************* 
************************************************************************* 
LIBRARY math; 
USE math.mathtyx.all; 
USE std.textio.all; 
-- Electrical+mechanical model 
ENTITY motor IS 

PORT (vds,vqs,Tl: IN Real; 
ids,iqs,wr: OUT REAL); 

END motor; 
ARCHITECTURE arch_motor OF motor IS 

CONSTANT Rs: REAL. 5.9; 
CONSTANT Rr: REAL. 4.62; 
CONSTANT ls: REAL. 0.831; 
CONSTANT lr: REAL. 0.833; 
CONSTANT 1m: REAL .- 0.809; 
CONSTANT Jr: REAL. 0.001; 
CONSTANT deltat:TIME:= 1000ns; 
CONSTANT dt: REAL :=1.0e-6; 
CONSTANT wc: REAL := 50.0; 
CONSTANT p: REAL := 4.0; 
CONSTANT FG: REAL := 0.05; 
constant flag:integer:=l; 

-- *** Speed controller *** 
CONSTANT ki: REAL :=0.2; 
CONSTANT kp: REAL :=1.2; 

-- *** Torque Controller *** 
CONSTANT kit: REAL :=0.2; 
CONSTANT kpt: REAL :=1.2; 

11 *** -- *** iy Current contro er 
CONSTANT kci: REAL :=2.0; 
CONSTANT kcp: REAL :=12.5; 

-- *** ix current controller *** 
CONSTANT kixi: REAL :=0.8; 
CONSTANT kixp: REAL :=160.5; 

-- *** Flux controller *** 
CONSTANT kmci: REAL :=100.0; 
CONSTANT kmcp: REAL :=2000.0; 

CONSTANT imref: REAL :=0.005; 
signal next_step: INTEGER := 1; 
signal vdsr,vqsr: REAL :=0.0; 
signal vdsr1,vqsr1: REAL :=0.0; 
signal tt:real:=1.0; 
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FILE outf: TEXT IS OUT "C : \ mo t or.tx t "; 
BEGIN 
PROCESS (next_step) 
VARIABLE my_line: LINE; 
VARIABLE a,ids1,idss,iqs1,iqss: REAL:= O. O; 
VARIABLE idr1,idrr,iqr1,iqrr: REAL:= O. O; 
VARIABLE Te,wr1,wrr: REAL :=0.0; 
variable tetar,tr,imr,imr1,isx,fluxr, 

isy,wrnr,tetamr :real:=O.O; 
VARIABLE dif,difi,Trq,ert,teref,erti, 

isyref: REAL :=0.0; 
VARIABLE cer,ceri,lss,vdx,vq,vsy,vdy: 

REAL :=0.0; 
VARIABLE mce,mcei,isxref: REAL :=0.0; 
VARIABLE cxe,cxei,vsx,vd: REAL :=0.0; 
variable t:real:=O.O; 
CONSTANT d_space: STRING :=" "; 
BEGIN 

IF next_step=l THEN 
WRITE (my_line,wc) ; 
WRITE (my_line,d_space)i 
WRITE(my_line,wrr)i 
WRITE (my_line,d_space)i 
WRITE (my_line,vdsr) i 

WRITE (my_line,d_space); 
WRITE (my_line,vds) ; 
WRITE (my_line,d_space) i 

WRITE(my_line,tt)i 
WRITE (my_line,d_space); 
WRITE(my_line,t) ; 
WRITE (my_line,d_space) i 

WRITELINE(outf,my_line) i 

END IF; 
Tr:=Lr/rr; 
a:=(lm*lm-lr*ls); 
IF tt =1.0 then 
vdsr1 <= vds; 
vqsr1 <= vqs; 
tt <= 0.0; 
else 
vdsr1 <= vdsr; 
vqsr1 <= vqsr; 
END IF; 

idsl:=(rs*lr*idss-wrr*lm*lm*iqss-rr* 
lm*idrr-wrr*lr*lm*iqrr-lr*vdsrl) / a; 

iqsl:=(wrr*lm*lrn*idss+rs*lr*iqss+wrr * 
lr*lm*idrr-rr*lrn*iqrr-lr*vqsrl) / a; 

. 1 * ' r* ldrl:=-(rs*lrn*idss-wrr*lm* s lqss-r 
lS*idrr-wrr*lr*ls*iqrr-lm*vds rl) / a; 

Aounis A 

Appendix -



iqrl:=-(wrr*lm*ls*idss+rs*lm*iqss+ 
wrr*lr*ls*idrr-rr*ls*iqrr-lm*vqsrl)/a; 
idss:=idss+(idsl*dt); 
iqss:=iqss+iqsl*dt; 
idrr:=idrr+idrl*dt; 
iqrr:=iqrr+iqrl*dt; 
Te:=p*(3.0/2.0)*lm*(iqss*idrr-idss* 

iqrr) ; 
wrl:=(Te-Tl)/jr; 
wrr:=wrr+wrl*dt; 
tetar:=tetar+wrr*dt; 
t:=t+dt; 

End of electrical+mechanical model 
*** Vector Control *** 

imrl:=(isx-imr)/Tr; 
imr:=imr+imrl*dt; 
fluxr:=lm*imr; 
if imr >0.0 then 

wmr:= wrr+(isy/(Tr*imr)); 
end if; 
tetamr:=tetamr+wmr*dt; 
isx:=idss*cos(tetamr)+ 

iqss*sin(tetamr) ; 
isy:=-idss*sin(tetamr)+ 

iqss*cos(tetamr) ; 
*** Speed control loop *** 

dif :=(wc-wrr); 
difi:=difi+dif*dt; 
teref:=(ki*difi+kp*dif); 

*** Actual Torque *** 
Trq := p*(3.0/2.0)* 

(lm*lm/lr)*imr*isy; 

*** Torque control *** 
ert:=teref-trq; 
erti:=erti+ert*dt; 
isyref:=(kit*erti+kpt*ert); 

*** iy current control *** 
cer:= isyref-isy; 
ceri:=ceri+cer*dt; 
vsy:=(kci*ceri+kcp*cer) ; 

*** Decoupling block *** 
lss:=ls-(lm*lm/lr) ; 
vdy:=wmr*lss*isx+(ls-lss)*wmr*imr; 
vdx:=-wmr*lss*isy; 
vq:=vsy+vdy; 
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*** Flux controller *** 
mce:=imref-imr; 
mcei:=mcei+mce*dt; 
isxref:=(kmci*mcei+kmcp*mce); 

*** ix current controller *** 
cxe:=isxref-isx; 
cxei:=cxei+cxe*dt; 
vsx:=(kixi*cxei+kixp*cxe); 
vd:=vsx+vdx; 

******************************* 
vdsr <= vd*cos(tetamr)-vq*sin(tetamr); 
vqsr <= vd*sin(tetamr)+vq*cos(tetamr); 

******************************* 

IF next_step<500 THEN 
next_step<=next_step+l AFTER del tat; 
ELSE 
next_step<=l AFTER del tat; 
END IF; 
ids<=idss; 
iqs<=iqss; 
wr<=wrr; 
END PROCESS; 
END arch_motor; 

CONFIGURATION conf motor 
FOR arch motor 
END FOR; 

Aounis A 
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Appendix B 

************************************************************************* 
************************************************************************* 
** The structural description of the FOe *** 
************************************************************************* 
************************************************************************* 
LIBRARY IEEE; 
USE IEEE.std_Iogic_1164.ALL; 
USE IEEE.std_Iogic_signed.ALL; 

......................................................................................................................... 
-- ............................ """"""""""""""""""""""""""""""""""""""""""""""""""""""."."".""".""""""""." .. "",, .......... ,, .. ,, 

-- Main Program 
.......................................................................................................................... 

-- """ .. "" .... """"""""""""" .. """""""""""""""""""""""""""""""""""" .. """"""""""""""""""""""."""".""""." .... "."""",,.,, .. ,, ....... . 
ENTITY main51 IS 
PORT( 

ia,ib:in std_Iogic_ vector (8 downto 0); 
qa,qb:in std_Iogic_ vector (7 down to 0); 

imr,iqs,ids: out std_Iogic_ vector(10 downto 0); 
imref:in std_Iogic_ vector( 1 0 downto 0); 
speed: in std_Iogic_ vector(10 downto 0); 
refspeed: in std_Iogic_ vector(10 downto 0); 
vsdreff:out std_Iogic_ vector (10 downto 0); 
vsqreff:out std_Iogic_ vector (10 downto 0); 
starttout std_Iogic; 
Breset,Bc1k:in std_Iogic; 
enable:in std_logic; 
startinout std_Iogic; 
Tl,T2,T3,T4,T5,T6:out std_Iogic; 
div:out std_Iogic_ vector (10 downto 0)); 

END main51; 
ARCHITECTURE main51_arch of main51 IS 
--###################################################### 
component testbench5 IS 
PORT(clk:in std_Iogic; 

signal startt:out std_Iogic; 
signal ia,ib:out STD_LOGIC_ VECTOR (7 downto 0) 

); 

END component; 
--#################################################### 
component clrktransform is 

port ( 
ia,ib: in STD_LOGIC_ VECTOR (7 downto 0); 
ialpha: out STD_LOGIC_ VECTOR(8 downto 0); 
ibeta: out STD _LOGIC_ VECTOR(8 downto 0) 
); 

end component; 
component smultiplier is 
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generic( 
n: in integer:=9; -- The operand length 
m: in integer :=8; -- The result length 
step_Iength:in integer:=l 

); 
porte a:in std_Iogic_ vector (8 downto 0); 

b:in std_Iogic_ vector (7 downto 0); 
prod:out std_logic_vector (16 downto 0); 
clk,start:in std_logic; 
ready:out std_Iogic); 

end component; 
component ctr 1 IS 
PORTe clk:in std_logic; 

readyc,readycl,readyc2,readyc3 : in std_Iogic; 
Idl :out std_logic; 
Id2:out std_logic; 
Id3:out std_logic; 
Id4:out std_logic; 
startd:out std_Iogic); 

END component; 
component reg 1 is 
PORTe ldll,reset : in std_logic; 

in_regl :in std_logic_ vector(9 downto 0); 
oucregl :out std_logic_ vector(9 downto 0»; 

end component; 

component reg2 is 
PORTe Idl2,reset : in std_logic; 

in_reg2:in std_logic_ vector(9 downto 0); 
oUCreg2:out std_logic_vector(9 downto 0»; 

end component; 
component reg3 is 
PORTe Idl3,reset : in std_Iogic; 

in_reg3:in std_Iogic_ vector(9 downto 0); 
ouCreg3:out std_Iogic_ vector(9 downto 0»; 

end component; 
component reg4 is 
PORTe Idl4,reset : in std_Iogic; 

in_reg4:in std_Iogic_ vector(9 downto 0); 
ouCreg4:out std_Iogic_vector(9 downto 0»; 

end component; 
component addr IS 

.4ppendix - B 

PORTe resetin std_Iogic; '. . 
out_regll,out_reg12,out_reg13,oucreg l4: in std_logIC_ vector (9 do\\ nto 0). 

ids:out std logic vector(lO downto 0); 
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iqs:out std_logic_ vector(1 0 downto 0»; 
END component; 
component tst31 is 
port ( clk,reset: in std_logic; 

ids:in std_logic_ vector (10 downto 0); 
irnr:out std_logic_vector (10 downto 0)); 

end component; 
--########################################## 
component divider is 

port ( 
a: in STD_LOGIC_ VECTOR (10 downto 0); 
b: in STD_LOGIC_ VECTOR (10 downto 0); 
div: out STD_LOGIC_ VECTOR (10 downto 0);--12 
clk,start: in STD _LOGIC; 
ready: out STD _LOGIC 

); 
end component; 
--######################################### 

--component Di videra is 
-- port ( 

CLK: in std_logic; 
RESET: in std_logic;-

dividend: in std_logic_ vector(11 downto 0); 
divisor: in std_logic_ vector(11 downto 0); 

re:out std_logic; 
result: out std_logic_ vector(11 downto 0»; 

--end component; 

--(n-2 downto 0);--13 
--(mel downto 0);--7 

--(mel downto 0));--7 

-- *************** component Kt.const **************** 
component dat2 is 

port (clk,reset:in std_logic; 
in2: in STD_LOGIC_ VECTOR (10 downto 0); 
out2: out STD_LOGIC_ VECTOR(10 downto 0)); 

end component; 

-- *************** End component ******************** 
component tetaa is 
port ( clk,reset: in std_logic; 

speed:in std_logic_ vector (10 downto 0); 
slip:in std_logic_ vector (10 downto 0); 
teta:out std_logic_ vector (10 downto 0)); 

end component; 

--************************************************** 

component ctrm 1 IS 
PORTe readyl : in std_logic; 

startp:out std_logic 
); 
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END component; 
--**************************************************** 
component sin_rom IS 

PORTe clk,reset,enable : in std_Iogic; 
A: IN std_Iogic_vector(10 DOWNTO 0);-- it was 10 
q:out std_Iogic_ vector(7 down to 0); 
ql: out std_Iogic_ vector(7 downto 0)); 

END component; 
--***************************************************** 
component speed_regulator is 
port ( readys,reset: in std_Iogic; 

speed:in std_Iogic_ vector (10 downto 0); --10 
isq:in std_Iogic_ vector (10 downto 0); --10 
isd:in std_Iogic_ vector (10 downto 0); --10 
im:in std_Iogic_vector (10 downto 0); --10 
imref:in std_Iogic_vector (10 downto 0); --10 
refspeed:in std_Iogic_ vector (10 downto 0); --10 
isdref:out std_Iogic_ vector (10 downto 0); --10 
vsdref:out std_Iogic_vector (10 downto 0); --10 
isqref:out std_Iogic_vector (10 downto 0); -- it was 21 
vsqref:out std_Iogic_ vector (10 downto 0)); -- it was 21 

end component; 
--#################################################### 
component main511 IS 
PORTe 

vsqrefl,vsdrefl:in std_Iogic_vector(10 downto 0); 
qa,qb: in std_Iogic_ vector(7 downto 0); 
Breset,Bclk:in std_Iogic; 
startp:in std_Iogic; 
Trl,Tr2,Tr3,Tr4,Tr5,Tr6:out std_Iogic); 

END component; 

--**************************************** 
signal ia,ib: std_Iogic_ vector (7 downto 0); 
signal qa,qb: std_Iogic_ vector(7 downto 0); 
signal ialphl,ibetal: std_Iogic_ vector(8 downto 0); 
signal prodz,prodzl,prodz2,prodz3: std_Iogic_ vector(16 downto 0); 
signal outrll ,outr12,outr13,outr14: std_Iogic_ vector(9 downto 0); 
signal vsqrefl,vsdrefl: std_Iogic_ vector(10 downto 0); 
signal im,idsl,iqsl: std_Iogic_vector(10 downto 0); 
signal divl: std_Iogic_ vector(10 downto 0); 
signal slipf: std_Iogic_vector(10 downto 0); 
signal tetam: std_Iogic_ vector(10 downto 0); . 
signal readym,readyml,readym2,readym3,readyc,readyd,startp:std-logic: 
signalldll ,ld12,ld13,ld14,ldd7 ,ldd8,ldd9,startdiv:std_logic; 
signal z,zl,z2,z3:std_Iogic_ vector(9 downto 0); 
signal isdreff: std logic vector (10 downto 0); 
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signal isqreff: std_Iogic_ vector (10 downto 0); 

begin 

*************** 
Tb:testbench5 port map(bclk,start,ia,ib); 

**************** 
PT:elrktransform port map(ia,ib,ialph1 ,ibetal); -- Clark transformation 

************** park transformation ****************** 
u1:Srnultiplier port map(ibeta1,qb,prodz,belk,start,readyrn); -- ibeta * cos.teta 
u2:Srnultiplier port map(ialph1 ,qa,prodz1 ,bclk,start,readyml); -- ialph * sin.teta 
u3:Srnultiplier port map(ialph1,qb,prodz2,bclk,start,readym2); -- ialph * cos.teta 
u4:Srnultiplier port map(ibeta1 ,qa,prodz3,belk,start,readym3); -- ibeta * sin.teta 
z<=prodz(16 downto 7); 
zl<=prodz1(16 downto 7); 
z2<=prodz2(16 downto 7); 
z3<=prodz3(16 downto 7); 

A.ppendix - B 

ctctrl port map(bclk,readym,readym1,readym2,readym3,ldll ,ld12,ld 13,ld 14,startdiv):-­
readym blocked 
re:reg1 port map(ld1 1,breset,zl,outr1 1); --ld11 
re2:reg2 port map(ld 1 2,breset,z2,outr12);--ld1 2 
re3:reg3 port map(ld13,breset,z3,outr13);--ld13 
re4:reg4 port map(ld14,breset,z,outr14);--ld14 
add:addr port map(breset,outr11,outr12,outr13,outr14,idsl,iqsl); -- to calculate ids and iqs 

*********************************************************** 
u6:tst31 port map(readym,breset,ids1,im); -- readym instead of elk 

--d1:dividera port map(elk,reset,iqs1,im,divl); 
d1:divider port map(iqs1,im,div1,bclk,startdiv,readyd); 

************************************************************************* 
************ 
u12:dat2 port map(readym,breset,div1,slipf); 
u13:tetaa port map(readym,breset,speed,slipf,tetarn);-- Idd7 instead of elk 
u14:sin_rom port map(bclk,breset,enable,tetam,qa,qb); 
u15:speed_regulator port 
map(readym,breset,speed,iq s 1 ,ids 1 ,im,imref,refspeed,isdreff, vsdrefl ,isqreff. vsqrefl ); 
--******************************************************* 
ctm:ctrml port map(readym,startp);--readym blocked 
mm5: main51l port map(vsqrefl ,vsdrefl,qa,qb,Breset,belk,startp,Tl ,T2,T3,T 4,T5,T6); .. 
***********************************************************************~* 
************* 
ids<=ids1' , 
iqs<=iqsl; 
Imr<=im' , 
div<=divl' , 
startt<=startp; 
vsqreff<=vsqrefl ; 
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vsdreff<=vsdrefl ; 
end main51_arch; 

~:~~~;~~:;~~~~f~;;;;':: ~~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

library IEEE; 
use IEEE.std_Iogic_1164.all; 
use IEEE.std_Iogic_signed.all; 
use work.imp_pack.all; 

entity clrktransform is 

port ( 
ia,ib: in STD_LOGIC_ VECTOR (7 downto 0); 
ialpha: out STD_LOGIC_ VECTOR (8 downto 0); -- The real part of the load current 

vector 
ibeta: out STD_LOGIC_ VECTOR (8 downto 0) -- The imaginary part of load 

current vector 
); 

end clrktransform; 

architecture clrktransform_arch of clrktransform is 
-- The real part of the load current vector 

signal ibetal: STD_LOGIC_ VECTOR (8 downto 0); -- The imaginary part of load 
current vector 
signal ibeta_par: STD_LOGIC_ VECTOR (8 downto 0); -- The partial result for 

imaginary part before 
-- multiplication with 0.866 

begin 

-- ialpha<= ia; -- Theoretically: ire=3/2*ia 
-- ibetal(O) <= ib(9); -- Practically after rescaling: 
ire=3/4*ia (on 11 bits) 
-- ibetal(9 downto 1)<=ib(8 downto 0); -- Theoretically: iim_par=2*ib+ia 

-- ibeta_par<= ibetal +ia; 

ialpha<=(ia(7) & ia); 
ibeta_par<=(ib & 'O')+ia; 

process(ibeta_par) __ Multiplication by 0.57735=0.1001001111001 \8 
variable rez: STD LOGIC VECTOR(20 down to 0): -- 22 = 12+ 11-1 
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begin 

rez := ibeta_par & zeroes(12); 
-- rez := rez - (ibeta_par & zeroes(11)); 
rez := rez - (ibeta_par & zeroes(10)); 
rez := rez - (ibeta_par & zeroes(9)); 
-- rez := rez - (ibeta_par & zeroes(8)); 
rez := rez - (ibeta_par & zeroes(7)); 
rez := rez - (ibeta_par & zeroes(6)); 
-- rez := rez - (ibeta_par & zeroes(5)); 
-- rez:= rez - (ibeta_par & zeroes(4)); 
-- rez := rez - (ibeta_par & zeroes(3)); 
-- rez := rez - (ibeta_par & zeroes(2)); 
rez := rez - (ibeta_par & zeroes(1)); 
rez := rez - ibeta_par; 
ibeta<=rez(20 downto 12); 
end process; 
end clrktransform_arch; 

.4ppendi.x - B 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Multiplier. vhd 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

library IEEE; 
use IEEE.std_Iogic_1164.all; 
use IEEE.std_Iogic_unsigned.all; 
use work.imp_pack.all; 

entity smultiplier is 
generic(n,m,step_length: integer); 

-- port ( 
-- generic( 

n: in integer:=10; -- The operand length 
m: in integer :=8; -- The result length 
step_Iength:in integer:=1 

); 
port ( 

a: in STD_LOGIC_ VECTOR (n-l downto 0); -- Can be only positive 9--0 
b: in STD_LOGIC_ VECTOR (m-l downto 0); -- Can be both positive and negative 9 
prod: out STD_LOGIC_ VECTOR (n+m-l downto 0);--17 

-- magid: out STD_LOGIC_ VECTOR (n+m-l downto 7);--17 
clk,start: in STD_LOGIC; 
ready: out STD _LOGIC 

); 

constant nsteps: integer := (m+step_Iength-l)/step_Iength; 
constant p: integer :=n+step_Iength*nsteps; 
constant ref: integer := step_length*(nsteps-l); 

end smultiplier; 

architecture smultiplier arch of smultiplier is 
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type state is (sO,sl,s2,s3,s4); 
signal s: state; 
signal int_prod: STD_LOGIC_ VECTOR(p-l downto 0); 

-- signal hana: STD_LOGIC_ VECTOR (n+m-l down to 0);--17 
signal int_b: STD_LOGIC_ VECTOR(m-l downto 0); 
signal first_step,load_step,shift_step: STD_LOGIC; 
signal count: integer range 0 to nsteps; 
signal ready_int: STD_LOGIC; 

begin 

process( a, b,int_prod) 
begin 
if b(m-l)='O' then 
prod<=int_prod(n+m-l downto 0); 

-- prod<=hana; 
-- magid<=hana(n+m-l downto 7); 
else 
prod<=int_prod(n+m-l downto 0) - (a & zeroes(m»; 

-- magid<=int_prod(n+m-l downto 7);-- - (a); 
end if; 

end process; 

process(start,clk) 
begin 
ifstart='l'then 
inCprod<=( others=>'O'); 

elsif clk='O' and clk'event then 
if firsCstep=' l' then 
inCb<=b; 

elsif load_step=' l' and ready _int='O' then 

Appendix - B 

inCprod(p-l downto ref)<=int_prod(p-l downto ref)+a*inCb(step_length-l down to 
0); 

elsif shift_step=' l' and ready _int='O' then 
inCprod<=zeroes(step_length) & int_prod(p-l down to step_length); 
int_b<=zeroes(step_length) & int_b(m-l down to step_length); 

end if; 
end if; 

end process; 

process( clk,start) 
begin 
if start=' l' then 
s<=sO' , 
count <=nsteps; 

elsif clk=' l' and clk'event then 
case s is 

When sO => s<=s 1 ; 
When s 1 => s<=s2' , 
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when s2 => if count> 1 then 
s<=s3; 
count<=count-I; 

else 
s<=s4; 

end if; 
when s3 => s<=s2; 
when s4 => null; 
when others => null; 

end case; 
end if; 

end process; 

first_step <= '1' when s=sI else '0'; 
load_step <=' l' when s=s2 else '0'; 
shift_step <= '1' when s=s3 else '0'; 
ready_int <= '1' when s=s4 else '0'; 
ready<=ready _int; 

end smultiplier_arch; 

Appendix - B 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Ctrl.vhd 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
LIBRARY IEEE; 
USE IEEE.std_Iogic_II64.ALL; 
USE IEEE.std_Iogic_unsigned.ALL; 

ENTITY ctrl IS 
PORTe clk,readyc,readycI,readyc2,readyc3 : in std_Iogic; 

ldl :out std_Iogic; 
Id2:out std_logic; 
Id3:out std_Iogic; 
Id4:out std_Iogic; 
startd:out std_Iogic); 

-- ouCreg 1 :out std_Iogic_ vector( 19 downto 0) 
END ctrI; 
ARCHITECTURE ctrl_arch OF ctrl IS 
begin 

process (clk,readyc,readyc 1 ,readyc2,readyc3) 
begin 

--* **** ** * * * * * * * * * * * * * * 
-- if readyc=' 1 ' then 

Aounis A 

if (clk=' 1 'and clk'event ) then 
if readyc=' 1 ' then 
ldl<='l '. , 
startd<='O" , 
else 
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Idl<='O'; 
startd<=' 1 '; 

end if; 
if readycl='I' then 
Id2<='I'; 
else 
Id2<='0'; 
end if; 

if readyc2=' 1 ' then 
Id3<='I'; 
else 
Id3<='0'; 

end if; 
if readyc3=' l' then 

Id4<='I'; 
else 
Id4<='0'; 

end if; 
end if; 
end process; 

END ctrl_arch; 

A.ppendix . B 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

RegJ. vhd, Reg2. vhd, reg3. vhd and Reg4. vhd 
.................................................................................................................................... .................................................................................................................................... 

LIBRARY IEEE; 
USE IEEE.std_Iogic_1164.ALL; 
USE IEEE.std_Iogic_unsigned.ALL; 
ENTITY reg 1 IS 
PORTe ldll,reset : in std_Iogic; 

in_reg 1 :in std_Iogic_ vector(9 downto 0); 
oUCregl:out std_Iogic_vector(9 downto 0)); 

END regl; 
ARCHITECTURE reg I_arch OF regl IS 
begin 
process (ld 11 ,reset) 
begin 

if reset =' 1 ' then 
ouCregl<=(others=>'O'); -- to intialize register q and ql to 0 

elsif(ldll='1 'and ldll 'event) then 
ouCreg 1 <= in_reg 1 ; 

end if; 

end process; 

I •• , ••••••••• ,. I ••••••••••••••••••••••••••••••••••• 
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LIBRARY IEEE; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.std_logic_unsigned.ALL; 

ENTITY reg2 IS 
PORTe Id12,reset : in std_logic; 

in_reg2:in std_logic_ vector(9 downto 0); 
out_reg2:out std_logic_ vector(9 downto 0)); 

END reg2; 

ARCHITECTURE reg2_arch OF reg2 IS 

begin 

process (ld12,reset) 
begin 

if reset =' 1 ' then 
oucreg2<=(others=>'0'); -- to intialize register q and ql to 0 
elsif(ld12='1 'and Id12'event ) then 
oucreg2 <= inJeg2; 

end if; 

end process; 

END reg2_arch; 

LIBRARY IEEE; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.std_logic_unsigned.ALL; 
ENTITY reg3 IS 
PORTe Id13,reset: in std_logic; 

in_reg3:in std_logic_ vector(9 downto 0); 
ouCreg3:out std_logic_vector(9 downto 0)); 

END reg3; 
ARCHITECTURE reg3 _arch OF reg3 IS 
begin 
process (ld13,reset) 
begin 
if reset =' l' then 
oUCreg3<=( others=>'O'); -- to intialize register q and q 1 to 0 
elsif(ld13='1 'and Id13'event ) then 
out_reg3 <= in_reg3; 

end if; 
end process; 

END reg3 arch; 
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LIBRARY IEEE; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.std_logic_unsigned.ALL; 
ENTITY reg4 IS 

PORTe ldl4,reset in std_logic; 
in_reg4:in std_logic_ vector(9 downto 0); 
out_reg4:out std_logic_ vector(9 downto 0)); 

END reg4; 
ARCHITECTURE reg4_arch OF reg4 IS 
begin 

process (ldI4,reset) 
begin 
if reset =' l' then 

out_reg4<=( others=>'O'); -- to intialize register q and q 1 to 0 
elsif(ldI4=' 1 'and ldI4'event) then 
oucreg4 <= in_reg4; 

end if; 
end process; 

END reg4_arch; 

Appendix - B 

.................................................................................................................................... .................................................................................................................................... 
Addr.vhd 
.................................................................................................................................... .................................................................................................................................... 
LIBRARY IEEE; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.std_logic_signed.ALL; 
use ieee.std_Iogic_arith.all; -- i added this lately 
ENTITY addr IS 
PORTe resetin std_logic; 

oucregll,out_regI2,out_regI3,out_reg14: in std_Iogic_vector (9 downto 0); 

ids:out std_logic_ vector(lO down to 0); 
iqs:out std_logic_ vector(lO downto 0)); 

END addr; 
ARCHITECTURE addr_arch OF addr IS 
begin 
process (reset, out_reg 11 ,out_reg 12,out_reg 13 ,out_reg 14) 
begin 
if reset =' 1 ' then 

ids<=( others=>'O'); 
iqs<=( others=>'O'); 

else 
ids <= (out_regI2(9) & out_regI2)+oucregI3; 
iqs <= (out_reg 14 (9) & out_regI4) -oucregll; 

end if; 
end process; 

END addr arch' , 

Aounis A 
Bl~ 



1.1 

Ll A.ppendix - B 

~~~~~~~~~~~~~;;~~:~:(l~~):~~~:::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::: 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

library ieee; 
use ieee.std_Iogic_1164.all; 
use ieee.std_Iogic_signed.all; 
use ieee.std_Iogic_arith.all; 
use work.imp_pack.all; 
entity tst31 is 
port ( clk,reset: in std_Iogic; 

ids:in std_Iogic_ vector (10 downto 0); 
imr:out std_Iogic_ vector (10 downto 0)); 

end tst31; 
architecture behavioral of tst31 is 
signal int_imr:std_Iogic_ vector(10 downto 0); 
begin 

process (clk,reset) 

begin 

variable x:std_Iogic_vector (10 downto 0); 
variable cc:std_Iogic_ vector (10 downto 0); 
variable rez: STD_LOGIC_ VECTOR(23 downto 0); -- 30 instead of 22 

if reset=' l' then 
imr<= (others =>'0'); 
elsif (clk=' 1 , and clk'event) then 

x:=(ids-int_imr); 
-- ** 0.00417 = 0.0000000100010 kr = T/Tr 100 e-6/0.024 = tr=0.024 

rez := rez + (x & zeroes(1))+(x & zeroes(5)); 
cc := rez(23 downto 13); 
inCimr<=int_imr+cc; 
imr<=cc; --(9 downto 0); 

end if; 
end process; 

end behavioral; 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Divider. vhd 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
library IEEE; 
use IEEE.std_logic_1164.all; 
use IEEE.std_logic_signed.all; 
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use work.imp_pack.all; 
########################~Hi"U .. +4-14 .. U.~.u..uJULJ.J.#############4'"'''' '/" "####"" "i/l'"'''''''''' '/ 

TTTTTTTTTTTT1t1t1HHHt ,,(j fuff 1m fllIf! r fllIl/uf/UI!;: 
-- This program uses only 11 bits for a and b, one of which is the sign 
-- bit and the rest which are 10 bits are used for operand a and b 
-- the total number is then 2A 10 = 1204 = 400 (hex a) when dividing this number by 2 
-- 1024/2= 512 (dec) --> 200 (hexa). 
-- therefor 0 --> 199 used for the positive values. 
-- and 0 --> 399 is used to represent the negative values. 

######################################################################### 
####### 
entity divider is 

generic( 
n: in integer:=II; -- The operand length 
m: in integer:= 11 -- The result length 

); 
port ( 

); 

a: in STD_LOGIC_ VECTOR (n-l downto 0); 
b: in STD_LOGIC_ VECTOR (n-l downto 0); 
div: out STD_LOGIC_ VECTOR (m-l downto 0); 
clk,start: in STD _LOGIC; 
ready: out STD _LOGIC 

end divider; 

architecture divider_arch of divider is 
signal par_rez: STD_LOGIC_ VECTOR(n+m-l downto 0); 
signal pos_a: STD _LOGIC_ VECTOR(n-l downto 0); 
signal pos_b: STD_LOGIC_ VECTOR(n-l downto 0); 
signal sub_rez: STD_LOGIC_ VECTOR(n downto 0); 
signal res_sign,finish,prepare: STD _LOGIC; 

begin 

process( start,clk) 
variable count: integer range 0 to 31; 

begin 

if start=' l' then 
count:=m+2; 
finish<='O'; 
prepare<=' 1 '; 

elsif clk=' l' and clk'event then 
if finish='O' then 
prepare<='O'; 
count:=count-l ; 
if count=O then 
finish<=' 1 '; 

end if; 
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end if; 
end if; 

end process; 

process(a) 
begin 

if a(n-l )='1' then 
pos_a<=-a; 

else 
pos_a<=a; 

end if; 
end process; 

process(b) 
begin 

ifb(n-l)='l'then 
pos_b<=-b; 

else 
pos_b<=b; 

end if; 
end process; 

sub_rez<=('O' & par_rez(m+n-l downto m))-pos_b; 

process( elk) 
begin 
if elk='O' and elk'event then 
if prepare=' 1 , then 
par_rez(m-l downto m-n)<=pos_a; 
par_rez(m+n-l downto m)<=zeroes(n); 

A.ppendix . B 

par_rez(m-n downto O)<=zeroes(1);-- par_rez(m-n-I downto O)<=zeroes(m-n): 
elsif finish='O' and prepare='O' then 

if sub_rez(n)='O' then 
par_rez<=sub_rez(n-2 downto 0) & par_rez(m-l downto 0) & 'I'; 

else 
par_rez<=par_rez(n+m-2 downto 0) & '0'; 

end if; 
end if; 

end if; 
end process; 
res_sign<=a(n-l) xor b(n-l); 
ready<=finish; 
process(res_sign,par_rez) 
begin 

if b="OOOOOOOOOOO" then -­
div<= "00000000000";--

elsif res_sign='O' then-- if 
div<=par rez(m-l down to 0); 
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else 
div<=-par_rez(m-l downto 0); 

end if; 
end process; 

end divider_arch; 

A.ppendix - B 

~~l;~~~~~~~~~~~:~;~~~~:~;: ~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

.......................................................................................... 
~~ .. ~~~~.~.~~~~.~.~~~~.~.~~~.~.~;~~~.~.~~~.~.~.~~~.~.~;~~.~.~.~~~.~.~.~~~.~:~:~~~:~:~:~~~:~:~:~::::::::::::::::::: 

--*************************************************************** 

library IEEE; 
use IEEE.std_Iogic_1164.all; 
use IEEE.std_Iogic_signed.all; 
use work.imp_pack.all; 

entity dat2 is 

port (clk,resetin std_Iogic; 
in2: in STD_LOGIC_ VECTOR (10 downto 0);--10 
out2: out STD_LOGIC_ VECTOR(10 downto 0)--10 
); 

end dat2; 

architecture dat2_arch of dat2 is 
signal out2_par: STD_LOGIC_ VECTOR(10 downto 0); --10 

begin 

out2_par<=in2; 
-- out1«inl & "OOOOO")+inl; 
-- Multiplication by IITr = 100e-6/0.024 = 0.0041=0.0000000100001 
process( clk,reset,out2_par) 
variable rez: STD_LOGIC_ VECTOR(24 downto 0); 
begin 

if reset =' l' then 
out2<=( others=>'O'); 
elsif clk=' l' and clk'event then 

rez := rez + (out2_par & zeroes(1))+(out2_par & zeroes(6)); 

out2<=rez(24 downto 14); 
end if; 

end process; 
end dat2 arch' - , 
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-- End Clark transformation 

~ ~~~~~~~~~~:~~~~~~.: ~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::: 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

library ieee; 
use ieee.std_Iogic_ll64.all; 
use ieee.std_Iogic_signed.all; 
use ieee.std_Iogic_arith.all; 
use work.imp_pack.all; 

entity tetaa is 
port (clk,reset:in std_Iogic; 

speed:in std_Iogic_ vector (10 downto 0); 
slip:in std_Iogic_ vector (10 downto 0); 
teta:out std_Iogic_vector (10 downto 0»; 

end tetaa; 
architecture behavioral of tetaa is 
signal x:std_Iogic_ vector (10 downto 0); 
signal xl:std_logic_vector (10 downto 0); 
signal inCteta:std_Iogic_ vector (10 downto 0); 
begin 

x<=(slip+speed); 
xl<=shl(x,"OlOO")+shl(x,"OOlO"); -- x multiplied by constant K_speed =20 see 

report III 
process (elk,reset,int_teta) 
begin 

if reset='l' then 
inCteta<=( others=> '0'); 

elsif elk=' l' and clk'event then 
incteta<=int_teta+ xl; 
end if; 

teta<=incteta; 
end process; 

end behavioral; 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Control-unit-l. vhd 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

LIBRARY IEEE' , 
USE IEEE.std_logic_ll64.ALL; 
USE IEEE.std_logic_unsigned.ALL; 
ENTITY ctrml IS 
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PORTe ready 1 : in std_logic; 
startP:out std_logic 

--startp:out std_logic 
); 

END ctrml; 

ARCHITECTURE ctrml_arch OF ctrml IS 
begin 
process (readyl) 
begin 

--* * ** * * * * * * * * * * * * * * * * * 
--if (clk=' 1 'and clk'event) then 

if ready 1 =' l' then 
startp<='O'; 
--starta<=' 1 '. , 
else 
startp<='1 '; 
--starta<='O" 

end if; 
-- end if , 

end process; 
END ctrml_arch; 

, 

~~~~:~~~~~~~~~;.:~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: : 

: :~~~;~: ~~~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

use ieee.std_logic_1164.all; 
use ieee.std_logic_signed.all; 
use ieee.std_logic_arith.all; 
--use work.imp_pack.all; 
-- ******** This design require a 2400 gates to implement ************ 
-- *************** PID Controller ************************* 
entity speed_regulator is 
port ( readys,reset: in std_logic; 

speed:in std_logic_vector (10 downto 0); --11 
isq:in std_logic_ vector (10 downto 0); --11 
isd:in std_logic_ vector (10 downto 0); --11 
im:in std_logic_ vector (10 downto 0); --11 
imref:in std_logic_vector (10 downto 0); --11 
refspeed:in std_logic_ vector (10 downto 0); --11 
isdref:out std_Iogic_vector (10 downto 0); --11 
vsdref:out std_Iogic_vector (10 downto 0); --11 
isqref:out std_logic_vector (10 down to 0); -- it was 21 
vsqref:out std_Iogic_vector (10 downto 0»; -- it was 21 

end speed_regulator; 
architecture behavioral of speed_regulator is 

constant qO:std_Iogic_ vector (3 downto 0):="0001": -- Propotional Controller 
constant q 1 :std_Iogic_ vector (3 down to 0):="0001 ": -- Integral Controller 
constant q2:std logic vector (3 downto 0):="0000": -- Deri\'ati\'L~ controller 
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constant qcO:std_Iogic_ vector (3 downto 0):="0001": -- Propotional Controller 
constant qc I :std_Iogic_ vector (3 downto 0):="0001"; -- Integral Controller 
constant qc2:std_Iogic_vector (3 downto 0):="0000": -- Deri\'ati\e controller 
constant qfO:std_logic_vector (3 downto 0):="0001 "; -- Propotional Controller 
constant qfl :std_logic_ vector (3 downto 0):="0001"; -- Integral Controller 
constant qf2:std_logic_ vector (3 downto 0):="0000"; -- Deri \'ati ve controller 

constant qcdO:std_Iogic_ vector (3 downto 0):="0001 "; -- Propotional Controller 
constant qcdl :std_Iogic_ vector (3 downto 0):="0001"; -- Integral Controller 
constant qcd2:std_Iogic_vector (3 downto 0):="0000"; -- Derivative controller 

begin 
-- process (clk,reset,speed,isq,isd,im,imref,refspeed) 
process (readys,reset,speed,isq,isd,im,imref,refspeed) 

variable uO:std_Iogic_vector (10 downto 0); 
variable ul :std_Iogic_ vector (10 downto 0); 
variable u2:std_Iogic_ vector (10 downto 0); 
variable u3:std_Iogic_ vector (10 downto 0); 
variable nspeed:std_Iogic_vector (10 downto 0); 
variable dif:std_Iogic_vector (10 downto 0); 
variable isqrefl :std_Iogic_ vector (10 down to 0); 
variable ucO:std_Iogic_ vector (10 downto 0); 
variable ucl:std_Iogic_vector (10 downto 0); 
variable uc2:std_Iogic_vector (10 downto 0); 
variable uc3:std_Iogic_ vector (10 downto 0); 
variable nisq:std_Iogic_ vector (10 downto 0); 
variable errorq:std_logic_vector (10 downto 0); 
variable vsqrefl :std_Iogic_ vector (10 downto 0); 
variable ufO:std_Iogic_ vector (10 downto 0); 
variable ufl :std_Iogic_ vector (10 downto 0); 
variable uf2:std_Iogic_vector (10 downto 0); 
variable uf3:std_Iogic_ vector (10 downto 0); 
variable nim:std_Iogic_ vector (10 downto 0); 
variable erroflu:std_logic_ vector (10 downto 0); 
variable isdrefl:std_Iogic_vector (10 downto 0); 
variable ucdO:std_Iogic_ vector (10 downto 0); 
variable ucdl:std_logic_vector (10 downto 0); 
variable ucd2:std_Iogic_ vector (10 downto 0); 
variable ucd3:std_Iogic_ vector (10 downto 0); 
variable nisd:std_Iogic_ vector (10 downto 0); 
variable errord:std_logic_ vector (10 downto 0); 
variable vsdrefl :std_Iogic_ vector (10 downto 0); 

begin 
if reset=' l' then 

isqref<=(others =>'0'); 
isqrefl :=( others =>'0'); 
uO:=( others=>'O'); 
ul :=(others=>'O'); 
u2:=( others=>'O'); 
u3:-(others >'0'); 
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dif:=( others=>'O'); 
nspeed: =( others=> '0'); 
vsqref<=( others =>'0'); 
vsqrefl :=(others =>'0'); 
ueO:=( others=>'O'); 
ue 1 :=( others=> '0'); 

ue2:=( others=>'O'); 
ue3 :=( others=>'O'); 
errorq: =( others=> '0'); 
nisq :=( others=>'O'); 
isdref<=(others =>'0'); 
isdrefl:=(others =>'0'); 
ufO:=(others=>'O'); 
ufl :=( others=>'O'); 
uf2:=( others=>'O'); 
uf3 :=( others=> '0'); 
erroflu:=( others=>'O'); 
nim:=( others=>'O'); 
vsdref<=(others =>'0'); 
vsdrefl : =( others =>'0'); 
uedO:=( others=>'O'); 
uedl :=( others=>'O'); 
ued2:=( others=>'O'); 
ued3: =( others=> '0'); 
errord: =( others=> '0'); 
nisd: =( others=> '0'); 

-- elsif (elk='l' and clk'event) then 
elsif (readys='l' and readys'event) then 

-- ******************** PID speed Controller Kp=l Ki=l Kd=O 
********************** 

-- if nspeed /= speed or nisq /= isq then 
-- if readys='l' then 

nspeed:=speed; 
dif: =refspeed-nspeed; 
isqrefl :=dif+u3; 
uO:=" 00000000000" ; 
u2:=dif+isqrefl +ul; 
ul:=uO; 
u3:=u2; 

isqref<=isqrefl ; 
-- end if; 

-- ******************** PID eurrentq Controller Kp=l Ki=l Kd=O 
********************** 

-- if nisq /= isq then 
nisq:=isq; 

errorq:=isqrefl-isq; 
vsqrefl :=errorq+ue3; 
ueO: = "00000000000 " ; 

Aounis A 

.-\ppeT/dix - B 

H20 



U""'''''.-C;J1 uly,vsqrefl +uc 1; 
ucl:=ucO; 
uc3:=uc2; 

vsqref<=vsqrefl ; 
end if; 

-- ********************** PID Flux controller 
*********************************** 

-- if nim /= im or nisd /= isd then 
mm:=lm; 

erroflu:=imref-im; 
isdrefl :=erroflu+uf3; 
ufO:= "00000000000"; 
uf2:=erroflu+isdrefl +ufl; 
ufl:=ufO; 
uf3:=uf2; 

isdref<=isdrefl ; 
-- end if; 

******************** PID currentd Controller Kp=l Ki=l Kd=O 
********************** 

-- if nisd /= isd then 
nisd:=isd; 

errord:=isdrefl-isd; 
vsdrefl : =errord+ucd3; 
ucdO:="OOOOOOOOOOO" ; 
ucd2:=errord+vsdrefl +ucdl; 
ucdl :=ucdO; 
ucd3:=ucd2; 

vsdref<=vsdrefl ; 
-- end if; 

-- end if' , 
end if; 

-- ********************** End of PI Controller ***************************** 
--end if , 
end process; 
end behavioral; 
................................................................................................................................... ................................................................................................................................... 
Sin-Rom. vhd 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

LIBRARY IEEE; 
USE IEEE.std_Iogic_1164.ALL; 
USE IEEE.std_Iogic_unsigned.ALL; 

ENTITY sin_rom IS 
PORTe clk,reset,enable : in std_Iogic; 

A: IN std_Iogic_vector(10 DOWNTO 0);-- it was 10 
q:out std logic vector(7 downto 0); 
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ql: out std_Iogic_ vector(7 downto 0»; 

ARCHITECTURE sin_rom_arch OF sin_rom IS 
SIGNAL DD:STD_LOGIC_ VECTOR (7 DOWNTO 0); 
SIGNAL DDl:STD_LOGIC_ VECTOR (7 DOWNTO 0); 
SIGNAL DD2:STD_LOGIC_ VECTOR (7 DOWNTO 0); 
SIGNAL B:STD_LOGIC_ VECTOR (10 DOWNTO 0); -- it was 10 

TYPE mem_data IS ARRAY (0 TO 255) OF std_Iogic_ vector(7 downto 0); 
constant co:std_logic_vector(7 downto 0):="01000000"; 
constant VD: mem_data:= 

(('0' '0' '0' '0' '0' '0' '0' '0') --0100 ""'" , 
('0' '0' '0' '0' '0' '0' '1' '1 ') --, , , , , , , , 
('0' '0' '0' '0' '0' '1' '1' '0') --, , , , , , , , 
('0' '0' '0' '0' '1' '0' '0' '0') --""'" , 
('0' '0' '0' '0' '1' '1' '0' '0') --Oc ""'" , 
('0' '0' '0' '0' '1' '1' '1' '1 ') --Of , , , , , , , , 
('0' '0' '0' '1' '0' '0' '1' '1') --13 ""'" , 
('0' '0' '0' '1' '0' '1' '1' '0') --16 , , , , , , , , 
('0' '0' '0' '1' '1' '0' '0' '1') -- <-- 10119 ""'" , 
('0' '0' '0' '1' '1' '1' '0' '0') , , , , , , , , 
('0' '0' '0' '1' '1' '1' '1' '1 ') ""'" , 
('0', '0',' 1 ','0', '0', '0',' 1 ','0'), 
('0' '0' '1' '0' '0' '1' '0' '1 ') ""'" , 
('0' '0' '1' '0' '1' '0' '0' '0') ""'" , 
('0' '0' '1' '0' '1' '0' '1' '1') ""'" , 
('0' '0' '1' '0' '1' '1' '1' '0') ""'" , 
('0','0','1','1','0','0','0','1'), -- <-- 20/31 
('0','0',' 1',' l' ,'0' ,'0',' 1 I,' 1 I), 
('0' '0' '1' '1' '0' '1' '1' '0') , , , , , , , , 
('0' '0' '1' '1' '1' '0' '0' '1') ""'" , 
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('0' ,'0',' 1 ',' 1',' 1 ',' 1 ','0' ,'0'), 
('0' ,'0',' 1 ',' 1 ',' 1 ',' 1 ',' 1 ' " 1 '), 
('0',' 1 ','0' ,'0' ,'0' ,'0' ,'0',' 1 I), 
('0',' 1 ','0' ,'0' ,'0',' 1 ','0' ,'0'), 
('0','1','0','1','1','0','1','0'), -- <-- 30/5a 
('0',' l' ,'0',' 1',' 1',' l' ,'0' ,'0'), 
('0','1 ','0','1 ','1 ','1 ','1 ','0'), 
('0',' 1',' 1 ','0' ,'0','0' ,'0','0'), 
('0',' 1 ',' 1 ','0' ,'0' ,'0',' 1 ','0'), 
('0',' 1',' 1 ','0' ,'0',' l' ,'0' ,'0'), 
('0' '1' '1' '0' '0' '1' '1' '0') , , , , , , , , 
('0',' 1',' l' ,'0',' l' ,'0' ,'0' ,'0'), 
('0','1','0','0','0','1','1','1'), -- <-- 40/47 
('0' '1' '0' '0' '1' '0' '0' '1 ') , , , , , , , , 
('0','1 ','0','0',' 1 ','1 ','0','0'), 
('0',' 1 ','0' ,'0',' 1 ',' 1 ',' 1 ','0'), 
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('0' '1' '0' '1' '0' '0' '0' '1 ') , , , , , , , , 
('0' '1' '0' '1' '0' '0' '1' '1 ') ""'" , 
('0' '1' '0' '1' '0' '1' '0' '1 ') ""'" , 
('0' '1' '0' '1' '1' '0' '0' '0') ""'" , 
('0',' 1 ','1 ','0',' 1 ','0','1 ','0'), -- <-- 50/6a 
('0' '1' '1' '0' '1' '0' '1' '1 ') , , , , , , , , 
('0' '1' '1' '0' '1' '1' '0' '1 ') ""'" , 
('0' '1' '1' '0' '1' '1' '1' '1 ') ""'" , 
('0' '1' '1' '1' '0' '0' '0' '0') ""'" , 
('0' '1' '1' '1' '0' '0' '0' '1') ""'" , 
('0' '1' '1' '1' '0' '0' '1' '1') , , , , , , , , 
('0' '1' '1' '1' '0' '1' '0' '0') ""'" , 
('0','1','1','1','0','1','0','1'), -- <-- 60175 
('0' '1' '1' '1' '0' '1' '1' '0') ""'" , 
('0' '1' '1' '1' '1' '0' '0' '0') , , , , , , , , 
('0' '1' '1' '1' '1' '0' '0' '1 ') ""'" , 
('0' '1' '1' '1' '1' '0' '1' '0') ""'" , 
('0' '1' '1' '1' '1' '0' '1' '0') ""'" , 
('0' '1' '1' '1' '1' '0' '1' '1 ') , , , , , , , , 
('0' '1' '1' '1' '1' '1' '0' '0') , , , , , , , , 
('0' '1' '1' '1' '1' '1' '0' '1') -- <-- 70/7d ""'" , 
('0' '1' '1' '1' '1' '1' '0' '1') ""'" , 
('0' '1' '1' '1' '1' '1' '1' '0') , , , , , , , , 
('0' '1' '1' '1' '1' '1' '1' '0') , , , , , , , , 
('0' '1' '1' '1' '1' '1' '1' '0') ","" , 
('0' '1' '1' '1' '1' '1' '1' '1') ""'" , 
('0' '1' '1' '1' '1' '1' '1' '1 ') ""'" , 
('0' '1' '1' '1' '1' '1' '1' '1 ') ""'" , 
('0' '1' '1' '1' '1' '1' '1' '1') -- <-- 80/ 7f ""'" , 
('0' '1' '1' '1' '1' '1' '1' '1 ') , , , , , , , , 
('0' '1' '1' '1' '1' '1' '1' '1 ') ""'" , 
('0' '1' '1' '1' '1' '1' '1' '1 ') ""'" , 
('0' '1' '1' '1' '1' '1' '1' '0') , , , , , , , , 
('0' '1' '1' '1' '1' '1' '1' '0') ""'" , 
('0' '1' '1' '1' '1' '1' '0' '1 ') ""'" , 
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('0' '1' '1' '1' '1' '1' '0' '1 ') ""'" , 
('0' '1' '1' '1' '1' '1' '0' '0') -- <-- 9017e ""'" , 
('0' '1' '1' '1' '1' '1' '0' '0') , , , , , , , , 
('0' '1' '1' '1' '1' '0' '1' '1 ') , , , , , , , , 
('0' '1' '1' '1' '1' '0' '1' '0') ""'" , 
('0','1 ','1 ','1 ',' 1 ','0','0','1 '), 
('0' '1' '1' '1' '1' '0' '0' '0') ""'" , 
('0' '1' '1' '1' '0' '1' '1' '1 ') , , , , , , , , 
('0' '1' '1' '1' '0' '1' '1' '0') , , , , , , , , 
('0','1','1','1','0','1','0','1'), -- <--aO/75 
('0','1 ','1 ','1 ','0','1 ','0','0'), 
('0' '1' '1' '1' '0' '0' '1' '0') , , , , , , , , 
('0' '1' '1' '1' '0' '0' '0' '1 ') ,,"'" , 
('0' '1' '1' '1' '0' '0' '0' '0') , , , , , , , , 
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II 

II 

('0' '1' '1' '0' '1' '1' '1' '0') ""'" , 
('0' '1' '1' '0' '1' '1' '0' '1 ') ""'" , 
('0' '1' '1' '0' '1' '0' '1' '1 ') , , , , , , , , 
('0','1','1','0','1','0','0','1 I), -- <-- bO/69 
('0' '1' '1' '0' '0' '1' '1' '1 ') , , , , , , , , 
('0' '1' '1' '0' '0' '1' '1' '0') ""'" , 
('0' '1' '1' '0' '0' '1' '0' '0') ""'" , 
('0' '1' '1' '0' '0' '0' '1' '0') ""'" , 
('0' '1' '1' '0' '0' '0' '0' '0') ""'" , 
('0' '1' '0' '1' '1' '1' '1' '0') ""'" , 
('0' '1' '0' '1' '1' '0' '1' '1') , , , , , , , , 
('0','1','0','1','1','0','0','1'), -- <-- CO/59 
('0' '1' '0' '1' '0' '1' '1' '1 ') , , , , , , , , 
('0' '1' '0' '1' '0' '1' '0' '1') , , , , , , , , 
('0' '1' '0' '1' '0' '0' '1' '0') ""'" , 
('0' '1' '0' '1' '0' '0' '0' '0') , , , , , , , , 
('0' '1' '0' '0' '1' '1' '1' '0') ""'" , 
('0' '1' '0' '0' '1' '0' '1' '1 ') ""'" , 
('0' '1' '0' '0' '1' '0' '0' '1') ""'" , 
('0' '1' '0' '0' '0' '1' '1' '0') -- <-- dO/46 , , , , , , , , 
('0' '1' '0' '0' '0' '0' '1' '1 ') ""'" , 
('0' '1' '0' '0' '0' '0' '0' '1 ') ""'" , 
('0' '0' '1' '1' '1' '1' '1' '0') , , , , , , , , 
('0' '0' '1' '1' '1' '0' '1' '1 ') , , , , , , , , 
('0' '0' '1' '1' '1' '0' '0' '0') ""'" , 
('0' '0' '1' '1' '0' '1' '1' '0') ""'" , 
('0' '0' '1' fl' '0' '0' '1' '1 ') , , , , , , , , 
('0' '0' '1' '1' '0' '0' '0' '0') -- <-- eO/30 , , , , , , , , 
('0' '0' '1' '0' '1' '1' '0' '1 ') ""'" , 
('0' '0' '1' '0' '1' '0' '1' '0') ""'" , 
('0' '0' '1' '0' '0' '1' '1' '1 ') , , , , , , , , 
('0' '0' '1' '0' '0' '1' '0' '0') ""'" , 
('0','0','1 ','0','0','0','0','1 I), 
('0' '0' '0' '1' '1' '1' '1' '0') , , , , , , , , 
('0' '0' '0' '1' '1' '0' '1' '1 ') ""'" , 
('0' '0' '0' '1' '1' '0' '0' '0') -- <-- f0l18 , , , , , , , , 
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('0' '0' '0' '1' '0' '1' '0' '1 ') ""'" , 
('0' '0' '0' '1' '0' '0' '1' '0') ""'" , 
('0' '0' '0' '0' '1' '1' '1' '1 ') , , , , , , , , 
('0' ,'0' ,'0' ,'0',' 1',' l' ,'0' ,'0'), 
('0','0' ,'0', '0',' 1', '0', '0', '0'), 
('0' '0' '0' '0' '0' '1' '0' '1 ') , , , , , , , , 
('0' ,'0' ,'0' ,'0' ,'0', '0',' 1 ','0'), 
('0','0','0','0','0','0','0','0'), -- <-­
(' 1 ','0' ,'0' ,'0' ,'0',' 1 ','0' ,'0'), 
(,1 ','0','0','0','0','1 ','1 I,' 1 I), 
(' l' ,'0' ,'0' ,'0',' 1 ','0',' 1 ','0'), 
(' 1 ','0','0' ,'0',' 1',' 1 ','0',' 1 I), 
(' 1 ','0' ,'0',' 1 ','0' ,'0' ,'0' ,'0'), 
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Appendix - B 

('I' '0' '0' 'I' '0' '0"1"1') , , , , , , , , 
('I' '0' '0' 'I' '0' 'I' 'I' '0') , , , , , , , , 
('1','0','0','1','1','0','0','1'),-- <-- 110/99 
('I' '0' '0' 'I' 'I' 'I' '0' 'I') , , , , , , , , 
('I' '0' 'I' '0' '0' '0' '0' '0') ""'" , 
('I' '0' 'I' '0' '0' '0' 'I' 'I') ""'" , 
('I' '0' 'I' '0' '0' 'I' 'I' '0') , , , , , , , , 
('I' '0' 'I' '0' 'I' '0' '0' 'I') ""'" , 
('I' '0' 'I' '0' 'I' '0' 'I' 'I') """, , 
('I' '0' 'I' '0' 'I' 'I' 'I' '0') , , , , , , , , 
('1','0','1','1','0','0','0','1'), -- <-- 1201b1 
('I' '0' 'I' 'I' '0' 'I' '0' '0') ""'" , 
('I' '0' 'I' 'I' '0' 'I' 'I' 'I') """, , 
('I' '0' '1"1"1' '0' 'I' '0') , , , , , , , , 
('I' '0' 'I' 'I' 'I' 'I' '0' 'I') """, , 
('I' '0' '1' '1' '1' 'I' '1' '1') ""'" , 
('I' 'I' '0' '0' '0' '0' 'I' '0') , , , , , , , , 
('I' 'I' '0' '0' '0' 'I' '0' 'I') , , , , , , , , 
('1','1','0','0','0','1','1','1'),-- <-- 130/c7 
('I' 'I' '0' '0' 'I' '0' 'I' '0') , , , , , , , , 
('I' 'I' '0' '0' 'I' 'I' '0' '0') , , , , , , , , 
('I' 'I' '0' '0' 'I' 'I' 'I' '1') ""'" , 
('I' 'I' '0' 'I' '0' '0' '0' 'I') , , , , , , , , 
('I' 'I' '0' 'I' '0' 'I' '0' '0') , , , , , , , , 
('I' 'I' '0' 'I' '0' 'I' 'I' '0') , , , , , , , , 
('I' 'I' '0' 'I' 'I' '0' '0' '0') , , , , , , , , 
('I' 'I' '0"1"1"0' 'I' '0') -- <-- 140/da ""'" , 
('I' 'I' '0' 'I' 'I' 'I' '0' 'I') , , , , , , , , 
('I' 'I' '0' 'I' 'I' 'I' 'I' 'I') ""'" , 
('I' 'I' 'I' '0' '0' '0' '0' 'I') , , , , , , , , 
('I' 'I' 'I' '0' '0' '0' 'I' 'I') ""'" , 
('I' 'I' 'I' '0' '0' 'I' '0' 'I') , , , , , , , , 
('I' 'I' 'I' '0' '0' 'I' 'I' 'I') ""'" , 
('1" 1 "1 "0' 'I' '0' '0' '0') , , , , , , , , 
('I' 'I' 'I' '0' 'I' '0' 'I' '0') -- <-- 150/ea , , , , , , , , 
('1" 1 "1 "0' 'I' 'I' '0' '0') ""'" , 
('I' 'I' 'I' '0" 1 "1 "0' 'I') , , , , , , , , 
('I' 'I' 'I' '0' '1' 'I' 'I' 'I') ""'" , 
('I' 'I' 'I' 'I' '0' '0' '0' '0') , , , , , , , , 
('I' 'I' 'I' 'I' '0' '0' 'I' '0') ""'" , 
('I' 'I' 'I' 'I' '0' '0' 'I' '1') , , , , , , , , 
('I' 'I' 'I' 'I' '0' 'I' '0' '0') ""'" , 
('I' 'I' 'I' 'I' '0' 'I' 'I' '0') -- <-- 160/f6 , , , , , , , , 
('I' 'I' 'I' 'I' '0' 'I' 'I' 'I') , , , , , , , , 
('I' 'I' 'I' 'I' 'I' '0' '0' '0') , , , , , , , , 
('I' 'I' 'I' 'I' 'I' '0' '0' 'I') , , , , , , , , 
('I' 'I' 'I' 'I' 'I' '0' 'I' '0') ""'" , 
(' 1',' 1',' 1',' 1',' I' ,'0',' 1',' 1'), 
('1" 1 " 1 "1' 'I' '0' 'I' 'I') ""'" , 
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('1"1' 'I' 'I' 'I' 'I' '0' '0') ""'" , 
('1','1','1','1','1','1','0','1'),-- <-- 170/fd 
('I' 'I' 'I' 'I' 'I' 'I' '0' 'I') , , , , , , , , 
('I' 'I' 'I' 'I' 'I' 'I' 'I' '0') , , , , , , , , 
('I' 'I' 'I' 'I' 'I' 'I' 'I' '0') ""'" , 
('1"1' 'I' '1"1"1' 'I' '0') , , , , , , , , 
('1"1"1' 'I' 'I' 'I' 'I' 'I') ""'" , 
('I' 'I' 'I' 'I' 'I' 'I' 'I' 'I') ,,"'" , 
('I' 'I' 'I' 'I' 'I' 'I' 'I' 'I') ""'" , 
('1','1','1','1','1','1','1','1'),-- <-- 180/ff 
('I' 'I' 'I' 'I' 'I' 'I' 'I' 'I') ""'" , 
('I' 'I' 'I' '1' 'I' 'I' 'I' 'I') ""'" , 
('I' 'I' 'I' 'I' 'I' 'I' 'I' '0') , , , , , , , , 
('I' 'I' 'I' 'I' 'I' 'I' 'I' '0') ""'" , 
('I' 'I' 'I' 'I' 'I' 'I' 'I' '0') ""'" , 
('I' 'I' 'I' 'I' 'I' 'I' '0' 'I') , , , , , , , , 
('I' 'I' 'I' 'I' '1' 'I' '0' 'I') ""'" , 
('1','1' ,'I' ,'I' ,'1','1' ,'0' ,'0'),-- <-- 190/fe 
('I' 'I' 'I' 'I' 'I' 'I' '0' '0') , , , , , , , , 
('I' 'I' 'I' 'I' 'I' '0' 'I' 'I') ""'" , 
('I' 'I' 'I' 'I' 'I' '0' 'I' '0') ""'" , 
('I' 'I' 'I' 'I' 'I' '0' '0' 'I') ,""" , 
('I' 'I' 'I' 'I' 'I' '0' '0' '0') ""'" , 
('1"1"1"1"0"1"1"1') , , , , , , , , 
('I' 'I' 'I' 'I' '0' 'I' 'I' '0') ""'" , 
('I' 'I' 'I' 'I' '0' 'I' '0' 'I') -- <-- 1aO/fS , , , , , , , , 
('I' 'I' 'I' 'I' '0' '0' 'I' 'I') , , , , , , , , 
('I' 'I' 'I' 'I' '0' '0' 'I' '0') , , , , , , , , 
('I' 'I' 'I' 'I' '0' '0' '0' 'I') , , , , , , , , 
('I' 'I' 'I' '0' 'I' 'I' 'I' 'I') ""'" , 
('1"1"1"0"1"1' 'I' '0') ""'" , 
('I' 'I' 'I' '0' 'I' 'I' '0' '0') ""'" , 
('I' 'I' 'I' '0' 'I' '0' 'I' '0') , , , , , , , , 
('I' 'I' 'I' '0' 'I' '0' '0' 'I') -- <-- 1bO/e9 ""'" , 
('I' 'I' 'I' '0' '0' 'I' 'I' 'I') ""'" , 
('I' 'I' 'I' '0' '0' 'I' '0' 'I') ""'" , 
('I' 'I' 'I' '0' '0' '0' 'I' 'I') ""'" , 
('I' 'I' 'I' '0' '0' '0' '0' 'I') ""'" , 
('I' 'I' '0' 'I' 'I' 'I' 'I' 'I') , , , , , , , , 
('1" 1 "0' 'I' 'I' 'I' '0' '1') , , , , , , , , 
('1"1' '0' 'I' 'I' '0"1"1') ""'" , 
('1"1"0' 'I' 'I' '0' '0' 'I') -- <--, , , , , , , , 1eO/d9 
('1','1','0','1','0','1','1','0'), 
('I' 'I' '0' 'I' '0' 'I' '0' '0') , , , , , , , , 
('I' 'I' '0' 'I' '0' '0' 'I' '0') ""'" , 
('I' 'I' '0' '0' 'I' 'I' 'I' 'I') , , , , , , , , 
('I' 'I' '0' '0' 'I' 'I' '0' 'I') ""'" , 
('I' 'I' '0' '0' 'I' '0' 'I' '0') , , , , , , , , 
('I' 'I' '0' '0' 'I' '0' '0' '0') , , , , , , , , 
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('1','1','0','0','0','1','0','1'),-- <-- 1dO/c5 
('I' 'I' '0' '0' '0' '0' 'I' 'I') , , , , , , , , 
('I' 'I' '0' '0' '0' '0' '0' '0') , , , , , , , , 
('I' '0' 'I' 'I' '1' '1' '0' 'I') , , , , , , , , 
('I' '0' 'I' 'I' 'I' '0' 'I' '0') ""'" , 
('I' '0' 'I' 'I' 'I' '0' '0' '0') ""'" , 
('I' '0' 'I' 'I' '0' 'I' '0' 'I') ""'" , 
('I' '0' 'I' 'I' '0' '0' 'I' '0') ""'" , 
('I' '0' 'I' '0' 'I' 'I' 'I' 'I') -- <-- 1 0/ f """" ea 
('I' '0' 'I' '0' 'I' 'I' '0' '0') ""'" , 
('I' '0' 'I' '0' 'I' '0' '0' 'I') , , , , , , , , 
('I' '0' 'I' '0' '0' 'I' 'I' '0') , , , , , , , , 
('I' '0' 'I' '0' '0' '0' 'I' 'I') , , , , , , , , 
('I' '0' 'I' '0' '0' '0' '0' '0') , , , , , , , , 
('I' '0' '0' 'I' 'I' 'I' '0' 'I') ""'" , 
('I' '0' '0' 'I' 'I' '0' 'I' '0') ""'" , 
('I' '0' '0' '1' '0' '1' 'I' 'I') , , , , , , , , 
('I' '0' '0' 'I' '0' 'I' '0' '0') , , , , , , , , 
('I' '0' '0' 'I' '0' '0' '0' 'I') , , , , , , , , 
('I' '0' '0' '0' 'I' 'I' 'I' '0') ""'" , 
('I' '0' '0' '0' 'I' '0' 'I' 'I') ""'" , 
('I' '0' '0' '0' 'I' '0' '0' '0') , , , , , , , , 
('I' '0' '0' '0' '0' 'I' '0' 'I') ""'" , 
('0','0','0','0','0','0','0','0'»;-- <-- 1ff/00 

BEGIN 
PROCESS(A,B,DD,DD 1) 
begin 

B<=A+co· , 
DD<=VD(conv_integer(A»; 
DD1<=VD(conv_integer(b»; 

END PROCESS; 
--******************************* 
-- ** Register for sin-teta 
--******************************* 

reg_process:process (clk,reset) 
begin 

if reset ='1' then 
q<=( others=> '0'); 

q 1 <=( others=> '0'); 

-- to intialize register q and q 1 to 0 

elsif( clk=' 1 'and clk'event ) then 
if enable=' 1 , then 

q<=DD; 
q1<= DD1; 

end if; 
end if; 

end process reg process; 
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--end behavioral; 

** 

:: :::::::::: ::::::::::::::::::::::::::::: :~~~: ~~~~~~~ :~~ ~~~:~~~~~~ :~:~::::::: ::::::: :::::::::::::::::::::::::::: 

Main-Program2. vhd 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

LIBRARY IEEE; 
USE IEEE.std_Iogic_1164.ALL; 
USE IEEE.std_Iogic_signed.ALL; 
--******************************************************************** 
-- this programme uses readym instead of Bclk in tst prot map U6 

and teta port map U 13 
--******************************************************************** 

ENTITY main511 IS 
PORTe 

vsqrefl,vsdrefl:in std_Iogic_vector(lO downto 0); 
qa,qb: in std_Iogic_ vector(7 downto 0); 
Breset,Bclk:in std_Iogic; 
startp:in std_Iogic; 
Trl,Tr2,Tr3,Tr4,Tr5,Tr6:out std_Iogic); 

END main511; 

ARCHITECTURE main511_arch of main511 IS 
--###################################################### 
--component testbench5 IS 
-- PORT(Bclk:in std_Iogic; 

signal starttout std_Iogic; 
signal ia,ib:out STD_LOGIC_ VECTOR (8 downto 0) 

-- ); 

--END component; 
--#################################################### 
component smultiplier is 
generic( 

n: in integer:=11; -- The operand length 
m: in integer :=8; -- The result length 
step_Iength:in integer:=1 

); 

porte a:in std_Iogic_ vector (l0 downto 0); 
b:in std_Iogic_ vector (7 down to 0); 
prod:out std_Iogic_ vector (18 downto 0); 
clk,start:in std_Iogic; 
ready:out std_Iogic); 

end component; 
component ctrv I IS 

Aounis A 



PORTe Belk:in std_Iogic; 
readyc,readycl,readyc2,readyc3 : in std_Iogic; 

ldl :out std_Iogic; 
Id2:out std_Iogic; 
Id3:out std_Iogic; 
Id4:out std_Iogic); 

lpwm:out std_Iogic ); 
END component; 
component reg 11 is 
PORTe Ivl,Breset : in std_Iogic; 

in_regll :in std_Iogic_ vector(11 downto 0); 
oucregll:out std_Iogic_vector(11 downto 0)); 

end component; 
component reg 12 is 
PORTe Iv2,Breset : in std_Iogic; 

in_regI2:in std_Iogic_ vector(11 downto 0); 
oucregl2:out std_Iogic_ vector(11 downto 0)); 

end component; 
component reg 13 is 
PORTe Iv3,Breset : in std_Iogic; 

in_regI3:in std_Iogic_ vector( 11 downto 0); 
oucregl3:out std_Iogic_ vector(11 downto 0)); 

end component; 
component reg 14 is 
PORTe Iv4,Breset : in std_Iogic; 

in_regI4:in std_Iogic_ vector(11 downto 0); 
ouCregl4:out std_Iogic_ vector(11 downto 0)); 

end component; 
component addr 1 IS 
PORTe resetin std_Iogic; 

ouCrl,out_r2,out_r3,out_r4: in std_Iogic_ vector (11 downto 0); 
vsalref:out std_Iogic_ vector(12 downto 0); 
vsberef:out std_Iogic_ vector( 12 downto 0) 

); 
END component; 
component vpwm_testl is 

port (Belk,Bresetin std_Iogic; 
vsalref: in STD_LOGIC_ VECTOR(12 downto 0); 
vsberef: in STD_LOGIC_ VECTOR(12 downto 0); 
--out_signala,out_signalb,out_signalc: out STD_LOGIC 
Tl,T2,T3,T4,T5,T6:out std_Iogic 
); 

end component; 

s~gnal readyv ,readyv 1 ,readyv2,readyv3: std_Iogic; 
s~gnallvl1,lvI2,lvI3,lvI4:std_logic; 
s~gnallpwml,sl,s2,s3:std_logic; . 
sIgnal outrv 1 ,outrv2,outrv3 ,outrv4,ina,inb,inc: std_logic _ vector( 11 downto 0). 
signal Vsberefl,vsalrefl:std logic vector(12 downto 0): 
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signal prodzii ,prodz I2,prodz 1.3,prodz I4:std_logic_ vector( 18 downto 0): 
signal zii ,zI2,zI3,zI4:std_Ioglc_ vector(11 downtoO); 
begin 

*************** 
--Tb:testbench5 port map(Bclk,start,ia,ib); 

.-tppefldix - B 

************************************************************************ 
u16:Smultiplier port map(vsqrefl,qb,prodzll,Bclk,startp,readyv): 
ul7:Smultiplier port map(vsdrefl,qa,prodzI2,Bclk,startp,readyv 1): 
u18:Smultiplier port map(vsdrefl,qb,prodz13,Bclk,startp,readyv2): 
u19:Smultiplier port map(vsqrefl,qa,prodz14,Bclk,startp,readyv3); 
zll<=prodzI1(18 downto 7); 
z12<=prodzI2(18 downto 7); 
z13<=prodzI3(18 downto 7); 
z14<=prodzI4(18 downto 7); 
u2I:ctrvl port map(Bclk,readyv,readyvI,readyv2,readyv3,lv 11 ,Iv 12,lv 13,lv 14): 
u22:regll port map(lvII,Breset,zll,outrvl); 
u23:regl2 port map(lvI2,Breset,zI2,outrv2); 
u24:regl3 port map(lvI3,Breset,zI3,outrv3); 
u25:regl4 port map(lvI4,Breset,zI4,outrv4); 
u26:addr 1 port map(Breset,outrv 1 ,outrv2,outrv3,outrv4, vsairefl, V sberefl ): 
u27:vpwm_testl port map(Bclk,Breset,vsalrefl,vsberefl,Trl,Tr2,Tr3,Tr4,Tr5,Tr6): 

End main5II_arch; 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

.................................................................................................................................... .................................................................................................................................... 

Control-unit-2. vhd 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

LIBRARY IEEE; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.std_logic_unsigned.ALL; 

ENTITY ctrv 1 IS 
PORTe Bclk,readyc,readycI,readyc2,readyc3 : in std_logic; 

Idl :out std_Iogic; 
Id2:out std_logic; 
Id3:out std_logic; 
Id4:out std_logic); 

Ipwm:out std_logic); 
-- ouCregl :out std_logic_ vector(l9 downto 0)); 

END ctrvl' , 

ARCHITECTURE ctrv 1 arch OF ctrv 1 IS 
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begin 

process (Bclk,readyc,readyc 1 ,readyc2,readyc3) 
begin 

********************* 
-- if readyc=' l' then 

if (Bclk=' 1 'and Bclk'event ) then 
if readyc=' l' then 
ldl<='l'; 
else 
ldl<='O'; 

end if; 
if readycl='l' then 
ld2<='l '; 
else 
ld2<='O'; 

end if; 
if readyc2=' l' then 

ld3<='l'; 
else 
ld3<='O'; 

end if; 
if readyc3=' l' then 

ld4<='l '; 
--lpwm<='O'; 

else 
ld4<='O'; 
--lpwm<=' 1 '; 

end if; 
end if; 
end process; 

END ctrvl_arch; 

Appendix. B 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Reg11, Reg12, Reg13 and Reg14 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

LIBRARY IEEE; 
USE IEEE.std_logic_ll64.ALL; 
USE IEEE.std_logic_unsigned.ALL; 

ENTITY regll IS 
PORTe Ivl,Breset : in std_logic; 

in_regll :in std_logic_ vector(1l downto 0); 
out_regll:out std_logic_vector(1l downto 0): 

END regl1; 

~RCHITECTURE reg11 arch OF regl1 IS 
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begin 

process (lvl,Breset) 
begin 

if Breset =' I' then 

ouCreg II <=( others=>'O'); -- to intialize register q and q 1 to 0 
elsif(lvl=' I 'and Ivl'event) then 

out_reg II <= in_reg II ; 
end if; 

end process; 

END reg II_arch; 
., ............................................. . 

LIBRARY IEEE; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.std_logic_unsigned.ALL; 

ENTITY regl2 IS 
PORTe Iv2,Breset : in std_Iogic; 

in_reg12:in std_Iogic_ vector(11 downto 0); 
oucregl2:out std_logic_ vector(11 downto 0»; 

END regl2; 

ARCHITECTURE reg 12_arch OF reg 12 IS 

begin 

process (lv2,Breset) 
begin 

if Breset =' 1 ' then 
ouCregI 2<=(others=>'0'); -- to intialize register q and ql to 0 
elsif(lv2='1 'and Iv2'event ) then 
out_regl2 <= in_regI2; 

end if; 

end process; 

................................................................... 

LIBRARY IEEE' , 
USE IEEE.std_Iogic_1164.ALL; 
USE IEEE.std_Iogic_unsigned.ALL; 
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ENTITY reg13 IS 
PORTe Iv3,Breset: in std_Iogic; 

in_reg13:in std_Iogic_ vector(l1 downto 0); 
out_reg13:out std_Iogic_vector(l1 downto 0)); 

END reg13; 

ARCHITECTURE reg13_arch OF regl3 IS 

begin 

process (lv3,Breset) 
begin 

if Breset =' l' then 
oucreg13<=(others=>'O'); -- to intialize register q and ql to 0 
elsif(lv3=' 1 'and Iv3'event) then 
oucreg13 <= in_reg13; 

end if; 

end process; 

END regI3_arch; 

LIBRARY IEEE; 
USE IEEE.std_Iogic_1164.ALL; 
USE IEEE.std_Iogic_unsigned.ALL; 

ENTITY reg 14 IS 
PORTe Iv4,Breset: in std_Iogic; 

in_regI4:in std_Iogic_vector(l1 downto 0); 
ouCregl4:out std_Iogic_ vector(ll downto 0)); 

END regl4; 

ARCHITECTURE reg 14_arch OF regl4 IS 

begin 

process (lv4,Breset) 
begin 

if Breset =' 1 ' then 
out_regI4<=(others=>'O'); -- to intialize register q and ql to 0 
elsif(lv4='1 'and Iv4'event ) then 
oUCregl4 <= in_regI4; 

end if; 

end process; 
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END reg I4_arch; 

l~~; ~:.:;~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

LIBRARY IEEE; 
USE IEEE.std_Iogic_1164.ALL; 
USE IEEE.std_Iogic_signed.ALL; 
use ieee.std_Iogic_arith.all; 

ENTITY addrl IS 
PORTe resetin std_Iogic; 

); 

ouCrl,out_r2,out_r3,out_r4: in std_Iogic_ vector (11 downto 0): 
vsalref:out std_Iogic_ vector(12 downto 0); 
vsberef:out std_Iogic_ vector(12 downto 0) 

END addrI; 

ARCHITECTURE addrl_arch OF addrl IS 

begin 

process (reset,out_r 1 ,out_r2,out_r3 ,out_r4) 
begin 

if reset =' l' then 
vsberef<=( others=>'O'); 
vsalref <=( others=> '0'); 

else 
vsberef <= (out_rl(10) & out_rl) + oucr2; 
vsalref <= (out_r3(10) & out_r3) - out_r4; 

end if; 
end process; 

END addr I_arch; 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

PWM-Generation. vhd 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

library IEEE; 
use IEEE.std_Iogic_1164.all; 
use IEEE.std_Iogic_signed.all; 
Use ieee.std_Iogic_arith.all; 
use work.imp_pack.all; 

entity vpwm_testl is 
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port (Bclk,lv,Breset:in std_Iogic; 
port (Bclk,Breset:in std_Iogic; 

vsalref: in STD_LOGIC_ VECTOR(12 downto 0); 
vsberef: in STD_LOGIC_ VECTOR(12 downto 0); 
--vl,v2,v3:out STD_LOGIC_ VECTOR(13 downto 0); 

--out_signala,out_signalb,ouCsignalc: out std_Iogic 
Tl,T2,T3,T4,T5,T6:out std_Iogic 
); 

end vpwm_testl; 

Architecture vpwm_testl_arch of vpwm_testl is 

signal doutl,dout2,xl,dout3,dout4,x2,dout5,dout6,x3: std_Iogic: 
-- signal out_signalal ,out_signala2,out_signala3: std_Iogic; 
signal regl,reg2,reg3,reg4,reg5,reg6 : STD_LOGIC_ VECTOR(3 downto 0): 
signal oucsignala,out_signalb,out_signalc: std_Iogic ; 
signal vsalphal: STD_LOGIC_ VECTOR(12 downto 0); 
signal vsbetal: STD_LOGIC_ VECTOR(12 downto 0); 
signal vbeta_par: STD_LOGIC_ VECTOR(12 downto 0); 
signal vrefa,vrefb,vrefc: STD_LOGIC_ VECTOR(12 downto 0); 
constant max:std_Iogic_ vector (11 downto 0):="011111111111"; 
constant min:std_Iogic_ vector (11 downto 0):=" 100000000000"; 
constant DelayTTr:integer:=30; 

begin 

vsbeta1(12)<='0'; 
vsbetal(11 downto 0) <= vsberef(12 downto 1); -- To divide vsberef by 112 

process( vsalret) 
variable rez: STD_LOGIC_ VECTOR(25 downto 0); 
variable Triangl: std_Iogic_ vector (12 downto 0); 
variable direction: std_Iogic; 

begin 

rez := vsalref & zeroes(13);--"000000000000"; 
rez := rez - (vsalref & zeroes(10»;--"000000000"); 
rez := rez - (vsalref & zeroes(6»;--"00000"); 

--zeroes(l2); 
-- 9 = 12 - 3 
-- 5 = 12 - 7 

rez:= rez - (vsalref & zeroes(3»;--;"00"); -- 2 = 12 - 10 
rez := rez - vsalref' -- 0 = 12 - 12 , 
vsalpha1 <=rez(25 downto 13); 

-- vrefa<=vsberef; 
-- vrefb<=vsalphaI-vsbetal; 
-- vrefc<=-vsalphal-vsbetal; 
-- v 1 <=vrefa" , 
-- v2<=vretb" , 
-- v3<=vrefc" , 

end process; 
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vrefa<=vsberef; 
vrefb<=vsalpha1-vsbetal; 
vrefc<=-vsalphal-vsbeta1 ; 

process(B clk,Breset) 
v~able re~: STD_LOGI~_ VECTOR(25 downto 0); 
vanable Tnangl: std_IoglC_ vector (12 downto 0); 
variable direction: std_Iogic; 

begin 
if Breset=' 1 'then 
Triangl: =" 0000000000001 " ; 
direction :='1 '; 

elsif (Bclk'event and Bclk=' 1 ') then 
--if lv=' l' then 

if direction =' l' then 
if Triangl <max then 

Triangl:=Triangl+ 1; 
else 
Triangl:=Triangl-1 ; 

direction:='O'; 
end if; 
else 
if Triangl>min then 

Triangl:=Triangl-l; 
else 
Triangl:=Triangl+ l; 
direction:='l '; 

end if; 
end if; 

-- <---

if vrefa< Triangl then -- vrl coresponds to either va or vb or vc 
ouCsignala<='O' ; 
else 
ouCsignala<='l '; 

end if; 
if vrefb< Triangl then -- vr2 coresponds to either va or vb or vc 

ouCsignalb<='O' ; 
else 
ouCsignalb<=' 1 '; 

end if; 
if vrefc< Triangl then -- vr3 coresponds to either va or vb or vc 

ouCsignalc<='O' ; 
else 
ouCsignalc<=' 1 '; 

end if; 
end if; 

end process; 
-----------------------------------------------------

process (Bclk,Breset)--,out_signalb,oucsignalc) 
variable count: integer range 0 to 31; 
--variable doutl ,dout2: std logic; 
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--variable regl,reg2 : STD_LOGIC_ VECTOR(2 downto 0); 
begin 

if Breset =' l' then 
xl<='O" , 

x2<='0'; 
x3<='0" , 

doutl <='0'; 
dout2<='0'; 
dout3<='0' ; 
dout4<='0'; 
doutS<='O'; 
dout6<='0'; 

Tl<='O" , 
T2<='0" , 
T3<='0'; 
T4<='0" , 
TS<='O" , 
T6<='0" , 
count:=delayTTr; 

elsif Bc1k'event and Bc1k=' I ' then 
if count=O then 

count:=DelayTTr; 
--++++++++++++++++++++++++++++++++++++++++++ 

xl <= not ouCsignala; 
regl<= out_signal a & regI(3 downto 1); 

reg2<= xl & reg2(3 downto I); 

doutI<=regI(O); 
dout2<=reg2(0); 

--end if' , 

TI <= out_signala and doutI; 
T2 <= xl AND dout2; 

--++++++++++++++++++++++++++++++++++++++++++ 
x2 <= not out_signalb; 
reg3<= oucsignalb & reg3(3 downto I); 
reg4<= x2 & reg4(3 downto I); 
dout3<=reg3(0); 
dout4<=reg4(0); 
T3 <= out_signalb and dout3; 
T4 <= x2 AND dout4; 

--+++++++++++++++++++++++++++++++++++++++++++ 
x3 <= not oucsignalc; 
regS<= out_signalc & regS(3 downto I); 
reg6<= x3 & reg6(3 downto 1); 
doutS<=regS(O); 
dout6<=reg6(0); 
TS <= oucsignalc and doutS; 
T6 <= x3 AND dout6; 

--+++++++++++++++++++++++++++++++++++++++++++ 

else 
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count:=count-l; 
end if; 

end if; 
end process; 

end vpwffi_testl_arch; 
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************************************************************************* 
************************************************************************* 
**************** Vlll)LCode **************** 
************************************************************************* 
************************************************************************* 

Testbenches and Simulations 
************************** 

LIBRARY IEEE; 
USE IEEE.std_Iogic_1164.ALL; 
USE IEEE.std_Iogic_unsigned.ALL; 

ENTITY testbench5 IS 
PORT(clk:in std_Iogic; 

); 

signal startt:out std_Iogic; 
signal ia,ib:out STD _LOGIC_ VECTOR (8 downto 0) 
--signal qa,qb:out STD_LOGIC_ VECTOR (7 downto 0) 

END testbench5; 

ARCHITECTURE testbench5_arch OF testbench5 IS 

--begin 

signal counter: integer range 0 to 13000; 
signal counter!: integer range 0 to 1000; 

__ ********* These constant represents sin data s=a ************ 

constant sl :STD_LOGIC_ VECTOR (8 downto 0):="000000000";-- 0 
constant s2:STD_LOGIC_ VECTOR (8 downto 0):="000010100";-- 20 
constant s3:STD_LOGIC_ VECTOR (8 downto 0):="000101000";-- 40 
constant s4:STD_LOGIC_ VECTOR (8 downto 0):="000111100";-- 60 
constant s5:STD_LOGIC_ VECTOR (8 downto 0):="000101000";-- 40 
constant s6:STD_LOGIC_ VECTOR (8 downto 0):="000010100";-- 20 
constant s7:STD_LOGIC_ VECTOR (8 downto 0):="000000000";-- 0 
constant s8:STD_LOGIC_ VECTOR (8 downto 0):=" 111101100";-- (-20) 
constant s9:STD_LOGIC_ VECTOR (8 downto 0):=" 111011000";-- (-40) 
constant sI0:STD_LOGIC_ VECTOR (8 downto 0):=" 111000100";-- (-60) 
constant sI1:STD_LOGIC_ VECTOR (8 downto 0):="111011000";-- (-40) 
constant s12:STD_LOGIC_ VECTOR (8 downto 0):=" 111101100":-- (-20) 
constant s13:STD_LOGIC_ VECTOR (8 downto 0):="000000000";-- 0 

__ ********* These constant represents cos data c=b ************ 
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constant c1:STD_LOGIC_ VECTOR (8 downto 0):="000111100":-- 60 
constant c2:STD_LOGIC_ VECTOR (8 downto 0):="000101000";-- 40 
constant c3:STD_LOGIC_ VECTOR (8 downto 0):="000010100";-- 20 
constant c4:STD_LOGIC_ VECTOR (8 downto 0):="000000000";-- 0 
constant c5:STD_LOGIC_ VECTOR (8 downto 0):=" 111101100";-- (-20) 
constant c6:STD_LOGIC_ VECTOR (8 downto 0):=" 111011000";-- (-40) 
constant c7:STD_LOGIC_ VECTOR (8 downto 0):=" 111000100":-- (-60) 
constant c8:STD_LOGIC_ VECTOR (8 downto 0):="111011000";-- (-40) 
constant c9:STD_LOGIC_ VECTOR (8 downto 0):=" 111101100";-- (-20) 
constant c10:STD_LOGIC_ VECTOR (8 down to 0):="000000000";-- 0 
constant c11:STD_LOGIC_ VECTOR (8 downto 0):="000010100";-- 20 
constant c12:STD_LOGIC_ VECTOR (8 downto 0):="000101000";-- 40 
constant c13:STD_LOGIC_ VECTOR (8 downto 0):="000111100";-- 60 

Appendix C 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
+++++= 
begin 
proces s (elk, co un ter) 

begin 
if elk'event and elk='l' then 

counter <=counter+ 1; 
end if; 
if counter < 1 000 and counter >=0 then 

ia<=sl ; 
ib<=c1; 

-- qa<=asl; 
-- qb<=ac1; 
elsif counter <2000 and counter> 1 000 then 
ia<=s2; 
ib<=c2; 

elsif counter <3000 and counter >2000 then 
ia<=s3; 
ib<=c3; 

elsif counter <4000 and counter >3000 then 
ia<=s4; 
ib<=c4; 

elsif counter <5000 and counter >4000 then 
ia<=s5; 
ib<=c5; 

elsif counter <6000 and counter >5000 then 
ia<=s6; 
ib<=c6; 

elsif counter <7000 and counter >6000 then 
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ia<=s7' , 
ib<=c7' , 

elsif counter <8000 and counter> 7000 then 
ia<=s8' , 
ib<=c8' , 

elsif counter <9000 and counter >8000 then 
ia<=s9; 
ib<=c9; 

elsif counter <10000 and counter >9000 then 
ia<=s10' , 
ib<=c10' , 

elsif counter < 11 000 and counter> 1 0000 then 
ia<=s11' , 
ib<=cll' , 

elsif counter < 12000 and counter> 11 000 then 
ia<=s12; 
ib<=c12; 

elsif counter < 13000 and counter> 12000 then 
ia<=s13; 
ib<=c13; 

elsif counter> 13000 then 
counter<=O; 

end if; 

end process; 

process (clk,counter 1) 
begin 
if clk'event and clk=' 1 ' then 

counter 1 <=counter 1 + 1; 
end if; 

if counterl>= 950 and counterl <1000 then --and readyt='I' then 
startt<=' 1 '; 
else 
startt<='O'; 

end if; 
if counter1>1000 then 

counter 1 <=0; 
end if; 

end process; 

END testbench5_arch; 
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Appendix - E 

Induction Machine Model. 

The continuous-time electromechanical model of an induction machine is of fifth 

order and non-linear [Error! Bookmark not dermed.] and can be represented as : 

Electrical Model 

di 
d;s = (Rs L)ds + (j)r L~ iqs - Rr L)dr - (j)r Lr Lmiqr - Lr v ds) / aD 

di 
d;S = «(j)r L~ idS + Rs Lriqs + (j)r Lr Lmidr - Rr Lmiqr - Lr v qJ / aD 

di 
~ - -(R L ' - L L . R L . . dt - s mids (j)r m slqs - r sldr - (j)r Lr Lslqr - Lm v ds) / a D 

di qr . . . . dt = -«(j)r Lm Lsids + RsLmIqs + (j)r Lr LsIdr - RrLsIqr - LmvqJ / aD 

where ao = ( Lm * Lm - Lr * Ls); 
Mechanical Model 

To define the behaviour of the induction motor, the system motion equation needs to 

be integrated with the dq-axis equations. The load torque of the motor may be due to 

friction, windage, acceleration and mechanical work. Neglecting the coulomb and 

static friction components, the torque due to friction is approximated to T F = B (j)r, 

viscous friction, where B is a constant for the system and CDr is the rotor speed. The 

windage torque is combined with the viscous torque and is given by T F+W = DCDr 

where D is the damping constant. The torque component required to accelerate the 

system is expressed as: 

d(j) . h . 1 . . f h . K 2 TJ = J __ r 
, where J IS t e rotatIOn a mertla 0 t e system m g. m . 

dt 

The load torque TI " is the mechanical work required and can be expressed as a 

function of ())r . Therefore, the developed electromagnetic torque T is given by: 

OJ, = ~ J(T, - T, )dt. 

where Te = the electric developed torque. 
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Sine Look-up Table EPROM Data 

_~ Si~e Look-up Table EPROM Data " 

0000/00; eOO~/Ol; 0002/03 i 0-00gI 05 i 0004/06; OOO~06; 00 '06/08 ; oOOJ /Ob ; 0008/0c; 

oo~/oe; OOOa/Of i 000~/11; 000c/13; 0·00d/14; 000e/16 i 000f/17 ; 00~0/19 ; ·0011/1a ; 

0012/1ci0013/1d;0014/1f;~Q~~iJ O;0016/22;0017/23;0018/2 5 ;Q019/26 ; 0~la/28 ; 

0·01b/29; 001c/2b; 001d/2C i~O_01e/2~i; 0.01f/2f; 0020/31; 0021/32 ; 002~/33 ; 0023/3 5; 

0024/36; 0025/38,,' 0026/39; ?-O-2-7/,~a; 0028/3c; 0029/3d; 0.Q.2a/3f ,. 002b/4 0,. 0020/41; 

002d/43; 002~/4-4; 002f/45; ~03J)'/5 a; 0031/5b; 0032/5c; 0033/5d; o o 3Aj5 e -; 00~ 5/5 f; 

003Q/60;0037/61;00~8/E2;0039/63;003~/64;003b/65;003c/66 ; 003d/67 : 003~/68; ~ . . -

003f/69 ; 0049/47;0041/48;0042/49;0043/4a;004~/4c;0045/4d ; 004E~4e;0047/4 f ; . ' 

0048/51;0049/52;004a/53;004b/54;004c/55;004d/56;0~4e/58;004f/59 ; Ocr50/6a ; 

0051/6a;0052/6b;0053/6c;0054/6d;0055/6e;005~/6f;0057/6f;0052/70 ; 0059/71 ; 

005a/71;005b/72 i 005c/73;005d/73;005e/74;005f/75;0060/75 ; 00 61/76;0062/76 ; 

0063/77;0064/78;0065/78;0066/79;0067/79;0068/7a;0069/ 7a ; 006a/7a ; 00 6b/7b ; 

006c/7p;006d/7c;006e/7c;006f/7c ; 0070/7d:0071/7d:0072/7d,.0 073 / 7d ;0074/7e ; 

0075/7e;0076/7e;0077/7e;0078/7e;0079/7e;007a/7f;007b/7f;007c/7f ; 007d/7 f: 

-·- - -~' 007e/7f : 007f/7f;0080/7f:0081/7f;0082/7f:0083/7f ; 0084/7f : 0 08 5/7 f : 008 6/7 f; 
. # 

0087/7e;0088/7e : 0089/7e;008a/7e ; 008b/7e:008c/7d : 008d/ 7d : 00 8e/7d ; 00 8f / 7d: 

0090/7c;0~91/7~;0092/7c:0093/7b;0094/7b:0095/7b;0096/7a;0 09 7 /7a; 0098/7 9,. 

0099/79;009a/78;009b/78;009c/77;009d/77;00ge/76;009f/76;00aO/ 75:00a1/74; 

00a2/74; 00a3/7 3,; 00a4/7 2 ; 00a5/7 2; 00a6/71 ; OOa 7/70; 00a8/7 0 ; 00 a 9/6 f: 00aa/6e ; ' 

00ab/6d i 00,ac/6di 00ad/6c; 00ae/6b; 00af/6a ; 00bO/69 i 00b1/68; 00b2/67; 00b3/ 67; 

00b4/66iOObS/65:00b6/64:00b7/63:00b8/62;00b9/61:00ba/60;00bb/5f;00bc/5e ; 

00bd/5d;00be/5b;00bf/5a;00cO/59 ; 00c1/58;00c2/57 : 00c3/56 : 00c4/55;00c5/5 4 ; 

00c6/52:00c7/51:00c8/50;00c9/4f:00ca/4e:00cb/4c;00cc/4b;0 0cd/4a : 00ce/49 : 

OOcf/47iOOdO/46;00d1/45;00d2/43;OOd3/42;00d4/41;00d5/3f;00d6/3e ; OOd7/3 d; 

OOd8/3b;00d9/3a:00da/38;00db/37:00dc/36 ; OOdd/34;00de/33;00df/31 ; 00eO/30 ; 

OOe1/2e;OOe2/2d;00e3/2b;00e4/2a;00e5/29;00e6/27;00e7/26; 00e8/24 ; 00e9/23 ; 

QOea/21;00eb/20;00ec/1e;00ed/1d ; 00ee/1b;OOef/19 ; 00fO/18 ; 00f1/16; 00f2/15; 

OOf3/13 ; 00f4/12;00f5/10;00f6/0f ; 00 ~J/Od ; 00f8/0c;00f9/0a;00fa/08 ; 00 fb/0 7 ; 

OOfc/05;00fd/04;00fe/02;00ff/00;010 0/00 ; 0101/82;0102/84 ; 0103/85;0104/87; 

0105/88;0106/8a;0107/8c;0108/8d;0109/8f;010a/90 ; 010b/92;010c/93;01 0d/95; 

OlOe/96;010f/98;0110/99;0111/9b;0112/9d;0113/ge ; 0114/a0 ; 0115/a1;0116/a3; 

0117/a4;0118/a6;0119/a7;011a/a9;011b/aa;011c/ab;011d/ad ; 011e/ae;011f/bO; 

0120/b1;0121/b3;0122/b4;0123/b6;0124/b7;0125/b8;0126/ba;0127/bb ; 01 28/bd; 

0129/be;012a/bf;012b/c1 ; 012c/c2;012d/c3;012e/c5;012f/c6 ; 0130/c7 ; 01 31/c9; 

0132/ca;0133/cb;0134/cc;0135/ce ; 0136/cf ; 0137/dO ; 0138/d1 ;0 1 39/d2;013 a/d4; 

013b/d5;013c/d6;013d/d7;013e/d8;013f/d9;0140/ da;01 41/db ; 01 42/dd;0143/de ; 

0144/df ; 0145/eO ; 0146/e1;0147/e2;0148/e3;0149/e4; 01 4a /e5 ;0 1 4b/ e6;014c/e 7 ; 

014d/e7 ; 014e/e8;014 f /e9 ; 0150/ea ; 01Sl/eb;01S 2/ec ;0 1 5 3/ed;0154/ed;01S5/ee; 

01 S6/ef;0157/fO;0158/fO ; 0159/ fl;01Sa/ f 2 ; 01 Sb/ f2;01Sc/f3 ;0 1 Sd/f4; 015e/f4; 



Sine Look-up Table EPROM Data 

015f/f5 ; 0160/f6;0161/f6;0162/f7;0163/f7;0164/f8;0165/f8 i 0166/f9 i 0167 /£9i 

0168/fa;0169/fai016a/fbi016b/fbi016c/fbi016d/fc i 016e/fci016f/fc i 0170/fd i 

0171/fd;0172/fdi0173/fdi0174/fei0175/fei0176/fe i 0177/fe i 0178/fe i 0179/ f fi 

o 17£/ff ; 017b/ff i 017~/ff i .017d/ff i 0170/ff i 017f/ff i 0180/ ff i 018l/ff i OlS,.2/f f i 

0183/ffi0184/ff;0185/ffi0186/fe;0187/fei0188/fei0189/fe;OlSa/fe;OlSb/ fe ; 

018c/fdi 018d/fd,· 018e/fdi 018f/fdi 0190/fci 019l/fc; 0192/fc; 0193/fb ; 019 4/fb ; 

0195/fai0196/fa;0197/fa;0198/f9;0199/f9;019a/f8i019b/f8i019c/f7 i 019d/ f 6; 

01ge/f6;019f/f5iOlaO/f5;01a1/f4i01a2/f3iOla3/f3iOla4/f2 i Ola5/f1iOla6/fl i 

01a7/fOi01a8/ef;01a9/efiOlaa/ee;Olab/ed;01ac/ec;Olad/ebi01ae/ea;01af/ea ; 

01bO/e9i01b1/e8;01b2/e7;01b3/e6;01b4/e5;01bS/e4i01b6/e3 i 01b7/e2 i 01b8/e1 i 

01b9/eOiOlba/df;Olbb/de;01bc/ddiOlbd/dci01be/db i 01bf/daiOlcO/d9 ; 01c1/d8 i 

01c2/d6i01c3/dSi01c4/d4;01c5/d3i01c6/d2i01c7/d1i01cS/cfi01c9/cei01ca/cd ; 

01cb/cCi01cc/caiOlcd/c9;01ce/c8i01cf/c7;01dO/c5;01d1/c4 ; 01d2/c3 ; 01d3/cl ; 

01d4/cOiOld5/bfi01d6jbd;01d7/bc;01d8jbai01d9/b9iOlda/bS;01db/b6iOOdc/b5; 

01dd/b3iOldejb2i01df/b1iOleO/afi01e1/aei01e2/ac ; 01e3/ab ; 01e4/a9 ; 01e5/a8 ; 

01e6/a6i01e7/a5i01e~/a3;01e9/a2i01ea/aOiOleb/9fi01ec/9diOled/9c i 01ee/9ai 

01ef/99i01fO/97i01f1/96i01f2/94i01f3/93i01f4/91i01fS/S fi 01f6/Se;01f7/Sc ; 

01fS/8bi01f9/S9i01fa/88i01fb/86i01fc/8Si01fd/83i01fe/8l ; Olff/OO ; 

'. 
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