





























































































































































































































































































































































































































































































































































































































































































































Appendix - A

Appendix A

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

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

sokokockskok skskok sk ks skoksksk VHDL Code S ok sk o ok ook sk s ke sk sk skokeosk
*************************************************************************

skofesk sk cfeolesteole sttt stttk skl teltotool il sttt st st skt s o s st s s s s s o s s s s s
LIBRARY math;
USE math.mathtyx.all;
USE std.textio.all;
-- Electrical+mechanical model
ENTITY motor IS

PORT (vds,vgs,Tl: IN Real;

ids, igs,wr: OUT REAL) ;

END motor;
ARCHITECTURE arch_motor OF motor IS

CONSTANT Rs: REAL := 5.9;
CONSTANT Rr: REAL := 4.62;
CONSTANT l1ls: REAL 0.831;
CONSTANT 1lr: 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:=1;

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

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

-- *** jy Current controller ***
CONSTANT kci: REAL :=2.0;
CONSTANT kcp: REAL :=12.5;

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

== ®k& Flyuw controller ***
CONSTANT kmci: REAL :=100.0;
CONSTANT kmcp: REAL :=2000.0;

CONSTANT imref: REAL :=0.005;

signal next_step: INTEGER := 1;
signal vdsr,vqgsr: REAL :=0.0;
signal vdsrl,vgsrl: REAL :=0.0;

signal tt:real:=1.0;
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FILE outf: TEXT IS OUT "C:\motor.txt" .
BEGIN '
PROCESS (next_step)
VARIABLE my_line: LINE;
VARIABLE a,idsl, idss,iqgsl,igss: REAL:=0.0Q;
VARIABLE idrl,idrr,iqrl,iqgrr: REAL:=0.0;
VARIABLE Te,wrl,wrr: REAL :=0.0 5
variable tetar, tr,imr,imrl, isx, fluxr,
isy,wmr, tetamr :real:=0.0;
VARIABLE dif,difi,Trqg,ert, teref,erti,
isyref: REAL :=0.0;
VARIABLE cer,ceri,lss,vdx,vq,vsy,vdy:
REAL :=0.0;
VARIABLE mce,mcei, isxref: REAL
VARIABLE cxe,cxeil,vsx,vd: REAL
variable t:real:=0.0;
CONSTANT d_space: STRING :="
BEGIN
IF next_step=1 THEN
WRITE (my_line,wc) ;
WRITE (my_line,d_space);
WRITE (my_line,wrr) ;
WRITE (my_line,d_space);
WRITE (my_line,vdsr) ;
WRITE (my_line,d_space);
WRITE (my_line,vds) ;
WRITE (my_line,d_space);
WRITE (my_line, tt);
WRITE (my_line,d_space);
WRITE (my_ line, t);
WRITE (my_1line,d_space) ;
WRITELINE (outf,my_1line) ;
END IF;
Tri=LY/TTr:;
a:=(lm*lm-1r*1ls) ;
IF tt =1.0 then
vdsrl <= vds;
vgsrl <= vgs;
tE 2= 0.0
else
vdsrl <= vdsr;
vgsrl <= vgsr;
END IF;
idsl:=(rs*lr*idss-wrr*lm*1lm*igss-rr*
Im*idrr-wrr*lr*1lm*igrr-lr*vdsrl)/a;
igsl:=(wrr*lm*1lm*idss+rs*lr*igss+wrr*
lr*1m*idrr-rr*lm*igrr-lr*vgsrl)/a;
idrl:=- (rs*1m*idss-wrr*lm*ls*igss-rr*
ls*idrr-wrr*lr*ls*iqgrr-1lm*vdsrl)/a;

0.0;
0.0

’
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igrl:=-(wrr*lm*ls*idss+rs*Im*igss+

wrr*lr*ls*idrr-rr*ls*iqrr-1m*vgsrl) /a;

idss:=1dss+ (idsl*dt) ;
igss:=igss+igsl*dt;
idrr:=idrr+idrl*dt;
igrr:=iqgrr+igrl*dt;
Te:=p*(3.0/2.0)*Im* (igss*idrr-idss*
igrr);
wrl:=(Te-Tl)/Jjr;
wrr:=wrr+wrl*dt;
tetar:=tetar+wrr*dt;
t:=t+dt;
-- BEnd of electrical+mechanical model
-— *** Vector Control ***
imrl:=(isx-imr) /Tr;
imr:=imr+imrl*dt;
fluxr:=1m*imr;
if imr >0.0 then
wmr := wrr+ (isy/ (Tr*imr));
end if;
tetamr:=tetamr+wmr*dt;
isx:=idss*cos (tetamr) +
igss*sin(tetamr) ;
isy:=-idss*sin(tetamr)+
igss*cos (tetamr) ;
~-- *** GSpeed control loop ***
dif :=(wc-wrr);
difi:=difi+dif*dt;
teref:=(ki*difi+kp*dif);
-- *** Actual Torque * Kk ox
Trq := p*(3.0/2.0)~*
(lm*1m/1lr) *imr*isy;

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

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

-- *** Decoupling block ***

lss:=1s- (Im*1m/1r) ;

vdy:=wmr*lss*isx+ (ls-1ss) *wmr*imr;

Vdx:=-wmr*lss*isy;

vVq:=vsy+vdy;
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-— *** Flux controller *=*~*
mce:=imref-imr;
mcei:=mcei+mce*dt;
isxref:=(kmci*mcei+kmep*mce)

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

’

.
4

kkhkkkhkkhkkhkhkkhhkhhkhkhkhhkhkhkkhkhkhhkhddhkktxxk+

vdsr <= vd*cos(tetamr)-vg*sin(tetamr)
vgsr <= vd*sin(tetamr)+vg*cos (tetamr)

kkhkkhkkhkkhkhkkhkkhkhkkhkkhhkhhkhkhhkhkhhhhhkkhdkhkkhkhkk ki

IF next_step<500 THEN
next_step<=next_step+l AFTER deltat;
ELSE

next_step<=1 AFTER deltat;

END IF;

ids<=idss;

igs<=igss;

WY<=WXI;

END PROCESS;

END arch_motor;

CONFIGURATION conf motor OF motor IS
FOR arch_motor
END FOR;
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*************************************************************************
*************************************************************************

sk The structural description of the FOC

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

LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL:
USE IEEE.std_logic_signed.ALL:

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

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

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

NTITY main51 IS
PORTY(

- 1a,ib:in std_logic_vector (8 downto 0);

-- qa,qb:in std_logic_vector (7 downto 0);
imr,igs,ids: out std_logic_vector(10 downto 0);
imref:in std_logic_vector(10 downto 0);
speed: in std_logic_vector(10 downto 0);
refspeed: in std_logic_vector(10 downto 0);
vsdreff:out std_logic_vector (10 downto 0);
vsqreff:out std_logic_vector (10 downto 0);
startt:out std_logic;

Breset,Bclk:in std_logic;

enable:in std_logic;

start:inout std_logic;
T1,T2,T3,T4,T5,T6:0ut std_logic;
div:out std_logic_vector (10 downto 0));

END main51;

ARCHITECTURE main51_arch of main51 IS

R AR

component testbench5 IS

PORT(clk:in std_logic;

signal startt:out std_logic;

signal ia,ib:out STD_LOGIC_VECTOR (7 downto 0)
);

END component;

-~ HHEHHHHHHEH AR

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

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

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

sk

et sk s s sk sk ke o ok s s s sk ok s s sk s ok sk ok
********************************************************x****************
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generic(
n: in integer:=9; -- The operand length
m: in integer :=8; -- The result length
step_length:in integer:=1
);
port( a:in std_logic_vector (8 downto 0);
b:in std_logic_vector (7 downto 0);
prod:out std_logic_vector (16 downto 0);
clk,start:in std_logic;
ready:out std_logic);
end component;
component ctrl IS
PORT( clk:in std_logic;
readyc,readycl,readyc2,readyc3 : in std_logic;
1d1:out std_logic;
1d2:out std_logic;
1d3:out std_logic;
1d4:out std_logic;
startd:out std_logic);

END component;
component regl is
PORT( 1d11,reset : in std_logic;
in_regl:in std_logic_vector(9 downto 0);
out_regl:out std_logic_vector(9 downto 0));

end component;

component reg?2 is
PORT( 1d12,reset : in std_logic;
in_reg2:in std_logic_vector(9 downto 0);
out_reg2:out std_logic_vector(9 downto 0));

end component;
component reg3 is
PORT( 1d13,reset : in std_logic;
in_reg3:in std_logic_vector(9 downto 0);
out_reg3:out std_logic_vector(9 downto 0));
end component;
component reg4 is
PORT( 1d14,reset : in std_logic;
in_reg4:in std_logic_vector(9 downto 0);
out_reg4:out std_logic_vector(9 downto 0));
end component;
component addr IS
PORT( reset:in std_logic; . | .
out_regl 1,out_reg12,0ut_reg13,out_reg14: in std_logic_vector (9 downto 0):
ids:out std_logic_vector(10 downto 0);
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igs:out std_logic_vector(10 downto 0));
END component;
component tst31 is
port ( clk,reset: in std_logic;
ids:in std_logic_vector (10 downto 0);
imr:out std_logic_vector (10 downto 0)):
end component;
- HHHEH AR
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;
—- FHHEHHH AR

--component Dividera is

-~ port (

-- CLK: in std_logic;

“- RESET: in std_logic;-

- dividend: in std_logic_vector(11 downto 0); --(n-2 downto 0);--13

--  divisor: in std_logic_vector(11 downto 0);  --(m-1 downto 0):--7
- re:out std_logic;

-- result: out std_logic_vector(11 downto 0)); --(m-1 downto 0));--7

--end component;

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;
- Rkeskosk sk sk skoskook sk sk sk skeook End Component sk sk ok sk sk ok sk ok ok ok ok ok ok sk skoskook ok sk ok
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;

<= Kok stk ook ok o koo s ok sk sk ok sk skl Rk sk ok sk sk sk stk sk R kskotoR ok Kok

component ctrm] IS

PORT( ready1 : in std_logic;
startp:out std_logic
);
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END component;
component sin_rom IS
PORT( clk,reset,enable : in std_logic;
A: IN std_logic_vector(10 DOWNTO 0):-- it was 10
q:out std_logic_vector(7 downto 0);
ql: out std_logic_vector(7 downto 0));
END component;
"*****************************************************
component speed_regulator is
port ( readys,reset: in std_logic;
speed:in std_logic_vector (10 downto 0); --10
isq:in std_logic_vector (10 downto 0); --10
isd:in std_logic_vector (10 downto 0); --10
im:in std_logic_vector (10 downto 0); --10
imref:in std_logic_vector (10 downto 0); --10
refspeed:in std_logic_vector (10 downto 0); --10
isdref:out std_logic_vector (10 downto 0); --10
vsdref:out std_logic_vector (10 downto 0); --10
isqref:out std_logic_vector (10 downto 0); -- it was 21
vsgref:out std_logic_vector (10 downto 0)); -- it was 21
end component;
—- HHHEHEHEA AR
component main511 IS
PORTY(
vsqrefl,vsdrefl:in std_logic_vector(10 downto 0);
qa,gb: in std_logic_vector(7 downto 0);
Breset,Bclk:in std_logic;
startp:in std_logic;
Trl,Tr2,Tr3,Tr4, Tr5,Tr6:out std_logic);
END component;

= okok sk ok ok ok sk ok sk sk sk sk ok sk sk sk sk sk ok ok sk sk sk sk ok sk sk sk stk skok skok sk kok

signal ia,ib: std_logic_vector (7 downto 0);

signal qa,qb: std_logic_vector(7 downto 0);

signal ialph1,ibetal: std_logic_vector(8 downto 0);

signal prodz,prodz1,prodz2,prodz3: std_logic_vector(16 downto 0);
signal outr11,outr12,outrl3,outr14: std_logic_vector(9 downto 0);
signal vsqref1,vsdrefl: std_logic_vector(10 downto 0);

signal im,ids1,igs1: std_logic_vector(10 downto 0);

signal div1: std_logic_vector(10 downto 0);

signal slipf: std_logic_vector(10 downto 0);

signal tetam: std_logic_vector(10 downto 0); ‘
signal readym,readym1 ,readym2,readym3,readyc,readyd,startp:std_lo gic;
signal 1d1 1,ld12,ldl3,ld14,ldd7,ldd8,ldd9,startdiv:std_logic;
S?gnal 2,21,22,23:std_logic_vector(9 downto 0);

signal isdreff: std_logic_vector (10 downto 0);
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signal isqreff: std_logic_vector (10 downto 0):
begin

__ kekeckokokorkokskskokok ok sk ok

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

L skokskok sk ok sk ok sk ok ok R sk ok ok

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

__ kokokoskosk sk ok skok sk ok sk skook paﬂinﬂnSﬂﬁTnaﬁon 3 ok o 3R K ok sk koK oK Sk ok ok sk sk ok e sk

ul:Smultiplier port map(ibetal,gb,prodz,bclk,start,readym); -- ibeta * cos.teta
u2:Smultiplier port map(ialph1l,qa,prodz1,bclk,start,readym1); -- ialph * sin.teta
u3:Smultiplier port map(ialphl,qb,prodz2,bclk,start,readym2); -- 1alph * cos.teta
u4:Smultiplier port map(ibetal,qa,prodz3,bclk,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);

ct:ctr] port map(bclk,readym,readym1,readym?2,readym3,1d11,1d12,1d1 3.1d14 startdiv);--
readym blocked

re:regl port map(ld11,breset,z1,outr11); --1d11

re2:reg2 port map(ld12,breset,z2,outr12);--1d12

re3:reg3 port map(ld13,breset,z3,outr13);--1d13

re4:reg4 port map(ld14,breset,z,outr14);--1d14

add:addr port map(breset,outrl1,outr12,outrl3,outr14,ids1,igs1); -- to calculate ids and igs

_ 2 eskoke sk sk ok sie sk sk s ok sk sfe ok ke sk sk sk ook sk sk ok s sk sk sk sk sk sk ok sk sk sk ok sk sk sk sk sk sk ok ot sk sk sk sk sk sk ok ok ok sk ok skok sk ok

u6:tst31 port map(readym,breset,idsl,im); -- readym instead of clk
--d1:dividera port map(clk,reset,iqsl,im,div1);
d1:divider port map(igs1,im,div1,bclk,startdiv,readyd);

o ok ok ok 3k sk sk sk sk sk sk ok o sk sk sk sk sk sk ok ok sk sk sk ok sk ok ok sk ok sk sk sk sk sk sk stk ok sk sk sk sk sk sk sk sk sk sk skl ok sk sk sk sk sk ok sk sk sk ok sk ok K ok ok ok ko ok K
ok ofe sk ok skeok ok sk okeok

ul2:dat2 port map(readym,breset,div1,slipf);

ul3:tetaa port map(readym,breset,speed,slipf,tetam);-- 1dd7 instead of clk

ul4:sin_rom port map(bclk,breset,enable,tetam,qa,qb);

ul5:speed_regulator port
map(readym,breset,speed,igs1,ids1,im,imref,refspeed,isdreff,vsdref1 Jisqreff,vsqrefl);
oo 33k sk s sk sk sk sk sk ok ok sk sk ok ok sk sk sk st s ok sk ok ok sk sk 3K sk sk sk sk sk ok sk sk ok skl ok sk sk sk sk sk skokeokok sk ok kok sk

ctm:ctrml port map(readym,startp);--readym blocked

mm5: main511 port map(vsqref1,vsdref1,qa,qb,Breset,belk,startp, T1,T2,T3,T+.T5.T6):

S sk ok ok ok o ok sk sk ok ok sk sk sk sk ok s s e sk sk ot s s o sk sk ok ok s s s s sk sk sk sk sk sk sk sk stk sk sk sk sk o sk Rk skskk ok Rk ko ok ok ok
Aok stk ok ok ok sk ook ok sk ok

ids<=idsl:

igs<=igs1;

Imr<=im;

dive=div1;

Startt<=startp,

vsqreff<=vsqrefl;
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vsdreff<=vsdrefl;
end main51_arch;

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

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

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

---------------------------------------------------------------------------

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

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

library IEEE;

use IEEE.std_logic_1164.all;
use IEEE.std_logic_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

-- 1alpha<= ia; -- Theoretically: ire=3/2*1a

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

-- ibeta_par<= ijbetal +ia;

ialpha<=(ia(7) & ia);
ibeta_par<=(ib & '0')+ia;

process(ibeta_par)  -- Multiplication by 0.57735=0.10010011 11001\B
variable rez; STD_LOGIC_VECTOR(20 downto 0): - 22= [2+11-1

Aounis A Bo



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;

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

......

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

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

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

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_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_length:in integer:=1

- )
port (

a:in STD_LOGIC_VECTOR (n-1 downto 0); -- Can be only positive 9--0

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

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

Appendix - B

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

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

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

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

b:in STD_LOGIC_VECTOR (m-1 downto 0); -- Can be both positive and negative 9

prod: out STD_LOGIC_VECTOR (n+m-1 downto 0);--17
-~ magid: out STD_LOGIC_VECTOR (n+m-1 downto 7);--17

clk,start: in STD_LOGIC;
ready: out STD_LOGIC
);

constant nsteps: integer := (m+step_length-1)/step_length;
constant p: integer :=n+step_length*nsteps;
constant ref: integer := step_length*(nsteps-1);

end smultiplier;

architecture smultiplier_arch of smultiplier is

Aounis A
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type state is (s0,s1,52,53,54);
signal s: state;
signal int_prod: STD_LOGIC_VECTOR(p-1 downto 0):
-- signal hana: STD_LOGIC_VECTOR (n+m-1 downto 0);--17
signal int_b: STD_LOGIC_VECTOR(m-1 downto 0);
signal first_step,load_step,shift_step: STD_LOGIC:
signal count: integer range O to nsteps;
signal ready_int: STD_LOGIC;
begin

process(a,b,int_prod)
begin
if b(m-1)='0' then
prod<=int_prod(n+m-1 downto 0);
-- prod<=hana;
-- magid<=hana(n+m-1 downto 7);
else
prod<=int_prod(n+m-1 downto 0) - (a & zeroes(m)):
-- magid<=int_prod(n+m-1 downto 7);-- - (a );
end if;
end process;

process(start,clk)
begin
if start="1" then
int_prod<=(others=>'0');
elsif clk='0' and clk'event then
if first_step="1' then
int_b<=b;
elsif load_step='1" and ready_int="0' then
int_prod(p-1 downto ref)<=int_prod(p-1 downto ref)+a*int_b(step_length-1 downto
0);
elsif shift_step="1" and ready_int="0" then
int_prod<=zeroes(step_length) & int_prod(p-1 downto step_length);
int_b<=zeroes(step_length) & int_b(m-1 downto step_length);
end if;
end if;
end process;

process(clk,start)
begin
if start="1' then
$<=5s0;
count<=nsteps;
elsif clk='1" and clk'event then
case s is
when s0 => s<=s1;
when s1 => s<=g2;

BS
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when s2 => if count>1 then
s<=83;
count<=count-1;
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=s1 else '0';
load_step <="'1' 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;

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

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

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

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

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

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

.........

ENTITY ctrl IS
PORT( clk,readyc,readycl,readyc2,readyc3 : in std_logic;

1d1:out std_logic;

1d2:out std_logic;

1d3:out std_logic;

1d4:out std_logic;

startd:out std_logic);

-- out_regl:out std_logic_vector(19 downto 0)
END ctrl;
ARCHITECTURE ctrl_arch OF ctrl IS
begin

process (clk,readyc,readycl,readyc2,readyc3)
begin
-k skesk skeoke ok s e sk sk sk sk sk sk sk sk kok ok
- if readyc="1' then
if (clk="1'and clk'event ) then
if readyc='1" then
Id1<="1";
startd<='0";
else

9
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1d1<="'0";
startd<='1";
end if;

if readycl='1" then
1d2<="1";
else
1d2<="0";

end if;

if readyc2='1' then

1d3<="1";
else
1d3<="0';

end if;

if readyc3='1" then
1d4<="1";
else
1d4<="0';

end if;

end if;
end process;
END ctrl_arch;

---------------------------------------------------------------------------------------------------
.................................

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

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

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

LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;
USE IEEE.std_logic_unsigned.ALL;
ENTITY regl IS
PORT( 1d11,reset : in std_logic;
in_regl:in std_logic_vector(9 downto 0);
out_regl:out std_logic_vector(9 downto 0));

END regl;
ARCHITECTURE regl_arch OF regl IS
begin
process (1d11,reset)
begin

if reset ='1' then
out_regl<=(others=>'0'); -- to intialize register q and q1 to 0
elsif(ld11='1'and 1d11'event ) then
out_regl <=in_regl;
end if;

end process;

END regl_arch;

-----
............................................

B10
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LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;
USE IEEE.std_logic_unsigned.ALL;

ENTITY reg2 IS
PORT( 1d12,reset : in std_logic;
in_reg2:in std_logic_vector(9 downto 0);
out_reg2:out std_logic_vector(9 downto 0));
END reg?2;

ARCHITECTURE reg2_arch OF reg2 IS
begin

process (1d12,reset)
begin

if reset ='1' then
out_reg2<=(others=>'0"); -- to intialize register q and q1 to O
elsif(1d12="1'and 1d12'event ) then
out_reg2 <= in_reg2;

end if;

end process;

END reg2_arch;

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

LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;
USE IEEE.std_logic_unsigned.ALL;
ENTITY reg3 IS
PORT( 1d13,reset: in std_logic;
in_reg3:in std_logic_vector(9 downto 0);
out_reg3:out std_logic_vector(9 downto 0));
END reg3;
ARCHITECTURE reg3_arch OF reg3 IS
begin
process (1d13,reset)
begin
if reset ='1' then
out_reg3<=(others=>'0"); -- to intialize register g and q1 to 0
elsif(1d13='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
PORT( 1d14 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 (1d14,reset)
begin
if reset ='1" then
out_regd<=(others=>'0"); -- to intialize register q and ql to 0
elsif(ld14="1'and 1d14'event ) then
out_reg4 <= in_reg4;
end if;
end process;
END reg4_arch;

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

---------------------------------------------------------------------------------------------------------------

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

---------------------------------------------------------------------------------------------------------------

LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;
USE IEEE.std_logic_signed.ALL;
use ieee.std_logic_arith.all; --i added this lately
ENTITY addr IS
PORT( reset:in std_logic;

Appendix - B

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

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

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

out_regll,out_regl2,out_regl3,out_regl4: in std_logic_vector (9 downto 0);

ids:out std_logic_vector(10 downto 0);
igs:out std_logic_vector(10 downto 0));
END addr;
ARCHITECTURE addr_arch OF addr IS
begin
process (reset,out_regl 1,out_regl2,out_regl3,out_regl4)
begin
if reset ='1' then
ids<=(others=>'0");
igs<=(others=>'0");
else
ids <= (out_reg12(9) & out_regl12)+out_regl3;
iqs <= (out_reg14 (9) & out_reg14) -out_regl 1;
end if;
end process;
END addr_arch:
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--------------------------------------------------------------
e

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

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

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

.......

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

library ieee;

use ieee.std_logic_1164.all,

use ieee.std_logic_signed.all;

use ieee.std_logic_arith.all;

use work.imp_pack.all;

entity tst31 is

port ( clk,reset: in std_logic;
ids:in std_logic_vector (10 downto 0);
imr:out std_logic_vector (10 downto 0));

end tst31;

architecture behavioral of tst31 is

signal int_imr:std_logic_vector(10 downto 0);

begin

process (clk,reset)
variable x:std_logic_vector (10 downto 0);
variable cc:std_logic_vector (10 downto 0);

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

Appendix - B

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

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

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

variable rez: STD_LOGIC_VECTOR(23 downto 0); -- 30 instead of 22

begin

if reset='1" 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);
int_imr<=int_imr+cc;
imr<=cc; --(9 downto 0);
end if;
end process;
end behavioral;

. . .

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

.........
-----------------------------------------------------------------------

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

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

use [EEE.std_logic_1164.all;
use IEEE.std_logic_signed.all;

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

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

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

.................................
...................
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use work.imp_pack.all;
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-- This program uses only 11 bits for a and b, one of which is the sjon o
-- bit and the rest which are 10 bits are used for operand a and b i

-- the total number is then 27210 = 1204 = 400 (hexa) when dividing thi >
 1024/2= 512 (dec) > 200 (hexa). g this number by 2

-- therefor 0 --> 199 used for the positive values.
--and 0 --> 399 is used to represent the negative values.

e S
HHEHHH
entity divider is
generic(
n: in integer:=11; -- The operand length
m: in integer:=11 -- The result length
);
port (
a: in STD_LOGIC_VECTOR (n-1 downto 0);
b: in STD_LOGIC_VECTOR (n-1 downto 0);
div: out STD_LOGIC_VECTOR (m-1 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-1 downto 0);
signal pos_a: STD_LOGIC_VECTOR(n-1 downto 0);
signal pos_b: STD_LOGIC_VECTOR(n-1 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="1" then
count:=m+2;
finish<='0";
prepare<='l";
elsif clk='1" and clk'event then
if finish='0' then
prepare<="'0';
count:=count-1;
if count=0 then
finish<="1";
end if;
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end if;
end if;
end process;

process(a)
begin
if a(n-1)="1" then
pos_a<=-a;
else
pos_a<=a;
end if;
end process;

process(b)
begin

if b(n-1)="1" then
pos_b<=-b;
else
pos_b<=b;
end if;
end process;

sub_rez<=('0"' & par_rez(m+n-1 downto m))-pos_b;

process(clk)
begin
if clk='0" and clk'event then
if prepare='1" then
par_rez(m-1 downto m-n)<=pos_a;
par_rez(m+n-1 downto m)<=zeroes(n);

Appendix - B

par_rez(m-n downto O)<=zeroes(1);-- par_rez(m-n-1 downto 0)<=zeroes(m-n);

elsif finish='0' and prepare='0' then
if sub_rez(n)='0' then
par_rez<=sub_rez(n-2 downto 0) & par_rez(m-1 downto 0) & '1";
else
par_rez<=par_rez(n+m-2 downto 0) & '0’;
end 1f;
end if;
end if;
end process;
res_sign<=a(n-1) xor b(n-1);
ready<=finish;
process(res_sign,par_rez)
begin
if b="00000000000" then --
div<="00000000000";--
elsif res_sign="0' then--  if
div<=par_rez(m-1 downto 0);

——————
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else
div<=-par_rez(m-1 downto 0);
end if;
end process;
end divider_arch;

----------------------------------------------------------------------
.......

.......
----------------------------------------------------------------------------------------
...........................

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

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

.........
------------------------------------------------------------------------------------------
.......................

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

.....

__***************************************************************

library IEEE;

use IEEE.std_logic_1164.all;
use IEEE.std_logic_signed.all;
use work.imp_pack.all;

entity dat2 is

port (clk,reset:in std_logic;
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;
--outl<(inl & "00000")+inl;
-- Multiplication by 1/Tr = 100e-6/0.024 = 0.0041=0.0000000100001
process(clk,reset,out2_par)
variable rez: STD_LOGIC_VECTOR(24 downto 0);

begin

if reset ='1' then

out2<=(others=>'0");

elsif clk="1" 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:

Blo
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-- End Clark transformation

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

-------------------------------------------------------------

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

library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logic_signed.all,;
use ieee.std_logic_arith.all;
use work.imp_pack.all;

entity 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 tetaa;
architecture behavioral of tetaa is

signal x:std_logic_vector (10 downto 0);
signal x1:std_logic_vector (10 downto 0);
signal int_teta:std_logic_vector (10 downto 0);

begin
x<=(slip+speed);
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......................
...................................

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

..........

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

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

x1<=shl(x,"0100")+shl(x,"0010"); -- x multiplied by constant K_speed =20 see

report I1I
process (clk,reset,int_teta)
begin
if reset="1" then
int_teta<=(others=>'0");
elsif clk="1"' and clk'event then
int_teta<=int_teta+x1;
end if;
teta<=int_teta;
end process;
end behavioral;

-------------------------------------------------------------
X .
----------------------------------------------------------

LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;

USE IEEE.std_logic_unsigned.ALL;
ENTITY ctrm1 IS

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

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

------
--------------------------------------------------------

........................
-----------------------------------------------------------------------

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

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

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

——
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PORT( readyl : in std_logic;
startP:out std_logic
--startp:out std_logic
);
END ctrml;

ARCHITECTURE ctrm1_arch OF ctrm1 IS
begin
process (readyl)
begin
__skokeok ok ok oK oK oK ok ok sk ok sk ok sk sk sk sk sk ok ok
--if (clk='1"'and clk'event ) then
if ready1="'1" then
startp<="'0";
--starta<='1";
else
startp<='1";
--starta<='0";
end if;
--end if;
end process;
END ctrm1_arch;

-------------------------------------------------------------------------------------
...............................................

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

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

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_signed.all;
use ieee.std_logic_arith.all;
--use work.imp_pack.all;
-- dssdokkx® This design require a 2400 gates to implement # ek
_o eokekorokokosk skeok sk sk sk sk sk ok PID Controller sk 3k o sk 3k sk sk ok ok sk ok sk ok ok ok ok sk ok kR ook Rk ok
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_logic_vector (10 downto 0); --11
vsdref:out std_logic_vector (10 downto 0); --11
isgref:out std_logic_vector (10 downto 0); --itwas?2l
vsqref:out std_logic_vector (10 downto 0)); -- it was 21
end speed_regulator;
architecture behavioral of speed_regulator is
constant q0:std_logic_vector (3 downto 0):="0001"
constant q1:std_logic_vector (3 downto 0):="0001"
constant q2:std_logic_vector (3 downto 0):="0000"

. -- Propotional Controller
- -- Integral Controller
- - Derivative controller

BIN
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constant qc0:std_logic_vector (3 downto 0):="0001":
constant qcl:std_logic_vector (3 downto 0):="0001";
constant qc2:std_logic_vector (3 downto 0):="0000":
constant gf0:std_logic_vector (3 downto 0):="0001":
constant gfl:std_logic_vector (3 downto 0):="000]":
constant qf2:std_logic_vector (3 downto 0):="0000":

-- Propotional Controller
-- Integral Controller

-- Derivative controller
-- Propotional Controller
-- Integral Controller

-- Derivative controller

constant qcdO:std_logic_vector (3 downto 0):="0001"; -- Propotional Controller
constant qcdl1:std_logic_vector (3 downto 0):="0001 "; -- Integral Controller
constant gcd2:std_logic_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 u0:std_logic_vector (10 downto 0);
variable ul:std_logic_vector (10 downto 0);
variable u2:std_logic_vector (10 downto 0);
variable u3:std_logic_vector (10 downto 0);
variable nspeed:std_logic_vector (10 downto 0);
variable dif:std_logic_vector (10 downto 0);
variable isqrefl:std_logic_vector (10 downto 0);
variable uc0:std_logic_vector (10 downto 0);
variable ucl:std_logic_vector (10 downto 0);
variable uc2:std_logic_vector (10 downto 0);
variable uc3:std_logic_vector (10 downto 0);
variable nisq:std_logic_vector (10 downto 0);
variable errorq:std_logic_vector (10 downto 0);
variable vsqrefl:std_logic_vector (10 downto 0);
variable uf0:std_logic_vector (10 downto 0);
variable ufl:std_logic_vector (10 downto 0);
variable uf2:std_logic_vector (10 downto 0);
variable uf3:std_logic_vector (10 downto 0);
variable nim:std_logic_vector (10 downto 0);
variable erroflu:std_logic_vector (10 downto 0);
variable isdref1:std_logic_vector (10 downto 0);
variable ucdO:std_logic_vector (10 downto 0);
variable ucd1:std_logic_vector (10 downto 0);
variable ucd2:std_logic_vector (10 downto 0);
variable ucd3:std_logic_vector (10 downto 0);
variable nisd:std_logic_vector (10 downto 0);
variable errord:std_logic_vector (10 downto 0);
variable vsdrefl:std_logic_vector (10 downto 0);
begin
if reset='1" then
isqref<=(others =>'0");
isqref1:=(others =>'0");
u0:=(others=>'0");
ul:=(others=>'0");
u2:=(others=>'0");
u3:=(others=>'0");
. B1Y
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dif:=(others=>'0");
nspeed:=(others=>'0');
vsqref<=(others =>'0');
vsqrefl:=(others =>'0");
ucO:=(others=>'0");
ucl:=(others=>'0");
uc2:=(others=>'0");
uc3:=(others=>'0";
errorq:=(others=>'0");
nisq:=(others=>'0");
isdref<=(others =>'0");
isdrefl:=(others =>'0");
ufO:=(others=>'0");
ufl:=(others=>'0";
uf2:=(others=>'0");
uf3:=(others=>'0");
erroflu:=(others=>'0");
nim:=(others=>'0");
vsdref<=(others =>'0");
vsdrefl:=(others =>'0');
ucdO:=(others=>'0");
ucdl:=(others=>'0");
ucd2:=(others=>'0");
ucd3:=(others=>'0");
errord:=(others=>'0");
nisd:=(others=>'0");

-- elsif (clk="1" and clk'event) then
elsif (readys='1" and readys'event) then
-- Fkkdkdckokakokdokdokkokkoksk PID speed Controller Kp=1 Ki=1 Kd=0
ok ok s e ok sk sk sk sk ook ok sk sk sk sk skok skok skosk
-- if nspeed /= speed or nisq /= isq then
-- if readys='1" then
nspeed:=speed;
dif:=refspeed-nspeed;
isqrefl:=dif+u3;
u0:="00000000000";
u2:=dif+isqrefl+ul;
ul:=u0;
u3:=u2;
isqref<=isqrefl;
-- end if;
- Flkkskpkokkkkkkkkorx - PID currentq Controller Kp=1 Ki=1 Kd=0
ko ok sk s ok ke sk ok sk sk sk sk ok ok ok ok ok ok ok K

- if nisq /= isq then
nisq:=isq;
errorq:=isqref1-isq;
vsqrefl:=errorq+uc3;
uc0:="00000000000";

20
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ave.—ciiongrvsqrefl+ucl;
ucl:=ucO;
uc3:=uc2;
vsqref<=vsqrefl;
-- end if;
__ skekskokokskskokoksk ko skokkoskokokskskoskok PID FIUX Controller
sk sk sk sk ok o ok ok ke ok ke ok sk sk ok ok ok sk ok 3k ok 3K ok sk ok ok ok oK sk ok ok sk ok o
-- if nim /= im or nisd /= isd then
nim:=im;
erroflu:=imref-im;
isdrefl:=erroflu+uf3;
uf0:="00000000000";
uf2:=erroflu+isdref1+ufl;
ufl:=uf0;
uf3:=uf2;
isdref<=isdref1;
-- end if;

L kR okl kok - PTD) currentd Controller Kp=1 Ki=1 Kd=0
sk ok ok o ook ok ke ok ok ok ke ok sk s sk ok ok ok ok

-- if nisd /= isd then
nisd:=isd;
errord:=isdref1-isd;
vsdrefl:=errord+ucd3;
ucd0:="00000000000";
ucd2:=errord+vsdrefl+ucdl;
ucdl:=ucdO;
ucd3:=ucd?2;
vsdref<=vsdrefl;
-- end if;
-- end if;
end if:
_oSReekok sk sk ok sk ok ok sk ok sk sk skeook sksk sleoskeook sk End Of PI Controller sk 3k 3K 3k sk ok sk sk ok ok sk sk ok ofe sfe sk sk sk sk sk Sk ok ok ofe ok sk ke sk ke
--end if;
end process;
end behavioral;

.............................
------------------------------------------------------------------------------------------------------

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

...........................................
-----------------------------------------------------------------------------------------

..............................................
--------------------------------------------------------------------------------------

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

ENTITY sin_rom IS
PORT( clk,reset,enable : in std_logic;
A:IN std_logic_vector(10 DOWNTO 0);-- it was 10
q-out std_logic_vector(7 downto 0);
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ql: out std_logic_vector(7 downto 0));
END sin_rom;

ARCHITECTURE sin_rom_arch OF sin_rom IS

SIGNAL DD:STD_LOGIC_VECTOR (7 DOWNTO 0);

SIGNAL DD1: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_logic_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"), --0/00

('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"),--0c
('0','0','0",'0",'1','1','1",'1"),--0f
(0,0','0,1,0,0,'1,'1"),--13
('0','0','0",'1','0",'1','1,'0"),--16
(o'o,o,'1,1,0,0,'1", -- <-- 10/19
('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",
(o0,'o,1,0,1,0,'1,'1"),
(0,0','1,0,'1,1,'1',0",
(o,o,1,1,0,0,0,'1", -- <-- 20/31
('0,'0,'1','1','0",'0",'1",'1"),
('0,'0','1','1",'0",'1,'1','0"),
(0,0,1',1','1''0,'0','1"),
('0,0,'1,'1,'1",'1",'0",'0"),
¢o0yo,'1,'1,'1,'1,'1','1"),
(0,'1,'0,'0','0','0",'0",'1"),
('0','1','0','0','0','1','0",'0"),
(0,1'0,'1,1,0','1",'0"), -- <-- 30/5a
(0,'1,0,'1,1,1',0,0",
(oy'1vo,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",'1','0",'0",
(0,'1%,'1','0",'0",'1",'1",'0",
(0,'1,1,0,'1,'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"),
(04'1,'0'0,'1,'1,'1','0Y,
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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"),
('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"),
(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','0Y,
(o,'1,'1,1,1,'0,'1,'1",
¢o,'1,'1,1,1,'1,0,'0%,
¢o,'1,'1,'1,'1,'1,'0,'1"),
(0,'1,1,1,1,1,0,1",
(0,1,1,1,'1,'1,'1','0"),
¢o,'1,1,'1,'1,'1','1,'0"),
(0,'1,1,'1,'1,'1,'1.,'0",
(0,'1,1,'1,'1,'1,'1,'TY),
('0,'1,'1,'1,'1,'1,'1','1"),
('0,1,'1,'1,'1,1,'1°,'1Y),
(0,'1,1,'1','1,1,'1','1"),
(0,1,1,'1,'1,1'1,'1),
(0,1',1°,'1,1,'1,'1,'1Y),
(0,1,1,'1,'1,1,'1,'1Y),
(0,'1,1,'1,'1','1,'1','0"),
(0,'1','1,'1','1','1,'1",'0"Y,
(0,1,1,1,'1','1,0','1Y),
(0,'1,'1,1,'1','1,0,'1",
(0,'1,'1,'1','1,'1',0,'0",
(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"),
(o,'1,'1,1,'0,'1,'1,'1Y,
(0,1,1',1,'0','1','1','0",
(0,'1,'1,'1,0','1",'0','1",
(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",

——

-- <-- 50/6a

-- <-- 60/75

-- <--70/7d

--<--80/7f

-- <--90/7c

-- <--a0/75

Aounis A

Appendix - B

B3



Appendix - B

(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), - <-- b0/69
(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),

(01,0, 1,1,1,1,0),

(01,0, 1,1,0,1,1),
(01,1,0,'1,'1,/0,0,1'), -- <-- CO/59
(0,1,0,1,0,1,1,1),
(01,1,0,1,0,1,0,1),
(0,11',0,1,0,0,1,0),

(01,0, 1,0,0,0,0),
(0,1,0,0,1,1,1,0),
(0,1,0,0,1,0,1,1),
(011,001,001,
(0,1,0',0,0,'1''1',0), -- <-- d0/46
(0,111,0',0,0,0,'1'1),
(0,'1,0,0,0,0,0,'1"),
(0,104,111, 1,1,'1,0),
(0,0,1,1,1,0,1,'1),
(0,0,'14,1',1,0,0,'0",
(0,0,'1,1,0,1,'1,0),
(0,0,'1,1,0,0,'1,'1"),
(0,0,'1,1,0,0,0,0"), - <-- 0/30
(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",
(0,0,0,1,1,1,1,0),
(0,001,110, 1,1,
(0,0,0,'1,'1,0,0,0"), - <-- f0/18
(0,0,0,1,'0,1,0,1),
(00,0100, 1,0,
(00,0011, 1,1,
(0,0,0,0,1,'1',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), -- <-- 100/00
(1,0,0,0,0,1,0,0),
(1,0,0,0,0,1,1,1),
(1,0,0,0,1,0,1,0,
(1,0,0,0,1,1,0,1),
(1,0,0,1,0,0,0,0),

———————
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(1,0,0,1,0,0,1,1),
(1,0,0,1,0,1,1,0),
(1,0,0,1,'1,0,'0,1'),- <-- 110/99
(1,0,0,1,1,1,0,1),
(1,0,1,0,0,0,0,0),
(1,0,1,0,0,0,1,1),
(1,0,'1,0,0,1,1,0),
(1,0,1,0,1,0,0,1),
(1,0,1,0,1,0,1,1),
(1,0,1,0,1,1,1,0),
(1,0,'1,1,0,0,0,1), -- <-- 120/bl
(1,0,'1,1,0,1,0,0,
(1,0,'1,1,0,1,1,1),
(1,0,1,1,1,0,1,0),
(1,0,1,1,1,1,0,1),
(1,0, 1,1, 1,1, 1,1,
(1,1,0,0,0,'0,1,'0",
(1,1,0,0,0,1,0,1),
(1,1,0,0,0,1,1%1),~ <-- 130/c7
(1,1,0,0,1,0,1,'0,
(1,1,0,0,1,1,0,0),
(1,1,0,0, 1,1, 1,'1),
(1,1,0,1,0,0,0,'1",
(1,1,0,1,0,1,0,0),
(1,1,0,1,0,1,1,0),
(1,1,0,1,1,'0,0,'0,
(1,1,0,1,1,0,1,0),- <-- 140/da
(1,1,0,1,1,1,0,'1),
(1,1,0,1, 1,1, 1,11,
(1,1,1,0,0,0,0,1),
(1,1,1,0,0,0,1',1),
(1,1,1,0,0,1,0,1),
(1,1,1,0,0,1,1,'1),
(1,1,1,0,1,0,0,0),
(1,1,1,0,1,0,1,0),-- <-- 150/ea
(1,1,1,0,1,1,0,0),
(1,1,1,0,1,1,0,'1),
(1,101,011, 141,
(1,1,1,1,0,0,0,0),
(11,1,1,0,0,1,'0),
(11,1,1,0,0,1',1),
(111,101,010,
(1171,1,0,1,'1,0),- <-- 160/f6
(11,1001 1D,
(1171,1,1,0,0,0),
(11,1,1,1,0,0',1),
(1,1,1,1,1,0,1',0),

(111,17, 1,01, 1),
(11,151,100, 1,1), :

T B23
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C1,1,1,1,1,11,0',0),

C1, 11,111,010, <-- 170/£d

C1,1,1,1,1,1,0,1Y,

C1,1,1,1,10,1,1,0Y,
1
1
1
1

?
1

(lll,lll’il',V l,’ ',' !,|l!,!0l),

CIT 1T, 1,11,
(11,111,111,
CLT T, T, T, 1,110 - < 180/6f
(111,110,101,
CLT 1,111,101,
C1T,1,1,1,10,10,0),
CIT, 1,111,100,
C11,1,1,1,1,10,0),
(111,111,701,
CLT, 1,111,001,
(1,151,151, 1,00,07),- <-- 190/fc
C1T, 1,1, 1,100,
C1T, 1,1, 1,001, 1),
C11,1,1,1,0,1, 0,
(1,1,1,1,1,0,0,'1),
(1,1,1,1,1,0,0,0),
CIT,1,1,0, 1,11,
(1,1,1,1,0,1,1,07,
(1,1,1,1,0,'1,0',1"),-- <-- 1a0/f5
(1,1,1,1,0,0,1,1,
(1,1,1,1,0,0,1,0),
(1,1,1,1,0,'0,0,'1),
(1,1,1,0,1,1,1,'1),
(1,1,1,0,1,'1,'1,'0),
(1,1,1,0,1,1,0,0),
(1,1,1,0,1,0,1,0),
(1,1,1,0,'1,0,'0','1),-- <-- 1b0/e9
(1,1,1,0,0,1,1,'1),
(1,1,1,0,0,1,0,1),
(1,1,1,0,0,0,1,'1),
(1,1,1,0,0,0,0,'1),
(1,1,0,1,1,1,1,'1),
(1,1,0,1,1,1,0,1),
(1,1,0,1,1,0,1,'1),
(1,1,0,1,1',0,0,'1),-- <-- 1c0/d9
(1,1,0,1,0,1,1,0),
(1,1,0,1,0,1',0,0),
(1,1,0,1,0,0,1,0),
(1,1,0,0,1,1,1,1),
(1,1,0,0,1,1,0,1",
(1,1,0,0,'1,'0,'1',0",
(1,1,0,0,1,0,0,0,

1
1
1
1'1
(1,111,110,
(1,1,'1,1,'1,'1,'1,'1Y),
1''1
1''1

Aounis A

Appendix - B

BX6



('1,1,0,0,'0','1,'0,'1"),- <-- 1d0/c5
(11,000,011,
(1'1,0',0,'0',0',0',0"),
(1,0,1,1,1,1,0,'1),
(1,0,1,1,1,0,'1,0,
(1,0,1',1,'1,0,0,0),
(1,0,1,1,0,1,0,'1),
(10,110,010,
(1,0,1,0,1,1,'1,'1"),- <-- le0/af
(1,0,1,0,1,1,0,0),
(1,0,1,0,1,0,0,'1),
(1,0,'1,0,0,'1,1,0,
(1,0,1,0,0,0,'1,1),
(1,0,1,0,0,0,0,0),
(1,0,0,1',1,'1,0,'1),
(1,0,0,1',1,0,'1",0"),
(1,0,0,1,0,1,1,'1),
(1',/0,0,'1,0",1',0,'0),
(1',0,0,'1,0',0',0','1),
(1,0,0,0,'1,'1',1',0,
(1,0,0,0,'1,0,1','1),
(1,0',0,0,'1,0',0''0),
(1,0,0,0,0,1',0,'1),
(0',0',0',0','0','0','0",'0"));-- <-- 1£f/00

BEGIN
PROCESS(A,B,DD,DD1)
begin
B<=A+co;
DD<=VD(conv_integer(A));
DD1<=VD(conv_integer(b));

END PROCESS;

— ddeskokokosk ook sk sk sk sk ok sk sk sk sk sk ok s ok ok sk sk sk sk skosk sk

-- ¥*¥  Register for sin-teta

- eskoskeok stk sk ok ok sk sk sk ok sk ok ok sk sk sk sk sk sk sk sk skl kok sk okok
reg_process:process (clk,reset)
begin

if reset ='1' then
q<=(others=>'0"); -- to intialize register g and g1 to 0
ql<=(others=>'0");
elsif(clk="1'and clk'event ) then
if enable='1' then

q<=DD; -- register q to represent sin_teta .
ql<=DDI; -- register ql to represent cos_teta=(sin_teta+90)
end if;
end if;

end process reg_process ;
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--end behavioral;

%%

END sin_rom_arch;

----------------------------------------------------------------
...........

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

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

Main program of the second part

Main-Program2.vhd

R R R R R I I I I I P o Peeestaanaaa
sena L I T S
R R I I

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;

USE IEEE.std_logic_signed.ALL;
__********************************************************************
-- this programme uses readym instead of Bclk in tst prot map U6

- and teta port map U13
__********************************************************************

ENTITY main511 IS
PORT(
vsqgrefl,vsdrefl:in std_logic_vector(10 downto 0);

qa,gb: in std_logic_vector(7 downto 0);
Breset,Bclk:in std_logic;
startp:in std_logic;
Trl,Tr2,Tr3,Trd4,TrS5, Tr6:out std_logic);

END main511;

ARCHITECTURE main511_arch of main511 IS
~- R
--component testbench5 IS
-- PORT(Bclk:in std_logic;
-- signal startt:out std_logic;
-- signal ia,ib:out STD_LOGIC_VECTOR (8 downto 0)
- ),
--END component;
- AR
component smultiplier is
generic(
n: in integer:=11; -- The operand length
m: in integer :=8; -- The result length
step_length:in integer:=1
);
port( a:in std_logic_vector (10 downto O);
b:in std_logic_vector (7 downto 0);
prod:out std_logic_vector (18 downto 0);
clk,start:in std_logic;
ready:out std_logic);
end component;
Component ctrvl IS -
B2\
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PORT( Bclk:in std_logic;
readyc,readycl,readyc2,readyc3 : in std _logic;
1d1:out std_logic;
1d2:out std_logic;
1d3:out std_logic;
1d4:out std_logic);
- Ipwm:out std_logic );
END component,
component regll is
PORT( lvl,Breset : in std_logic;
in_regl1:in std_logic_vector(11 downto 0);
out_regl1:out std_logic_vector(11 downto 0));
end component;
component regl?2 is
PORT( 1v2,Breset : in std_logic;
in_reg12:in std_logic_vector(11 downto 0);
out_regl2:out std_logic_vector(11 downto 0));
end component;
component regl3 is
PORT( Iv3,Breset : in std_logic;
in_reg13:in std_logic_vector(11 downto 0);
out_regl3:out std_logic_vector(11 downto 0));
end component;
component regl4 is
PORT( Iv4,Breset : in std_logic;
in_regl4:in std_logic_vector(11 downto 0);
out_regl4:out std_logic_vector(11 downto 0));
end component;
component addrl IS
PORT( reset:in std_logic;

out_rl,out_r2,out_r3,out_r4: in std_logic_vector (11 downto 0);

vsalref:out std_logic_vector(12 downto 0);
vsberef:out std_logic_vector(12 downto 0)
);
END component;
component vpwm_test1 is
port (Bclk,Breset:in std_logic;
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
T1,T2,T3,T4,T5,T6:0ut std_logic
);

end component;

signal readyv,readyv1,readyv2,readyv3:std_logic;
signal Iv11,Iv12,lv13,lv14:std _logic;
signal Ipwm1,s1,52,s3:std_logic;

signal outrv1 outrv?2 ,outrv3,outrv4,ina,inb,inc:std_logic_vector (11 downto O

Signal Vsberef1,vsalref1:std_logic_vector(12 downto 0):
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signal prodzl1,prodz12,prodz13,prodz14: std_logic_vector(18 downto 0):
signal z11,212,213,z14:std_logic_vector(11 downto 0): '
begin

__ skekskokokoskokok sk ok ok skok ok

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

3 3k 3k ok ok %0k K0k ok

ul6:Smultiplier port map(vsqrefl,qb,prodz1 1,Bclk,startp,readyv):
ul7:Smultiplier port map(vsdref 1,qa,prodz12,Bclk,startp,ready v 1):;
ul8:Smultiplier port map(vsdrefl ,qb,prodz13,Bclk,startp,readyv2):

u19:Smultiplier port map(vsqrefl,qa,prodz14,B clk,startp,readyv3);
z11<=prodz11(18 downto 7);

712<=prodz12(18 downto 7);

z13<=prodz13(18 downto 7);

z14<=prodz14(18 downto 7);

u2l:ctrvl port map(Bclk,readyv,readyvl,readyv2,readyv3,Ivl1,Iv12,1v13,lv]4):
u22:regl1 port map(lvl1,Breset,z11,outrvl);

u23:regl2 port map(lv12,Breset,z12,outrv2);

u24:regl3 port map(lv13,Breset,z13,outrv3);

u25:regl4 port map(lvl4,Breset,z14,outrv4);

u26:addr1 port map(Breset,outrv1,outrv2,outrv3,outrv4,vsalrefl, Vsberef1):
u27:vpwm_testl port map(Bclk,Breset,vsalrefl,vsberefl,Trl,Tr2,Tr3,Tr4,Tr5,Tr6)

0y

End main511_arch;

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

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

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

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

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

ENTITY ctrvl IS
PORT( Bclk,readyc,readycl,readyc2,readyc3 : in std_logic;

1d1:out std_logic;
1d2:out std_logic;
1d3:o0ut std_logic;
1d4:out std_logic);
= lpwm:out std_logic);
--out_reg1:out std_logic_vector(19 downto 0));

END ctrvi;

ARCHITECTURE ctrv1_arch OF ctrvl IS

SRIE
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begin

process (Bclk,readyc,readycl readyc2, readyc3)
begin
__ ks sk ok sk ok sk ok Sk sk ok sk sk sk skooke sk sk
-- ifreadyc='1l"' then
if (Bclk="1'and Bclk'event ) then
if readyc="1" then
1d1<="1";
else
1d1<="0";
end if;
if readycl='1" then
1d2<="1";
else
1d2<="0";
end if;
if readyc2="1" then
1d3<="1";
else
1d3<="0";
end if;
if readyc3="1'" then
1d4<="1";
--lpwm<="0";
else
1d4<='0";
--lpwm<="1";
end if;
end if;
end process;
END ctrv1_arch;

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

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

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

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

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

ENTITY regl1 IS
PORT( Iv1,Breset : in std_logic;
in_regl1:in std_logic_vector(11 downto 0);

out_regl1:out std_logic_vector(11 downto 0)):

END regl1;

ARCHITECTURE regl1_arch OF regl1 IS

——————
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begin

process (lvl,Breset)
begin

if Breset ='1' then
out_regl 1<=(others=>'0");
elsif(lvl="1'and lv1'event ) then
out_regll <=1n_regll;
end if;

-- to intialize register gandql to 0

end process;

END regl1_arch;

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

ENTITY regl2 IS
PORT( 1v2,Breset : in std_logic;
in_regl12:in std_logic_vector(11 downto 0);
out_regl2:out std_logic_vector(11 downto 0));
END regl?2;

ARCHITECTURE regl2_arch OF regl2 IS
begin

process (1v2,Breset)
begin

if Breset ='1' then
out_regl2<=(others=>'0"); -- to intialize register q and ql to 0
elsif(lv2="1'and 1lv2'event ) then
out_regl2 <=in_regl2;

end if;

end process;

END reg12_arch;

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

LIBRARY IEEE;
USE [EEE std_logic_1164.ALL;
USE IEEE.std_logic_unsigned.ALL;
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ENTITY regl3 IS
PORT( Iv3,Breset: in std_logic;
in_regl13:in std_logic_vector(11 downto 0):

out_regl3:out std_logic_vector(11 downto 0));

END regl3;
ARCHITECTURE regl3_arch OF regl3 IS
begin

process (1v3,Breset)
begin

if Breset ='1' then

out_regl3<=(others=>'0"); -- to intialize register q and q1 to 0

elsif(Iv3='1'and lv3'event ) then
out_regl3 <=1in_regl3;
end if;

end process;

END regl3_arch;

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

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

ENTITY regl4 IS
PORT( 1v4,Breset: in std_logic;
in_regl4:in std_logic_vector(11 downto 0);

out_regl4:out std_logic_vector(11 downto 0));
END regl4;

ARCHITECTURE regl4_arch OF regl4 IS
begin

process (1v4,Breset)
begin

if Breset ='1' then

out_regl4<=(others=>'0"); .- to intialize register g and q1 t0 0

elsif(lv4="1'and 1v4'event ) then
out_regl4 <=in_regl4;
end if;

end process:

————
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END regl4_arch;

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

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

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

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

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

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

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;
USE IEEE.std_logic_signed.ALL;
use ieee.std_logic_arith.all;

ENTITY addrl IS
PORT( reset:in std_logic;

out_rl,out_r2,out_r3,out_r4: in std_logic_vector (11 downto 0):

vsalref:out std_logic_vector(12 downto 0);
vsberef:out std_logic_vector(12 downto 0)
);
END addrl;

ARCHITECTURE addrl arch OF addrl IS

begin

process (reset,out_rl,out_r2,out_r3,out_r4)
begin

if reset ='1' then
vsberef<=(others=>'0");
vsalref<=(others=>'0");
else
vsberef <= (out_r1(10) & out_rl) + out_r2;
vsalref <= (out_r3(10) & out_r3) - out_r4;
end if;
end process;

END addrl_arch;

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

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

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

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

library IEEE;

use IEEE.std_logic_1164.all;
use IEEE.std_logic_signed.all;
use ieee.std_logic_arith.all;

use work.imp_pack.all;

entity vpwm_test1 is

Aounis A
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-- port (Bclk,lv,Breset:in std_logic;
port (Bclk,Breset:in std_logic;
vsalref: in STD_LOGIC_VECTOR(12 downto 0):
vsberef: in STD_LOGIC_VECTOR(12 downto 0):
--v1,v2,v3:out STD_LOGIC_VECTOR(13 downto 0);
--out_signala,out_signalb,out_signalc: out std_logic

T1,T2,T3,T4,T5,T6:0ut std_logic
);

end vpwm_test];
Architecture vpwm_testl_arch of vpwm_test1 is

signal doutl,dout2,x1,dout3,dout4,x2,dout5,dout6,x3 : std_logic;:
-- signal out_signalal,out_signala2,out_signala3:std_lo gic;

signal regl,reg2,reg3,reg4,reg5,regb : STD_LOGIC_VECTOR(3 downto 0);

signal out_signala,out_signalb,out_signalc: std_logic ;

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_logic_vector (11 downto 0):="011111111111":

constant min:std_logic_vector (11 downto 0):="100000000000"
constant DelayTTr:integer:=30;

begin

vsbetal (12)<='0";
vsbetal (11 downto 0) <= vsberef(12 downto 1); -- To divide vsberef by 1/2
process(vsalref)
variable rez: STD_LOGIC_VECTOR(25 downto 0);
variable Triangl: std_logic_vector (12 downto 0);
variable direction: std_logic;

begin

rez := vsalref & zeroes(13);--"000000000000"; --zeroes(12);
rez :=rez - (vsalref & zeroes(10));--"000000000"); ~-9=12-3
rez :=rez - (vsalref & zeroes(6));--"00000"); -5=12-17
rez := rez - (vsalref & zeroes(3));--;"00"); -2=12-10

rez :=rez - vsalref; —-0=12-12

vsalphal <=rez(25 downto 13);

- vrefa<=vsberef:

-~ vrefb<=vsalphal-vsbetal;
- vrefc<=-vsalphal-vsbetal;
- Vi<=vrefa:

-~ V2<=vrefb;

- V3<=vrefc;

end process:

——————
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vrefa<=vsberef;
vrefb<=vsalphal-vsbetal;
vrefc<=-vsalphal-vsbetal;
process(Bclk,Breset)
variable rez: STD_LOGIC_VECTOR(25 downto 0);
variable Triangl: std_logic_vector (12 downto 0):
variable direction: std_logic;
begin
if Breset="'1'then
Triangl:="0000000000001";
direction :='1";
elsif (Bclk'event and Bclk="1") then
--if Iv="'1" then N
if direction ='1"' then
if Triangl<max then
Triangl:=Triangl+1;
else
Triangl:=Triangl-1;
direction:='0'";
end if;
else
if Triangl>min then
Triangl:=Triangl-1;
else
Triangl:=Triangl+1;
direction:='1";

end if;

end if;

if vrefa< Triangl then  -- vrl coresponds to either va or vb or vc¢
out_signala<='0";
else
out_signala<='1";

end if;

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

out_signalb<="0'";
else
out_signalb<='1";

end if;

if vrefc< Triangl then - vr3 coresponds to either va or vb or ve
out_signalc<='0";
else
out_signalc<="1",;

end if;

end if;
end process:
process (Bclk,Breset)--,out_signalb,out_signalc)
variable count: integer range 0 to 31:
--variable doutl,dout? : std_logic;

Bi6
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--variable reg1,reg?2 : STD_LOGIC_VECTOR(2 downto 0):

begin
if Breset ='1' then

x1<='0";
x2<="0";
x3<='0";

doutl<='0";
dout2<='0";
dout3<="0"
doutd<="0";
dout5<="0"
dout6<="0";
T1<='0"
T2<='0";
T3<='0";
T4<='0",
T5<='0";
T6<='0";
count:=delayTTr;

elsif Belk'event and Belk='1" then
if count=0 then
count:=DelayTTr;

N WA D s N T T T [ vy N O OO Ny S NN NG N S N T OO0 |
rerTrrrTrTTTTTTTTTTTTT ITTITTTT‘I++++

x1 <= not out_signala;
regl<= out_signala & reg1(3 downto 1);
reg2<=x1 & reg2(3 downto 1);
--end 1f;
doutl<=regl1(0);
dout2<=reg2(0);
T1 <= out_signala and doutl;
T2 <= x1 AND dout2;
o o s B L B B B B o o e S
X2 <= not out_signalb;
reg3<= out_signalb & reg3(3 downto 1);
regd<=x2 & reg4(3 downto 1);
dout3<=reg3(0);
doutd<=reg4(0);
T3 <= out_signalb and dout3;
T4 <= x2 AND dout4;
-
x3 <= not out_signalc;
reg5<= out_signalc & reg5(3 downto 1);
regb<= x3 & reg6(3 downto 1);
dout5<=reg5(0);
doutb<=reg6(0);
T5 <= out_signalc and dout5;
T6 <= x3 AND dout6;
e F

else
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count:=count-1;
end if;
end if;
end process;
end vpwm_test1_arch;
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Testbenches and Simulations
sk ok sk sk sk sk sk skosk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk

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

ENTITY testbench5 IS
PORT(clk:in std_logic;
signal startt:out std_logic;
signal ia,ib:out STD_LOGIC_VECTOR (8 downto 0)
--signal ga,gqb:out STD_LOGIC_VECTOR (7 downto 0)

);
END testbench?;
ARCHITECTURE testbench5_arch OF testbench5 IS
--begin

signal counter: integer range 0 to 13000;
signal counterl: integer range 0 to 1000;
_ ®®kkkkxxk These constant represents sin data s=a ¥#fsokoioriorions

constant s1: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):="000111 100";-- 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 s10:STD_LOGIC_VECTOR (8 downto 0):="111000100";-- (-60)
constant s11: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

__ xxxx%%%%% These constant represents cos data c=h FRFEEEKAAKAK
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constant ¢c1:STD_LOGIC_VECTOR (8 downto 0):="000111100":-- 60
constant ¢2:STD_LOGIC_VECTOR (8 downto 0):="000101000":-- 40
constant ¢3: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 downto 0):="000000000";-- O
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

s T T S S B L A 22 2 o o s e
+HH+=

begin
process (clk,counter)
begin
if clk'event and clk='1' then
counter <=counter+1;
end if;
if counter <1000 and counter >=0 then
1a<=s1;
ib<=cl;
-- qa<=asl;
-- gb<=acl;
elsif counter <2000 and counter >1000 then
la<=s2;
ib<=c2;

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

elsif counter <4000 and counter >3000 then
1a<=s4;
ib<=c4;

elsif counter <5000 and counter >4000 then
ja<=s35;
ib<=c5;

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

elsif counter <7000 and counter >6000 then

Aounis A
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1a<=s7;
ib<=c7;

elsif counter <8000 and counter >7000 then
ja<=s8;
1b<=cg;

elsif counter <9000 and counter >8000 then
1a<=s9;
ib<=c9;

elsif counter <10000 and counter >9000 then
1a<=s10;
ib<=c10;

elsif counter <11000 and counter >10000 then
1a<=sll;
ib<=cll;

elsif counter <12000 and counter >11000 then
1a<=s12;
ib<=cl12;

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

elsif counter>13000 then
counter<=0;
end if;

end process;

process (clk,counterl)
begin
if clk'event and clk="1" then
counterl <=counteri+1;
end if;
if counterl>= 950 and counterl <1000 then --and readyt="1" then
startt<='1";
else
startt<="0";
end if;
if counter1>1000 then
counter1<=0;
end if;
end process;

END testbenchS_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 defined.] and can be represented as:
Electrical Model

;‘: = (R, L +®,Li,, R Li, —,L Lji, -Lv,)/a,
di‘”:(a)in +RLi +w L Li '

dr r Lmas sborlys Loy Lopty —R Lt — L, )/a,
di"’:—(RLi -wL Li —RLi, —wLLi —L

dt s Lmbds r bom Legl g r Loslar r b Ligly, nVas) ! Qg
di"’:—(wLLi +RLi +w L Li, - '

dr r Lo Lgl g sbmlys rLr Ligly, Rrleqr == Lqu.s)/ao
T =5 Ly (yy —iyd,,)
where ag = (L * Lin- L. * Ly );
Mechanical Model

To define the behaviour of the induction motor, the system motion equation needs to
be integrated with the dg-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 7r = Bw,,
viscous friction, where B is a constant for the system and o, is the rotor speed. The
windage torque is combined with the viscous torque and is given by Tgiw = Doy,
where D is the damping constant. The torque component required to accelerate the
system is expressed as:

dw . . . . .
Ty= J p L where ] is the rotational inertia of the system in Kg.m2 .
t

The load torque T7j, is the mechanical work required and can be expressed as a
function of @,. Therefore, the developed electromagnetic torque T is given by:

£, :de’ + D, +1T,
dt

1
, =7J(T(,—T,)dt.

where 7, = the electric developed torque.
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Sine Look—up Table EPROM Data

J A, Sine Look—up Table EPROM Data

0600/00;6001/01;0002/03;0003/05;0004/06;0005/06;0006708;0007/0b;0008/0c;
0009/0e;OOOa/Of;OO%?/ll;OOOc/lB;000d/14;000e/16;000f/17;0010/l9;0011/1a;
0012/1c;0013/1d,;0014/1£,;0015/20,0016/22,;0017/23,0018/25,0019/26;001a/28;
001b/29;0010/2b;001d/2c;001e/2eqOOlf/2f;OO20/31;0021/32;0022/33;0023/35;
0024/36;0025/33;0026/39[0Q27/3a;0028/3c;0029/3d;002a/3f;0023726;0020/41;
002d/43;Q02g/44;002f/45;b03ﬂ/55¥0031/5b;0032/5c;0033/5d;0034/5e;0035/5f;
0036/60,;0037/61,0038/62,0039/63,003a/64,;003b/65,003¢c/66,003d/67,003¢/68;
003f/69,0040/47,;0041,/48,;0042/49,0043/4a,;0044/4c;0045/4d,0046/4e,;0047/4%;
0048/51;0049/52;004a/53;004b/54;004c/55;004d£56;OD4e/58;004f/59;0050/6a;
0051/6a;0052/6b;0053/6c;0054/6d;0055/6e;0056/6£f,0057/6£,0058/70,;0059/71;
005a/71,005b/72,;005¢c/73;0054/73;005e/74,;005£/75,0060/75,0061/76;0062/76;
0063/77,0064/78,0065/78,;0066/79,;0067/79,0068/7a,0069/7a,;006a/7a;006b/7b;
006¢c/7b,;006d/7c;006e/7c;006f/7c;0070/7d4,0071/7d4,0072/7d4,0073/7d,0074/7e;
0075/7e,;0076/7e;0077/7e,;0078/7e,;0079/7e,;007a/7£,007b/7£,007c/7£,007d/7£;
— m»007e/7f;007f/7f;0080£7f;0081/7f;0082/7f;0083/7f;0084/7f;0085/7f;0086/7f;
0087/7e;0088/7e,;0089/7e;008a/7e,008b/7e;008c/7d;008d/7d,;008e,/7d,008f/7d;
0090/7c;0091/7¢,0092/7c;0093/7b;0094/7b,;0095/7b,;0096/7a,;0097/7a;0098/79;
0099/79,;009a/78,009b/78,009c/77,009d/77,009¢/76,009£/76,00a0/75,00al/74;
00a2/74,;00a3/73.;00a4/72;00a5/72,;00a6/71,;00a7/70,00a8/70;00a9/6f,;00aa/6e;
00ab/6d;00ac/6d;00ad/6c;00ae/6b;00af/6a;00b0/69,;00b1/68,00b2/67;00b3/67;
00b4/66;00b5/65;00b6/64;00b7/63;00b8/62,;00b9/61;00ba/60;00bb/SE,;00bc/5e;
OObd/Sd;OObe/Sb;OObf/Sa;00c0/59;00c1/58;00c2/57;0003/56;00c4/55;00c5/54}
00c6/52;00c7/51;00c8/50,00c9/4f;00ca/4e;00chb/4c;00cc/4b;00cd/4a;00ce/49;
00cf/47,0040/46,00d1/45,00d2/43,00d3/42,00d4/41; 00d5/3f,;00d6/3e,;00d7/3d;
00d8/3b;00d9/3a;00da/38;00db/37;00dc/36;00dd/34;OOde/33;OOdf/31;OQeO/30;
00el/2e;00e2/2d,;00e3/2b,;00e4/2a,;00e5/29;00e6/27;00e7/26,;00e8/24;00e9/23;
OOea/21;OOeb/20;OOec/le;OOed/ld;OOee/lb;OOef/l9;00f0/18;00f1/l6;00f2/15;
00f3/l3;00f4/12;00f5/10;00f6/0f;OOﬁ]/Od;00f8/0c;00f9/0a;00fa/08;00fb/07;
OOfc/OS;OOfd/O4;OOfe/Oz;OOff/OO;OIOO/OO;0101/82;0102/84;0103/85;0104/87;
0105/88;0106/8a;0107/8c;0108/8d;0109/8f;010a/90;010b/92;010c/93;OlOd/95;
OlOe/96;OlOf/98;0110/99;0111/9b;0112/9d;0113/9e;0114/a0;0115/a1;0116/a3;
Oll7/a4;0118/a6;0119/a7;Olla/a9;011b/aa;011c/ab;Olld/ad;Olle/ae;Ollf/bO;
0120/b1;0121/b3;0122/b4;0123/b6;0124/b7;0125/b8;0126/ba;0127/bb;0128/bd;
0129/be;012a/bf;012b/c1;0120/c2;012d/c3;012e/c5;012f/c6;0130/c7;0131/c9;
0132/ca;0133/cb;0134/cc;0135/ce;0136/cf;0137/d0;0138/dl;Ol39/d2;013a/d4;
013b/d5;013c/d6;013d/d7;013e/d8;013f/d9;0140/da;Ol4l/db;0142/dd;0143/de;
0144/df;0145/e0;0146/e1;0147/e2;0148/e3;0149/e4;014a/e5;014b/e6;014c/e7;
Ol4d/e7;014e/e8;014f/e9;0150/ea;0151/eb;0152/ec;0153/ed;0154/ed;0155/ee;
0156/ef;0157/f0;0158/f0;0159/fl;015a/f2;015b/f2;OlSc/fB;OlSd/f4;015e/f4;
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015f/f5;0160/f6;0161/f6;0162/f7;0163/f7;0164/f8;0165/f8;0166/f9;0167/f9;
0168/fa;0169/fa;016a/fb;016b/fb;016c/fb;016d/fc;016e/fc;016f/fc;0170/fd;
0171/£4,;0172/£4;0173/£4,0174/fe;0175/fe;0176/fe;0177/fe;0178/fe;0179/£ff;
Ol}a/ff 017b/£f;017c/££;017d/££;017e/££;017£/££,;0180/£f;0181/£f;0182/£f;
0183/ff,;0184/ff; 0185/ff 0186/fe; 0187/fe 0188/fe; 0189/fe 0l18a/fe; 018b/fe-
018c/fd;018d/fd;018e/£fd,;018f/£d;0190/£fc;0191/fc;0192/fc;0193/fb;0194/fb;
0195/fa;0196/fa;0197/fa;0198/£9,0199/£f9,019a/£8,;019b/£8,019¢c/£7,0194/£f6;
019e/f6,019f/£f5;01a0/£f5;01al/£f4;01a2/£3,;01a3/£f3;01la4/f2;01a5/f1;01la6/£f1;
Ola7/f0;Ola8/ef;01a9/ef;01aa/ee;Olab/ed;Olac/ec;blad/eb;Olae/ea;Olaf/ea;
01b0/e9;01bl/e8;01b2/e7;01b3/e6,;01b4/e5;01b5/e4,;01b6/e3,;01b7/e2;01b8/el;
01b9/e0;0l1ba/df;01bb/de;01bc/dd; 01bd/dc;01lbe/db; 01bf/da;01c0/d9;01cl/d8;
01c2/d6;01c3/d5;01c4/d4,;01c5/d3,01c6/d2;01c7/d1;01c8/cf;01c9/ce;01lca/cd;
0lcb/cec:01lce/ca; 01ed/c9;01ce/c8,;01cft/c7;0140/c5;0141/c4;01d42/c3;01d3/c1;
01d4/c0,;014d5/bf;01d6/bd; 01d7 /bc;01d8/ba;01d9/b9,;01da/b8,;01db/b6;00dc/b5;
01dd/b3;01de/b2,;01df/bl;01le0/af;01lel/ae;01le2/ac;01le3/ab;01le4/a%;01e5/a8;
0le6/a6;01le7/a5;01e8/a3;01e9/a2;01lea/al0;01eb/9f;01lec/9d,;01led/9c;01lee/%a;
0lef/99;01£0/97;01£1/96;01£2/94;01£3/93;01£4/91;01£5/8f;01£6/8e;01£7/8c;
01f8/8b;01£9/89,01fa/88;01fb/86,01fc/85,;01fd/83,01fe/81;01£f£/00;
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