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Q% SFEor kiGN
Q15 S0.15 -1=x=0.9999695
Q14 S1.14 -2=<x<1.9999390
Q13 S2.13 -4=x<3.9998779
Q12 S3.12 -8=x=<7.9997559
Q11 S4.11  -16=x<15.9995117
Q10 S5.10 -32=x<31.9990234
Q9 S6.9 -64<x<63.9980469
Q8 S7.8 -128<x<127.9960938
Q7 S8.7 -256sx<255.9921875
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1647 FIDSPHIE/MRIEIEST v =1.5

Qx Qy y=0.8
1 Qx>Qy, Qz=Qx,y<<(Qx-Qy), Ox=14
Z=X+Y;
=1
2Qz=Qy x>>(Qx-Qy), Qy 3
N x =24576,y = 6553
QOz=14

WURX, Y, ZHGERRIL  x>>(14-13)=12288
AHR, WTAHX, Vi

webREEE, Sk =X+ y=12288+6553=18841
/N MR SRR N

7=188410 = =23
2" 8192
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Qx,Qy,Qz,Qz'=Qx+Qy =321/

1 Qz=Qx,Z>>Qy, W HUE 1647 4 Fe A ;

2 Qz=Qy, z>>Qx,MHE16471F 0 HeAR (H .
T=h

y=0.8

Ox=14

QOy=13

x=24576,y =6553
z=xy=24576x6553=161046528 = $999600

Qz=13
7 =($999600 ) >> 14 = $2665 = 9829
Z=9829'—1——@z].2

2" 8192
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bRz
Qx,Qy,Qz,#7Z=X/Y, Qz'=Qx-Qy.
0z %07, Oz >0z, BHEELEYE Qz-0z7 hi;

Qz<Q7', mnEL¥E Qz7'-Qz fi-

¥ =L25

y=0.8

Ox=12

Qy =10

x=5120,y=819

z=x/y=5120/819=6

z2=30006<< Q0z—-Q7'=10-(12-10)=8=$600=1536
: —ﬁ~15

z=15360—=—""=1.
2 1024
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K HI ] 5E Q15 5E s ) 32 SR )
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la=20446(0.624), Ib=3276(0.1)
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et
MAQISAI TR RIB2AL 45 R TRt 2Q15, Kk, H
i P 320 FCFR AL AL R AT, Wiy 1647 4 dae & AR R W] .

a=0.6 b=0.5 A=19660,B=16383

A*B=322089780=%$1332B334

At —Ar (3RLA2) PRI 16470
($1332B334) <<1=$26656668

C=$2665=9829

SEBREL A

c=C/32767=0.29996
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a=0.6,b=0.5,A=19660=$4CCC,B=16383=$3FFF |
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SEBRE A
c=C/32767=0.83333
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Function | Execution | Accuracy | Program Input format Output format
Name Cycles Memory

QSIN 33 cycles 15 bits 31 words | Normalized Q1.15 | Signed Q1.15
QSINLT 25 cycles 14 bits 17 words | Normalized Q1.15 | Signed Q1.15
QCos 33 cycles 15 bits 32 words | Normalized Q1.15 | Signed Q1.15
QCOSLT 25 cycles 14 bits 19 words | Normalized Q1.15 | Signed Q1.15
QATAN 65 cycles 15 bits 50 words | Signed Q16.16 Normalized Q1.15
QSQRT 45 cycles 14.5 bits | 44 words | Unsigned Q16.16 | Unsigned Q8.8
QLOG10 38 cycles 15.5 bits | 38 words | Unsigned Q16.16 | Signed Q4.12
QLOGN 38 cycles 15.5bits | 38 words | Unsigned Q16.16 | Signed Q5.11
QINV1 51 cycles 32 bits 15 words | Signed Q(x) Signed Q(31-x)
QINV2 35 cycles 16 bits 14 words | Signed Q(x) Signed Q(15-x)
QDIV 54 cycles 32 bits 16 words | Signed Q(x), Q(y) | Signed Q(16+x-y)

C28x QMATH LIBRARY
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; K&—:T%‘. ¥ & )
Fixed Point SIN (Taylor Series Implementation) \;@Q "gg 'é - i’/{‘

input output
—» QSIN rmp—

sin (x)=3.1406625x + 0.0202636 7% - 5.325196x° + 0.5446778x" + 1.800293x°
the x is the radians within the range -[]to + [, then
the normalized value of ‘x’

in Q15 representation can be obtained by the
following simple equation

- Z
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CiC-Callakle ASM Interface
Declaration int gsin(int x)

Input Format The argument X’ is a fixed-point number in Q15 fermat that contains the
angle in racians between |-t -~ normaizea between [-1+1]

Output Format This function retums the sine of the input argument &s fixed-point
number in Q15 format.

Example The following sample code obtains the sin(0.25 <7|=0.707

Input
The sample input 0.25 x /T in normalized Q15 forma:

[ .
= 222% ). 5 =2000h
\ T

Output
The output is 0.707 in Q15 format = 0.707 *2'° =23170 (5A82h)
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#include<gmath.h> /* Header file for fixed point math routine */
void main(void )

{

int X,y;

x=0x2000; /* 0.25=2000h */

y=gsin(x); /* 'y’ will have sin(0.25*p)=0.707 in Q15 */

} /7 0.707 in Q15 format = 0.707 *215 =23170 (5A82h) */



. A 4
SIN (Table look-up and Linear Interpolation) @ ﬁﬁl}fﬁjﬂ}

Computation
The SIN computation is performed using table interpolation technique that is comprised
of two steps viz.,

1. Direct look-up: Looking through the table to find the interval [x,.x_, ] at which the
considered angle ‘' x ' is located, with X, <X <X, ,.
2 Interpolation: Solving the equation given below to obtain * y *

Jr:yi.i.ﬁ”-"’ul'."t’ (1)

=1 T
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SIN (Table look-up and Linear Interpolation)

C/C-Callable ASM Interface
Declaration int qsinit(int x)

Input Format The argument ‘X' is a fixed-point number in Q15 format that contains the
angle in radians between [-r ~x] normalized between [-1+1]

Output Format This function returns the sine of the input argument as fixed-point
number in Q15 format.

Example The following sample code obtains the sin(0.25 «)=0.707

Input
The sampile input 0.25 = /Tin normalized Q15 format

= 9B *7} 515 50000
. | -

Output
The output is 0.707 in Q15 format = 0.707 *2'® =23170 (5A82h)
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SIN (Table look-up and Linear Interpolation) @@Q %8 7% - Fft
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QSINLT

#include<gmath.h> /* Header file for fixed point math routine */
void main(void )

{

int x, y;

x=0x2000; /* 0.25 " p in normalized Q15 format = 215=2000h */
y=gsinlt(x); /* 'y’ will have sin(0.25*p)=0.707 in Q15 */
}/*0.707 in Q15 format = 0.707 *215 =23170 (5A82h) */
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Typedef struct STUD STUD;

STUD stud1;
g ] Y SEBY 7 7 E A2 JE X 45 14 1R I A
Typedet struct
{
Char name[20];
Int num;
} STUD

STUD stud1
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2 iH il typedef SEBLFREN ) ) i 2 X
LIRZINE4:” Handle” & ~ig4l
Typedef STUD* STUD Handle;
STUD *p; STUD _Handle p; 317
3 B INAT B ASERL: - BEA , WPEH
4 HI&A sRBEREH K S MRS K
Void stud _display(STUD Handle p){}
5E N5 ) ek #rstud_display() ) ef £ 45 41 display
Void(*display)(STUD Handle); void (*display)(void*)
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Cifi 5 BT B ¥R L G s BL A, BECE O 5L,
EGIU\FH Gkt (R AT AR KA IS PR K, SEBLN BRI UG

STUD stud1={stud_display,1};{H e& £ F5 5 A~ fe H W] 1H 1k
, RO BREIRE A E XK A A — R, g i
FRAER “ (void(*)(void™))

STUD stud1={{(void(*)(void*))stud_display,1};
YE ATk, IR (E & & SR,

#define STUD DEFAULTS
{(void(*)(void*))stud_display,1}

STUD stud1 = STUD_DEFAULTS
STUD stud2 = STUD_DEFAULTS
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TIBIRET, R AE THIG: Biibis’s, Bra R0 38
JEARAEHT, BRAHREHE )G o IR T A AR 55 A REXT 2 20 B
A7 1) BR KR S BT AR A

s T eR A Y

STUD stud1 = STUD_DEFAULTS

Va4 F 2 T stud_display, FT LSk SO b 0E sk 3 B .
Void stud_display(STUD_Handle )

FEA DA 8 I R IR

C+15E SO % I 1A F ik b3 bR i 7 202
STUD stud1,;

Stud1.display();

CiEEFNRZ

STUD stud1=STUD_DEFAULTS;
Stud1i.display(&stud1i);
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SRV, PREGEE AL S display#i 7] T FR%L
stud_display, "] ¥istud_display & 1E &2 Rl vl i £ . Cils
&AL A M)A R el &stud, A RE SEIL R H Ak A
FEHTHRAERN IS HEE. CIPIDAH.
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PID i 17 28 Btk @%%ﬁﬁ

iﬂ % ’ 18] AR ER

(1) EEB IR o BB ol bl Ao b S e 1) R 8 1 D 22455 5
‘(0, fwZE—E=A4, Eflgsr W=, Lk
%o

QR TT . L THRREZE, IRRRANLEK.
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@)Y HTT . fe M ZE S 5 A (R E), IF
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Ref |

PID_REG3 | OQut _

Fdb




PID5 v JR B S 3L 2 Ak A A

Ref - 1
*-? > K — - ? - j dt
Fdb L—»| T, |—» 4
dt
PID J5 2 [&]

upmw(t)=up(t)+ur.(t)+ud(t)

u,(t)=Ke(t)

@0
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umav =
-
—4 Ui

c
I}

e ‘_(eﬁ }‘— .

K,
u(t)=3= [ e()dg+K (u(t) =1t (1)

de(t)

u,(t)=K,T, 5
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wigrgt  Upesa(K)=U,(k)+u (k) +u,(k)

KR
u(k)=u(k-1)+ 7’: e(k )+ K (u(k)—u,,.(k))

u,(k)=K,e(k)
ud(k)zxp%(e(k)—e(k—l))

T
K,.=1 K,=-%
T /&

u(k)=u(k=1)+Ke(k)+K (u(k)-u,,.(k))
u,(k)=K,(e(k)—e(k—1))
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J7REAR B B RE P AR SO WK AR

Equation Variables Program Variables
Ref Ref
Inputs Fdb Fdb
Output u(k) Out
e(k) Emr
u, (k) Up
u, (k-1 Up1
u, (k) Ui
Others u, (k) ud
U g (K) QutPreSat
e (k) SatEmr
Ke Kp
K, Ki
Kq Kd
K. Kc
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Item Name Description Format Range(Hex)

Input Ref Reference input GLOBAL_Q  80000000-7FFFFFFF
Fdb Feedback input GLOBAL_Q  B80000000-7FFFFFFF
OutMax Maximum PID32 module output GLOBAL_Q  80000000-7FFFFFFF
QutMin Minimum PID32 madule output GLOBAL_Q 80000000-TFFFFFFF

Output Qut PID Qutput (Saturated) GLOBAL_Q  80000000-TFFFFFFF

PID Kp Proportional gain GLOBAL_Q  B0D00D00-TFFFFFFF

parameter | Ki Integral gain GLOBAL_ Q  B80D00000-7FFFFFFF
Kd Derivative gain GLOBAL_Q  80000000-7FFFFFFF
Ke Integral comection gain GLOBAL_Q  80000000-7FFFFFFF

Internal Er Error=Reference-feedback GLOBAL_Q 80000000-7FFFFFFF
SatErr SatErr=output-preSatOut GLOBAL_Q  80000000-7TFFFFFFF
Up Proportional output GLOBAL_Q  80000000-7FFFFFFF
Up1 Previous proportional output GLOBAL_Q  80000000-7FFFFFFF
ui Integral output GLOBAL_Q  80000000-7TFFFFFFF
Ud Differential output GLOBAL_Q  80000000-7FFFFFFF
OutPreSat  PID output before saturation GLOBAL_Q  80000000-TFFFFFFF
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/X4  PID_REG3.C (IQ version)

WIIEEW ] iranti-windup #7 PID #7717

#include "IQmathLib.h" // Include header for IQmath library
// Don't forget to set a proper GLOBAL_Q in "IQmathLib.h" file
#include "dmctype.h"

#include "pid _reg3.h"
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PIDREGS sk e X T — A H 7R 8, [FT#—4PID
BRI SER o D BRI ) 2 AN s fil, il fag it s B O
PIDRGES3E[ 1] .

PIDREG3_handle #5[nPID_REG3#iHk [11f5 4l -
J77% void pid_reg3 calc(PIDREG3_handle)
XA R B SR BRI T PIDEC A2 ilgsy (Qig=D)



XfF4: PID_REG3.H (IQ version) Ak

typeset struct {

_iq Ref; // #iA: ZHHA Input: Reference input

_iq Fdb; // #iA: KA Input: Feedback input

_iq Err; // %idl: fifif Variable: Error

_iq Kp;// Z#: [P/ Parameter: Proportional gain

_iq Up; W/ #41: K% Variable: Proportional output
_iq Up; // ##&: HAFH Variable: Proportional output
_iq Ui; / #&: # 7 4i Variable: Integral output

_iq Ud; // &d&: 7%/ Variable: Derivative output

_iq OutPreSat; / %4a: ifii% !/ Variable: Pre-saturated ouiput
_iq OutMax; // 24(: &A%t Parameter: Maximum output

_iq OutMin; /W 28 hFiH) Parameter: Minimum output
_iq Out; /! fitti: PID#HHi Output: PID output
_iq SatErr; /. HAIE(F Variable: Saturated difference

_iq Ki; /2% #7)MYni Parameter: Integral gain

_ig Kc; /28 Pl EIEY i Parameter: Integral correction gain

_ig Kd; / Z2¥: 45 iiParameter: Derivative gain

_iq Upt1; 1/ 7 sERiH:#i%iH History: Previous proportional output
void (*calc)(); // il JiK##54F Pointer to calculation function



void pid_reg3_calc(PIDREGS3 *v) Ki'/ SHAOGUAN UNTVERSITY
{

/it ERE

v->Err = v->Ref - v->Fdb;

I iHE L Blgn i

v->Up = _1Qmpy(v->Kp,v->Err),

/i R Bt

/W->Ui = v->Ui + _1Qmpy(v->Ki,v->Up) + _IQmpy(v->Kc,v->SatErr);

v->Ui = v->Ui + _1IQmpy(v->Ki,v->Err) + _IQmpy(v->Ke,v->SatErr);
/i 5 Fr Y

v->Ud =_IQmpy(v->Kd,(v->Up - v->Up1));

/i 5 AR

v->QutPreSat = v->Up + v->Ui + v->Ud;

/R i
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if (v->OutPreSat > v->0OutMax)

v->Qut = v->OutMax;

else if (v->OutPreSat < v->0OutMin)
v->Qut = v->OutMin;

else
v->Qut = v->OutPreSat;

/] it BRI

v->SatErr = v->0ut - v->OutPreSat;

/| _EZERTHILE Bl i

v->Up1 = v->Up;
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PIDREGS pid1, pid2;
IR X R K64

PIDREGS pid1 = PIDREG3_DEFAULTS;
PIDREGS pid2 = PIDREG3 DEFAULTS;
5T PR AL

pid1.calc(&pid1);

pid2.calc(&pid2);
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/* Instance the PID REG3 module */
PIDREG3 pid1=PIDREG3 _DEFAULTS;
PIDREG3 pid2=PIDREG3 DEFAULTS;
main()
{
pid1.Kp = _1Q(0.5); // Pass _iq parameters to pid1
pid1.Ki =_1Q(0.001), // Pass _iq parameters to pid1
pid1.Kd = _1Q(0.01), // Pass _iqg parameters to pid1
pid1.Kc = _1Q(0.9), // Pass _iq parameters to pid1

pid2.Kp = _1Q(0.8); // Pass _iq parameters to pid2
pid2.Ki = _1Q(0.0001), // Pass _iq parameters to pid2
pid2.Kd = _1Q(0.02), // Pass _iq parameters to pid2
pid2.Ke = _1Q(0.8); // Pass _iq parameters to pid2
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void interrupt periodic_interrupt _isr()

{

pid1.Ref = inputi_1;// Pass _iq inputs to pid1
pid1.Fdb = input1_2;// Pass _iq inputs to pid1
pid2.Ref = input2_1; // Pass _iq inputs to pid2
pid2.Fdb = input2_2; // Pass _iq inputs to pidZ
pid1.calc(&pid1),; // Call compute function for pid1
pid2.calc(&pid2), // Call compute function for pid2
output1 = pid1.0ut; // Access the output of pid1
output2 = pid2.0ut; // Access the output of pid2

/
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Module.h Module.c
typedef struct module data { void module calc(MODULE
int in, pastin ,result; // P)
Persistent data, coefficients [
ete.
_ : // compute code
void (*calc)() // Pointer to
calculation function p->result = p->pastin+p->In;
} MODULE; p->pastin = p->In;
#define MODULE_DEFAULTS
{ 0,0,0, (void

(*)(Uint32))module_calc
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Client.c

MODULE mod = MODULE _DEFAULTS;
void somefunc(void)

{

int foo;

mod.in = 10, // coefficient configuration
mod.calc(&mod);

foo = mod.result; // Use result

/






