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#include <stdio.h>
#include <math.h>
#define dl 0
#define d6 1
#define a2 1
#define a3 1 6.
#define PI 3.14159265359
double RtoD(double T) {return (double) (180.0*T)/PI;}
double DtoR{doubkle T) {return (double) (T*PI)/180.0;} (‘V\
//Foward Kinematics
vold FK_I0();
void FK(float Tl1l, float T2, float T3, flcat T4, float T5, float T6, float *rll, float *rl2, flo
13, float *r21, float *r22, float *r23, float *r3l, float *r32, float *r33, float *x, float *vy,
t *z);
void PrintMatrix(float rll, float rl2, float rl3, float r2l, float r22, float r23, float r31, f
r32, float r33, float x, float vy, float z):;
//Inverse Kinematics
void IK_IO();
void InputMatrix(float *rll, float *r12, float *rl13, float *r21, float *r22, flocat *r23, float
fleoat *r32, float *r33, float *x, float *y, float *z);
void IK(float *T1, float *T2, float *T3, float *T4, float *T5, float *T6, float ril, float rl2,
t ri3, fleat r21, float r22, float r23, float r31l, float r32, float r33, float x, float y, floa
//Velocity
void V_IO();
void V(float T1, flcat T2, float T3, float T4, float T5, float T6, float AT1l, float d4dT2, flo
float dT4, float dT5, float 4dT6, float *vx, float *vy, float *vz, float *wx, float *wy, *
vold main()
{
int choice;
while (choice)
{
choice=10;
printf("\n 1 - Foward kinematics\n");
printf(" 2 - Inverse kinematics\n"});
printf(” 3 - Velocity\n");
printf (" 4 - Inverse Velocity\n");
printf(" 5 - Acceleration\n");
printf (" 6 - Inverse Acceleration\n");
printf(" 0 - Quiti\n");
printf ("Your choice: ");
scanf ("%d", &choice) ;
switch (choice)
{
case 1:
FK_IO();
break;
case 2:
IK_TI0();
break;
case 3:
V_I0();
break;
}
}
}

void FK_TIO ()
{
float
float
float
float
float

T1,T72,7T3,7T4,7T5,T6;
rll,x12,r13;
¥21,vr22,1r23;
r31l,r32,r33;
X, Y Z;

printf ("Enter the joint angle (Tl to T6)\n");

scanft ( $f 2f %f %f %f£",&T1,&T2,&T3,&T4,&T5,&T6) ;
FK(T1,T2,T3,T4,T5,T6,&rll,&xr12, &xr13,&r21, &¥22,&r23,&r31,&¥32,&Y33, &%, &Y, &2) ;
printf ("Result...\n");
PrintMatrix(rll,r12,r13,r21,r22,r23,r31,r32,r33,x,v,2);
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}

void FK(float TI1,
13, float *r2l1, fleoat

float T2,
*r22,

float T3, float T4, float T5, flocat T6, float *rill,
float *r23, float *r3l, float *r32, float *r33,

float *x,

float *rl2,

float *vy,

atli*r

*rB1,

float *r

floa




t *z)
{
double c¢l,c2,¢3,c4,¢5,¢c6,81,82,83,84,55,86;

cl=cos(DtoR(T1));
c2=cos (DtoR(T2));
c3=cos(DtoR(T3));
cd=cos (DtoR(T4) ) ;
chH5=cog (DtoOR(T5) ) ;
cb=cos (DtoR(T6) ) ;
sl=sin{(DtoR(
s2=gin(DtoR(
s3=sin{(DtoR(
sd=gin (DtoR (
s5=gin(DtoR(

({

T1
T2
T3
T4
TS
s6=gin(DtoR(TH

) )
)
Y)Y
)
} )
V)

*rll=ct *{cH5 *{cd *{cl *¢c2 *c3-cl *82 *s3)+{-cl *c3 *gs2-cl *c2 *g3) *s4)-s1 *g5)+{(cd *(-cl *c3 *
s2-cl *c2 *e3)Y-(cl *c2 *c3-cl *s2 *s3) *sd) *s6;

*rl2=c6 *(cd *{-cl *c3 *s2-cl *c2 *g3)-(cl *c2 *c3-cl *s2 *sg3) *sd)-( ¢5 *(cd *(cl *¢c2 *c3-cl *s
2 *s3)+(-cl *c3 *s2-cl *c2 *g3) *sd)-sl *sh) *g6;

*rl13=c5% *sl+(cd *(cl *c2 *c3-cl *s2 *se3)+(-cl *c3 *s2-cl *c2 *s3) *sd) *s5;

*x  =a2 *c2 *cl+al3*c3 *cl *c2-cl *s2 *s3 *a3+ dé6 *(cb *sl+{cd *(cl *c2 *c3-cl *s2 *s3)+(-cl *c3
*g2-cl *c2 *s3) *zd) *sbh);

*r2l=c6 *(c5 *{cd *(c2 *c¢3 *sl-sl *s2 *s3)+(-c3 *sl *s2-c2 *sl *s3) *sd)+cl *s5)+( ¢4 *(-c¢3 *sl
*g2-c2 *gl *s83)-(c2 *c3 *sl-sl *g2 *s3) *s4d) *s6;

*y22=c6 *(cd *(-c3 *sl *g2-¢2 *sl *s3)-(c2 *¢3 *sl-gl *s2 *g3) *sd)-(c5 *(cd *{c2 *c3 *sl-sl *s2

*s3)+(-c3 *sl *s2-c2 *sl *s3) *sd)+cl *sH) *s6;

*r23=-cl *c5+(cd *{c2 *c3 *sl-sl *s2 *s3)+(-c3 *sl *s2-c2 *sl *s3) *s4d) *s5;

*y  =a2 *c¢2 *sl+ald *c3 *c2 *sl-gl *s2 *s3 *al3+ d6 *f(-cl *c5+(cd *(c2 *c3 *sl-gl *s2 *s3)+(-c3 *s
1 *s2-¢c2 *sl *s3) *sgd) *s5);

*r3l=ch *cb6 *(cd *(c3 *s2+c2 *g3)+(c2 *c3-s2 *=3) *gd)+(cd *(c2 *¢3-82 *83)-(c3 *s2+c2 *sg3) *sd)

*56;
*ri2=ct *{cd *(c2 *c3-g2 *s3)-{(c3 *s2+c2 *s3) *sd)- b F{cd *{(c3 *32+c2 *s3)+(c2 *c3-s2 *s3) *s4
) *s6;
*r33=(cd *(c3 *s2+c2 *s3)+(c2 *c3-s2 *s3) *sd) *sbH;
*z =al *¢3 *gl2+s2*al2+cZ *s3 *al3+de *(cd *(c3 *s2+c2 *s3)+{(c2 *c3-82 *s3) *sd) *s5;
}
void IK_IO{()
{
float T1,T2,T3,T4,7T5,T6;
fleoat r11,r12,r13;
float ¥21,r22,v23;
float r31,r32,r33;
fleoat x,v,z;
InputMatrix (&rll, &rl12, &rl13, &r2l1, &r22, &r23, &r3l1, &r32, &r33, &x, &y, &z);
IK(&TLl, &T2, &T3, &T4, &T5, &T6, rll, rl2, rl3, x21, r22, r23, r3l, r32, r33, x, v, 2);
printf ("T1=%.2f T3=%.2f T3=%.2f T4=%.2f T5=%.2f T6=%.2f\n",T1,T2,T3,T4,T5,T6);
}

void IK(fleoat *T1, float *T2, float *T3, float *T4, float *T5, float *T6, float rll, float ri2, floa
t r1l3, float r2l1l, float r22, float r23, float r31l, float r32, float r33, float x, float y, float z)
{

float px.py.pz;

float D;

double temp,cl,sl, tempTC, tempTS, tl,t2,t3,t4,t5,t6,¢ttl,tt2;

px=x-d6*rl3;
py=y-d6*r23;
pz=z-d6*r33;

temp=atan2 (px,py);
tl =temp;

=(float) ( (double) (px*px+py*py+ (pz-dl) * (pz-dl)-a2*a2-a3*a3)/2.0%a2*a3);
temp=atan2 (D, sgqrt (1-D*D}) ;
t3 =fleat (temp);

tempTC=cos (£3);
tempTS=sin(t3) ;

ttl=pz-d4dl;
tt2=atan2 (sgrt (px*px+py*py) , ttl);
ttl=atan2 (a3*tempTs, a2+a3d*temnpTC) ;
temp=tt2-ttl;

t2=temp;




tempTC=cos (£2+t3) ;
tempTS=sin(t2+t3);

cl =cos{(tl);

sl =gin(tl);

temp =atan2((cl*tempTC*rl3+sl*tempTC*r23-tempTS*r23), (-cl*tempTS*rl13-sl*tempTS*r23-tempTC*r33))
t4 =temnp;

tempTC=gl*r13-cl*r23;

tempTC=tenpTC*tempTC;

temp =atan2((sl*rl3-cl*r23),sqgrt(l-tempTC));
£h =temp;

temp =atan2((sl*rll-cl*r2l), (sl*rl12+cl*r22));

t6 =temp;
*T1 = (float)RtoD(tl);
*T2 = (float)RtoD(t2);
*T3 = (float)RtoD(t3);
*T4 = (float)RtoD(t4d) ;
*T5 = (fleat)RtoD(t5);
*T6 = {(float)RtoD(te);
}
void V_IQ()
{
float T1, T2, T3, T4, T5, T6, dTl, dT2, 4T3, dr4, dT5, dT6, vx, Vy, VzZ, WX, Wy, WZ;
printf("Enter the joint angle (T1 to Té)\n");
scanf ("3%f %f %f£ f %f %f", &T1,&T2,&T3,&T4,&T5,&T6) ;
prlntf("Enter the Velocity of the joint angle (dT1 to 4AT6)\n");
scanf ("%f $f &f &f %f %f",&T1,&dT2,&dT3, &dT4, &dT5, &d4T6) ;
v(ri, T2, T3, T4, T5, T6, dTL, dT2, d4dT3, dT4, 4TS, dT6, &vVX, &vy, &vz, &WX, &wWy, &WZ);
printf ("Result...\n");
printf("vx=%.2f vy=%.2f vz=%.2f wx=%.2f wy=%.2f wz=%.2f\n",vx, vy, vz, WX, Wy, Wz);
}

void V(float T1, flcoat T2, float T3, float T4, float TS, float T6, float dTl, float dT2, float 4T3,
float dT4, float 4AT5, float dT6, float *vx, float *vy, float *vz, float *wx, float *wy, float *wz)

{
double cl,c2,¢3,¢c4,¢c5,¢6,81,82,83,s4,85,86;

cl=cos (DEoR(T1
c2=cos (DEtoR(T2
c3=cos (DEoR(T3
cd=cosg (DtoR(T4
CS:COS(LtﬂR(TS
cb=cos (DtoR(T6

sl=gin(DtoR(T
s2=sin(DtoR(T
s3=sin(DtoR(T
sd=cin(DtoR (T4
s5=sin{(DtoR (T
s6=sin (DtoR(T6

*yx=(cl *c5 *d6-a2 *c2 *sl-a3 *c2 *c3 *sl+al3 *sl *s2 *s3-c2 *c3 *cd *d6 *sl *sS+cd *dA6 *sl *g2 *
s3 *g5+ ¢3 *d6 *sl *g2 *sd *s5+c2 *d6 *gl *s3 *sd *e5)*dT1 + (-a2 *cl *s2-a3 *cl *c3 *s2-al *cl *c2
*g3-cl *c3 *cd *d6 *s2 *sS5-cl *c2 *cd *d6 *s3 *gh- cl *c2 *c¢3 *d6 *sd *gbh+cl *d6 *s2 *s3 *sd *gh) *AT
2 + (-a3 *cl *c¢3 *s2-a3 *cl *c2 *s3-cl *c3 *cd *dé6 *g2 *sS-cl *c2 *cd *d6 *g3 *s5- ¢l *c2 *c3 *dé *s
4 *gbh+cl *dé *s2 *s3 *sd *gh)*dAT3 + (-cl *c¢3 *cd *de6 *s2 *s5-cl *¢2 *cd *d6 *s3 *s5-cl *c2 *c3 *xd6 *
s4 *sS+cl *dé6 *s2 *s3 *g4d *s5) *dT4;

*vy=(a2 *cl *c2+al3 *cl *c2 *c3+c5 *d6 *sl-a3 *cl *s2 *s3+cl *c2 *c3 *cd *d6 *s5-cl *cd *de *s2 *
s3 *s5- ¢l *¢3 *d6 *g2 *sd *sS5-cl *¢2 *dé6 *s3 *sd *sh)*dTL + (-a2 *sl *s2-a3 *c¢3 *sl *s2-a3 *c2 *sl
*s3-c3 *cd *d6 *sl *s2 *s5-c2 *cd *d6 *sl *s3 *gbh- 2 *¢3 *d6 *sl *sd *s5+4d6 *sl *s2 *s3 *sd *s5)*dT
2 + (-a3 *c3 *gl *s2-a3 *c2 *sl *s3-c3 *cd *d6 *sl *s2 *sb-c2 *cd *de *sl *s3 *s5- c2 *c3 *d6 *sl *s
4 *s5+d6 *gl *s2 *g3 *gd *s5)*dT3 + (-c3 *cd *dé *sl *s2 *s5-c¢2 *cd *dée *sl *s3 *s5-c2 *c3 *d6 *gl *
s4 *s5+d6 *sl *s2 *g3 *gd *sbh) *dT4;

*yz=(cl*cl *c3 *cd *c5 *dé *s2 + ¢3 *cd *c¢5 *d6 *sl*sl *s2 + cl*cl *c¢2 *cd *c¢5 *d6 *s3 + c2 *c4
*cb5 *de *sl*sl *g3 + cl *c2 *¢3 *eb *d6 *sd o+ ¢c2 *c3 *c5 *d6 *sl *sd - ¢l *co5*d6 *s2 *s3 *gd - o5 *d
6*sl *s2 *s3 *s4)*dT4;

*wx=s1l*dT2 + s1*dT3 + sl*dT4+ (cd *(-cl *c3 *32-cl *¢2 *s3)-(cl *c2 *c3-cl *s2 *s3) *s4)*dT5 + (
c5 *sl+(cd *(cl *c2 *c3-cl *s2 *s3)+(-cl *c3 *s2-cl *c2 *s3) *s4) *s5)*dT6;

*wy=-cl*dT2 - c¢l1*dT3 - c1*dT4+ (cd *(-c¢3 *sl *s2-c2 *sl *s3)-(c2 *c3 *sl-sl *s2 *g3) *gd)*dT5 +
(-c1l *c5+(cd *(c2 *c3 *sl-sl *s2 *s3)+{(-c3 *sl *s2-c2 *sl *s3) *sd) *s5)*dT6;

*wz={(cd *(c2 *c3-82 *s3)-(c3 *s24c2 *g3) *sd)*dT5 + ((cd *(c3 *s2+c2 *s3)+(c2 *c3-s2 *g3) *gd) *

5) *dT6;
}

void InputMatrix(fleoat *rl1l, float *rl2, float *rl3, float *r2l, float *r22, float *r23, float *r31,
float *r32, float *r33, float *x, float *y, float *z)




float trll,trl2,trl3;
float tr2l,tr22,tr23;
fleoat tr3l,tr32,txr33;
float tx,ty,tz;

printf ("Enter row 1 (col 1 to 4)\n");
scanf (" %f %f %f %f",&trll,&trl2,&trl3, &tx);
printf("Enter row 2 {(col 1 to 4)\n");
scanf (" %f %f %f %$f",&tr2l,&tr22,&tr23,&tY);
printf ("Enter row 3 (col 1 to 4)\n");
gscanf (" %f %f %f %f",&tr31l,&tr32,&tr33,&tz);

*ri1l=trll;
*rl12=trl2;
*ri3=trl3;

*r2l=tr2i;
*r22=tr22;
*r23=tr23;

*r3l=tr3l;
*ri2=tr32;
*r33=tr33;

*x=tx;
fy=ty;
*z=tz;

}

vold PrintMatrix(float rll, float rl2, float rl3, float r21, float r22, float r23, float r3l, float
r32, float 133, flcat x, float vy, float z)

{
printf (" %$9.2f %9.2f %9.2f %9.2f\n",rll,r12,r13,x);
printf(” %9.2f %9.2f %9.2f %9.2f\n",r21,r22,r23,v);
printf(" %9.2f %9.2f %9.2f %9.2f\n",r31,r32,r33,z);
printf (" 0 0 0 1\n"});
}




Untitled
Al={{c1,0,s81,0},{s1,0,-c1,0},{0,1,0,0},{0,0,0,13}};
A2={{c2,-82,0,c2a2},{s2,c2,0,a2s82},{0,0,1,0},{0,0,0,
A3={{c3,-s83,0,c3a3},{s3,c3,0,a3s3},{0,0,1,0},{0,0,0,
Ad4={{c4,0,-s4,0},{s4,0,c4,0},{0,-1,0,0},{0,0,0,1}3;
A5={{c5,0,85,0},{s5,0,-¢5,0},{0,1,0,03},{0,0,0,1}};
A6={{c6,-56,0,0},{s86,¢6,0,0},{0,0,1,d6},4{0,0,0,1}3;
Rl1={{c1,0,s1},{s1,0,-c1},{0,1,0}};
R2={{c2,-82,0},{s2,c2,0},{0,0,1}};
R3={{c3,-s83,0},{s3,c3,0},{0,0,1}};
R4={{c4,0,-s4},{s4,0,c4d},{0,-1,0}};
R5={{c5,0,s5},{s5,0,-c5},{0,1,0}3};
R6={{c6,-s6,0},{s6,c6,0},{0,0,1}1};
k={0,0,1%};

TO1l=A1;

TO2=A1.A2;
TO3=A1.A2.A3;
TO4=A1.A2 .A3 .24;
TOS5=A1.A2.A3 .24 .A5;
TO6=A1.A2 .A3.A4.A5 .A6;
720=k;

Z1=R1.k;

72=R1.R2.k;
7Z3=R1.R2.R3.k;
7z4=R1.R2.R3.R4.k;
Zz5=R1.R2.R3.R4.R5.k;

1}};
1}};

Oo = {0, 0, 0};
0l = {0,0,0};
02 = {cl c2 a2,c2 a2 sl,a?2 s2};
03 = {cl c¢2 a2+cl c2 c¢3 a3-a3 s3 cl s2,
c2 a2 sl+c2 c3 a3 sl-a3 s3 sl s2,a2 s2+a3 s3 c2+c3 a3 s2};
04 = {cl c2 a2+cl c2 c¢3 a3-a3 s3 cl s2,
c2 a2 sl+c2 c¢3 a3 sl-a3 s3 sl s2,a2 s2+a3 s3 c2+c3 a3 s2};
05 = {cl c2 a2+cl c2 ¢3 a3-a3 s3 cl s2,
c2 a2 sl+c2 c3 a3 sl-a3 g3 sl s2,a2 s2+a3 s3 c2+c3 a3 s2};
06 = {cl c2 a2+cl c2 ¢33 a3-a3 s3 cl s2+
dé (c5 sl+{(cd (cl c2 ¢3-cl 82 s3)+({(-cl c3 s2-cl c2 s3) s4) s5),
c2 a2 sl+c2 c3 a3 sl-a3 s3 sl s2+
dé (-cl c¢5+(cd (c2 ¢3 gl-s8l 82 s3)+(-c3 sl s2-c2 sl s3) s4) s5),
az s2+al3 s3 c2+c3 a3 s2+d6 (cd4 (c3 s2+c2 s3)+(c2 c3-s82 s3) sd4) s5}
06mO0=06;

06m01=06-01;
06m02=06-02;
06m03=06-03;
06m04=06-04;
06m05=06-05;
Cr0=Cross[Z0, 06mOo
Crl=Cross[zl,06m01l

] ;MatrixForm|[Cr0

]
Cr2=Cross[zZ2,06m02]

]

]

; ]
;MatrixForm|[Crl]
;MatrixForm[Cr2]
;MatrixForm[Cr3]
;MatrixForm{Cr4]

Cr3=Cross|{z3,06m03
Cr4=Cross[z4,06m04




float trll,trl2,tri3;
fleat tr2l,txr22,tr23;
float tr3l,tr32,tr33;
float tx,ty,tz;

printf ("Enter vrow 1 (col 1 to 4)\n");
gcanf (" %f %f %f $f", &trlil,&trl2,&trll3, &tx);
printf ("Enter row 2 (col 1 to 4)\n");
scanf (" $f %f %f %f", &tr21,&tr22,&tr23,&Ly);
printf ("Enter row 3 (col 1 to 4)\n");
gscanf (" %f %f %f %f",&tr3l,&tr32,&tr33, &tz);

*ril=trll;
*ri12=trl2;
*ril3=trl3;

*r21l=tr2l;
*r22=tyr22;
*r23=tr23;

*r3l=tr3l;
*ri2=tri2;
*r33=tr33;

*x=tx;
*y=ty:
*z=tz;

}

vold PrintMatrix(float rll, float rl2, float rl13, float r2l1, float x22, float r23, float r31, float
r32, float r33, flcat x, float y, float z)

{
printf(* %$9.2f %9.2f %9.2f %9.2f\n",r11,r12,ri3,x);
printf(” %9.2f %9.2f %9.2f %9.2f\n",r21,r22,r23,vy);
printf (" %9.2f %9.2f %9.2f %9.2f\n",r31,r32,1r33,z);
printf (" 0 0 0 1\n");
}




