




























































































































































































































































































































































































* Returns: Void

*

*/

void dacl(float voltage)
{

byte high_byte, low_byte;
float num, lownum, highnum;
long temp;

lownum = highnum = 0.;

/**x  vyoltage limit  *xx/
if (voltage > 6.8)

voltage = 6.8;

else if (voltage < -6.8)
voltage = -6.8;

/* convert voltage in two bytes in decimal %/
num = voltage*(2048.0/10.0)+2048.0;
if (num>=256.0)

{

tomp = (long)num;

lownum = temp & Oxff;

low_byte = (unsigned char) lownum;
temp = (long)num;

highnum = temp>>8;

high_byte = (unsigned char) highnum;
¥

alse

{

low_byte = num;
high_byte = 0.0;
}

/* command voltage out */

outportb (DCH1_LOW, low_byte);
outportb (DCH1_HIGH, high_byte);

/* dac2(voltage)

*
* DAC output from channel 2:

* This function will take the voltage value and output analogue
* signal at the specified voltage.

* Bipolar output set to + and - 10V range

* Input: Voltage

* Returns: Void

*

*/

void dac2(float voltage)
£

byte high_byte, low_byte;
float num, lownum, highnum;
long temp;

lownum = highnum = 0. ;

/**¥x  voltage limit  wwx/
if (voltage > 6.8)

voltage = 6.8;

else if (voltage < -6.8)
voltage = -6.8;

/* convert voltage in two bytes in decimal */
num = voltage*(2048.0/10.0)+2048.0;

if (num>=256.0)

{

tomp = (long)num;

lownum = temp & Oxff;

low_byte = (unsigned char) lownum;
tomp = (long)num;

highnum = temp>>8;

high_byte = (unsigned char) highnum;
¥

else

{

low_byte = num;
high_byte = 0.0;
+

/% command voltage out %/
outportb (DCH2_LOW, low_byta);
outportb (DCHZ_HIGH, high_byte);
}

/% dacShutdown(void)
*

* This function will disable DAC output.

* TInput: Void



* Returns: Void
*

*/

void dacShutdown(void)

outportb(DOUT_CTL, 0x00); /* set highest bit to O to inhibit output */
/*

* volt_cmd (int, float)

*

* command voltage out for the specified torque value
*

L Argument: actuator id #, specifed torque value

*

*  Returns: voltage value

*/

float volt_cmd(int act_id, float tau)

1{

float volt;

volt = tau/(KT*GEAR_RATIO);
if (volt > 5.0)

volt = 5.0;

else if (volt < -5.0)

volt = -5.0;

return(volt) ;
}
4

Display_learn()

/*
o :

* This function displays the target location and tip location
* information on the monitor.

* MORE CHANGES NEEDED: TIMING and STAR PATTERN

* Input: void

* Returns: void

*

*/

void Display_learn(void)

{

static int n = 0;

static int m = 0;

static int oldx, oldy, no;

int dir; j;

float t, temp;

float theta;

GrBox(tx[0]1-10, ty[0]-10, tx[0]+10, ty[01+10, GrAllocColor(0, 0, 0) );
GrFilledCircle(oldx, oldy, 3, GrAllocColor(0, 0, 0));

& =ty

temp = t/Rch_time;
n = (int) (temp); &/
if (m == 60) /* calculate next target pos. <- current act. pos.

{

dir = rand()%8;

theta = dir*PI1/4.0;

xnext = data_x + 0.29528%cos(theta);
ynext = data_y + 0.20528%sin(thota);

if (xnext<XMAX && xnoxt>XMIN && ynext<YMAX && ynext>YMIN)
{

tx[1] = (int) ((480%(0.0-xnext)/0.6) + 320);
ty[1] = (int)(480*(ynext - 1.66)/0.6)+240;
}

else

£

if ((data_x<0.0162) && (data_x>-0.0162) k& (data_y<1.6762) && (data_y>1.6438))
£

J = rand()7%4;

dir = drcase0[j];

¥

else

if (data_x > 0.0)

if (data_y > 1.66)

if ( (data_x<=0.0703) && (data_y<=1.7303) )
dir = 5;

else if ((data_x>0.0703) &k (data_y<=1.7303))
{

j = rand()%2;

dir = drcasell(jl;

¥

olse if ((data_x <= 0.0703) && (data_y>1.7303))
{
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Jj = rand()%2;

dir = drcase12[j];

+

else

ok

J = rand()%3;

dir = drcase1[j];

3

elso

if ((data_x<=0.0703) &k (data_y>=1.5897))
dir = 3;

else if ( (data_x>0.0703) &y (data_y >=1.5897))
{

J = rand()%2;
dir = drcase41[j];
}

else if ((data_x <= 0.0703) g (data_y<1.5897))
{

J = rand()%2;

dir = drcase42(j];

¥

olse

{

Jj = rand()%3;

dir = drcased(j];

+

else

if ((data_y > 1.66))

if ((data_x>=-0.0703) g (data_y<=1.7303))
dir = 7;

else if ( (data_x<-0.0703) gg (data_y<=1.7303) )
{

j = rana(yu2;
dir = drcase21(j];
+

else if ((data_x >= =0.0703) && (data_y>1.7303))
¢

J = rand()%2;

dir = drcase22(j];
¥

else

£

J = rand()%3;

dir = drcase2(jl;

¥

else

if ((data_x>=-0.0703) && (data_y>=1.5897))
dir = 1;

else if ((data_x<-0.0703) gg (data_y>=1.5897))
{

J = rand()%2;
dir = drcase31[j];
}

else if ((data_x>=-0.0703) gg (data_y<1.5897))
{

J = rand()%2;

dir = drcase32(j];

}

else

{

J = rand()%3;

dir = drcase3[j];

¥

theta = dirxPI/4.0;

xnext = data_x + 0.29528%cos(theta) ;
ynext = data_y + 0.29528*sin(theta) ;

tx[1] = (int) ((480%(0.0-xnext)/0.6) + 320);

tyl1] = (int) (480 (ynoxt - 1.66)/0.6)+240;

£x[0] = tx[1];
ty (0] = vy [1];

disp_x = xnext;
disp_y = ynext;
GrBox(tx[0]-10, ty[0

1=10; tx[0]+10, ty[0]+10, GrAllocColor(255, 255, 255) ¥3
GrFilladCircle(disx. disy, 3, GrAllocColor (255, 258, 265));
oldx = disx;
oldy = disy;
m
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no = n;
cnt_d = 0;

Warning = OFF;
}

/* Display_star()
*

* This function displays the target location and tip location
* information on the monitor.

% MORE CHANGES NEEDED: TIMING and STAR PATTERN

* Input: void

* Returns: void

*

/

void Display_star(void)
{

static int n = 0;

static int m = 0;

static int oldx, oldy, no;
static int fstat;

int dir, j, fdir;

float t, temp;

float theta;

static int kk = 0;

t = time();

GrBox(tx[0]-10, ty[0]-10, tx[0]+10, ty[0]+10, GrAllocColor(0, 0, 0) )
GrFilledCircle(oldx, oldy, 3, GrAllocColor(0, 0, 0));

temp = t/Rch_time;

n = (int)(temp);

if (m == 60) /* calculate next target pos. <- current act. pos. */
{

dir = dirtest[cycle]%8;

fstat = (int)(dirtest[cyclel/8.0);

theta = dirsPI1/4.0;

xnext = data_x + 0.29528%cos(theta);

ynext = data_y + 0.29528*sin(theta);

if (xnext<XMAX &% xnext>XMIN && ynext<YMAX && ynoxt>YMIN)

£

tx[1] = (int)((480%(0.0-xnext)/0.6) + 320);

ty[1] = (int)(480*(ynext - 1.66)/0.6)+240;

¥

else

if((data_x<0.0162) %k (data_x>-0.0162) &k (data_y<1.6762) &k (data_y>1.6438))
{

j = rand()%4;

dir = drcase0[j];

¥

elseo

if (data_x > 0.0)

if(data_y > 1.66)

if ( (data_x<=0.0703) && (data_y<=1.7303) )

dir = §;
else if ((data_x>0.0703) &k (data_y<=1.7303))
:

j = rand()%2;

dir = drcaso11[j];

¥

else if ((data_x <= 0.0703) && (data_y>1.7303))

j = rand()%2;

dir = drcasel2[j];
+

else

{

j = rand()%3;

dir = drcasel[jl;

¥

else

if ((data_x<=0.0703) && (data_y>=1.5897))

dir = 3;

else if ( (data_x>0.0703) && (data_y >=1.5897))
{

j = rand()%2;

dir = drcase41(j];

¥

else if ((data_x <= 0.0703) && (data_y<1.5897))
{

j = rand()%2;

dir = drcase42(j];
¥

else

{

j = rand()%3;

dir = drcase4[j];



bs

else

if ((data_y > 1.66))
if ((data_x>=-0.0703) ga (data_y<=1.7303))

dir = 7;
else if ( (data_x<-0.070

{

3) &k (data_y<=1.7303) )

j = rand)%2;
dir = drcase21(j];

¥

else if ((data_x >= -g

£

-0703) && (data_y>1.7303))

j = rand()%2;
dir = drcase22(j];

¥
else

{

J = rand()%3;
dir = drcase2([j];

¥

else

if ((data_x>=-0.0703) gg (data_y>=1.5897))

dir = {;

else if ((data_x<-0.0703) g& (data_y>=1.5897))
{

J = rand()%2;
dir = drcase31[j];
¥

else if ((data_x>=-0.0703) g& (data_y<1.5897))
{

J = rand()%2;
drcase32(j];

dir =

else

{

J = rand()%3;
drcase3[j];

dir =

%

theta
fstat
xnext
ynext
tx[1]
ty (1]

dir«P1/4.0;
ON;
data_x + 0.29528%cos(theta);
data_y + 0.29528%sin(theta);

(int) ((480% (0.0-xnext)/0.6) + 320);
(int) (480 (ynoxt - 1.66)/0.6)+240;

direct = dir;
fdir = dir + g;

kk = 0

while (kk<16)
8

if (dirtest([kk] == dir)
{

dirtest[kk] = -1;
fstat = QOFF;

kk = 16;

;

else if((dirtest[kk] == fdir) & (kk<16) )
{

dirtest[kk] = -1;
fstat = QON;

kk = 16;

¥
ket
}

while (dirtest([cycle] == =1
cycle++;

if(cycle >= 16)
modeFlag = COMPLETE;

¥

if (n > no)

tx[0] = tx[1];
ty[0] = ty[1];

m = Qy

}

disp_x = xnext;
disp_y = ynext;
Force = fstat;

GrBox(tx[0]-10, t

y[0]-10, tx[01+10, ty[0]l+10, GrAllocColor(255, 255, 25

GrFilladerclo(disx. disy, 3, GrAllocColor(255, 265, 255));
oldx = disx;

oldy = disy;

mt+;

no = n;

cnt_d = 0;

Warning = OFF;

116

5) );



* oE E oK % N

*/

*  TakeDATA();

void TakeDATA(void)

{

static

int j

var_t[j] = t
var_1[j] = data_x;
var_2[j] = data_y;
var_3[j] = v
var_4[j] = v
var_5[j] = disp_x;
var_6[j] = 4

var_7[j]

if (j <= 450

J*+;

ent_t = 0;
Warning = OFF;

}

= 0;
t

1;
2;

isp_y;

= Force;

0)

/*  RunTSUNAMI();

*

This function runs TSUANMI

Returns:

*
* Input: void
*
*

*/

void

void RunTSUNAMI(void)
{

float fencl, fenc2;
float diskl_angle, link2_angle, disk2_angle;
float taul_out, taul_cmd, tau2_out, tau2_cmd;
float t, x, y;

static
static
static
static
static
static
static
static
static
static
static
static
static
static
static

float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

x0 = 0.0;

yo = 0.0;

t_old = 0.0;
sl_adot = 0.0;
82_adot = 0.0;
fencol = 0.0;
fenco2 = 0.0;
dath1 (7] = {0
dth2(7] = {0
f_dthi[7] =

f_vx([7] = {0.0,

0, 0
{0, 0.
0

t_vyl7] = {0.0,

This function records the test data onto a file.
Input: void
Returns: void

float aldot, a2dot, shaftl_angle, shaft2_angle;
float fric_x, fric_y;
int i = 0;
static int j = 0;
int 1 = 0;
float ci, c12, 81, 812, c2; 82, 4%;
float denum;
float fx = 0.0;
float fy = 0.0;

t = time();
fencl = Rot_calc(1, fencol);
fenc2 = Rot_calc(2, fenco2);

tt = t;

dt = t - t_old;
if (dt ==0.0)
dt = 0.00001;
diskl_angle = Ang_calc(2, fenc2); /* Calculate angle */
disk2_angle = Ang_calc(1, fencl);

link2_angle = disk2_angle - diskl_angle;

¢l = cos(diskl_angle);
c2 = cos(link2_angle);
c12 = cos(disk2_angle);
s1 = sin(diskl_angle);
s2 = sin(link2_angle) ;
512 = sin(disk2_angle);

x = Llxcl + L2%c12;
y = Li*sl + L2#812;
data_x = x;
data_y = y;

/% Calculate encoder count */

/* Calculate tip location from angles */

disx = (int) ((480%(0.0-x)/0.6) + 320);
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disy = (int)(480*(y - 1.66)/0.6)+240;
/*
shaft1_angle
shaft2_angle

diskl_angle*GEAR_RATIO;
disk2_angle*GEAR_RATIO;

aldot = (shaftl_angle - si_adot)/dt;
a2dot = (shaft2_angle - s2_adot)/dt;
denum = 1/(L1%L2+s12);

/* Filter velocity data */

vx[j] = vx(j+1];

vy 3] = vy[j+1);

dth1[j] = dthi[j+1];

Ath2(j] = dth2[j+1];

if (j == 2) /% Calculate tip velocity: raw velocity data
{

vx[4] = (x - xo0)/dt;

vyl4] = (y - yo)/dt;

dth1[4] = aldot;

dth2(4] = a2dot;

}

if (j == 3) /% Calculate filtered velocity */

{

f_vx[4] = (float) (B_3%(double)vx[3] + B_2*(double)vx[2] + B_1*(doubla)vx

A_1x(double)f_vx[1] -A_0*(double)f_vx[0]);

f_vy[4] = (float) (B_3*(double)vy[3] + B_2x(double)v
A_1+(double)f_vy[1] -A_O*(double)f_vy[0]);

f_dth1[4] = (float) (B_3%(double)dth1[3] + B_2%(double)dth1[2] + B_1* (doul

A_2%(double)f_dthi[2] - A_1%(double)f_dthi[1] - A_O*(double)f_dth1([0]);

£.dth2[4] = (float)(B_3%(double)dth2([3] + B_2*(double)dth2[2] + B_i*(doul

A_2x(double)f_dth2[2] - A_1%(double)f_dth2[1] - A_O%(double)f_dth2[0]);

}

fovxlj] = £_vx(j+1);

f_vyljl = f_vy[j+1];

f_dthi[j] = f_dthi[j+1];

f_dth2(j] = £f_dth2(j+1];

y[2] + B_1%(double)vy

*/

(11 + B_O%(double)vx[0] - A_2%(double)f_vx[2] -
(1] + B_O'(doublu)vy[ol = A_2x(double)f_vy[2] -
ble)dthi[1] + B_O%*(doublo)dth1[0] -

ble)dth2[1] + B_0*(double)dth2[0] -

J*¥;

if(§ == 4)

{

i=0;

vl = f_vx[3]);

v2 = f_vy[3];

Lk

/ %/
/% Friction Compensation calculation: linear Friction Model filtered */

if (f_dth1[3] >0.0)
{

if (f_dth1[3]> 100.0)

f_dth1[3] = 100.0;

fric_x = -0.074952+0.0000979*oxp(0.14962*fabs (f_dth1[3]))+0.841276%
(1-0xp(~0.77746+%fabs (f_dth1[3])));

fric_x = 0.80*fric_x;

}

else if(f_dthi[3] < 0.0)

{

if (£ _dth1([3]1<-100.0)
f_dth1[3] = -100.0;

fric_x = ~1*(3.757823~3.7946T*oxp(-0.0016*fabs (£_dth1[3]))+0.68793%(1
fric_x = 0.93*fric_x;

else

fric_x = 0.0;

if Gfrdcox: > 8.0)
fric_x = 2.,0;

else if(fric_x < -2.0)
fric_x = -2.0;
if ( f_dth2([3] > 0.0 )

{
if (f_dth2[3] > 100.0)
f_dth2[3] = 100.0;

-exp(-1.10856%fabs(f_dth1[3]))) );

fric_y = -4.637+4.4585+%exp(0.00323*fabs(f_dth2[3]))+1.0691%(1-exp(~1.3546+fabs(f_dth2[3])));
fric_y = 0.67'fric_y;

¥

else if (f_dth2[3] < 0.0)

{

if (£_dth2[3] < -100.0)
f_dth2(3] = -100.0;
fric_y = -1'(—0.1405*0.12703*pr(0.0585*fabn(f_dch2[3]))*l~°331'(1
fric.y = 0.67*fric_y;
¥

else

fric_.y = 0.0;

if (fric.y > 2.0)
fric_y 2.03

alse if(fric_y < -2.0)
fric_y = -2.0;
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it (Force == (OFF)

{

fx = 0.0

fy = 0.0;

}

olse if (Force == ON)

{

fx = -0.69205%v1~-0.76742%v2;

fy = -0.76742%v1 + 0,76057%v2;

}

taul_out = Llxcl*fy - L1l*slxfx; /# Calculate motor torque to create the disturbance */
if (taul_out == 0.0)

taul_cmd = 0.01;

else if ((taul_out>0.0) && (taul_out<0.75))
taul_cmd = 1,2335*taul_out + 0.0803 + fric_x;
else if ((taul_out>=0.75) && (taul_out < 1.86))
taul_cmd = 1.2944%taul_out + 0.024 + fric_x;
else if ((taul_out>=1.86) && (taul_out < 2.89))
taul_cmd = 1,2601*taul_out + 0.0864 + fric_x;
else if ((taul_out>= 2.89))

taul _cmd = 1.2223*taul _out + 0.1615 + fric_x;
olse if ((taul_out<0.0) && (taul_out>-0.33))
taul _cmd = 1.0924*taul_out -0.0317 + fric_x;
olse if ((taul_out<=-0.33) && (taul_out>-1.8))
taul_cmd = 1.1982*%taul_out -0.0206 + fric_x;
olso if ((taul_out<=-1.8) && (taul_out>-2.9))
taul_cmd = 1.1743*taul_out -0.065 + fric_x;
else if ((taul_out<=-2.9))

taul

md = 1.1375*%taul_out -0.1603 + fric_x;

tau2_out = L2%c12+fy - L2%s12%fx;

if (tau2_out == 0.0)

tau2_cmd = -0.165;

else if ((tau2_out>0.0) && (tau2_out<1.13))

tau2_cmd = 1.1579%tau2_out - 0.11556 + fric_y;

olse if ((tau2_out>=1.13) && (tau2_out < 1.84))
tau2_cmd = 1.16248%tau2_out - 0.12025 + fric_y;

else if ((tau2_out>=1.84) && (tau2_out < 2.93))

tau2_cmd = 1.14169*tau2_out - 0.08959 + fric_y;

else if ((tau2_out>= 2.93))

tau2_cmd = 1.12814%tau2_out - 0.07322 + fric_y;
else if ((tau2_out<0.0) && (tau2_out>-0.05))
tau2_cmd = 1.85646*%tau2_out -0.2 + fric_y;

else if ((tau2_out<=-0,05) && (tau2_out>-1.6))

tau2_cmd = 1.21237*tau2_out -0.17357 + fric_y;
alse if ((tau2_out<=-1.6) && (tau2_out>-2.4))
tau2_cmd = 1.35332%tau2_out + 0.06027 + fric.y;
else if ((tau2_out<=-2.4))

tau2_cmd = 1.00724*tau2_out -0.74568 + fric.y;
/%= grisiel

nvoltl = volt_cmd(1, taul_cmd);
nvolt2 = volt_cmd(2, tau2_cmd);
fencol = fencl;

fenco2 = fenc2;

t.old = t;

o = x;

YO = ¥i

s1_adot shaftl_angle;
s2_adot = shaft2_angle;

if (1<5000)

it

/* Set the old values */

cnt_r = /% Reset the old values */

Warning

i
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Appendix C

Simulation Code

The simulation of the adaptive motor control model during reaching motion.

/*

Latest version 3/12/95
Star Trajectory : Working Copy: March 12, 1995

*/

#include <stdio.h>
#include "mathfuns.h"
#define NRANSI
#include "nrutil.h"
#define NUMNODE 182
#define QIMIN -5
#define QIMAX 8
#define Q2MIN -3
#define (2MAX 9
#dofine ETIME 26.4
#define LTIME 412.5
#define DT 0.0001
#define FIELD 1
#define EVAL 2
#define LEARN 4
#define Q10 0.2618
#define Q20 1.4835
#define SYSDIM 4
#define NETOUT 16
#define ADAPTIVE
#define NSTATES SYSDIM+NETOUT*NUMNODE

float qld, q2d, qldd, q2dd, qlddd, q2ddd, tau(2], s1, s2;
float torl, tor2, kal, ka2, ka3, ka4, isl, is2;

float actlev[NUMNODE], *actref = actlev, *act;

float *oldx, *newx;

float kal, kb, beta;

float lambdal2][2], kd[2][2], kp(2](2], ehat([2][2];

float Hinv[2](2], C[2][2], hhat([2] (2], chat[2]([4), H[2][2];
short modeFlag;

double nrand(double);

/* Maki’s global variables */

short leg;

short star;

static float dptx[260];

static float dpty[260];

void odeint(float ystart(], int nvar, float x1, float x2

float eps, float hi, float hmin, int *nok, int *nbad,

void (*derivs)(float, float (], float []),

void (*rkqs)(float [], float [], int, float %, float, float,
float [], float *, float *, void (x)(float, float [], float (1)),
float, void (*savvars)(float,float[]));

void rkck(float y[], float dydx[], int n, float x, float h,
float yout[), float yerr[], void (xderivs)(float, float [}, float 17);
void rkqs(float y[], float dydx[], int n, float *x,

float htry, float eps, float yscal[], float *hdid, float ¥hnext,
void (*derivs)(float, float [], float []1));

void rhs(float, float([], float(]);

void mySave(float, float[]);

void desTraj(int, float, float*, floatx, floats);

float drand48(void);
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float ffloor(float);

float x0[NSTATES];
FILE %oFile, *eFilel, *eFile2, *oFile3, *eFiled;
FILE #nFile, *nFilel, *nFile2, *nFile3, *nFiled;

main()
{
short ii,que;
float eops = 1.00-05, dt=0.0001;
float piglet, theta, xx, xxx, YY, YYYi
int nok, count, nbad;
doubla pooh;
int tiger, kk;
int i=0;
int dirwalk;
oldx = (float*) malloc( NSTATES * sizeof( float));
newx = (float*) malloc( NSTATES * sizeof( float));

dptx[0] = 0.259725;
dpty [0] = 0.420247;
dptx[1] = 0.33043568;
dpty[1] = 0.490958;
xx = dptx[0] - 0.12;
xxx = dptx[0] + 0.12;
yy = dpty[0] - 0.12;
yyy = dpty[0] + 0.12;

printf (" %\t %f\n %f\t %f\n\n ", XX, YY,» XXX, yyy);
que = 0;
while (que< 255) /**+ # of counts *x¥/

piglet = 8.*drand48();

dirwalk = (int) ffloor(piglet);

theta = PIxdirwalk/4;

dptx[que+1] = dptx[que] + 0.1*cos(theta);
dpty [que+1] = dpty[que] + 0.1*sin(theta);

if ((dptxlque+1]<xxx) && (dptx(que+1]>xx) && (dpty [que+1]<yyy) && (dpty[que+1]>yy))
quett;

+
for (que=0; que<255; quet+)
{

printf ("%f\t%f\n" ,dptx[quel, dptyl[quel);
}

printf("ok!\n") ;fflush(stdout) ;
for (ii = 0; ii < NSTATES; ii++) x0[ii] = 0.;

lambda[0] [0) = 6.4968;
lambda[0][1] = 0.0637;
lambda[1][0] = 0.0637;
lambda[1][1] = 6.6667;
kd [0] [0]= 2.3;

kd[0] (1] = 0.9;
kd[1][0] = 0.9;
kd[11(1] = 2.4;
kp[0][0]) = 15.0;
kp[0][1] = 6.
kp[1][0] = 6.
kp[1][1] = 1
kal = 0.01;
ka2 = 0.01;
ka3 = 0.04;
ka4 = 0.04;

printf ("ok!\n");fflush(stdout);
nFile = fopen("null0.dat","w");
nFilel = fopen("nulll.dat","w");
nFile2 = fopen("null2.dat","u");
nFile3 = fopen("null3.dat" M B 1O
nFile4 = fopen("nulld.dat","u");
oFile = fopen("robot0.dat","w");
eFilel = fopen("robotl.dat","u");
oFile2 = fopen("robot2.dat" sy
eFile3 = fopen("robot3.dat" i
oFile4 = fopen(“robot4d.dat","w"

/* Show initial performance in Field */
x0[0] = Q10;

x0[1] = Q20;

x0[2) = 0.;

x0[3] = 0.;

star = 0;

modeFlag = EVAL+FIELD;
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odeint (x0, NSTATES, 0., ETIME, eps, dt, 1.0e-05, &nok, &nbad, rhs, rkqs, .05, mySave) ;

x0[0] = Q10;

x0[1] = Q20;

x0[2]) = 0.;

x0[3] = 0.;

star = 1;

modeFlag = EVAL;

odeint(x0, NSTATES, 0., ETIME, eps, dt, 1.0e-05, &nok, &nbad, rhs, rkqs, .05, mySave);

x0[0] = Q10;

x0[1] = Q20;

x0[2] = 0.;

x0[3] = 0.;

for (kk = 0; kk < 4; kk++) {

modeFlag = LEARN+FIELD;
odeint(x0, NSTATES, 0., LTIME, eps, dt, 1.0e-05, &nok, &nbad, rhs, rkgs, .05, mySave);
x0[0] = Q10;
x0[1] = Q20;
x0[2] = 0.;
x0[3] = 0.;
star++;
modeFlag = EVAL+FIELD; "
odoint(x0, NSTATES, 0., ETIME, eps, dt, 1.0e-05, &nok, &nbad, rhs, rkgs, .05, mySave);

x0[0] = Q10;
x0[1] = 20;
x0[2] = 0.;
x0[3] = 0.;
star++;
modeFlag = EVAL;
odeint(x0, NSTATES, 0., ETIME, ops, dt, 1.0e-05, &nok, &nbad, rhs, rkgs, .05, mySave) ;
x0[0] = Q10;
x0[1] = Q20;
x0([2] = 0.;
x0([3] = 0.;
}
}

void mySave(float t, float x[])
4

static float qa,qad,qadd,qgb,qbd,qbdd;
int i,que;

float tt;

if (!(modeFlag&EVAL)) roturn;
tt = fmod(t, 3.3);

if (£t>1.65) return;

if (star == 0)

{

fprintf(eFile,"Zlf\t",t);

for (i=0;i<4;i++) fprintf(eFile,"41f\t",x[i]);
desTraj(1,t,%qa,&qad, kqadd) ;
desTraj(2,t,&qb,&qbd, &qbdd) ;
fprintf(eFile,"’1£\t" qa);
fprintf (eFile,"1£\t",qb);
fprintf(eFile,"/1£\t",qad);
fprintf(eFile,"%1£\t" ,qbd);
fprintf(eFile,"%d\t",leg);
fprintf(eFile,"\n");
fflush(eFile);

}

olse if (star == 2)

{

fprintf(eFilel,"%1f\t",t);
for (i=0;i<4;i++) fprintf(eFilel,"%1f\t",x[i]);
desTraj(1,t,&qa,&qad,%qadd) ;
desTraj(2,t,&qb,&qbd, kqbdd) ;
fprintf(eFilel,"%1£f\t",qa);
fprintf(eFilel,"%1£\t",qb);
fprintf(oFilel,"Zlf\t",qad);
fprintf(eFilel, "%1£\t",qbd);
fprintf(eFilel,"Zd\t",log);
fprintf(eFilel,"\n");
fflush(eFilel);

kg

olse if (star == 4)

fprintf(eFile2, "41f\t",t);

for (i=0;i<4;i++) fprintf(eFile2,"/1f\t",x[i]);
desTraj(1,t,&qa,kqad,&qadd) ;
desTraj(2,t,&qb,&qbd, &qbdd) ;
fprintf(eFile2,"%1f\t",qa);
fprintf(eFile2,"41f\t",qb);




fprincf(uFiln2.“le\t",qad);
fprintf(eFile2,"Alf\tv, qba);
fprintf(oFile2,"%d\t" 1og);
fprintf(eFile2,"\n")
fflush(eFile2);

}

alse if (star == 6)
L&

fprintf(oFile3, "41f\t,¢);

for (i=0;i<4;i++) fprintf(aFilod,"41E\t",x[i]);
desTraj(1,t,&qa,&qad, zqadd) ;
desTraj(2,t,uqb,kqbd, gqbdd) ;
fprintf(oFilua,"Zlf\t",qa);
fprintf(eFile3,"/1f\t" qb);
Tprintf(oFilaB,"Zlf\t",qad);
fprintf(eFile3,"41f\t" qbd);
fprintf(eFiled, "4d\t" leg);
fprintf(eFile3,"\n");

fflush(eFile3);

}

i

else if (star == 8)

{

fprintf(eFiled, " %1f\t",t);
for (i=0;i<d;i++) fprintf(eFiled,"41\t",x[i]);
dosTraj(l,t.&qa,&qad,&qadd);
desTraj(Z,t,&qb.&qbd,&qbdd):
fprintf(eFiled, "%1f\t",qa);
fprintf(o?ile&."%lf\t",qb);
fprintf(eFiled, "%1f\t",qad);
iprintt(aFile4."Zlf\t",qbd);
rprintf(eFile4."Zd\t",lug);
fprintf(oFile4,"\n");
fflush(eFiled);

}

else if (star == 1)

fprintf(nFile,"/1f\t" t);
for (i=0;i<4;i++) fprintf(nFile,"41f\t",x[i]);
desTraj(1,t,&qa,&qad, &qadd) ;
desTraj(2,t,&qb,kqbd, &qbdd) ;
fprincf(nFilu,“Zlf\t",qa):
fprintf(nFile,"%1f\t",qb);
fprintf(nFiln."Zlf\c",qad);
fprincf(nFila,”th\t",qbd);
fprintf(nFile."Zd\t",lsg);
fprintf(nFile,"\n");
fflush(nFile) ;

olse if (star == 3)

fprintf(nFilel,"/1\t" ) ;
for (i=0;i<4;i++) fprintf(nFilel,"%1f\t",x[i1);
dusTraj(l,t,&qa,&qad,&qadd)
desTraj(2,t,&qb,&qbd, kqbdd) ;
fprintf(nFilel, "%1f\t",qa);
fprintf(nFilel, "/1f\t" qb);
fprintf(nFilel,"%1f\t",qad);
fprincf(nFilal,“Zlf\t".qbd):
fprintf(nFilel,"%d\t",leg);
fprintf(nFilel,"\n");
fflush(nFilel);

}

else if (star == 5)

fprintf(nFile2,"%1f\t",¢);
for (i=0;i<4;i++) fprintf(nFile2,"/1£\t",x[i]);
desTraj(1,t,&qa,&qad, &qadd)
desTraj(2,t,kqb,&qbd, &qbdd) ;
fprintf(nFile2,"%1\t",qa);
fprintf (nFile2,"41f\t",qb);
fprintf(nFile2,"%1f\t",qad);
fprintf(nFile2,"%1f\t",qbd);
fprintf(nFile2,"%d\t" leg);
fprintf(nFile2," \n");
fflush(nFile2);

}

olse if (star == 7)

fprintf(nFile3, "/1f\t",t);

for (i=0;i<4;i++) fprintf(nFile3,"%1f\t",x[i]);
desTraj(1,t,kqa,&qad, &qadd) ;
desTraj(2,t,&qb,&qbd, &qbdd) ;
fprintf(nFile3,"%1f\t",qa);

fprintf (nFile3,"/1f\t",qb);
fprintf(nFile3,"%1£\t", qad);
fprintf(nFile3,"%1f\t",qbd);
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fprintf(nFileB."Zd\t",lng);
fprintf(nFile3d,"\n");
fflush(nFile3d);

}

olse if (star == 9)

fprintf(nFiled,"%1f\t",t);

for (i=0;i<4;i++) fprintf(nFiled,"%1f\t",x[i]);
desTraj(1,t,%qa,kqad, &qadd) ;
desTraj(2,t,kqb,&qbd, kqbdd) ;
fprintf(nFiled,"%1f\t", qa);
fprintf(nFiled,"%1f\t",qb);
fprintf(nFila4."Zlf\t",qud);

fprintf(nFiled,"%1f\t",qbd);
fprintf(nFiled,"%d\t",leg);
fprintf(nFile4,"\n");
fflush(nFiled);

¥

void desTraj(int joint, float t, float %q, float *qd, float *qdd)

double tt, tb;

float mxf, myf, dummy ;

float mmx, mmy, dx, dy, ddx, ddy;

float q1, q2, a2, dqi, dq2, ddql, ddq2;
float picor, rang, rsq, denum;

float elel, ele2, ele3, eled;

float dj1, dj2, dj3, dj4;

float terml, term2;

float mx0 = 0.259725;

float my0 = 0.420247;

short count, direct;

int quee = 0;

if (modeFlag&EVAL) /+ if modeFlag == EVAL, random star trajectory */

/* dummy = t;
while (dummy > 26.4) dummy = dummy - 26.4;
que = ffloor(dummy/3.3);%/
/* direct = dpt[count]; %/
count = ffloor(t/3.3);
direct= count’8;
leg = direct+1.;
tt = fmod(t,3.3);
x and y coordinates ---------- */
if(direct < 1) {
mxf = 0.359725;
myf = 0,420247;
}
olse if (direct < 2) {
mxf = 0,33043568;
myf = 0.49095768;
}
else if (direct < 3) {
mxf = 0.259725;
myf = 0,520247;
¥
else if (direct < 4) {
mxf = 0.18901432;
myf = 0.49095768;
¥
else if (direct < 5){
mxf = 0.159725;
myf = 0.420247;
}

/*activate this to produce random star shapex/

else if (direct < 6){
mxf = 0,18901432;
myf = 0.34953832;

}

olse if (direct < 7){
mxf = 0,259725;

myf = 0.320247;

¥

olsa {
mxf = 0.33043568;
myf = 0.34953632;

[Hmm—mma Calculation of Trajectory ------- */
if (£t<3.3 && t£>2.3) {
mmx = mx0;
dx = 0.0;
ddx = 0.0;
mmy = myQ;
dy = 0.0;
ddy = 0.0;
rang = atan2(mmy,mmx) ;
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rSq = mmx*mmx + mmy*mmy ;
q2 = acos( (rsq-0.2245)/0.2244);

ql = rang-SGN(q2)*acos( (rsq + 0.1089 - 0.1156)/(0.66%sqrt(rsq)) );
dql = 0.0;
dq2 = 0.0;
ddql = 0.0;
ddq2 = 0.0;
j

else if (tt>1.65) {

tb = (£tt-1.65)/0.65;

mmx = mxf - (mxf-mx0)*( G+pow(tb, 5) - 15%pow(tb, 4) + 10%pow(tb, 3) );

mny = myf - (myf-my0)*( 6xpow(tb, 5) - 15%pow(tb, 4) + 10*pow(tb, 3) );

dx = ~(mxf-mx0)*( 30*pow(tb, 4) - 60%pow(tb, 3) + 30*pow(tb, 2) )/0.65;

ddx = -(mxf-mx0)*( 120%pou(tb, 3) - 180*pow(tb, 2) + 60%tb )/(0.65%0.65);

dy = -(myf-my0)*( 30*pow(tb, 4) - 60xpow(tb, 3) + 30%pow(tb, 2) )/0.65;

ddy = -(myf-my0)*( 120%pow(tb, 3) - 180*pou(tb, 2) + 60%tb )/(0.65%0.65);
rang = atan2(mmy,mmx);

rSq = mmx*mmx + mmy+*mmy ;

q2 = acos( (rsq-0.2245)/0.2244);

ql = rang-SGN(q2)*acos( (rsq + 0.1089 - 0.1156)/(0.66%sqrt(rsq)) );

a2 = gl +.q2;

elel = 0.34*cos(a2);
ele2 = 0.34*sin(a2);
ole3 = -0.33*cos(ql) - 0.34*cos(a2);
eled = -0.33#sin(ql) - 0.34xsin(a2);
denum = 1/(0.1122*sin(q2));
dql = denum * (elelxdx + cle2xdy);
dq2 = denum * (ele3*dx + eled*dy);
/¥ accelerations */
terml = denum * (elelxddx + ele2*ddy);
torm2 = denum * (ole3xddx + oled*ddy);
djl = -0.33%cos(ql)*dql - 0.34%cos(a2)*(dql + dq2);
dj2 = -0.34xcos(a2)*(dql + dq2);
dj3 = -0.33*sin(q1)*dql - 0.34*sin(a2)*(dql + dq2);
dj4 = -0.34*sin(a2)*(dql + dq2);
ddql = termi-denums((elel*djl + ele2xdj3)*dql + (elelxdj2 + olo2+dj4)*dq2) ;
ddq2 = torm2-denum*((ele3+djl + eled*dj3)*dql + (eled*dj2 + oled*djd)+dq2);

else if (tt>0.85) {

mmx = mxf;
mmy = myf;
dx = 0.0;
ddx = 0.0;
dy = 0.0;
ddy = 0.0;

rang = atan2(mmy,mmx) ;

TSq = mmx*mmx + mmy+*mmy ;

q2 = acos( (rsq-0.2245)/0.2244);

ql = rang-SGN(q2)*acos( (rsq + 0.1089 - 0.1166)/(0.66%sqrt(rsq)) );
a2 = q1 + g2;

dql = 0.0;

ddql = 0.0;

dq2 = 0.0;

ddg2 = 0.0;

olse {

th = t£/0.65;

mmx = mx0 + (mxf-mx0)*( *pow(tb, 5) - 15%pow(tb, 4) + 10*pow(tb, 3) );
mmy = my0 + (myf-myO)*( 6*pow(tb, §) - 15*pow(tb, 4) + 10%pow(tb, 3) );
dx = (mxf-mx0)*( 30%pow(tb, 4) - 60%pow(tb, 3) + 30%pow(tb, 2) )/0.65;
ddx = (mxf-mx0)*( 120%pow(tb, 3) - 180%pow(tb, 2) + 60*tb )/(0.65%0.65);
dy = (myf-my0)*( 30%pow(tb, 4) - 60*pow(tb, 3) + 30*%pow(tb, 2) )/0.6?;
ddy = (myf-my0)*( 120%pow(tb, 3) - 180*pow(tb, 2) + 60%tb )/(0.65%0.65);

rang = atan2(mmy,mmx) ;
TSQ = mmxkmmx + mmy*mmy ;
q2 = acos( (rsq-0.2245)/0.2244);
ql = rang-SGN(q2)*acos( (rsq + 0.1089 - 0.1156)/(0.66%sqrt(rsq)) );
a2 = q2 + q1;
elel = 0.34xcos(a2);
ele2 = 0.34xsin(a2);
eled = -0.33%cos(ql) - 0.34*cos(a2);
eled = -0.33*sin(ql) - 0.34*sin(a2);
denum = 1/(0.1122%sin(q2));
dql = denum * (elelxdx + ela2+dy);
dq2 = denum * (ele3*dx + eled*dy);
/% accelerations */
terml = denum * (eleixddx + ele2+xddy);
term2 = denum * (ele3*ddx + elo4dxddy);
djl = -0.33*cos(ql)*dql - 0.34xcos(a2)*(dql + dq2);
dj2 = -0.34%cos(a2)x(dql + dq2);
dj3 = -0.33*sin(q1)*dql - 0.34*sin(a2)*(dql + dq2);
dj4 = -0.34*sin(a2)*(dql + dq2);
dd;l = tarml—donum'((elZI*djlq+ 0le2*dj3)*dql + (elelxdj2 + 9192'dj?)*dq2)i
ddq2 = torm2-denum((ele3*djl + eledxdj3)*dql + (ele3*dj2 + eled*djd)*dq2);



if (modeFlag&LEARN)

quee = (int) ffloor(t/1.65);
tt = fmod(t,1.65);
[Hmmmmem e Calculation of Trajectory ------- */
if (tt<1.65 &k t£>0.65) {
mmx = dptx[quee+1];
mmy = dpty [quee+1];
dx = 0.0;
ddx = 0.0;
dy = 0.0;
ddy = 0.0;
rang = atan2(mmy,mmx) ;
rSq = mmxxmmx + mmy*mmy ;
q2 = acos( (rsq-0.2245)/0.2244);
ql = rang-SGN(q2)*acos( (rsq + 0.1089 - 0.1156)/(0.66¥sqrt (rsq))
a2 = q1 + g2;
dql = 0.0;
ddql = 0.0;
dq2 = 0.0;
ddq2 = 0.0;
+

-~

else {
thb = tt/0.65;
mmx = dptx[queel + (dptx[quee+1]-dptx[quee])*( 6¥pow(tb, 5) - 15%pou(tb, 4) + 10%poultb, 3) 3;
mmy = dpty[quee] + (dpty [quee+1]-dpty[quee] )*( 6*pow(tb, 5) - 15%pow(tb,4) + IO*pou(tl?, 3 My
dx = (dptx[quee+1] - dptx[quee])*( 30%pou(tb, 4) - 60xpow(tb, 3) + 30xpou(tb, 2) )/0.65;
ddx = (dptx[quee+1]- dptx[quee])*( 120%pou(tb, 3) - 180*pou(tb, 2),‘ 60+tb )/(0.65+0.65) ;
dy = (dpty[quee+1]- dpty([quoe])*( 30%pow(tb, 4) - 60%pow(tb, 3) + 30%powltb, 2) )/0.65;
ddy = (dpty[quee+1]- dpty[queo])*( 120%pow(tb, 3) - 180%pow(tb, 2) + 60%tb )/(0.65%0.65) ;
rang = atan2(mmy,mmx) ;
TSQ = mmx*mmx + mmy*mmy ;
92 = acos( (rsq-0.2245)/0.2244) ;
al = rang-SGN(q2)*acos( (rsq + 0.1089 - 0.1156)/(0.66%sqrt(rsq)) );
a2 = q2 + q1;
elel = 0.34*cos(a2);
0le2 = 0.34xsin(a2);
©le3 = -0.33%cos(ql) - 0.34%cos(a2);
oled = -0.33*sin(ql) - 0.34#sin(a2);
denum = 1/(0.1122*sin(q2));
dql = denum * (elel*dx + ole2+dy);
dq2 = denum * (ele3*dx + eled*dy);
/% accelerations %/
terml = denum * (elel+ddx + ele2*ddy);
term2 = denum * (ole3*ddx + eled*ddy);
djl = -0.33*cos(ql)*dql - 0.34*cos(a2)*(dql + dq2);
dj2 = -0.34%cos(a2)*(dql + dq2)
dj3 = -0.33+sin(q1)*dql - 0.34xsin(a2)*(dql + dq2);
dj4 = -0.34*sin(a2)*(dql + d 2)3 =
dqu = tormi-donumk ( (3191~d?1 + olo2+dj3)*dql + (olelxdj2 + °1°2'd44)'dq2;f
ddq2 = torm2-denum*( (elo3+*djl + eled*dj3)*dql + (ele3*dj2 + eled*djd)+dq2);

}
}

if (joint == 1) {
*q = gl
*qd = dql;
*qdd = ddql;

} olse if (joint == 2) {

*q = q2;
*qd = dq2;
*qdd = ddq2;

} else if (joint == 3) {
*q = mmx;
*qd = dx;
*qdd = ddx;
} else if (joint == 4) {
*q = mmy;
*qd = dy;
*qdd = ddy;
3
¥

void rhs(float t, float sstate, float *deriv)
{

/* Parametors for controller */

static float trunc=2.0,sigma=2.0, delta=.5;

static float r2, drl, dr12, dr2, dr22, dr3, dr32, drd, drd2;
static float al = 0.306, a2 = 0.074, a3 = 0.095, a4 = 0.0, det;
static float qtl, qt2, qtld, qt2d, qrdl, qrd2, qrddl, qrdd2;
static float rog, k, gi, g2, g3;

/* Parametors for plant dynamics %/

static float ql, q2, qd1, qd2, sn2, cn2, h;
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static float g3, snl, cnl, sn12, cnl2;
static float v[2];

static floatx cptr[16];

/* Bookeeping, etc */
register ii, jj, kk;

float *x = state, *dx = deriv;
/* Initialize variables x/
for (ii = 0; 1i < 2; ii++) {
hhat [ii] (0)=hhat[ii] [1]= 0.;
chat [ii] [0)=chat [ii] [1]=0.;
chat [ii] [2)=chat [1i][3]=0.;
ehat [1i] [0)=ehat[ii][1]= 0.;

3

ql = Kyt

q2 = *xtt;

qdl = #x++;
qd2 = *x++;
/*

if ( (ABS(q1)>PD) || (ABS(q2)>PI) | | (ABS(qd1)>5.+PI) | (ABS(qd2)>5.+P1))
printf("General failure: %1f\t%1f\t’1f\t%lf\n",

t,q1,q2,qd1,qd2);

exit(1);

YA Compute Desired Trajectory -=-=-=-=-—=-"=" */
desTraj(1,t,kqld,&qldd,&qlddd) ;
desTraj(2,t,&q2d,%q2dd,&q2ddd) ;

JRE s Compute tracking error —------=-=-===-= */
qtl = ql - qld;

qt2 = q2 - q2d;

qtld = qdl - qldd;

qt2d = qd2 - q2dd;

[HEmman Compute adaptive function estimates --------- */
#ifdef ADAPTIVE

act = actref;

for (ii = 0; ii < 16; ii++) cptr(ii] = x+ii*NUMNODE;
for (ii = QIMIN; ii <= QIMAX; ii++) {

drl = (q1 - ii*delta);

for (jj = Q2MIN; jj <= Q2MAX; jj++, act++) {

dr2 = (q2 - jjxdelta);

if ((ABS(dr1)>trunc)||(ABS(dr2)>trunc)) {
*act = 0.;

for (kk = 0; kk < 16; kk++) cptr[kk]l++;
continue;

¥

dri2 = drisdril;

r2 = drl2 + dr2*dr2;

*act = oxp(-r2*sigma) ;

hhat [0] (0] += (*cptr[0]++)*(xact);
hhat [0] [1] += (*cptr[1]++)*(*act);
hhat [1] [0] += (*cptr[2]++)*(*act);
hhat (1] [1] += (*cptr[3]++)*(*act);
chat [0] [0] += (*cptr[4]++)*(xact);
chat [0] [1] += (*cptr([5]++)*(xact);
chat (0] [2) += (+cptr[6]++)*(xact);
chat [0] [3] += (xcptr[7]++)*(*act);
chat [1] [0] += (xcptr[8]++)(*act);
chat [1] [1] 4= (xcptr[9]++)*(*act);
chat [1][2] += (*cptr[10]++)*(*act);
chat (1] [3] += (*cptr[11]++)*(*act);
ehat [0] [0) += (xcptr[12]++)*(*act);
ehat [0] [1] += (*xcptr[13])++)*(*act);
ehat [1][0] += (xcptr(14]++)«(*act);
ohat [1] [1] += (%cptr[15]++)*(*act);
+

¥

#endif

n

]

[

/* Adaptive */
qrdl = gldd-lambda[0] [0]*qt1 - lambda[0] [1]*qt2;
qrd2 = q2dd-lambda(1] [0]*qul - lambdal1] [1)*qt2;
qrddl = qlddd-lambda[0] [0]*qt1d - lambda[0] [1]*qt2d;
qrdd2 = q2ddd-lambda[1] [0]*qt1d - lambda[1][1]xqt2d;
sl = lambda(0] [(0]*qt1 + lambdal[0][1]*qt2 + qtld;
82 = lambda(1] [0]*qt1 + lambda[1][1]*qt2 + qt2d;
torl = tau(0] = -kd[0][0)*s1 - kd[0] [1]*s2 +

hhat (0] [0] *qrdd1+hhat [0] [1)*qrdd2 +

chat [0] [0]*qd1*qrdl + chat[0] [1]*qdi*qrd2 +

chat [0] [2] *qd2*qrdl + chat[0) [3]*qd2*qrd2 +

ohat [0] [0]*qd1 + ehat [0] [1]*qd2;
tor2 = tau[1] = -kd[1][0]*s1 - kd[1] [1]*s2 +

hhat (1) (0] *qrdd1+hhat [1] [1]*qrdd2 +

chat [1] [0]*qd1xqrdl + chat[1] [1]*qdl*qrd2 +

chat [1] [2]*qd2*qrdl + chat[1] [3]*qd2*qrd2 +

T



ohat [1] [0]*qd1 + ehat[1][1]%qd2;

/% PD x/
#ifdef PD

torl = tau[0] = -kd[0][0]*qt1d - kd[0] [1]*qt2d - kp[0] [01*qtl - kp([0] [1]*qt2;
tor2 = taul1] = -kd[1][0)*qtild - kd[1][1]xqt2d - kp(1][0)*qtl - kp(1][1]*qt2;

#tendif

/#* Compute robot dynamics */
q3 = ql1 + q2;

snl = sin(ql); cnl = cos(ql);
sn2 = sin(q2); cn2 = cos(q2);
sn12 = sin(q3); <nl2 = cos(q3);

h=a3*sn2-ad*cn2;

H[0] [0] = al + 2.*a3%cn2 + 2.%ad*sn2;

H{O][1] = H[1][0] = a2 + a3*cn2 + ad*sn2;

H[1] (1] = a2;

MatInv_2(H, Hinv, &det);

if (ABS(det)<0.005) printf("Warning: H is ill-conditioned!\n");

C[0][0] = -h*qd2;

C[0) (1] = -h*(qdl+qd2);
Cl1][0] = hxqdl;

¢l il =o0.;

v[0] = s1;
v(1] = s2;

Mat2Vec(C, v, v);
VecSub(tau, v, 2, tau);
if (modeFlag&FIELD) {
tau[0] += 2.3*%qdl + 0.64*qd2;
taull] += -0.9%qd1 - 1.54%qd2;
i3

Mat2Vec(Hinv, tau, tau);
/* Compute dt, dx, dv */
*dx++ = qdl; /* dql */
*dx++ = qd2; /* dq2 */
*dx++ = qrddi+tau[0]; /% ddql */
*dx++ = qrdd2+tau(i); /+ ddql */

/+ Compute dfhat, dghat */

#ifdef ADAPTIVE

act = actref;

for (ii = 0; ii < 16; ii++) cptrlii] = dx+ii*NUMNODE;
if (ABS(s1)<.01) s1=0.;
if (ABS(s2)<.01) 82=0.;
if (modeFlag&LEARN) {gl=kal;g2=ka2;g3=ka3;}
else {gl=0.; g2=0.;g3=0.;}

for (ii = 0; ii < (NUMNODE); ii++) {

rog = (*act++);
if (reg==0) {

for (jj = 0; jj < 16; jj++) *cptr(jjl++ = 0.;

continue;
¥
*cptr[0]++ = -gixsl*qrddisreg;
*cptr[1]++ = -glxslxqrdd2+reg;
*cptr[2]++ = -g2xs2xqrddi*reg;
*cptr[3]++ = -g2xs2xqrdd2+reg;
*cptr[4]++ = -g2¥slxqdl*qrdlsreg;
*cptr[5]++ = -gl¥slxqdlxqrd2*reg;
*cptr[6]++ = -g2+«sixqd2*qrdlsreg;
*cptr(7]++ = -p2«slxqd2%qrd2+«rog;
*cptr[8)++ = -g2%s2*qdixqrdl*rog;
*cptr[9]++ = -g2xs2xqdl*xqrd2*rog;
*cptr[10]++ = —g2xs2%qd2*qrdl*reg;
*cptr[11]++ = —g2xs2%qd2%qrd2*reg;
*cptr[12]++ = -g3xslkqdlxreg;
*cptr[13]++ = -g3xslxqd2+reg;
*cptr(14]++ = -g3xs2xqdlsreg;
*cptr[16]++ = -g3xs2xqd2+reg;
}
#ondif
}

double nrand(double scale) {
double temp = 0;

temp = (double) random() - (1<<30);
return( (temp/(1<<30))*scale );

b
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