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SPECIFICATIONS =4 \RN ODELS
Rated Voltage - W e V. 120 e
NO-LOAD SPEEDAt V& N, .55, . 3750 6200
MAX. RATED | at S T 2040 44 46
STALLTORQUE atl, T, =% ozin| ° 100 29
MAX. PULSE CURRENT ﬂE = A 25.0 24.0
TORQUE CONSTANT K¢~ ' oz 27 78
VOLTAGE CONSTANT K. b5 20 5.8
TERMINAL RES [ R 18 11
Armature Mom. Ifertia . 0z-in-s2 | = 3.2x102 5.5x103
Rotational Loss Egﬂséint Kq ;"&;—in/krpm 0.68 0.10
Static l"i' | Torque e 110z _ﬂ_? S0
- : . - 8 5.0
| ARMATUEINDUCTANCE e mH 6.7 @/ 23
LELEETR @ap_; s 4191 N ¥l 2
ECHANICAL Time Constant 7n ms | 100 14.0
TACH. Voltage Gradient K, Vikrpm | 21.0 14.2
TACH. Terminal Resistance = Ry 0at 25°C 800 %
TACH. Armature Inductance L, ‘mH 255 138
TACH. Load Resistance (optimum) R, 0 10.000 5000
Ripple Amplitude %pk-pk 5.0 5.0
LINEARITY % 0.2 0.2
Temperature Coefficient %/°C -0.05 -0.05
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AN T,

@-Matrix Lagrangian formulation

v ¢ a ac % o v £ é a
ﬂ'lT“"ﬂ')1“5”““‘5‘15)“1“”“1”1531'“7"ua 3"]"7“10“”“5‘13 INTIUAWDT LUATN

‘uaamnﬂua‘{wmmmmnuatm Lwaaﬂmwmmn‘lumsmmwﬁwuﬁ WALAEMNADNIT
ﬂ’lﬂ")uﬂ'lﬂ’lﬂi)ﬂﬂ')ﬂﬂi)ldﬂ') l.ﬂiﬁ’ﬂ\i

30 Q Fu  TeediTizar Seauasdunon
waedagn17in T M uanssesinogne

Yl\mllﬂﬂ’llﬂﬁﬂ'ﬁ Q LuATn

d i \rg
e \\\
. Rigiht cartesy [ _-‘,_,f‘ % at the ith link).

pogimon four- A ordinate frame: r, = [r, 1,117

l P

oint eoordinate if joint i is revolute.

8 ‘Angle® betweer ‘
e joint coordinate if joint i is prismatic.

: Digstance® betws
a; Length® of link i; a; =03t 1isp
Twist® of link i, = lBRi A S

-? 1 <4} coordinate transiorma — ‘the ith coordinate
frasymeso't i mplclcly by the four
kifemateinx
cos(f) ~—cos(a;)sin(8) sin(e;)sind6,)  acos(6;)
‘l 6;) cos(a,)cos(0 —sm(a )cos (6;) -a;sin (0)

ﬂu ANENINTINT

mogeneous (4 X 4) coordinate transformation matrix from the kth coordmatc
frame to the pth coordinatefframe; 7T, is calcu according to

’Q Wlﬁ\‘i A%t NW’?W’H’TQ e

"T=I

or Fprward solution (i.e., homogeneous (4 X 4) coordinate transformation matrix) from
o the end-effector ( N'th) coordinate frame to the base (zeroth) coordinate frame.

~ %Angle, distance, length, and twist follow the definitions in [21].
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. TABLEII

e : MANIPULATOR DYNAMICS
7 Dynamic Link Parameters
J; ' Pseudo-inertia (4 X 4) matrix of link iz J; = [y, [rr] 1dm,.
o Center of mass four-vector of lmk: in thc ith coordinate frame: 7, = (7, TiyTis 1%
m; Mags of link 7. s

: Gravity Vector

g Gravity four-vector in the base coordinate frame: g = (g, g,2.0]".

_ Differential Kinematics-
PU,,  First partial-derivative (4 X 4) matrix of #T, with respect to g;; 7U,, is calculated
according to

ST SO i
aq"‘ ="12£—1)Q(' I)T“

ry, = for.0<p<i<ksl\”. 3)

rykjm Seeond partial- -derivative h respect to g, and g,,; ?Uy, jm

(wlnch equals” Uk,,, i

0,5 Bejczy constz

h joint, and 2

(5a)

=1,2,---,N. (Sb) -

Jomt Coordinates

: q,(q,,d,ﬂGenerahz(iht coordmate velocityydcceleration) of joint i: %- 6, if joint i is

»

9(4.9) ) N

] Parameters
C(g,9) Ccntnfugal and Coriolis l‘cc N-vector with Ments

ARSI DEAIANEAE o

i) Couplmg (N X N) matrix for joint i with clements
—> i) = Y, Tr{PU,;J,PUY),  where p £ min(i; j, k) - 1. V)
m=max(i.j k) .
D(g)  Inertial coefficient (N X N) matrix with elements °
' . N Y .
d; = Y TrPU,;JPUL),  where p £ min(i, j) - 1. (8)
T k=max (i) : ‘
G(g) Gravitational force N-vector with elements
. . S .
| Dot E m g Uy 7. _ 9)
k=i

F(1) Generalized external joint force N-vector with elements F(r)
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:Q—matrix'Lagrangian formulation

3MANNITH 1 uaem11101u3ﬂﬁ 4.3 1

1]
v

W9 S

cos e - = cos(8 +8 )

o Wﬁm TE NS
QW’IM‘T’I‘JNNWI’JM‘TM

ixz iy: ixx iyy— iz=
m.X, By mz,
wis  J, =, S e
ng, J.,, _ Iiyz .y,
g l!y. Ll £ ;
m X, miy, m,z, m, vee13

TaeAs
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uat Q-Matrix @

Q, = 2 -1 0 0
1 2 0 o
' 2 2 0 0
e Fiusth
a1 TR 8 mdlreAnauTs '
O ow . J o ; nCi, -1
D, .= Trt’v, J 9 J_ Uepwdbiie °U_ J_U_ T3
D, = TreU
D13 = Tr{°U
D, = Tri’U
D, = Try
i Di:}
aa = Tre'uJ
L = TecU 9

: 1
=Trc°u, J v TS
oA

31

T R
— ‘ = r—
D,, = Tre'U i

BT | , : |
D, = Tri’U I, }". Ty ’ ¥ Py
s, AUEINENTNYINT

- R roadnanimupae

ST "8 S T RnSe
1-3

1 2 1 2 1 2
'
25, By g “B.S ,
o 2 2 1 +e015

o o ; . e _

Ta —'A:.AaAa ) Czcza Sa C:.S:a aaC‘Cza‘FathCz dasa i
Szczz .Ca sas:a aasgcas+azsxca+dac‘x
_st- 2 Czs _aaszs—azsz

) 2 0 g 5 36




naunTh 3 m "u . 18

s
%= Sra%
w.. = |Se0 . o 880 -8 S0, a8 0dC,
e, 87 Bs,, aac‘c“m C,C,md,S, | +oe17
) ) ) o
7] 2 ? 2

o T L
u,,” = 2 0
2 0
" 2 0
ol CC-dS, o ®
(=] ¢ %
33 W
% s
as
00018
) o
LIRE f A2 .
€-J,,. . SO\ e g. +a_S,C_+d C )1
-1, .S SN : \J +a_S,C_+d_C )]
(-5 CE—I J- guiga (a % +a_S C_+d_C )1
3= 1 Ayz 1 3z= 4 23 3 3 23
m .S C szss £7M,(8,S,C, 8,8, C +d CHI

| ;jﬂ%ﬁ ol %Bﬂﬁ IR TARANEEE

anw i ae Y aves g oy (a,C*C“+a c C,+dS)loo
TR yy TR
qim,..s : L LC 8. -m (8 s )3
o o b 3 o _
ot God 0 -.X = ,¥= S;omx as 1.0 C mszsdacz’+

my.a.S_ _+m.d.a_S - s 19

3 3 23 a 3 3 23

R G S W O S -z,C, )+maS (y_+d_)
23 a a 3 a

13 Axy 23 Ayzx 23 3 3 a 2 a3

lutuasifenfumn b, ,-p__ 16

1

D = +I=x“stz+I ,,C C,+m da C_(2x_ C,m8y, S e C )+

11 1yy

1 S 5.4 C_,C.tm, (a C Jte, C )(a C st C +

3xx 23 23 3zz 233 23

-ax3C23+223323)+m3d3(2y3+d3)
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mzaS+md(xS -zaC )+m(y+d )(a_S +aS)

Daz b SRR - A ] a 23
B ™ LainSaa gy Bay M 6x, S~ LT LS, Ky i)
D?! & D:a :
e, = SR a_(a +2x=)+layv+ama(azca+aa)(aa+:_c’)+
zmaz:a:sa) P
D“ = layy+msaa(xaC$+aaCa+zaSa')+maas(zx’«!—aa)
S
DSZ A Dza
e = Tt ,
. —
Anaun TR 7 mé’uﬂ{ '
D“k e P = min(ijk)-1
g e g o8 _ @<P<I<k<mN
ke f.Tr{oU“‘Jt' DAL 3G, "} o e AR
112 0 Tr‘{ouztz 2
113 g Tr{ouaia 3
Du‘ = Tné"U =
Dné =.Tr TF;;E@:::;:\‘
B U Tel v‘ﬂ : m
°y o :

Sll a

. °u£f§ﬂ-ﬂmmmm
a m mmmmm NYIRY

'I'
313 P{: U313J3 U 4
A O o P
D, = Trt U”‘J: v I }+Tr{ W Iy = g
® 1 T
S o g NHE g }+Tr{ i, O P
=Tel 0 3 ‘u, ’}
323 aza 3 s
'D,,, = TrL U“‘Ja u,. = o
D, =Tri'u,_J 'u. "3 = g
= b
B, = Teeu, J U Ty

o e

D = TpeU g8 . '3

9311 311 9 as

o}
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aia 313 a 33 2

= Tpl B of u

321 321 3

T3
= Potot . U Ty
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3zaz2 322 a

= Tr{'U. _ J U

Ty S8 e

331 3asL 3
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Tr{ Uaaa
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D = = )S._ C__-m_a_S__(x C +z S

113 qu . zx 23 23 3 a 23 a

+m_ (a C +a C )(z C '-x sza-aaszs)

-myz_a_C_+m d (x, C e S, )+m3(y3+d’)(azcz+aacza)

thz 2 2 2 2

SR mada(xacza+zas )+maaaczs(ya+da)

Df!: iy Dazs

Dazz ='_Dttz

S R -maaz(aass+x3$3—zsca) : S
D =D

233 223 -
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D = =P

311 113 -

D =.<D

azaz2 223

D =B =D 5D =.B =D =48 =0

. 213 213 a3z aia 213 azxa 3aa
o 5 Y 1+ cdo wa M
INNINNITN 9 ﬂ1u701ﬂﬂﬂ10ﬂﬂ1ﬂﬁaﬂﬂ1ﬂ
D1 woG e SR g U r
g ki ok

5. TO - : :
D = ms U“r“-i-ng U“x‘a+m U nr

A19%1 D
ke 3
g =
To ¢ i
g Uaa 1
D’ =

D, = m g(C_(-x_-a_ ;— S 23,128, ,1ta C)

D =9 =
: ,f,':ﬁ!' J,w

; { [
N Di, Digy L ] BT

AALTI O [ U x;'}“— = —=" ]

By =D 0.8 8 +ﬂ e +la, 120,6%D 186 +D e °
020%% m%, see21

fa TP ﬂ%ﬁﬁ%ﬁ%’i%&l’m‘i i

F, =D,.8,+D3|8,+D_,6,+15,0,iD 4D, 6, Drady 123
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INFNNITIDIAINT IS LUAAUIN 'n.uzﬂuuum‘lﬂtﬁu

F, = ID,,0,+la 0 +IID 0.0, +D ey
fuue 1 o of=2
) 'ﬂ_a .

: i s1a%a %D 00%0,
12374 veof-4
R T +D O RN
F‘3 =D“x=+D PP T cesfl—
MTaa0suLLiia N7 IaNn ". Lrcou,t) w30 X = AGXB(E)u
Toef u Lﬁuﬁaniwnaaun n': 7 méaiﬂanhw‘lﬁé’ai"
(A-4) x 1
A R *c’ﬁz__;—_—;—:“—v’i WP D X o
D:anzaExs : alias® X T R R
(A-6) x - A
el uﬂﬁwm‘w LR ey 2o
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+D D-D D—DD X, +D: ..D X £ +D D XX +

21 3114 32 1123274 "3z 113" 2" &
: (Dzantzanaana:z)x4 Dzansaax¢xs+Da:Dssaxca seof-9
o o l' 13
wTo Feuluale
: Dast-Dz :Fa - -Bx +Mx +D D -DzaDa—Dz sDaazxzz+D=aDs saXaX T
Ds:Dz 1=x=xs+sx :+DazDzzax4xa+DazD:azxsz o .ﬂ-lﬁ..
=D_D -D.D -D _la
32 213 aza 11 b 33 3
M= DazDa x_DaaDz :.—Da:laa

D D_-D D

a2 122 21 322




(p-5) x D

DazF DDx+(DD+D 18 )% 4D _ D x_+D_ D+DD X

aa 31 2 aza 22 32 3z s 3z 211 22

D D XX D D X ; ' oooﬂ_ll

82 233 4 § aza 23; 62
(A-6) x (Dnﬂaa)
(D"Haz)F_a =D (D +Ia )x +D (D +la )X +(D D z+D"la=+

D la +la Ia )X +(D +la )D +(D D +la D )X

3a 22 311 2 311 a2

#(D. D ladla | /// } | T..ﬂ—1~z

22 322
2 ‘---$p3+Ex22+Lx42+

<n—11>—(nf12)
-Dr‘!l"z—(DzmHaz)F'3 =
v 0 P13

- ‘:z-laalaa
(A-18) x C
D CF -D. CF_ =
CY bl e T G
‘_.—_*;—-m_“—'. ) =" cooﬂ_14

D, MF_-(D__+Ia_ )MFE— —AMx +MCx etD,,MD,—(D, ma IMD_+EMx_ _+

iy uﬂ?%ﬂﬁ%‘wmﬂﬁ

F -D__MF +[(D +1a_)M-D +D

’QW] mmwalmmma I

Cx_x +(SC-LM)x _+(D_, D __C-D__D__ Mix x_+

(A-13) x M

32 113 32 223
<1A)“Dmac—n“0"a 35 . e oP.16
aﬂ1ﬂ1wu1ﬂ '
xz=VAx +VBxx+VCxx+VDx +VExx+VFx +UA(F-D)+
UB_ (F_-D_)+UC_(F_-D_) . v e 17
VH, = AM-BC UA, = D__C/VH_
VAa = (D_,D_, C-EM)/VH_ UB, = -D__M/VH_
VB_ = -D__ D _C/VH : uc, = -C(D__+la_)M-D_ C1/VH_

2 32 1132 3 a2
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32 113 2
VD' = —(SC—LM)/VH
VEZ = —(DSZDIZSC-DSZD32!M)/VH2
VFz = —(D"D‘“C—D"DHSM)/VHz
(A-5) x D i

DatF =D D os gt (D D +0_ la dx €D _ Do x +D. D _+D_ B x

a1 31 2 223 31 <+ 323 31 & 94 222 33 y
D: 10333x4x.+u ”/ . it .ﬂ. 18 .
(A-7)-(A-18) ‘/Z‘
DﬁaFl—Da 1F= ¢ it : 2_ +D32D‘ 12x=x4+
D 3 essf—19.

P=D
Q=D
(A-5) x (D=a+la’)

D la +la la )x -

+
\ \\ +la )D x

+
211 22

(D“Ha,)F= =

aa 23 C ; 33“zaaxo: +0eA=20

(A-6) x Da: : .
D _F_ = D_D__ag “D =% #(D B x 3D D +B -uD X

s 32 3911 22+-
7 Ceeefm21
(A-20)-(A-21) | g _
(D__+la_)F_-D__F_= -Mx —Cx #(D, +Ia )D,-D__D_+Rx__ -D__D

az !32x42

F’T‘HEI wg}mw,mm

38 ai1 .33 311
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NAWUIN 9.
Runge-Kutta Method

- Fifth-order Runge-kutta method Lﬂﬂ%ﬁﬂ‘l‘i’ﬂ’m numerical. ﬁ’l'ﬁﬁuaﬁ'\q
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/% program simulatic

2AWUIN 3.
7eaeBon Tluny

‘ % . X *: > ’ » 3 .
TiunsamonaniGeusaenn ¢ Toldmeutwaiaed  sonfinmostinined

a & P o w 2 {d 5 o a o
SuTuiaiu 41fin Optimizing Ces 1709u 2.209 Fafivrzae SonvocTirunsamosio il

Tusunram17draasuuuTenming

#include "stdio.
float smp.vmx,a

main()
£
intychk,is

chk = 03

do {
edit_gain(&chk)s
ctrl_sim(&chk);
graph_menu(chk) i - .

crt_mode( \
- OT AAKE TR A i

pUtS( " DD -“"C-.;= e S— R N R S —— ]
do { i = kiy, ) X

T while(
chk = 13
} while(i != 1”?54),
crt_mode(2);

gooaﬁvummmwmm ,
refsmsiwa TR ﬁ’w Ny

float z [ 21,0313 , g
int ¥nlg g

{ P
extern float smp,amx,vmx,sqrt(),fabs(),.datall[1é6];

float ttovm,=ztovm, dz[¢] Tam[Z]1,Tvm[Z], tt[E] Tofm,tts[3],
tmviE3] s zvc3 ], tvc[3] time,tme; j
int i,1,md[3]s

crt_srcp(1,64,0);
puts(” No. ref. ")3
Tofm = O3 :
ttovm = O3

T3
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/% find dz,dt start to vmax %/
while (amxikttovm < vms) .
{ ztovm = amx¥ttovm¥ttovm/2.0;
ttovm += 0.0013

< 33 it++)

dzfi] = fabs(zf[il-zs[il);
Tam[i] = 4.0%dz[i]/amx;
Tam[i]l = sqgrt(Tam[i]);
Tvm[i] = 2.0%d=z[il/vmx;
/%X%%%X set condition to mode of motion XX%x%/
if (Tvm[i] <= Tam[il]) '
{
md[i]l = 13
il =
tmv[1i]
Fveiig
¥
else
e
md[i] =
ttfi] =
tmv[i] =
ztovm =
zvelbx]
Eveld 3¢
i3
/XRKXK flnd
it (ATatn < H
- Tofm = tt[i

Ovm) /vmx g

)
an

/XXKXX Crea

time = 03 PSSO .
while (time <= J@fm+5.0ksmp) A )

for{ii s 0y i < 3]3‘
1f (t1 <= th

| ﬂ(éuaﬁwﬂwswawni .
| RS

data[l][1+1]

zslil-—amxXtimeXtime/2.0

data[l][1+7] —amx¥time;
b
h : Pl
else if (time <= tmv[il+tvc[i] && md[i] == 0)
{ S

it (zs[ij <=-zf[il)

{

datalfllfi+1] = zs[1]+((t1me—tmv[1])*vmx+ztovm),
datalllLi+7] = vmu;

S

J

else




[ _ .
data[ll[i+1] = zs[il-((time—-tmv[il)Xvmx+ztovm);
datal[l1[i+7]1 = —vmx; :

i
}
else if (time <= tt[il)

{, .
tts[i] = tt[il-tvclils
tme = time—tvcl[ils:

if d2sli] <= zf[i])

datal[l]l[i+1] = zs[1]¥(amx*(tts[i]*tme—
tmextme 0 tts[ilktts[i]1/4.0)+=zvcl[il)
- mw*(ttstll tme);

am¥X(tts[ilXtme—
s[i]/4.0)+zvc[il);
its[i]l-tme);

: 5

i /% end of for
crt srcp(l,
printf(" %“4d

o time +=_smp i

¥3 /7% end)ofiNRITE X,

¥nl = 1_.-¢_________ ***** )

o

n '
-

} .

/% control loop th P I D controller J@
float ca[4]1,sal4],d(4]1,a[4],xb ,yb[4],
Y

S SRR e
SERRANTAUNMINGINY

{

wtern float smp.vmx,amx,Kpll,Ki[l,.kd[1]1, data[][lb],
,float pi = 3.14158927;

Cdntedelglnkanl N33
float zs[3], f[4] time,err[3], 1tgerr[3] Km[%] wact[7]1s

/% spec. of motor X/

n[0] = .90; nf1]l = 90; nf2]1 = 1003
Km[O]l = 0.0741; Km[C1]l = 0.0741; Kmf2] = 0.03; /%
nl = ¥chks

itgerr[Ol=itgerr[l]=itgerr[2]1=0;
time = 03 1 = O3




for(l=031<3; 1++)
{ nact[2%x1+1]
act[2%x1+2]

¥

/¥%% control loop XXX/ ;
for(l=03;1<=nl—-131++) /%X No. of cycle %/
' { crt. srcp(1,74,0) 3" '

prigfi  Zad ",1);

data[l1][0Q] = time;

for{(lnk=03lnk<3;lnk++)

i

datalOJ[1+11];
datalOl[1+71; .

err[lnk]l=datall+1]1[Ink+l]-datalllllnk+4];

itgerrf{link] += smpierrllnkl;

fllnk+1] = kKp[lnk 1nk]+K1[1nk]*1tgerr[1nk]+
ol Kd[lnklkdatalll[L1lnk

fLlnk+1]
datalfl1l1

¥} /% end o
wact[0] =C F

for(lnk=0;1
{ datall+
datal 1+
3

Y /% end of @€

datalnll[0] =
for(lnk=03lnk<331 ! g %
zs[1nk]l = dataln ] (Arksa 135702957735 ;

cft_srcp(lB,Sl,
print et " L7219
ert srepllByg 46 0‘_ P
pELRER(N%T . 2f",zs[1
crt_srcp(18,61,0
printf("47.3 A
putchar(\0O7 " )}

X

crt . srcpt22,25 OE : B
puts (" FRESS ANY EY TO CONTINUE ");
i = key_getc();

i ﬂuﬂgwﬂﬂﬁwaqnj

/RRKEKKKK nge—h ta sixth—order
#deflne NofE 6

ronecn) ﬂlﬂ\ﬂﬂ‘im mzm ne Y

int nofe,
float *x,y[l1,fL1,hs:

N

into iy

float kK1i[NofE+1], k”[Nme+1] EZ[NofE+1]. k4[NofE+1] xfcng
float k5[NofE+1].kb[anE+1],ydot[NofE+l],yfcn[NofE+1],

k1[0] = k2[01 = KI[0] = O
k4[0] = k5[0] = k&[O] = O3
ydot[0] = yfcn[0] = 0O;
far (i =1s 4. < nofefly i+t+)
yfen[ild=y[il3
Hfon=%;

fcn (nofe &xfcn,yfcn,ydot,f);

¥nflnkl/2.0;3 /7% assume
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for (i = 13 4 < nofe+l; i++)
ki[il=hXydot[il: :
for (i = 13 i < nofetly it++)

yfen[il=y[il+k1[1i1/4.0;3
wfen=ku+h/4.0;
fcn (nofe, &"fcn.yfcn ydot, f).

for (i = 1- i< nofet+l; i++)
k2[i] = hXydot[il;: :
for (i = 1, i € nofe+l; it++)’°

yfen[il=y[il+k1[1]/8. O+k2[11/8.03
wfon=%Xu+h/4.03
fon (nofe,&xfon,yfcn, ydot i T
for (i - A B nofe+1;
kEZ[L1i]= h*ydot[LJ., A
for (1 = 13 i .« , -
yfenlil=y[i]-kL3Na
Hfon=ku+h/2.0; .

“fen (nofe,&afsaiij-#‘
for (i fp1 <"1 '
- k4Lil=h¥yd ‘
for (di='1lsd
yfen[il=y[a
wfon=kx+h¥0.75
fcn (nofe, &«
for (i = 13 i
ES[il=h¥ydo

L0/16.0%

for (i = Ly g9 1
yfenlil=y[il] IRS OFES (1 1R2 0+ SL1 1% 12. 0~
kALiT% : [P, 0) /7 .05

wfon=Xx+hj;

fon (nofe,&xfonyfc

for (i .= 318 & < nof;aﬁ;

k&1 I=hiydo

for (i = 13

y[1]-y[1‘ﬁfu
r7 JOK

w=*w+h,

et o e e e s

.J xk4[13+$2.om5c1’]
i
ﬂ HEUATNYINT

#define RDN

:sz::wamnam ummmaa

fcn (nofe,time,xfcn,xdot, f)
int nofes
float *tlme,wfcn[] xdat[] f[].

{

extern int fclose():

‘extern float sin().cos();:

extern float ca[N+1] 5a[N+1J dlN+1J.alN+1],x ¢b[N+11, ybEN+1].
extern float Ixx[N+1]1,Iyy[N+1]1,Izz [N+1] I\yEN+1]_Ix~[N+l],
extern float zb[N+1],ms[N+1],Iyz[N+1],Jzz[N+1];

extern float ml,motr,Ial,Ia2,Ia3;

float A[N][RDN][CLM] T[N][N+1][RDNJ[CLM] ags.

float TQ[N][N][RDN][CLM] QLROWILCLM] ,s=[N+1],c=[M+1];
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float UCNILN+1I[N+1J[ROWILCLM], D[N+1][N+l].

float UC[N][N+1][N+1][N+1]ERDWJ[CLM]-

float JIN+1]1[ROWILCLMI,JULNIIN+LICN+1]I[ROWILCLM], rtr,
float RON+1J[ROW],gUR,GLN+1]1,CON+1JCN+1LI[N+1],gUIROW]
float ‘bn[N+1J,ybn[N+1].¢bn[N+1] Jsx[N+11.Jyy[N+113

float ha[N+1J[N+11,1alN+1I[N+1],palN+1JCN+1],galN+1JLN+11]3
float VF[N+1][N+1J[N+1].UF[N+1][N+1] wa,wh,wo  wms;

int i,j,k,l,p,m,maxij,minij,maxijk,minijk;

FILE Xspcg

/**** open file for read data ****/

spc = MULLj
if (Xtime == 0) »
{ if ((spc=fopen("spet.(
{ printf("cannat
exit(l);

") y==NULL)
at \n")3;
}

for (i=1ls i < N+1.S=8
fescanf(spc," 7% ;

fors (=150 < N+ & WRE os(alpha) ¥Xx/
fscanfi{spc," \ . :

sin(alpha) XXX/

for (i=1; i < N+ i) %xx¥%x/
fecanf(spc,”
for @i=%y 1 <. N+ (i) %%x/

fecanf(spc,"” Al A H '
for (i=1; i < N+1440 gy, & ¢ ass(i) *x%/
; fscanf(spc,” ' E
foar-fisls i < N+L3
fescanf(spc," %
for (i=ks i < N+1lj ,
fecanf(spc,! %“f
for (i=1; i £ N+1- i
fescanf(spc.,

CG.of u—anis XXX/
d CG.of y—axis XXX/

of z—axis XXX/

for (=13 i < Xk%/
fescanf(spc, T ; , ;

for (i=1; i < N*f; Iyy Xkk/
fscanf(spc,' i it y ] h

for (i=1%. 4<% N+1. 1++) /X%X read Izz XXX/

fscanf( IL &1

A’.a- l )U i J
rcentope, B 11441 B cvicis &
fscanf(spc, 7 M1l 3 tl méss payload X/

e AR TIng A

zbn[3] ms[Z1Xzb[Z1/(ms[3]1+ml);
Im"[T] Inx[3]+ms[3 ]*((ybn[S]—yb[w])*(ybnE\] yb[31)+(zbn[3]

—zb[31)X(zbn[31-zb[3]1))+mlx(ybn[31Xybn[3Z]+zbn[3]1k=bn[3]) i

Iyy[’*] =Iyy[31+ms[31%( (xbn[3]-xb[3]) ¥ (xbn[3]1-xb[3]1)+(=bn[3]

zb[31)%(zbn[31-zb[3]))+ml¥k(x bn[;]*xbn[;]+*bn[;]* bnE3%F)
Izz[3]=Izz[3]+ms[3]*((xbn[3]—\b[¢])X(xbn[;] #b[31)+(ybn[3]
—yb[3])*(ybn[3]—yb[3]))+m1*(xbn[S]*xbn[3]+ybn[3]*ybn[E]);

ms[3] = ms[31+ml;
#b[3] = xbn[3]1;
yb[3] = ybn[3]1s

z2bL3] zbnkESls
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/X¥%%¥ move cg. for motor mass XXXXx/

wbn[2]1 = ms[21%xb[2]/(ms[2]1+motr);

ybn[2] = ms[21%yb[2]/(ms[2]+motr);

=bn[2] = ms[21%=b[2]1/(ms[2]+motr);
Inx[21=Ixx[2]+ms[21%( (ybn[2]1-yb[2]1) X (ybn[2]1-yb[2]1)+(zbn[2]
zb[21)%(zbn[2]1-zb[2]1))+motrX(ybn[2]1Xybn[2]1+zbn[2]1%z=bn[2]);
Iyy[2]=1yy[2]+ms[2]*((xbn[Z]—xb[E])*(xbn[E]—xb[E])+(zbn[2]
—zb[21)%(zbn[2]1-zb[2]) )+motr¥(«bn[21%xbn[2]+=bn[21%=bn[2]);
Izz[21=1zz[2]+ms[21%( (xbn[2]1-xb[21) ¥ (xbn[2]1-xb[2])+(ybn[2]
~yb[21) % (ybn[2]1-yb[21))+motrk(xbn[2]1*%xbn[2]+ybn[21%ybn[21);

ms[2] = ms[2]1+motr;
®xb[2] = xbnl[21;
yb[2]1 = yvbn[2]1;:
=bl2]1 = zbnl 213 .
far (i=13 1<N+13 i++) U
{ Jduxfil = [1])/2 O
Jyylil = /2.0-
Jzz[i] = )
Ixy[i] =
T

g = F281

ZRXKKKK KK KK KKK KK/
/Xx% ALO] = AL
for(i = 13 i < N+ \
- { sz[i] = sin(x A AN 2R N = cos(xfen[2X%i~1]);

T8 0AIL1] = —calil*s=z[il;
AL IL0IL3] = alil*cz[il;
~I8C1101] = calil*c=z[il;
i-13C011C31 = alLil%s=[il;
ACi-1]1C21L0] i—l][2][1] = gsalils
ACi-1]C[2]L27 & ; 28431 = d[ils
ALL-11CL3J[0F &= F R RN R L2] = O3
ALi-11C31C3 07 4} a8 Y

,'/*Elxxx'éss:-- = r

for (1 = L5 1 N+ 1)

2?3%&#5% eRARET T S

******* assegble J—matrlx X##****/

;,gamﬁh‘ﬁfuma NEARL. e,

F3ELJEL] Jyy[ils JLi1[OIL2] JLi1[2]1[0] Ixzfdil;

ACi-1]1[0]1[0]
ALi-11E01L2]
ACi-11C11[0]
ACi-13C011C2]

'y
A8

4) xig*x*x/

JLilJ[21C02] = J=z=[ils JLilL11[2] JLil[23[1] = Iy=z[il;
JLi1LZIL3] = msils : '
JLAi1COIL3F1 = JLiI[3IL0] = ms[ilkxblils

JEAJC1IL3E] = JLAi1C3101] = ms[il¥xybl[ils

JLiJL21L3] = J[iJ[31[2] = ms(ilkz=blils

i3

/XRkKkkkkk%¥ assemble I-matrix XXXXkXXkkX%/
for (k = 03 k < Nj k++)

{ for fi.= 0 4 &K 45 i¥#)
{ for. (=03 3 CH5 j+k)y )

TCkICKICLiIEi] = 13

\




else
TCRILCKILLILi] = O3

s

-
E N
Ay -

S

L /XXXXXKKXXX assemble Q-matrix XKKKKKXKKKK/
for. (1 = 03 i< G35 F+d)
{ for (j = 03 3 < 43 j++)
if (i == O && j == 1)
QCLilCi] = ~1; Y
else { if (i == & 4 == 0)
QLilli] = 13
else

=0;

rices XXkRRKKKKXk/

vf,TEpJ[k+1]);'

Ja
/X KK ices KAKKKKKKKKK/
for (p = 03
{: for
mcp]cll),
i

Mtxmul (TAEpJEE1T.T (k1,4,4,4,U0pICKICi1);
% g = z
BT
7 XKK KK ~omput ri
TOr (P = 03 P
{ for (i LPrET e =

{ for. L
' for (k '+1ﬂk++)
i3

Mtxmul (TQ[p]fﬁﬁ.] ULi-11CkIm],4,4,4, UCEp][P][J][m])-

AN ININENT

fdr (1=03 I&CLM 14+ )

=25 KKKKKKkKKK/

amadkddiise

}; . y
kkkkkkkX compute Dij ¥dkkkkkkx/
for (p = 0§ p- < N3 pt+) :
) { for (i = p+1l; 1 { N+1 i+4)
{ for (k = k< N+Lly k++)
{ Tsp (U[p][k][l]),
Mtxmul (JCkIULpILkILi], 4,444, JU[pJEk][l]),
Tsp (U[P][k][l])-
T3
73
P
for (i = 03 i< N+13 i++)
for (j = 03 j < N+1j j++)
DLilLi] = O3
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for (i = 13 i < N+13 i++)
A far ddrE=ZodsTd G NELy GFE)
{ rtr = 03
it (i< 3)  { ‘maxild = Jjj
minii & 13 )}
else { maxij = ij;
minij = Jj3 35
far (ki=_maxijs i< Ntls k+t+)

{ p=minij-13
Trace (UCplCkIC3i1,JULPpILkILi], 4,8, ,&rtr);
DLilL3i] += rtr;
T3 ;

DL3lC4i]

(e
Ll

I
SEEEKKKK :
for (i = 03 i < N+1iZmeetl
for (ji,= 03 Jw
for ko=
CLilLa
for Uid= %y

0 (A e s

-

b maxijj

) " minijk = minijs
ik = kj

ks m < Nelg o més)

eSes CUC L a L L o T (m1[il.4,4,%tr);
”‘f. Pf‘ tr; 22

= Cfi]ﬂ-][kli

o o AUEANAN NN

AR ASANINYIA Y

- .
gULil = g¥ULOJLKICiIL2IL3]s
gUR += gULiJ*RCkKILi];:

I3 : '

GLi] += —ms[k]*gUR;

3% :

i3
/¥%%%X creat function xdot = f(xfcn,time) XkxXxx/
DLZIC11¥DL2I021+DC3I0LIXIa2-DEZIC2TI%DL2]01 ]

wa =

wh = DLEICLIXDL2IC1I-DL3IC21%DLLICL]1-DI3I[2]%Ial;
we = DLIIC2I%DL3IL21-DI3ICIIDL2IC2]-DLR2IL2]1%Ia3
: “DLEILEIIXIaZ-1al%kIa’;

wm = DLEZIC2IKDL3IICLI-DLZICIIXDLZICLI-DL2IC1]%Ia%;




for (i=1j; i<N+1j; i++)
far: (=i J<NELsY G+4)

{halill[j]l = D[*J[7]*CE1][1][J]—D[“][l]*C[>][1][J].

kT O O EHERL R )
halfillfjil = 2.0xhalillils

b

for (i=1j3 i<N+13 i++)
for (j=ig 3<N+1s j++)

i
lafillil = D[~][”]*C[°]ELJEJ]—(DE ][”]+Ia°)*C[:][1][J].
15 e 6 S 0 B
lafil[i]l = 2
} ]

'fDr (i=1j i<N+1j; i++)

) h,[l][J],
far (Jj=is J<N+EL

{palilljl = - ::::::z;P[T][13*0[”][1][3]:
% g B W

pali

%
e

for (i=1j; i<N+1j
for (i=i3 J<M

1
qatilisd =
i1 L%
‘galil

DLEICL21%CLEI04105]s

b

VFL11[01[0] =
for(i=1; i<N+1j
for(j=is J<Nd . T » . .
VFL110i10gd = (halillfiT* we=lalfi 1B fwm) /VFLLI[0IL0];
UFL1101] =PLSI0= 5 :
UFL11[2] - wl
UFL11L3] D021 08 1%we ) /VFLL1ILOIL0Ts

VFL21[01L0] énbch —waXwiy

oSNV TR T

VF[2] L3l = paELJEJ]*wm—qatlltJ]*wb)/VF[2J[0][0],

u%ﬁﬁﬁﬁ%ﬁij%ﬁa% ma‘/ﬂ’ﬂ [01[01;

VFIZILO0IL0] = wakwm—wbiwc;
for (i=ls 1<NF1g dEt) :
for  Ci=is JiN+Lgj++) ‘
VFL3I[i1E35]1 = (halillil*wa—1alillil*wb)/VFL3I1[0QIL0];
UFL3101] = DL3IL21%wa/VFLZEIL0IL0T;
UFL31C2] ~DLZI1[21%wb/VFLEI[0IL0T;
UFL31C3d ((D[2][L]+Ia7)*wb DL21011%wa)/VFL3I[0I[0];

for (k=lz k<{N+1lj k++)
£ xdot[E*k—l] = 03
dot[2%k] =-0; :
for (i=1; 1xN+1. I+4Y
{ ndot[ZXk] += UF[P][l]#(f[ll—G[ll),
for (j=i; J<N+1j; Jj++)
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wJ
=

xdot[2%k-11 = xfcnl2kk]1;

w
w
‘an

/XXkXXXxX¥ Transpose a(m,n)t ****X#**/
Tsp (a) .

float alJL[CLM];

{
int .71
float temp[RDw][CLM].

,for (1= 0 d
£ . foar {3

rxxxxnyl ol fieoen, ) na ) KRAXKEKK/
Mtumul (a,b,m, ah F ;

intems; n; % Bt
float afJI[CLM], b

{ {
int clu, row, 1;
float cijs

for (elf. = O;_ v
€. tarf o - "?‘

: w :
cij += a[row][l]*b‘ ][clu].
[row][clu = cijs

ﬂTJEI’EI wﬂmwmm

/******** Tr[a‘m n)Xb(n gm = tr *‘j*****/

“"*“Q‘W’Tﬁﬁﬂ‘if”ﬂmﬂﬂﬁﬂﬁﬂ

int m§
float a[][CLM], bLILCLM], Xtrj;

{ ;
intirow, 13 - ; 5 3
float cijs’ '

Xtr = 03 :
for (row = O3 row +« mj rowtt)
f ciji =04
for (1L = 03 1 < ny 1++)
cii fm a[row][ll*bEIJEFDWJ.
Xtr += cijs

b 3
IR

wdot[2kk] += VFL[KI[i1[jI%xfen[2Xilkxfen[2%jl;
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Tﬂfunfun11ﬂ1uqusuuuﬁuuuéqna1un11u

/% model control 11:10:07 11/9/1987 %/

#include "stdio.h"

'float SMP § VX am“.kp[J] Ki[3].Kd[3], data[SDO][l?] zetalé],

main()

{ g

int chk;is B ‘
extern float smp, Vi KECTRAE]  datal 10191, zetal 13
float pos[3]: / - :

chk = 13 .‘i""’#f

smp = ,013j Vim 4 }

KpLO1 = I15;

Kif©] = 14%5;
Kd[O] = 335 ’
zetal[0] = zetal3
zetall] = zetaldl1/=
printf("Enter maiou
scanf(" . Lf Lt L4
do { zero();
- edit_gain(&chk :
crt _srcp(22,25,0)7%
.printf(" MOVE ARHM
for(i=0; ig;
pos{ily uPL-.:';;E_;E_;:-
go_desiref

ert srcp(2 79 7

printf(" M ARM H TH --DGRAJB ¥y
control (&chk

cEt. 8

print el é”mﬁ Rk 72050 s S

go_desi e(pos),

_ j{maﬁrﬂﬁm UNIANBINY

"
puts(" DO YOU WANT TEST CONTINUE ? ")3:
do { i = key_getc();

¥ while(i !'= 5497 && i != 12634);
chik =" 13 S & *
7 while(i != 126354);

crt_mode(2);
puts(" good bye ! ")3

} .




edit_gain(chck)

int %*chcks

{

extern float smp,vmx,amx,ﬁp[],Ki[],Kd[J,zetg[];‘
float zs[3].=zf[31,valll13];

unsigned int pvlusg

int chk,nl,lnk,iii,iii;

chk = Xchcks
crt-mode(2);
block2(0,0,23,79) 3
crt srep(l,20,0¥;
puts(" Test manipul
crt_srcp(4,10,0);

puts(" Moving dat{
crt_srcpi{4,24,0);
puts(" vmx = ")
crt_srcp(4,31,0);:
if(chk==0) scanf(
crt srcp(4,31,0)3
pDEAt P A7 S22,
crt_srcp(4,39,0);
puts(" amx = ")j.
crt_srcp(4,46,0);
if(chk==0) scanf("
crt_srcp(4,46,0);
printf("47.2f" ,amx) ¥
crt_srcp(4,54,0);
Cputs(" smp : ")
crt_srcp(4,61,0)
if(chk==0) scanfs
crt_srcp(4,61,0
if(chk!=0) smp = [mp
Loepraint il A7 2f“,5 -),
“ert_srep(7,29,0i1 f

puts(" FID

Cre_srep(s ﬁﬁm"& ?TEJ NIN mm’
puts(" Wais

crt_srcp(lo, 10 0),

E‘:?;Rﬁ'm\‘lﬂ‘im UAIAINYA Y

puts(" Elbow By
for(lnk=0; 1nk<:;1nk++)

c : ,
S ert_srcp(9+1nk;25,0);
puts(C” Kkp 5 a2) 3
crt_srcp(2+Ink,31,0); ; ;
if(chk==0) scanf(" %Zf ",&Kpl[lnkl);
crt srcp(9+ink,31,0);
prigtfC AT 2 E s kpiiinkd) s
crt_srcp(9+1lnk,40,0);
pirtsd!! et es )3
crt_srcp(9+1nk,46,0); ok ;
if(chk==0) scanf(" %4f ",&Ki[lnk]);
crt_srcp(9+1lnk ,46,0);
prant e 47 . 28" s Kifink] )3
crt_srcp(9+ink55,0);

| Vy/étroller ke a- .
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“putset okKd #o")s
crt_srcp(9+ink,561,0);

if(chk==0) scanf(" %4f ", &Kd[lnk]);
crt srep(9+ink.61,0);
printf("47.2f" ,KdL1nk]);

- }
crt_srcp(22,4,0); . 4
printf(" Use move cursor to change data PRESS

crtiesrcp(22,92,0%3
pIELHEC (Y de e = S\N03S1 5 T \NO32 )%
val[O] = O3
for{(lnk=03;1Ink<3;1lnk++)
{ 1 = 4+1nk; ii'= olnks
val[i+2X1lnk] = Vp[ :
Cvall[iii+2%1lnk] = k@
¥ oovallll = vmug
adj_data(val,l);
for{lnk=0;1nk<3; lrk
{ i = 4+1lnk;

iii = &+lnk;
val[ii+2%1lnk]l = Kil[lnkl;

vallZ]l = émp;

Kpllnkl =
KdLlInk] = '
Y wvmx = vall[l = vall3]:

smp = smp/1l0004"
Tort srcp 22,45 0).
picint T (!

crtisrcp(22,25,0)
puts¢" INPUT FPOSILT}
putchar (" \0OQ7° );
crt_srcp(i14,25,0);
puts(" Fosition of
crt_srcpti6,10,0);
puts(" Move from ");
crt_srcp(17,10,t '

puts ("
crt_srcp(18, 1“ !
phteG Stop at

for(lnk—u-lnkxo.

ek it ﬁtfmm,wmm
CARAFIRSUTNIING 1Y

crt srcp(16+1nk 46,0) 3
if(lnk==0) printf(" (>0 )5 M)
if(lnk==1) printf(" (<165) ")
crrt srcp(16+1nk.55 Q) v
patset gl et )e

crt-srcpllé+link 61093
itélnk==0) printf(" ((>0) ")
if(lnk==1) printf(" (<145) ")
¥ : 5
crtesrop(ie ;31,70) 3 : e
if(chk==0) scanf(" “Zf ",&zetal0]);

if(zetal0l<0 | zetal0]:>180) { putechar{ X007 )3 zetal0]

crt stcplia,3L ., 0)s
printf("47.2f" ,zetal0]);
crt_srcp(146,46,0);
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if(chk==0) scanf(" %4f ",&zetall]);
if(zetall]<0 || zetal[ll>163)

{ putchar (' \007"); zetall] = 85; 3
crt_srcp(lé6,46,0);
printf (*47.21" ,zetalf1]1);
crt_srcp(lé,61,0);
if(chk==0) scanf(" %f'",&zetal2]);
if(zetal2]+0 | zetal2]x14%)

{ putchar(’ ' \00O7°); zetal[2] = 75;
crt_srcp(l6,61,0):
printf( 47:2Ffszetal2]);
crtisrcp(lZ,31,0)3
if(chk==0) scanf(" %Zf ",&zetal3]):
if{zetal3]40 || zetal3]: 1-0‘

A{ putchar (' \007°); '
crt_srep(l7,31,0)3;
printf("47.21f",,zetal s
crt_srcp(17,36,0);
if{chk==0) scanf("
if(zetaf41<o | 2
_ { putchar({ \007Zg
crt_srcp(17,46,0
printf("417.21" . z44
cet  srcp it 2ol g
if(chk==0) scanf
if(zetal[3]<0 || e

{ putchar( \N0O7"’
crt_srcp(17,61,0
printf("%? Z ey
crt_srcp(22.4, O),
printf " lse CATE s m ] e data
crt_srcp(22,9 0), =
primntf("%c Z " NOEZ
for(lnk=0;lnk{-

valll+lnk]l =

[

53]

e
(P

LI
et

adj_data(val,2)s7 3 R
for{lnk=0; lnk &30k

LetaEInP] 'l[lnk .
generate input 51nga1
far (lnk—O ﬁﬁk<a 1h Eet)

0

’S[lnk]
'thlnk] zeta[lnk+3]*0 017453292,

S:fni@W”lﬁ’ﬂﬂ‘iiu lWﬂ’]ﬂEﬂﬂEl

crtsre (2 2+ 28940) 3

puts (" Creatlng Referance )3
refsnl (zs,z=f,&nl);
Xchck = nl;

putchar (' \Q07°);

crt_srcp(22,25,0)3

puts(" PRESS ANY KEY TO MOVE ARM ").

i = key _getc():

putchar{ " \O0Q7° )3

3
adj_data(vaiue,sec)

int secs
float valuel]ls

Uek ﬂﬂ)ﬂ&ﬂﬁl W«
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extern key_getc():

extern double atof():

int jscheck,dachk,i,index,point, sect,
char s_datal15];

double temp,old_temp.val[1l31;

sect = sec;
for(i=1§3<133j++)
vallil = valuelil;

point = 0O

index = 13

i = 03
cursor_pos{index,s
s_datafil = "\O';
old_temp = temp

do
{,
check = key
switch(
{
X/
temp 3
index = 13
index = 7
al[index]s
if il : E
lfindex] = temp = gld temp ;
curﬁpr pos(lndex ct),
ndex —- sect == index = ;
1ndew++l
it 3
. : .
point =
break;
case 7181 : /% Return %/
if (i==0)

vallindex] = temp = old_temp ;
cuirsor_pos(index,sect);
printf(“"%7.2F",temp) ;
cursor_pos(index,sect);
old_temp = temps :

point = 1 = O3
break;
dachlk = check < 8;j
dachk = dachk >> 8;
it (dachk <=57 && dachk »=48 || dachk == 4§)

¥ 14
L
if (i1 == 0)

s
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(o

i
printf(" “Js
cursor_pos(index,sect);

¥

= data[lj = dachk;
s_datali+1] = '\O’}
printf(¥%cl,s datalil)s
if - (point ¥ 0) pointt+s-

i++y 4
temp = atof(s_data);
vallindex] = temp:;
¥
} while(check != 14624) X Space X/

for(i=1;3<13;3j++)
valueljl = vallj

2
4

cursor_pos(indesx,
int index,sect;
{

ANt OF 56585 T G hK o

if (zect == 1)
{
if(index>0 &
cifl(index>3 &&
if(index>é& && 1in
if{index>9 && i
for(ji=l3i<=3;j++)
- { ehk. = Jips
for(i=li<=43i++

{ if(index &= Ehk) 16+15%5 3
. v— | X
i ,
else : s
€ 1f(1ndex30 1ndex<4) r = 163
1f(1
if(inde ﬁ " ﬂs%ﬂi
lf(lndex H
if(index —= O 1ndey‘=— 6) c = b1y

cr@ﬂmaﬁnim YRIAINYIAY

control(chk)
int %chkg

{

extern float fabs().smp,vmx,amyd,Kp[3],Ki[3],kKd[Z],.datal].
float pi = 3.1815927; ‘

unsigned int pvlu,vvliu,dtoa,selc;

int dl,dly,i,l,ink,nl,n[3],reset;

float zs[2],=f[2],time,verr[3],err[3].itgerr[3],0opvo,km[3E]

zero()§




nl = ¥Xchk; dly = (smp-8.355)/0.022 ;

itgerr[O]l=itgerr[l]= 1tgerr[°]—0-

time = 03 1 = 03 reset = 13
/¥%% control loop XXX/

for (l1=031<nl3;l++) /% No. of cycle %/
€ datall][0] = time;
for(dl=03;dl<=dlys;dl++): /% for delay %X/

for. (Ink=03 Ink<{3% Ink¥+) ;

90

5

in(13+1lnk,&pvlu); /% read actual position (rad) X/
if(lnk == 0) datal[l][4] = 0.001Z%6%%pv]iu-1.110738 ;
if(lnk == 1) datal[ll[5] = 4.1408732-0.001367%pviu ;
if(lnk == 2) data[l][b] = 4.954108—0.001376*pv1u 3
in(O+lnk,&vvlu); actual velocity (rad/sec)
if{lnk == 0) dat = 0.002268%vviu—4.766;
if{lnk == 1) ﬂ\Qxx- 0.002268%vviu—4.714y
if(lnk == 2) de LO02751%vv1iu—6.0007;
verrinkl=dats ‘WJ c datalllllnk+10];
errllnkl=dataldestt] [ 1 ‘,-v1][1nk+4];

itgerr[ 1Y is f AN : : _
if(datal 14 ifff/’ ' JLink+1] &% reset == 1)

{ itgerr
datall]l[
nkls:

: ¥ !\
opvo = dai#fi| . ':.frw: \k\\'\\
; ; ,k*%

A+ T

if(lnk

if(lnk ==

if(lnk ==

iftdtoa <

if(dtoa > 40P

selc = 4 »>»

‘out({selc,dtoa) ¥

) /% end of es

time += 3

Y /% end o
zero();

putchar( " \O0O7");

/%% read stop pogition .

in(l1Z,&pviu); /# waist X%/

z2s[0] = 0.0784% FAPVIU—-6Z. 641750

st | um%mmmm

TENCESS &p 38 N elbow */

7U+°093.2

cirt rcp(lB 46,0) ;
printf("%7.2f",zs[1]);
crt_srcp(18,61,0);
printf("47.: 24", 2a[21) 3

datalnl][0] = tlme;
datalnll[4] = zs[0]1%pi/180;
datalnl][35] = =s[1]1%pi/180;

datalnll[é&] zs[2]1%pi/180;

datalnllf10] = datalnll[11] = datalnl][12] = O;
hold_sh(): 3 :
zero()s

putchar (' \007°);

cot srept22,.25,0)%

puts(" FRESS ANY KEY TO CONT INUE ")i

i = key_getc();

%
4

ARG T nenay

\:\\ Killnklkitgerr[lnk]

E+2057 .54 /¥ amp
ZO+ZOOI 253 /% amp

/% amp

aw




/¥ a/d in routine X/
in (chnl,value)
unsigned int chnl,Xvalue;
{ ; :
unsigned int i,a.,b.c:

outportb(&635,0); /¥ clear A/D regiter X/
outportb(&32,chnl); /% select A/D channel X/

for (i=l;i<=7;i++)
a = inportb(&36);
for (i=lgi<s7git+). 4

B e g
il

. P
b
o
n]
3
rt
% i
0~
Ll
oA I

-1nportb(6

a':b-:"\ /
h =
¥va

lue = b+c,

Rt

out (lnkslc,wv
unsigned int lnks

{

unsigned int i,a,

b = valug >
a = value <<
c = a »» 8

outportb(&63€sc): /% d/a out X,
outportb(&6394B) e
outportb(éﬁ-;;
outportb(&639,|

Dutportb(BBB,

-°3'¥"=3?ﬁ3ti°m°nw'm gINT -

ewlt outlne

)s |
nkslc), /X link se

J
ected */

Lero()

ammnitu Niﬂﬂﬂﬁﬂﬁﬂ

'unSJQne int Ink,dtoa,selc;

for(lnk=03;1nk<3;lnk++)

{
if(lnk == Q) dtoa = 2053; /% amp 40/2 w %X/
if(lnk == 1) dtoa = 2057; /% amp 150 w X/
if(lnk == 2) dtoa = 2053; /% amp 40 w X/
selc = 4 >x 2-1nk 3 A '

out(selc.dtoa);

2

hold_sh();




hold_sh()
.

L

extern float fabs().cos();
unsigned int pvlu,dtoa,selc;
ik ds
float zs[31,0pvo,c2,c23,d2hv;
. /¥ read actual
in(l4,&pviu); zs[1] =
in(19,&pviu); ;L E2SERY =
COs{-9051308997-=2s[ 1))
cos(—zs[1]+1.05-zs[2]) 3
d2 = 9.3187Xc2+1.34456%c23;
opvo = d2/2.5; .
dtoa = opvoXl9.0364954

cZ =

< —
c2I =

#f(adkoa 40 4 dfo
selc = 2 3

out(selc,dtoa);

11
4

go_desire(zd)
float =zd[]1:

int 1nk,chk; A
float gmp = 0.015; ’
h “w_"
itgerr[0] = Atger
do { ——
=) = L e ‘(.,
for flnk U,lnk._akgggﬁj :
in(13+d =¥ position (rad) %/
if(lnk =7 W l—1.110758 ;
if(lnk f“ ?"01367#pv1u C
Sif(lnk == 2) t[2T="7F.954108-01001376%pviu ;

velllnk] =
old

if(fabs(err[lnk]):0.05)

YRR

mvollnk]l =

position (rad) X/
4.14057-0,001367Xpvin ;
4.95411-0.001376Xpviug;

5 \\-axoufcj;
pvo,vell3],o0ldpl3].verr

\"
\

{ztllnk]l-oldpllnk])/smp;

4 m‘?‘im%%’w Y17

Satgerriinkd =08

g%ﬁﬁﬂﬁé’ﬂmmm

maxout[Inkl;’

if(mvollnk1<0 && mvol[lnkl<-1.0%maxout[lnk])

mvollnk] = —1.0Xmaxout[lnk]s;

opvo = mvollnk]; X

if(lnk == 0) dtoa = opvoX&69.209770+2053.23;

if(lnk == 1) dtoa = opvoX57.365913+2057.54;

if(lnk == 2) dtoa = opvoX&?.209770+2057.273;

if(dtoa < O || dtoa > 4095) zerol):

selc = 4 »»> 2-1nk 3

out(selc,dtoa);

Y /% end of each link %/

chk = key _scan(); :

if(chk !'= —-1) { err[0] = err[1l] = err[2] = O3 J
' abs(err[11)>0.001

Jwhile(fabs(err[0])>0.001 | f

! fabs(err[21)30.001)3

/% amp
/% amp -
/% amp
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; n ¥ o ) oo w {
nTeat L 8gntes Tlsunmamenaefiuansdiodiu sulsfidadauasmnmunares

Sl asio Tui
smp ¢ sampling period
vmx : maximum velocity
amx ¢ maximum accelerabioﬁ
Kp@l : proportional gai
Kif1l ¢ integral gai
Kdt2] - 1 . delivebive
datalJCi]
A
i 0= 1=3 :
R b T
i = 7-9
o 1d—1z :
i ».13v15 1
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