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Abstract: The authors present in this paper the direct geometrical model for the robot 6R.

Firstly we need to establish the geometrical model equations is necessary to determine the rotation
matrix. Secondly is necessary to determine the independent parameters of the orientation, the vectors of
position and, finally, following the results obtained result the direct geometrical model equations. Key
words: kinematic structure, robot, matrix, independent parameters, characteristic point, column vector.

1. INTRODUCTION

In the figure 1 is shown the mechanical
structure of a serial robot with (n) degrees of
freedom, having an open kinematic chain.
Robot’s mechanical structure is made of n+1
rigid elements linked together by (n) kinematic
coupling of rotation (R) or translation (T). In
the origin of each item k (k=1+n) is attached a
mobile reference system (Tx) and at the base of
the robot is inserted the fixed reference system
(To) in the point O.

The direct geometric modeling (DGM),
according to [2] implies that the mechanical
structure of the robot is in a known
configuration, represented by the vector g of

generalized coordinates.

The position of the reference system (T,)
which is jointly with the gripper of the robot, in
relation with the fixed reference system (T)), it
can be determined as:

- determining the position of the origin O, of
the system (T,) by the vector p, = [p]o;

- using the rotation matrix, the orientation of
each axis of the system (T,) in relation with the
system (Ty) it’s determined.

Using the successive iterations the problem
of direct geometric modelling it can be solved.
Thus considering the sequence of elements

(g-1, k), k=1-n, from the kinematic structure of

Fig. 1. The kinematic structure of a robot with (n)
degrees of freedom

the robot and corresponding to this sequence,
are considered known the following:

[R]lli_l- is the rotation matrix expressing the
orientation axes of the system (Tx) to the
system (Tx.;); it can be expressed
mathematically as:

R} =[zt" 575 247 |=

R({x y z},q, ). if rotation torque (1)
RV 3, If translation torque

Fkk I is the column position vector of the

origin O of the system (Ty) in relation with the
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origin Oy of the system (Ty.;), which can be
written as:

—k-1 _ —k-1 [xk
e = Prk-1 —{

p*- is the position of a point P in relation
with the system (Ty), which can be written as:
_ k r
p* =[pl =[p! p ] 3)
Next, using the matrix equation below, we

calculate the position of the ponit P relative to
the reference system (Tx.;):

P =R B =t ot ] @)
The relation (4) is an iterative relation to

obtain the following expressions, if the index k
is from 1-+n:

y,C gk 1] if rotation torque (2)
k (qk) if translation torque

=5 [R5 ] | [pop, 2] ! ]
—1 R 1 =2 R 1. 2 2 2
T o _[hbﬁ?pJ )
PRI B | RE bk ot Pt
Wi _[R]Z_l'ﬁ"_ I [px P pz] |

For each k=1+(n-1) and considering that
[ﬁ]k = [R],’E It [15]’“rl , then the first relation from

(5) becomes:
JRET-[I ()

p" =[R-[RL ... [RE
and this is the transformation matrix equation

of the column vector p”, assumed known, the

vector column p°. The equation above is

equivalent to:

p' =p=[R]p" (7)
or
b, p, p.T =[5, 3, 2] o7 02 02 -
To determine de rotation matrix, from the

relations (6)-(7) it can be obtained a matrix
relation that has the following form:

R=TTRE" =T JR(x v 2ha,)  ®

=1 =1
or
nx o”ny A,
[ 5, %)= [T 5 =)= 6 By b | O
Yo VY Yz
The next step is to determine the column vector

Fkk 1= }_9,'{‘,}(1_1 towards the fixed system (T)),

with the relation:
D k-1 —[R]k N 7kk =
3 ,for k=1 (10)

i {ﬁ [R]fl} R fork=2+(n+1).
J=l

Also, it’s calculated the position of each
origins Oy of the system (Ty) in relation to (Ty),
with the relations:

k
Di =Dkt Dijn = Zlﬁj,j—l , Jor k = 1+(”+1), (1)
=
with which the column vectors are obtained:

n T
ﬁn :ﬁn—l +En,n—1 ZZﬁk,k—l = [pxn pyn pzn] (12)

k=1

n+l

p pn+l pn+pn+]n zpkkl_[prp) pz] ’ (13)
k=1

The points O, and P belong to the mobile
system (T,), thus implicitly to the gripper, so
that the relations (12)-(13) determines the
coordinates in relation to the fixed system (T).
In view of (8), (12) and (13), can write the
equations:
—T =T =T
[p'; nn "T] } /(g k=1n) j=1+12]". (14)
e
The equations above are the direct geometric
model equations (DGM), according to [2].
From these equations, only six are independent
because three parameters are needed for
guidance, so that we can write the identity
matrix, [4]:

[R]n(qk —1+n)=R(a,,B,;/), (15)
where R (o, B, y) is the orientation matrix
corresponding to a set of Euler angles. For
example the matrix R(ocZ - By —yy), and from
the identity matrix (15) we obtain the
independent parameters of the orientation and
for vy, # %L,

o, = Atan 2a,..~f,.)
B, = Atan2(a,.sa. - f,.ca..y,.)
v, = Atan 2(— a,ca, —pysa,, a,ca, + ﬁnxsaz).

According to the equations (14), we can
write the column vector of the operational
coordinates:

X°=[p, p, p.a. B, 7.] =
=[fj (Qk’k=1+”)sj=1+6]r'

(16)

(17)



The relation (17) defines the position of the
robot’s gripper with the fixed system (Ty) by:
coordinates py, py, p- of a point and the a, By, Y-
elements of the rotation matrix R, defining its
orientation.

2. THE DIRECT
MODELLING

GEOMETRIC

In this paragraph is presented the geometric
study of the robot 6R (figure 2), composed of a
rotating vertical module 1, the module 2, the
rotation around the horizontal axis x,, the
rotation module 3, around the horizontal axis x3
and spherical joint guidance of the gripper
comprising: module 4 the vertical rotation
around axis z4, module 5 of rotation around the
horizontal axis x5 and module 6 rotation around
the vertical axis zs, assembled with the gripper.

In the figure 2 are defined as follows:

l; — the constructive parameters of the robot,
1=1+4; qx — the generalized coordinates, k=1+6.
In the origin of each item i (i = 0 = 7), is
attached to the Cartesian reference system (O;).

Fig. 2. The kinematic scheme of the 6R robot
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The mechanical structure of the robot is in a
known configuration, represented by column
vector of generalized coordinates:

g =lq; k=1+6]".

Then is determine the rotation matrix [R]

(18)

0
7

defined by the relation:
0 a7x a7y 0[72
[R]; =[x ¥; Z71=| Prx :37y B (19)
YVix  Viy Vi

By using the recurrence relation (20), is
determine the position of the characteristic

point of the gripper relative to fixed reference
system, attached to the base of the robot.

P =[PI'= Ds+ Prs - (20)
The orientation system (O;) in relation to the

system (Oj) is presented as the following
matrices:

cqy —sq; O
(R = R(Z:4)) = |sqy cq, Of> (2D
0 0 1
1 0 0
[R]lzzR(f;‘h): 0 cq, —-s9,|, (22)
0 sq, cq,
1 0 0
[R]; = R(T:95)=|0 cq5 —sq5
0 sq3 cqs . (23)
cqy —sq, O
[Rl; = R(Z:q.)=|sqs cqs O], (24)
0 0 1
1 0 0
[R]ng()_C;QS)z 0 cqgs —sgs |, (25)
0 sqs cqs
cqs —5q9¢ O
[R]g:R(E;%): sqs  cqs 0], (26)
0 0 1

Considering the above orientation matrices
for the express of each axis orientation system
(Oj) in relation to the system (Op) are written
the following relations:

. cqy —S8q1-¢q4, 84,59,
[R]z =|sq; cqi-cqy  —cqy-5q, |, (27)
0 8¢, cq,
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(qu €43+ cq,. sq;)CCM s

6

(Séh €43 +Cq, sq3)cq4cq5

—(sq,.cq5 +cq,.505)
.cq 4.5 5 + (— 5‘]2~S‘13~Cq2'cq3)cq5

0
[R]4 = | !
r | Cq,-544 | sq _cqz.SCI3
cqy.Cqy + i N |
! sqy + ] 5¢1-¢q5.cq5 + | (—sq,.cq,.cq; Cd4 |+ 591592093
£q,.5q5 2+ I+ __
1 —sqieqyeqy + | e ( y 5G5.5q ) +591-592593 ) ___ T
cq, | +5¢,.5q,-5q5 ]:___":fgl_biq.lgqﬁ-— Ji;ﬂg;} ******* Tsfql.sqzx + | €q1-¢q5-5q3
S 2 Sup e = A —C{q,1.Cq, .53 — 8§41-8q 4 _ I
_ -:- cq,.cq,cqz — : q,C4, 541.¢4.qs — i cq,.cq,.Cq5 j-S‘M } —cq,.5q,.Cq;
[R]S =] sq, b Sqy-543 1 _=Cq1.59,.0q3 = 9145 sq, |+ —cqysqysq, ) [
| Cq1-592-593 T .cq —cq,.5q,.5q N ) e A | .5q5 +
“RTT- T S 18¢, Sq3 +cq, 3 cq, QZ7773 ,,,,, - T ! 8q,.545
O | qu Cq:; +CQ2 q3 777777777 T } sqz.cq3 Cq |
i 5q,-Cq3 sq ‘ 44 | +cq,.cq,
14 I +c¢q,.5q; ‘
L (28) +¢q, .55 \
i (29)
! —5¢,.0q,.Cq5 +j.cq4J
| [— S‘]]-C‘]rc‘h}c%} ! —[— €q,-594 + +5¢,.5q,.5¢,
[ £qy + L —cq,.5q, + [
€q,Cq, o | 91544 +5¢,.5¢,.5q3 i s (sq1 ¢q,.5qs +s7qlfgzifﬁl37),,qff—f—
+(_ st 3}5(]4 i €qs (5611 Cq},s,qjiE%—E@*gb)iqéf*i 777777777 €q:-¢9>-Cq3 ~CQ4] (30)
L SV A 41 777777777 e j~cq4] i —(—Sql-S% ' —Cq,.5q,.5q3
I | =89,¢44 + —¢q,.54,.5q3 i 41555 -
cq,-cq,.cq; | ! —¢q,C9;- cqs
[R]g =159, +(_ cq,.59, 545 4 } T 41092593 K i Sqs + S92 ¢4 )
1 i .Cl]s + _qu.qu'Cq} 777777 ;77,,}7——7;(‘5(]’275‘];7_'_ cq2 Sq3 }q“ qu
7777777777777777 .c
77777777777777777777 A} 8q,-Cq3 + 4,593 'Cq4) s i (_ 8¢, .5q5 + €4, .Cq5 )-CQS
K !
(S% cqy + cqz-sfh)s‘h } + (_ 8q,.8q3 +Cq,.Cq3 )5q; |
- ‘ <q |
[R;lg i Cq]_s4 q,.cq s Cq ¢ } —cq,.5q 4
— 8¢ ,.¢q 5. C‘I3J q4].cq6 ! - +[ q,- o .8q 4 ! B —5¢,.0q,.q ., .5q 5
(qu.cq“r A | e | +[+sq1.sqz.sq3
I _ .sq !
—cq,.59 4 ; i qusq14cqz-cq3j <qs ! 5q,.¢q .59 3 <qs
— 5q,.cq 5.cq “ds ; —r <q 4 . R 5444
+(+izlizz§qj]'cq4 Sqe + +[+sq1.sqz.sﬂl3 s i T 591-542:¢4 3
8q .S . 1 ‘
’ .5q } 5q1-¢q 259 3 5q 5 o
591-¢9 2 3 -89 5 } *+sq,84,.¢45) ) ﬁ‘fi
* +59,.59 5.¢q 3 ,,77L 77777777777777777777 } — 5q,.59 4
777777777777777777777777 [ .8q ¢ i _ cq.cq,.0q 5 <q, 54
84 .¢q 4 )Sq4 Cq ¢ i €q,.¢q,.¢q3 J'““ ! + —0q .59 -5 5
+(cq1.cq2.cq3—Cq1~sq2'sq3 d } —+ —cq,.5q .50+ }
} .cq | —c¢q,.¢4,.595 <qs
— 8¢ .59 4 ! cq.cq, 3 cq, |cqs -
= | —8q .59 4 + sq o | —Cq,.59,.¢q 3
- €q,-¢4,.¢q3 J,cq4].cq5 -5q 6 i + 91 —¢q,-59,-59 3 ) i 77777777777777777777
+ —¢q,.59,.59; | +(-eqiq,505 —cq,59,0q5)5qs ) S
+ (- cq,-5q 27'5‘]73,),‘?513 ********** TTTTTTTTT i
77777777 i i

(s

(= 5g,.5q5 +cq,.cqs)sq s

jsq

it

(, 5¢5.5¢5 +¢cq, 603)5‘75

jC‘h

(31)




R]§ =

—Sq;,-€q, -Cqg
[cql‘cq‘+[+ sql-sqz-s%J'sq“j
—Cq;-Sq, +
-cqe+({[sql-cqz'cqajlcqj
+50,-S4, -SQg3

.Cq 5 + (S0.q ;.50 3.501.50 .50 3).S0 5)-50 ¢

— C€q .59 2-3‘]3} ]

cq4.cq ,.cq
—50,.50 4 + [ N ]
N —€q1.8502.503 ) |-Cq 5

Q4
+ (- €q1.c,.50 5 — €0 1.59 ,.Cq 5 )Sq 5
.Sq g

B [cq 1-C0 4 ]
+ (- 50160 .00 5.50 150 .50 5 )5 4

— C01.50 4
+ [* Sq 4.9 2-Cq 3 chq .
SQ ¢ + +50,.59 2.50 5
Sq1.Cd 2-5Q 3
cqg + s
° [+ 59159 2-CQ3] °

s0ucq +(CCI1-CCI2-CCI3 jsq sq
P T - eqysq,sqg ) )T S

= S01.50 4
+ [cq 1-€4 2.€Q 3 ]-CQ4
+ —€q4.502.50 3 €0 6

N [* €q,.cq z-SQ3jlsq .
—€0,.50,.Cq 3

—€q.85q4 +
- [* Sq 4.9 ,.Cq 3
+ 50 41.50 .50 3
N [Sq 1-€q 2-50 3 ].Cq
+ 50 ,.50 5.Cq 3 °

.sq
j-cq LS00

= 8(1.50 4
-1, [cq 1.6 2.9 3 }_Cq L [%9s
- €0 ;.50 ,.50 3
. [— €4 1.Cd 550 3]'°q .
—€Q1.850,.Cq3
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(59,09 5.6 .59 3 }Sq 4.09 ¢ + % [sq 2-C0 3 ].cq « % _ [iq(;cq;q J.cq 4505 (32)
[(sqz.cq3.sq2.sq3)cq4.cq5+]Sq i + €0 ,.50 3 4:C s » i o 2-S 3
(-sdaz.sq5 +cqpcas)sqs ) N FE PN ° ! +[+ cqz'cqaj-cqs
i +cqz.sq3'q5 i 4243
For establised the independent orintation Identifying the elements 13, 32 and 33 in
parameters, for  example, (a.-p,-7.), equation (32), is determine the orientation
according to (22) and [4] relation: 1ndependent parameters, specified in the
. relation, according to [3] and [4]:
[R]; =(@. = B.~7.) G
Rla.=F.-7.)= ) — (= cqysq4 + (= 5q1.c4y.¢45 + 5G1.59,.543 )4, )5qs
| |
ca..cy; — i —Ca; Sy - i sa..sp, (34) = arctg| + (sql.cqz.sq3 +sql.sq2.cq3).cq5,
Tsasy.efy i msazey By T T (59,59, +(cqy.cq,))
sa,cy,+ |\ —sa.sy,+ |
= ! l—ca,sp, (3 6)
reansy e ey By T
sy,.sP, | cey.sp. 1 B, B.=

In tfle case of the 6R robot,

become:

0

[R] =
ca,cy, — i —ca,.sy, — i stsp
,_,S,sz;‘gzz;ggx,j},_,f?z;c],z;cﬁ,x,i,,,i;,j, (35)

_ sa,.cy, + } —sa,.Sy, + } Ccas
tea sy oy teacy. By T

s?/z'sﬂx ! c}/Z.S X ! cﬂx

5q4° 545" +cqs” oq,’ 545" + 545" cq,” cq,’
+2.595.cq, .cqz2 Cq3.Cq5.5G3

- 2.sq52.cq42.cq2.cq3.sq2 S5q5 +
2.sq5,cq4.cqz.cq32.cq5.sq2

2 2 2.2 2 2 2
+5qs €44 Sqy Sq3 +Cqs 54 Cq3

2
—2.8¢5.¢q4.5¢,.595 .Cqs.Cq,

2
+2.0q5” .cq,.5q5.59, .Cq;3

(37)

—€q4-5q5.Cq>-593 — Cq4-5q5-54>.Cq3 + €q5.Cq,.Cq3 — Cq5.55.53

2
Cq3

2 2
.cqi +5q, |,
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o(~q6 4445 +95+02)
~2.(g6 + 93+ 4> +44)
_2-0(_% +495+t4q, +‘l4)
+o(-qo—qy+q5+q5+q,)
+2.cq + 95+ 4, — 44)
_5(46+Q4+‘]5+‘]3+Q2)
—c(q6+ 94— 95 + 95 +4,)
+2.0(- g5+ 45 + 45 +45)
+2.0(-q5— 95+ 45+ 4>)
+c(-qe+q4+qs5 + 43+ ;)
( G +4s—qs+q3+q5)
2.6(g6 + 9, + 45 +45)
+2€(q6+q3+q2 qs)
26(-q¢ +45+9, —q5)

—2-5(% +q3t4q, _‘ls)
+S(% +q4+4qs+4; +2)
+2.5(q6 + 45 + 45 +45)
_2-5(_‘16+‘]3 +q, +‘]4)
+5(q6 — 4 + 45+ a5+ 02)
+5(q6 — - a5+ 95+ 42)
~2.5(-q5 + 43+ 45 —q5)
+5(=q6 + 94+ 95 + 95+ 4,)
+5(-q6 +95— 95+ 95+ 45)
+2.5(q + 45+ 45 +44)
+2.5(- g6 — 44 + 45+ q5)
+2.5(- g6 + 45 + 45 +5)
_2-S(‘16 +4;+4, _‘14)
+S(‘16+CI4_95 +4q; ""12)

in the following form:

_C(% Ga+qs+qs+9;) +5(- 06— a4 + 45+ 95+ ;)
_ —c(q6— 94— 95+ 95+ q5) +5(-q6 — 44— 45+ 45+ 4,)
¥, = arctg B :
4.c(2.q5+2.4,) 2 (4.c(2.95 +2.9,) 2
~2.0(2.95 =294 +2.95 +2.9,) ~2.0(2.q5 =294 +2.95 +2.9,)
~2.0(-2.5 - 2.9, + 2.5 +2.q,) —2.0(=2.q5+2.94 +2.5+2.9,)
+4.0(2.9, +2.95+2.9,) +4.0(2.9, +2.95+2.9,)
—Zc(2q5+2q4+2q3+2q2) —2c(2q5+2q4+2q3+2q2)
~8.c(2.9,)+40 ~8.c(2.9,)+40
—2(2( 2.5 —2.94+2.q; +2.q2) —ZC( 2.5 —2.q4+2.q9; +2.q2)
+4c( 2q5+2q4) +4c( 2q5+2.q4)
+4c( 2q4+2q3+2q2) +4c( 2q4+2q3+2q2)
—8.0(2.q5 +q4 +2.45+2.9,) ~8.0(2.q5 +q4 +2.45 +2.4,)
+80( 2q5+q4+2.q3+2.q2) +80( 2q5+q4+2.q3+2.q2)
-8.c(2.95 —q4 +2.45+2.9,) -8.0(2.95 —q4 +2.95+2.9,)
—8.c(2.q3 +2.q2) —8.c(2.q3 +2.q2)
—12.6(2.95 +2.95 +2.9,) —12.c(2.95 +2.95 +2.9,)
+8.c(— 295 —q4 +2.q; +2.q2) +8.c(— 2.5 —q, +2.q; +2.q2)
~8.c(2.95) —8.0(2.95)—12.c(-2.g5 +2.q; + 2.q,)
|\ —126(-2.95 +2.45 +2.4,)
Based on the scheme from figure 2, it can be 0 0]
written relative position vectors of the origins [,7] 0 [,,]5 =0l
. . . 6
O; of mobile systems Oixjyiz; in relation to Oji, 0 0

(38)

(39)

In what follows, by multiplying the position
vector of the rotation matrices, is determine the
position of origin O; of each reference system
relative to the O;.; system:



0 0
[plo =[] =] 0 |;[pL, =[R]' [F], =| 0 40)
ly /
8q,.8¢,.1,
[Pl =[RLIFE =| —cqisq:4, |5 @1)
cqyl,

[5143 = [R]g[f]i = _
(—;-13-0(‘]3 +4q, +Q2)+%-l3-c(‘]3 4 +‘I2)j

1 1
= [—2-136((13 —a1+a:) =S lslas + a0+ 4 ))
C(‘]z +‘]3)-13

(42)

[p)s =[RI6[F]; =
_ [_ €q1-544 }qu
(= 5q1.c4,.cq5 +5q,.595.505 )cqs ) |,
- sql 4,595 + 54,54, .Cq5 )5
- S‘]l -S4 4 J'qu
=| | \+(cqicq,cqy —cqy5q,.5q5)cqas ) Ly
C‘I1 C‘]z -S43 —C€4,-59, cq3)cq5
- sq2 €45 +¢q,.5q3)cq,. quj 1
—5¢,.5q5 +¢qy.0q5)cqs )

(44)
+ [ﬁ ]65 =

[1_7]6 = [1_7]5

1 1
$41:502 4 = Js g5 +q+q,)+ > (g5

1 1
= —cq,.59,., —5-135(413 -4, +qz)—5-la-8(q3 +q,+q,)
Iy +1,+cq,d, +c(q2 + g5 ).13
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Based on relation (14), it expresse the
position of the origin O;, i = 1 + 7, of the
reference system of order 1, in relation to fixed
system from the robot’s base. Thus:

0 0

[17]1=[]7]10= 0;[1_7]2[1_7]1"‘[1_7]21{ 0 ];
Ly Iy +1,

(45)

84,59, 1,
—cq,5q,0, ; (46)
ly+1, +cq,1,

[1_7]3 = [ﬁ]z + [1_7]32

[13]4 = [ﬁ]s + [13]43 =

1 1
54,5951, — 513 (‘I3+‘I1 +f12) 513 C(‘]s_

[13]5 = [?]4 + [?]54 =

1 1
54,5451, —5.13-6(013 +q,+4,)+ 5-135(% —4,+4q,)

1 1
—cq,.5q, 1, —5.13.3(% -q, +q2)—§.l3.s(q3 +q +q2) ;
ly+1, +cq,1, +c(q2 +q; ).13

(48)

—qt %)
(49)

)
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[5]7 = [5]6 + [1_7]76 =
I 1 1
15431y == 1y gy +q,+q,)+ > gy —a,+q,)

€q,-5q4 +
- _(_ 8q,-Cq»-Cq3 +5G,.545-593 )-‘7945% 1y
+(5q,.¢q,.595 + 5q,.54, €43 )cq

i I
—cqy54y0y =2y s(g3—q1+9,)- > slgs +q,+¢5)

= —5q,.5q, +
- QUK
+ \+(cq).cq,cq5 —cqy5q,.5q5)cq, ) |1,

+ (_ ¢q,-€4q,-545 —€4,.54,-Cq; )-C%

ly+1,+cq,1, +c(gc]2 +q3Il3 +

(— (sq5-cqs +cq,.5q; )cq4.5s j
+ Ay
+(= 59555 + g -cq3 )cqs

= .

(50)

The column vector of the operational coordinates is obtained by meeting the operational results
of the relations (50) and the Euler anglers (36), (37) and (38). The column
vector, matrix written will show like in the

following form:

X7

V7




Cqy-544 + (_ 841-Cq2-Cq5 +591.5q5-59;3 )-CQ4~5‘15J1
+ (59,4555 + 54,59, ¢4 )eq B
— (= 59,59, +(cq,.cq,.cq5 — 4,540,545 )cq, )~quj
+(=cq1.¢q,.5q; — cq,.5q5.cq3 )cqs

~(sg, .45 +¢q,.54; )~CQ4~5q5J

+ (— qu .Sq:; + qu .Cq3 )‘CqS

1 1
5q1-54 45 _E-lsf(% +q +‘Iz)+§~l3-c(% —-q +‘Iz)+[_[
1 1
—cq,.5q, 1, —5-13-S(43 -q +qz)—5-la-S(q3 +q +qz)+(

ly+1, +cq, 1, +c(q2 +q3).l3 +[

(* (—cqy.59, +(=59,.c4, ¢q5 + 56,50, .5q5 )cq, )sqs +(5,.¢4, 505 + 59,59, ¢q3 )cqs ]
arctg
(_ 5q,.5q4 + (C% £q, ))

2 2 2 2 2 2 2 2 2 2
5q,°.8qs” +cqs”.cqy”5q3" +5qsT.cqy”cqy” cq3” +2.5G5.0q44.04, €q3.045.5G;
2 2 2 2 2
—2.5q5" 044" €q5.Cq5.595 505 +2.595.Cq4.Cq5-Cq5 " Cq5.5q, cq,” +sq,” |,
2 2 2 2 2 2 2 2 2
+5qs7.cq,7.59,75G3" +¢qs” 54,7 Gy —2.5q5.¢q4.59,.5q5" 454, +2.0q5" 04y .5G3.5q, €G3

—€q4-5q5.Cq5.5q3 —Cq4.595.545-Cq3 + Cq5.C45.Cq3 —Cq5.59,.5q;

arctg]

=45 —q5 =45+ a5 +4:) - 2clqs + 95 + 4> +q4)
~20(-q6+ G5 + 4> +q4)+ (- qg 44 + 45 + 45+ ¢5)
+2-C(% +4q;+4q; —‘14)

—clge+q4+95+ 95 +4,)

_C(% +q4—95t4q3 ‘*"Iz)

+2.0(-q5+45+ 45 +45)

+2.c(7q67q4+q3 +‘12)

+C(_q6 +4q4t4st4q; ‘HIZ)

+o(-qs+q5— 45+ +4>)

~2.c(g6 + 4> + 95 +45)

+2~C(q6 +q3+q; —515)

~2.c(-qg+q5+4,—3s5)
—cqs—q4+95+95+4)

_C(% —q4—9q5tq3 +Q2)

~2.5(¢6 + 45+ 45 —5)
+S(‘]6+‘]4+‘15 +4q; +2)
+2.5(q5 + 95 + 4, +95)
~2.5(=qs + 45 + 42 +44)
+S(‘]6“]4 +4qst4q; +‘]2)
+5(g6 — 94— a5+ 45+ 42)
~2.5(~ g5+ 43+ 42— q5)
+S(_‘16 +q4+4s+q; +‘]2)
+5(=q6+494 — 45+ 45 +02)
+2-5(‘I6 +q;+q, +q4)
+2.5(- g6 —q4 + 45+ q,)
+2.5(=qs + 45 + 45 +4s5)
~2.5(¢6 + 45 + 9> —44)
+5(g6 +44 — 45 + 45 +45)
+5(-q6—qu + a5+ 45 +42)
+S(_‘I6 —q4—95+4q; +%)

=

4.c(2.q5 + 2.q4)7 2.c(2.q5 —2.q,+2.q5+ 2.q2)
- 2.c(— 2G5 —2.44 +2.95 +2.q,)
+4c(2., +2.9,+2.9,)
- 2.c(2.q5 +2.94+2.9;+ 2.q2)
—8.c(2.q,)+40
- 2.c(— 205 —2.44 +2.95 +2.q,)
+ae(-2.q5+ 2.q4)

+ 4.c(— 244 +2.95+ 2.q2)

- 8.c(2.q5 +q4+2.q5+ 2.q2)
+8.c(-2.g5+q, +2.9,+2.q,)
- 8.c(2.q5 —q,+2.95+ 2.q2)
—-8.c(2.95 +2.q,)

—12.6(2.95 +2.g; +2.9,)
+8.6(=2.95 —q4 +2.9, +2.4,)
~8.c(2.95)

—12.6(-2.95 + 2.9, +2.9,)

4.c(2.q5 + 2.q4)— 2.c(2.q5 —2.q,+2.45+ 2.q2)
—26(-245+2.9, +2.45 +2.9;)

+ 4.c(2.q4 +2.q5+2.q, )

—2.0(2.g5 + 2.9, +2.g5 +2.9,)
—8.0(2.9,)+40

~20(-245 -2, +2.9,+2.9,)

+ 4.0(7 2.5 +2.4q, )

+4c(-2.9, +2.4;+2.9,)

~8.c(2.95 + 44 +2.45 +2.9,)
+8.c(-2.g5+q, +2.9; + 2.q2)
~8.e(2.95 — 94 +2.q5 +2.4,)
~8.c(2.95 +2.4,)

—12.c(2.95 + 2.5 +2.9,)

+ 8.c(— 245 —qq +2.95+2.q,)
~8.c(2.95)~12.0(~2.95 + 2.5 + 2.4,)

o=
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3. CONCLUSION

The direct geometric modeling of the
articulated 6R robot are required the
constructive parameters and the generalized
coordinates.

Given the rotation matrix that expressed the
relative orientation of each system in relation to
the previous system and relative position
vectors, the position and orientation of the
robot’s gripper relative to the fixed system it
can be determined after following some steps.

The direct geometrical modeling defines the
position and orientation of the gripper,
expressed by the coordinates of the
characteristic point and relative to this point the
orientation of the gripper.
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Modelarea geometrica a robotului articulat 6R

Rezumat: Autorii prezinta in aceasta lucrare modelul geometric direct pentru robotul TRTTRRI1.

in primul rand este necesar stabilirea ecuatiilor modelului geometric este necesar determinarea matricei de rotatie. in al
doilea rand este necesar determinarea parametrilor independenti ai orientarii, vectorii de pozitie §i, in final, urmarind
rezultatele obtinute rezulta ecuatiile modelului geometric direct.
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