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METHODS OF TRACKING AND CORRECTING THE TRAJECTORIES
USING THE PROXIMITY TRANSDUCERS (PART 2)
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Abstract: In this article will be studied the problem of correcting the trajectories (unknown) located in the
plane yOz, at a given distance dy . Throughout the trajectory, the end-effector, equipped with proximity transducers,
must solve two problems:identification of the shape of the trajectory and the positioning of the end-effector so that the

distance to the trajectory travelled to be d (known).
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1. TRAJECTORY CORRECTION
POSSIBILITIES

Being known position of the system
attached to the trajectory, and of the mobile
system position in relation to this trajectory,
must have correct mobile system position,
linked to the end-effector so that it will follow a
portion of the trajectory at a fixed distance dO0.

1.1. First variant

In the first variant, a rotation with angle
a around the system origin O and then a
translation dz=d-d, along the axis O}z, is given
to the mobile system {S;}, followed by a
translation along the axis Oly! (figure 1.1), so
the transducer P reached in final position P3.
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Fig. 1.1 Mobile system movement at the first trajectory
correction variant

The successive positions of the mobile
system will be presented in the following
figures:
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Fig.1.8. Position of mobile system (7)
1.2. The second variant

In version 2, a translation along the axis
0y, , followed by a translation along the axis

0!z, with a distance which will be determined,
and then by a rotation of angle around the axis
O’x;} (fig. 1.9) is given to the mobile system
{S;} at zero time.To specify the translations and
v rotation, will proceed in the following way :-

Oy ' Moving, according to the movement noted by

. Fig.1.5. Position of mobile system (4) 1, the transducer Qp, which measures distance
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P,P,, P, point being the point of intersection of P;R, segment can be expressed as:
the axes O,z,and. O%y?. It get so translation .

et . PiR=y ~(ar-a1). )
along the axis O,y,. PP, distance can be

calculated with relation:

P,R,+P R, =d,tgo.+ P, R, (1)
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Fig 1.10. The movement of mobile system in version 3 of the trajectory correction.



770

P; position is determined by:

d d
P2P3 :_O_dozdo(__l) (3)
ca ca

It requires that the distance measured
from the transducer from P, to be do . Thus we
obtain:

P,0, =d,; P,0, =—. 4)

Through the P; goes a parallel line to
the axis O}z, in the point O} and O’z axis is

identical with O’P, axis.

1.3. The third variant

Are given a, , a, and a, distances. In
initial position, the proximity transducers are Py
and C, at the distances a, and a, to the system
{S?} (figure 1.10).

A motion expressed as:

a, —a, =PP, =C,C, (%)

0y

is given to the mobile system.

The point Py will arrive in P, and the
point Cy in C,. Through the point P, goes a

parallel line to O,y,, which will intersect the
axis Oz, at the point O;. It is noted that the

displacement O’O} is:
00} =d, =a,tga (6)

Therefore, the method has the advantage
that movement of the mobile system {S'} is
done in one direction (from left to right) on the
axis O}y, , and the rotation aret automatically

obtained. The transducer from P,, after the
rotation with angle a of the system {S{}
reaches Ps, and to return on O,z; axis direction,

the system {S’} will translate in the negative

sense of the axis O’y; with the value(a-

ajcosa ), and point P; becomes P4 . Transducer
arrived in P4 will measure a distance:

d>d, (7)

To correct, the system {S’} will move

along the axis O}z, with the distance:
dz=d—d, )

1.4. The displacement of mobile system

To follow the path (now known) at the
distance dy the next method will be used (fig.
1.10):

-A displacement is given to the mobile system
{S:'}:

a<a, —a, )

If equality, the transducer from point P reach
point P;.

-Is given to the mobile system {S,"} a rotation
with angle a. Transducer from P, measures the
distance d.

About the rotation with the angle a it
has to be considered the following:

-The transducer from B which initially
was measuring the distance ag;-a; and it was
fixed in Otl, will measure, after the rotation
with angle a, the next distance:

d,=-—2 2 (10)
ca

This rotation is necessary, which is also
the rotation of the transducer from point P,, to
measure the distance P,P,”.

Two translations of the system are
possible now:

a) One of the negative translation is
made along the axis O;z; having the
value dz; the transducer B reach C.
Then a negative translation along
the axis B'y’ with
(aj-ajcos), or

b) One of the negative translation is
made along the axis By; having the

a value

value (aj-ajcosa ),;. Then a negative
translation along the axis O’z with



a value dz; the transducer B reach
B’, and

¢) The other translation is along axis
O/B = Bz, that is equal with:
dz _ O'B (11)
co

The proximity transducer from O’ =B

will measure a distance B’D equal with:

(12)

-t

d, =dz-tgo + v

ca

Moving then point O] with a distance

dz, becomes O?; Through O’ goes a parallel
line to the axis O,y;, and P, point becomes P, .

The movement of the end-effector will be on
the O)z] axis at the distance dy to the

trajectory.
In conclusion, the order of operations
for correction is: a translation along the axis

0ly?, followed by a rotation of angle o
around the point B=0; =0and continued

with a translation along the axis O’B or O/B.

This itinerary will be shown in the
following figures, the transducers being colored
in red
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Fig.1.12. Position of mobile system (2)
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Fig.1.13. Position of mobile system (3)
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Fig.1.11. Position of mobile system (1) ar+vt=ao

Fig.1.14. Position of mobile system (4)
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Fig.1.17. Position of mobile system (7)
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Fig.1.18. Position of mobile system (8)
Fig.1.15. Position of mobile system (5)
2.THE MATRIX FORM OF FOLLOWING
THE TRACK
z4| i
& For the horizontal section of the track a
e e _ .. translation of the mobile system {S;"}
z WoE e 48 corresponds  from position  {S’}  which
! = A G AT coincides with the immobile system {So} to
R G position {S;'}. The proximity transducer from
v . . .
K B will measure the distance y,. When this
= ;"‘" distance will be equal with:
o - | Y =a, —a,=V-t (13)
— ” il then the transducer from P arrives in P,. The
{'}E 15
r avt s % movement speed is constant in its value,
aprvt=a, : resulting:
(=20 "% 14
Fig.1.16. Position of mobile system (6) - v (14)
The corresponding matrix of the
displacement of the system {S"} towards the
system {S;} is:
4| z!
s 1 00 0
Az
- — a, Ea,{\ 3 [Mto] 0 1 O Vt 15
\\E NSRS \P oo 10 (>
T T 000 I
AT wt A /
~l - / }
2 Towards the system {So} the
' " i, ) corresponding matrix is:
D d, d, -
O, =
a,+vt e Oy %
ax+vi=ag =




1 0 0 0
Mopo|0 L0 v
1= 16)
1o 0 1 d, (
0 0 0 1|

From position {S;'} is given to the
system a translation d; according with relation
(5) and the system arrives to (S} position The
corresponding matrix of this displacement is:

1 0 0 O
I R (17)
o 0 1 —d,
0 0 0 1

Towards the immobile system {Sy} the
position of system {S:*} is given by matrix:

1 00 O
o o 0 0 0
M, ]= M .=
' 0 0 1 —d,
000 1
(18)
1 00 1 00
0 1 0 a; —a,||0 1 0 a, —a,
0 01 d, 0 01 d,-d,
0 0 0 1 0 0 0 1

From position {SZ}, a rotation with
angle a is given to the system so it can reach
the position {S:}. The matrix which positions
the system {S;’} towards the immobile system
{So} is:

1 00 0
> 01 0 a,—a
M03:M02 t3: O, 2'
M=M= | o
000 1
(19)
1 0 0 0 (1 0 O 0
0 co —soo 0| |0 co —sa a, —a,
10 s co 0] |0 sa co d, —d,
0 0 0 1]1[0 0 O 1
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In this position the transducer from P2
will measure the distance d and to correct the
system {S¢’} will make a translation along the

axis O’z which is equal with:

(d-d,)ca (20)
reaching the position {S;*}.

The position of the system {S:}
towards the system {S,} is given by the matrix:

1 0 O 0

5. |0 ca —sa a, —a,

M04 = 3 t4 = -
(M ]=IM, M, ] 0 so co d,—d,
0 0 0 1
1 00 0
010 0
. d—d, | = @D
001 -
coL
0 00 1
10 0 0 1
0 ca —sa scxd_d0 +a, —a,
_ col
0 sa ca —cad_d +d,—d
coL
0 0 O 1 |

3. CONCLUSIONS

Using a method of straight lines parallel
it was determined the shape of the trajectory, as
well as the positioning of the end-effector,
fitted with the proximity transducers, so that its
distance from the travelled trajectory to be dy
(known).

4. REFERENCES

1. Dragulescu, D. Robot Dynamics, E.D.P. R.A,
Bucuresti, 1997.

2. lIspas, V., Manipulators and industrial
robots, E.D.P., Bucuresti, 2004.



774

3. Kovacs, F., Radulescu, C. Industrial robots,

W

~

*®

Multiplication Centre of The Technical
University, Timigoara, 1992.

. Kovacs, F. About accuracy and positioning-

orienting incertitude of the industrial
robots programmed by training,
MERO’91, vol. I, Bucuresti, 1991.

. Negrean, 1. s.a. The influence of Denavit-

Hartenberg Type Parameters Upon Robot
Kinematic Accuracy, The second ECDP
International Conference on Advanced
Robotics, Vienna, September, 1996.

Paul, R.P., Robot  Manipulators,
Mathematics, Programming and Control,
MIT Press, Cambridge, 1981.

. Popescu, P, a.o. Robot and Manipulators

Mechanics, vol.
1994-1995.
Popescu, P., Popescu, R. Contributions
regarding the Orientation and Positioning
Accuracy of a Robot Mechanical Structure,
4-th International Workshop on Robotics in
Alpe-Adria Region, R.A.A., 1995, Austria.

1-5, E.D.P., Bucuresti,

9. Popescu, P., Trif, A., Haiduc, N. Contributii

10.

11.

12.

privind modulul de micromiscare al unui
robot industrial, partea I, Constructia de
masini, Bucuresti,2004.

Popescu, P., Trif, A. Contributii privind
modulul de micromiscare al unui robot
industrial — partea a Il-a, Constructia de
masini, Bucuresti, 2004.

Trif, A., Popescu, P., Haiduc, N., 4 few
studies about positioning accuracy, effect
of generalized coordinates errors at a
robot with four degree of freedom, Acta
Tehnica Napocensis, No. 51, Vol.l,
Technical University of Cluj-Napoca,
2008.

Trif,A., Contributions about accuracy of
industrial robots, Phd Thesis, Technical
University of Cluj-Napoca, 2011.

13. Trif,A., Methods of tracking and correcting

the trajectories using the proximity
transducers (part 1) ,Acta Tehnica
Napocensis, Technical University of Cluj-
Napoca, 2012.

Metode de urmarire si corectare s traiectoriilor cu ajutourl traductoarilor de proximitate (partea Il-a)

Rezumat: in aceastd lucrare este studiati problema corectirii unei traiectorii (necunoscutd) situata in planul yOz, la o
distanta data dy. In drumul parcurs, dispozitivul de prehensiune, dotat cu traductori de proximitate, trebuie sa rezolve
doua probleme:

- identificarea formei traiectoriei;

- pozitionarea dispozitivului de prehensiune astfel incat distanta fatd de traiectoria parcursa sa fie d,
(cunoscuta).
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