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Abstract—This paper proposes a new approach, Multi-Preview
Control, to achieve an on-line control of trajectory tracking
and obstacle avoidance for redundant manipulators, whose
control strategy positions between on-line local method and off-
line global method (path planning). In the trajectory tracking
process, manipulator is required to keep a configuration with
maximal avoidance manipulability in real-time. Multi-preview
uses several future optimal configurations to control current
configuration to complete task of trajectory tracking and obstacle

avoidance on-line with highest avoidance manipulability and ' «———— Configuration Control |
reachability. We verify the validity of multi-preview control
through simulations and evaluate its effectiveness by comparing Fig. 1. Processing system for unknown object

it with single-preview and path planning.

I. INTRODUCTION to be flexible as much as possible even in a situation of limited

Over past two decades, redundant manipulators are ugggprmation about surroundings. Such methodology is named
for various kinds of tasks, for example, welding, sealing anas Local Method [3],[4], and this adaptivity requires that the
contact tasks. These kinds of tasks require the manipulaystem be tolerable for the changing conditions and possess
to plan its hand onto a desired trajectory and avoid it&eal-time measurement ability. Local method can deal with
intermediate links, meaning all comprising links of robotmoving obstacles in an unstructured workspace. However, to
except the top link with end-effector, from obstacles existingerform the tasks on-line by local method, the information
near the target object and also the target object itself. of the environment is naturally restricted in local informa-

There are many researches on the motion of redunddiin by limited recognition time, this means local methods
manipu|ators discussing how to use the redundancies. Th‘é‘nerit inadequate information about environment, remaining
proposed solutions to this problem can be broadly categoriz8te possibility that the arm of the redundant manipulator may
into two classes: Global and Local Methods. Global Methodge trapped in an undesired situation. Moreover, note that most
[1],[2] solve the collision avoidance problem by an emiré:onfiguration tracking methods are based on local method
path planning. In [2], Ahuactzin and Gupta have propose@dssuming that a feasible solution exists.
an approach to find a feasible path corresponding to a desiredOur research also pursues adaptive system using local
position and orientation of end-effector from a given initiaimethod. The feature of our system is shown in Fig.1 where
configuration of the robot. Such a global method’s computdahe camera scene area means symbolically the restricted in-
tional cost is expensive, and usually increases exponentiaflyrmation of the environment, and it contains future trajectory
along with the number of manipulator's joints. Moreoverjnformation even though restricted near future. In Fig.1, the
it is obvious that the entire path planning is only suitedamera and the manipulator's hand are supposed to move
for structured and static environments and is inapplicable &ynchronously because achieving on-line operation depends
dynamic environments with moving obstacles. Consideringn the real-time information of unknown target object ob-
these limitations, global method has been utilized only as aained by this moving camera covering restricted area. When
off-line path planning tool in the high level of manipulatorsthe camera detects an obstacle appearing suddenly in the
control hierarchy. On the other hand, to achieve an abilitgcene, the configuration of manipulator is required to change
adaptive to dynamic environments, a system must make effoitsmediately so that it can avoid this obstacle. Therefore, in
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the whole on-line trajectory tracking process, always keepthat one position of the manipulator’s hand corresponds to a
ing the avoidance manipulability (shape-changeability) [5] o$ub-space in joint configuration space (redundancy solutions).
whole manipulator high is very necessary to prepare abruphe trajectory tracking problem in our research includes two
appearance of obstacles.

The avoidance matrix (M, which is very important to

. . . Y
analyze avoidance manipulability as a measure to evaluate P—
the shape-changeability, had initially been defined and used orking Object
for controling the redundant manipulator’s configuration based B, ¢ b
on prioritized multiple tasks [6]. However, the proposed A/g<\? E F
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main sub-probleds: AReszhelbifityinsiebteviewhow to connect
in all time all optimal solutions to a goal configuration)
and On-line optimization problem (how to select the optimal
solution among many solutions in each varying time). Fig.2
describes the overview of preview control, where the times
defined bytg, t1, to, t3 andt, respectively. And “eo” indicates
several local optimal configurations at each future time whose
Fig. 2. Overview of local method, preview control and path planning aya|uyation values are p|US and are denotedgpy, S1ps Ste
controller can not decouple the interacting motions of multipl€S1, < Siy < Sic) att = t1, and Saq, Sap, Sac (S20 <
tasks even though the redundant degree be much higher thfap < S3.) att = t2, and Ss,, Ssp, S3c (S3a < S3p < S3c)
the required motion degree of the multiple tasks, which iatt = t3 and Sy, Sic (Saip < Sic) att = t4. The valueS
thought to stem from the incompleted definition of Jacobiarvaluates superiority of the configuration and safty concerning
matrix concerning the motion of what number of links thecollision with the working object, and < 0 means collison.
matrix describes. Comparing our definition of Jacobian matrixhe manipulator stays at initial configuration when time
with [6], the detailed difference and explanation are shown it = t,. If we use local method, we almost can not know
sections Il and V. the future information, so control of the current manipulator’s
Depending on avoidance matrix, we present a concept obnfiguration will be blind without any reference. If we
the avoidance manipulability ellipsoid as an index evaluatingse single-preview depending on only one future optimal
avoidance manipulability of the manipulator bW ;. Then, configuration at one future time, then the configuration will
combining with 1-step Genetic Algorithm [7] consideringbe controlled toS;. at timet = t;, to Sy, at timet = ¢,
potential spaces [8] around the measured target object, tard to Ss. at timet = ¢3. Shall we provide that the value
real-time optimal configurations of the manipulator at futuref S4, has negative value represented by “o” meaning future
times can be evaluated at current time. Finally, by multipossible configuration fron§s. can not avoide collision with
preview control for solving reachability problem, these futuresurroundings or target object. The configuration of redundant
optimal configurations of imaginary manipulators can b&nanipulator corresponding ;. at timet = t5 is trapped in
used to control current actual manipulator to achieve on-lifgardship because the future information at only one future
trajectory tracking and obstacle avoidance satisfying reach@ne is very local. The real-time motion will have to be
bility based on high avoidance manipulability. By comparingtopped at tiemt = t¢3 for safety. However, if we expand
simulation results from single-preview control used in outhe future information by selecting three future optimal con-
previous research with path planning in off-line condition andigurations at three future times, which is multi-preview. The
multi-preview control, we exhibit that multi-preview control configuration will be controlled t&,. at timet = ¢; by the
improves single-preview control by obtaining more informafuture optimal reachable sequencgs— S2.—Ss. estimated
tion in the future, meanwhile multi-preview realizes the onfrom S;;(i = 1,2, 3;j = a, b, ¢), where the other possible se-
line control. Being gifted with both merits of Local Method quencesS;,— S2q— 534, S16—S2p—S3, and.S1.— Sap— Ssp
(on-line control) and Global Method (global accuracy) is thare inferior selection. Then, the possible future sequences
most meaningful point of multi-preview control. from Sy., Sap—S3,—S4. and Sy.—S53.—S4, are evaluated,
from which multi-preview controller can judge and exclude
Il. OVERVIEW OF PREVIEW CONTROL the collision configuratiorby,, then it will choose the future
Our research is to use inverse kinematic knowledge in thaptimal reachable sequencés,—Ss,—Ss.. By repeating
velocity relation to solve a classical on-line trajectory trackinguch evaluation of future configuration sequences and possible
problem of redundant manipulators. The redundancy indicatesute changing, multi-preview control system will possibly
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Fig. 4. Obstacle avoidance of intermediate links Fig. 5. Avoidance manipulability ellipsoids

avoide dangerous sequences connecting to clashing in the given from an avoidance control system of higher level.
future and can widen out the reachable possibility from currefite relation of'+,;; and+,, is denoted as (3) by substituting
configuration to goal configuration. In addition, if we hope(2) into '7y4; = J,q,,.
for complete collision avoidance, global exploration in whole . .
configuraiton space corresponding to the whole trajectory is V= Jid a4 Ti(Ln = T Jn) ®)
inevitable, which is just suitable for off-line control system. Here, we define two variables shown as

Fig.3 is used to explain the importance of preview con- A

e . 1. 21, 7+

trol. When the hand reaches the positi®a, two kinds of Argi="1q; — JiJ ) Tna (4)
the manipulator's configurations denoted B and P;*,
representing symbolically infinite choice of configurations,
both can avoid collision. However, when the hand reaches 1M1§Ji(1n —J T, 5)
the position By, only the configuration of* in the two
configurations denoted by, and P,* can avoid collision.
If the manipulator’'s configuration is selected Bs at hand
point By, the angular velocities of joints will be high values to
change its configuration lik€* near the corneB. This poses Algy = MM (6)
a possibility that the manipulator crashes to corfewhen
the required high angular velocity is over maximum velocity! he relation betweehr;; andA'r4; is shown in Fig.4. From
of the joint. Therefore, the manipulator’s configuration must6), we can obtairtl shown as
be prepared to the configuratiah,* that is similar future
configurationP;*. This requires that the current manipulator's 17 1 + a1 1as+ 1 2
configuration should be ((]jetermined in a consideratFiJon of fu- b="Mi Atai+ (In = M7 M) )
ture possible configuration or be determined by several futufessuming that'l is restricted ag|'l|| < 1, then the extent
possible configurations, which is so-call preview control. whereA's;; can move is denoted as

In (4), Alry; is called by “the first avoidance velocity”. In (5),
LM ; is amxn matrix called by “the first avoidance matrix”.
Then, Als,4 can be rewritten as

[1l. AVOIDANCE MANIPULABILITY Alpg M 'MF Ay < 1 (8)

Here we assume that the desired trajectory,;Jrand the
desired velocity of the manipulator's hand,(;) are given as

. ) If E(*M,;) = m, (8) represents that\'+,; can be
primary task. Then, we can obtain rank( ) m, (8) rep "d

described by an ellipsoid expandedrindimension space and
Pnd = Jnd,, (1) the vectorvA's4cR™ exists in the space expanded by the
first avoidance matriX M, as

Al ="M MF Ay, AlrgeR(PM;) 9)

From (1), we can obtain

which indicates thatA'+,; can be arbitrarily realized in
. . . . . o m-dimension space and (6) always guarrantees the solution
is pseudo-inverse o, I, is nxn unit matrix, and'l is 1, corresponding to7Al74,€R™. In this way, the ellipsoid

an arbitrary vector sati.sfyingll.e R". The left superscript represented by (8) is named “the first complete avoidance
“1"of 'l means the first avoidance sub-task executed tm

. nipulability ellipsoid”, which is denoted P;.
using redundant DoF. If the rest DoF can execute the second’j‘ P y €1p by

. . N If rank(*M;) = p < m, VA'r4,€R™ does not satisfy
- o 2 2 ’ 7
sub ta;k bes_ld.e_s the first sub-task, we def_lne“|t”byThe (9). The another first avoidance velocity'r,, that is, the
following definitions about the left superscript “1”are also

. . - . “'orthogonal projection of\'+4; onto R(1 M),
In this research, we define this first avoidance sub-task (first g prol ¢ ( )

demanded avoidance velocity) By ,;, which is assumed to Al =M M ARy, AlvheR(PFMG) (10)

In (2), J,, is Jacobian matrix differentiated,, by q,,, J,

1105



canbe partially executed. Further, we can obtain The forms of (16) and (6) are similar. Therefore, the analysis
» » method of the second avoidance manipulability ellipsait

Alig " ("M)TIMT AN <1 (11) G = 1,---,n — 1;{j#i}) and the first avoidanczH?ha-
In (11), A+, can be described by an ellipsoid expandealipulability ellipsoid ' P; are also similar. In other_ words,
in p-dimension space. This ellipsoid is named “the firstvhether the second avoidcance task can be realized or not
partial avoidance manipulability ellipsoid”, which is denotedl€Pends on the rank value of secgnd avoidance maivi;
by P P,. Becausep < m, the partial avoidance manipula-U = 1,-+»7n — L {j#i}). If rank(*M;) > 0, the second
bility ellipsoid can be thought as a segment of the complefé/oidcance task can be realized. Similarly, we can judge
avoidance manipulability ellipsoid. wheth_er the _thlrd av0|dc_ance task can be realized or not by

Taking a 4-link redundant manipulator (= 4) in 2- the third avoidance matriXM; as

dimension space (m= 2) for example shown in Fig.5, the 4
origin of the working coordinate systel, is fixed at the root
of the first link. The joint anglesy; (i = 1,2, 3,4 and unit is
[rad]), are denoted along each rotational axis as anticlockwise (k=1,---,n—1; {k#i}n{k#j}) (17)
direction is positive. All length of links is defined By= 0.25
(i = 1,2,3,4 and unit is[m]). When the manipulator’s hand According to above analysis fdrM;, M ; and M, by
position is fixed atryy = (0.6,0.3), the joint angles are the similar method, the execution possibility of the fourth or
confirmed asg; = 1.396, ¢ = —0.524, g3 = —0.631 and more avoidance tasks can be judged.
qs = —1.153 respectively. In this given configuration,The Here, we use an 7-link manipulator in 2-dimension space as
avoidance manipulability ellipsoids corresponding to the firsdn example to analyse the avoidance manipulability ellipsoid
and the third links (" P, and ¥ P;) are denoted by two when the manipulator deals with plural avoidance tasks.
lines, which can be thought as segment of ellipsoid arek&ig.6(a) shows the first avoidance manipulability ellipsoids as

(

My 2 Jp (I, — T T (I, — "M M)(I, - 2M > M)

The avoidance manipulability ellipsoid corresponding to théP; (i = 1,---,6). When the arbitrary first avoidance task (the
second link {€P,) is denoted by a whole ellipsoid area infirst demanded avoidance velocity ;3) is given to the third

2-dimensional space. link, there exists the corresponding first avoidance velocity
(A'743) in 2-dimension space becausenk(!Mj) = 2.

IV. PLURAL AVOIDANCE TASKS AND AVOIDANCE After 7,5 is realized, the second avoidance manipulability
MANIPULABILITY ELLIPSOID ellipsoids are shown in Fig.6(b) &; (j = 1,2,4,5,6). By
In section 111, we defined the first avoidance manipulabilitcomparing! P; with 2P;, we can find that” P, and 27 Ps
ellipsoid 'P; (i = 1,---,n — 1). However, in fact these are shorter than” P, and ¥ P;. Moreover,?” P, and 2P P,

intermediate links (except the end-effector of manipulator) capecome the partial avoidance manipulability ellipsoids repre-
not realize their own avoidance velocities simultaneously. Bented by two vertical lines of the third and the fourth links
the first avoidance task, that is, the first avoidance velocityespectively. The reason is that the givens; has the effect of
Alrg; or Al7Y. has been realized at the certaith links.  making the tips of the second and fourth links just move along
Next, we will consider the possibility to execute the secondlgne direction around the tip of the third link? Ps is still the
demanded velocity except theth link. Substituting (7) into complete avoidance manipulability ellipsoid, however the size
(2), we can obtain of 2¢ P5 is smaller than'® P; because the singular values of
) ) o It Al 2M 5 are smaller that the ones bM 5. When we consider the
@ = Jutnat In =5 Jn) M7 AT second avoidance manipulability ellipsoidsnk(2M ;) = 1
(I = T Tn)I ="M M)?L (12)  (j = 1,2,4,6) and rank(2M5) = 2, which indicates that
only the tip of the fifth link can arbitrarily realize the second
avoidance velocity in 2-dimension space, the tips of the other

273(1]. = JjJ tpa+Ji(I, — JIT) M Ay links can realize the second velocity along one direction.

+J (I, = JFT) (I, — "M M) (13)

Substituting (12) intd*r4; = J;q,,, we can obtain

V. OBSTACLE AVOIDANCE STRATEGY
By defining A%74; and?M ; as

A. AMSI
. A . .
A%tgp = Pig— JjJ P Here, avoidance manipulability shape index (AMSI) ex-
—J;(I, - TSI )M Ay (14) pressed by avoidance manipulability ellipsoid is defined. The
volume of avoidance manipulability ellipsoid @fth link is
and given as
2MET (I, — TFT,) (I, — "M M;) (15)
then, we can obtain Wi = em - tw; (18)

APy =2 M ;21 (16) where,c,, and'w; are defined as
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In (20), oy, 'oie,---, loim are the singular values of (a) 3-D AMSIP distribution (b) Manipulator's optimal con-
LM ;. When the value of 'V} is the highest, the avoidance figuration

manipulability ofi-th link is the best. Then, AMSI (Avoidance g g 3-p AMSIP distribution and manipulator's optimal configu-
Manipulability Shape Index) denoting avoidance manipulabilration based on AMSIP

ity of whole manipulator is defined as q4 are determined depending on the hand position ance

n—1 and ¢ are confirmed. Comparing Fig.7(a) with Fig.8(a), the
'E=)"Wa (21)  obvious difference can be found that the shapesPefk*
i=1 of 1S are smaller and thiner than the shapesRafak of

In (21), if m = 2, 'V4, 'V,,_; denote the lengthVs 5 .. (,_2) LE. However, from Fig.7(b) and Fig.8(b), which denote the

denote area. Andi, = a,_;1 = 1[m~1], 93 (n2) = manipulator’s optimgl configuratioqs correspondingPen k1 _
1[m~2]. 'E denotes a number without unit. and Peak1” respectively, we can find that AMSIP can avoid

collision with higher avoidance manipulability. Therefore, we
B. AMSIP v at AMSIP is more effective than AMSI.

By using AMSI, although avoidance ability of whole ma-
nipulator is the highest, the manipulator will possibly collide VI. MULTI-PREVIEW CONTROL
with the obstacle because it does not consider the distanBe Reachability
between the manipulator and the obstacle. Therefore, we
construct the potential spaces along the object’s shape detecterhildeg
by camera. This improved index considering collision by Peakg"
constructing the potential spaces is AMSIP, which is defined ¥
as

IS='F+U (22) .
Peakl’ V%, . Lt
where,U < 0 denotes total potential value. ThereforéS asldeg]
will come down by U and the possibility of the collision
will increase once the manipulator moves into potential spaces Fig.9. 3-D 'S distribution in whole tracking process
(detailed explanation of potential spaces is shown in [8]).  In previous research, we did not concern a key question,
that is, reachability. Indeed due to moving obstacles in the
C. Analyses of AMSI and AMSIP environment, there may exist an optimal configuration in

When the manipulator's hand moves to positiéh in  future time, but there may not be reachable from the current
Fig.7(b), the distribution of AMSI about; andgs is shown in  configuration. We assume that the whole tracking process will
Fig.7(a), and the distribution of AMSIP is shown in Fig.8(a)be finished within 50[s]. We can detect the 3-D AMSIB
whereg; andg, are joint angles of link1 and link2 respectively distributions at ten different given times in whole tracking
and they constitute redundancy space of joint anglesand process shown in Fig.9. From Fig.9, we can clearly find that
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Fig. 10. Multi-preview control system

there are four peaks of'S whent = 0[s], t = 5[s] and timest;* =t + it (i = 1,2,---,p, p is finite andp>2) to

t = 10[s] denoted bypeakl*, peak2*, peak3* and peak4*  control the current joint anglg(¢) of actual manipulator to
respectively. Howeverpeak4* disappears fromt = 15[s] make g(t) not only close the future optimal configurations
to end, which indicates the optimal configuration aroundvithout collision but also keep high reachability. For example,
peak4d™ will become dangerous configuration aftés] when whenp = 3, it means that we adopt three future optimal
manipulator’s hand tracks the trajectory. configurations at three different future times- ¢, ¢ + 2¢ and
t+3t to control current configuration. Therefore, variablg)

B. Multi-Preview Control System : . : . :
) ) ) o ~in multi-preview control system is defined as
Multi-preview control system depicted in Fig.10 consists

of a real-time measurement block, a path planning block, a o(t) = K, [Xp: ki@ (t) — q(t)] (25)
redundancy control block and a redundant manipulator. On e A

the assumption that current time is represented,@nd the » ey . .
future times are defined &$ = ¢+it wheret denotes preview Ir]l (2f5)t, Zi:ltl_%qdl(ti ) fyndlczz_tes the synthe';:f[:al e\;fz_sllgat![on
time andi = 1,2,---,p, p denotes the number of future ©' P Tuture optimai configura lonsy; are weight coefficients

times. Firstly, the measurement block can detect desirabsfgt'.Sfylngo < ki <1 -and .Zf%l ki = 1. We can sel_ect
hand positionsr;(¢;) on the surface of the target object atarbltrary value Of. preview time and number of preview
future timest;. Then, the potential spaces detected by camef? ntr.o.I p and weight 'coeff|C|e'ntk:i "’.‘CCO“?'”Q 'to d|ffere.n t
are created around the target object at the planning bIoEQnd'tlonS'_By comparing mult_l-pre_wew with single-preview,
automatically. Next, the planning block outputs desired join?s_ shown in F|g.2, multl-prewew_ IS also local me_th_od _and
anglesq,(t?) corresponding to future time satisfying non- smtqble for on-lme control. .But it improves the I|m|tat|o!1
collision found by 1-Step GA. Here, we make an assumptio?l]c smgle—prewew_ by.more _|nformat|on. of future _d.ynamlc
that g,(t7) are “imaginary manipulators”ang also denotes envwonment_s, which IS possmlg tp r_eghze rea_chablllty.

the number of imaginary manipulators. At last, when desireg However, in the condition thatis infinite, that isp = +oo.

velocity 74(t) is given, the control block outputs desired jointt_S shfown ": Ftlg.2,_tt_he ?" cor:espo_tr_ldlng ?ﬁt"gal _cogftlgqra-
angular velocityg (1) as ions from start position to goal position in the desired trajec-

tory, connecting which will constitute an optimal configuration

q.t) = I (@)7ra(t) + (I, — It (q)J(q))v(t) (23) path planning, have been found before working. Therefore,
this system will become off-line path planning rather than
on-line preview. In section VII, we will compare and analyse

their difference by simulations.

In (23), v(t) is an arbitrary vector, which is used for making
current joint angleg(t) of actual manipulator close to future
joint angles of imaginary manipulatog;(¢;) without colli-
sion, so its definitions are very key and varied. VII. SIMULATION

In the case of single-preview control system, we just use Tpe trajectory consists of five parts, showns B, B—C,
one future optimal confi~guration of imaginary manipulator af; D, D — E and E — F respectively. The coordinate of
one future time/j = ¢+ (i = 1) to control the current joint 4 s fixed at position of(10cm, 140cm), the each length of
anglegq(¢) of actual manipulator, then(t) is defined as trajectory is defined aéy_ 5 = lg_c = lo-p = lp_p =

v(t) = K,[q,(t) — q(t)] (24) le-r = 75[cm] and the length of each link is defined as

) . o , 1y =1y =13 =14 = 100[cm]. The whole simulation time is
In (24), K, is a positive definite diagonal matrix representinge¢ by50][s]

gains, that isK,, = diaglky1, ke, - - -, kun]- Substituting (24) ) ) _ )

into (23) constitutes the whole single-preview control systenf\- Simulation of Single-Preview Control

Obviously, single-preview is typical local method, the future Firstly, we use single-preview control to do some simula-

information from which is too local to finish reachability tions and the single-preview tintds set by10[s]. 1 S of actual

although it is suitable for on-line control. manipulator at ten different given times in whole tracking
In the case of multi-preview control system, we use severgltocess denoted by red points and configurations correspond-

optimal configurations of imaginary manipulators at futuréng to 'S at these ten times are shown in Fig.11, where the
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red line connecting these red points denotes the trajectoB. Simulation of Path Planning

changings of!S of actural manipulator in whole tracking

Simulation result in the condition that = +oo is shown

process. From Fig.11, we can find that actual manipulatg Fig.12,1S of actual manipulator are at peaks in edch
almost can achieve on-line trajectory tracking except for thgistribution in whole process, which indicate the maximum
collision with working object whert = 30[s] because the 1g and their corresponding configurations are also optimal.
future information is very local. Collision position is describedgyt this path planning is just suitable for off-line control.

as “a” and correspondingS is negative described as “b” in
Fig.11.

‘Working Object ‘Working Object Working Object

{_/Initial configuration Collision|

A (a,=60ldeg],q,=240[deg))

aoldeg] * Actual manipulator’s configuration (On-line)

C. Simulation of Multi-Preview Control

Here, we adopt three-preview control to do the same
simulations, three future times are defined %y = t + ¢,
ty* =t + 2t andtz* = t + 3t respectively (heref = 5[s]).
Then, we defing:; = 0.3, k2 = 0.65 and k3 = 0.05 (hotice
that weight coefficientsk; has been presented in (25)). In
this way, we use these three future optimal configurations
of imaginary manipulators, that 83q,(t7) + 0.65q,(t5) +
0.05g,4(t3) from (25), to control current configuration of
actual manipulator. The simulation result is shown in Fig.13.
From Fig.13, we can find that collision occurred 3i[s]
by using single-preview control has been avoided by using
three-preview control and actual manipulator can achieve on-
line trajectory tracking without collision meanwhile keeping

Fig.11. Actual manipulator’s configurations in whole tracking process baseralgher avoidance manipulability.

on single-preview control

Working Object.

Working Object, Working Object

alfeg] !

yldeg] * Actual manipulator’s configuration (Off-line)

Fig.12. Actual manipulator’s configurations in whole tracking process based

on path planning

Working Object.

‘Working Object

‘Working Object

Y Initial configuration

4§ (¢,=60[deg],,=2401deg)) | 12

yldeg] * Actual manipulator"s configuration (On-line)

Fig. 13. Actual manipulator’s configurations in whole tracking process based

on multi-preview control

VIIl. CONCLUSION

This paper proposes a new approach using multi-preview
control system to solve a on-line trajectory tracking and obsta-
cle avoidance problem for redundant manipulator. We verify
the validity of multi-preview control through simulations of
comparing it with single-preview control and path planning.
We can think that multi-preview control is gifted with both
merits of single-preview control and path planning.
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