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Abstract. This paper reflects the state
of devel opment of multilevel control

al gorithns for a six-legged nobile robot.
The robot has a perceptive ability and
can neasure distances up to points in
the terrainrelief to be overcome. The
neasurenent process is coordinated with
the robot's notion. DC sinulationresults
and the analysis of the robot's noving

I nage on the di splay screen nake i t
possible to check the algorithms and to
search ways for their inprovenent.
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I. Introduction. The mobile robot (Fig.I)
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Fig. 1. Mobite vobot .
is intended for roving over an unknown
and rather conplicated world for delive-
ringloadsor collectinginfornmation.
The gui dance and cont ol systens of such
robots shoul d have sone operational no
des of different degrees of autonony .

The autonomous functioning of the
robot requires developnent of algorithns
providing both the robot's perception of
the environment and the robot's notion
designing ability* Sone results on such
problems for a robot's notion over pris-
matic terrain were given in papere e
The motion in a 3Dworld of a rather ge-
neral type, whichis treated
paper, requiredthe devel opnent of nore
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powerful algorithms for notion design
and i nformati on back-up to ensure the
robot's operation in a nore sophisticated
world. The investigations at the Insti-
tute of Applied Mithenatics cover two
problens for a six-legged nobile robot:
the problem of synthesizing the control

al gorithns and the problem of testing the
al gorithms by neans of OC simulation.

For this purpose a display system con-
taining tw DOCs was devel oped

2. Information problens are conplicated
by the necessity to arrange the robot's
perceptionability using for data proces-
singa ICwithrestricted nenory and
speed capacity. It is assuned t hat the
robot has a neasurenent systemto estina-
te distances up to terrain relief (Fig.l).
Like in the case of the prismatic world ,
special algorithms were developed to
filter the neasurenent data and to redu-
ce the information flow. These al gorithms
nake i t possible toreject information
which nay be considered as negligible
when naki ng a deci si on about the robots
not i on.

The next phase of data processing
gives the information for estimating the
feasibility to place the leg tips on the
support surface and to nove the rouot'Db
body over i t . The obstacl es which coul d
be overcone when wal ki ng al ong the pres-
cribed route should be transmtted toge-
ther with the standpoint and route data
to the motion design system If the ter-
rai n appears to be easy enough for wal -
king, inthiscaseitissufficient to
transmt to the notion design system only
the information on the standpoints and
their close confinenent.

Thus we observe two stages. The
first stage involves prelimnary oata
processing and filtering necessary for




the terrain data base. The second stage
covers terrain analysis which reveal es
the convenient places for the legs. The
data base is replenished with the analy-
sis results. The analysis is carried out
by joint efforts of the route selecting
and i nformation systens. Their bl ock-
diagrams are shown in Fig, 2.
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3. Mtion design problens. The task is to
ensure stable notion of the wal ker al ong
the chosen route in a rather conplicated
relief. The notion design problens for a
rline route were considered i n papers™®
They dealt with gait selection, stepping
schedul e and body notion. Inthe case of
novenent ina 3Dworldit i s necessaryto
nake the nost efficient use of all six
degrees of freedomof the body and of

ei ghteen degrees of freedom of the |egs.
Wen t he wal ker noves i n a changabl e di -
rection it i s necessary to nake a choice
of standpoints in such a way so as to
provide a margin of freedomf or body no-
tion. Inorder to solve this problemthe
nethod of gait description proposed by
MacGree was generalized to involve the
case of irregular gait alongthearbitra-
ry route. An algorithmwas developed to
find the sequence of the support poligons
wi t h n@xi numexi stence tine. The existen-
ce time is the mninumof two tinmes, the
first being the tinme when the feet can
stand on the tops of the support poligon,

the second being the tinme of the vehicle's

static stability while using the poligon.
A special gait whichis free of

prelimnary agreement on the order of
functioning the legs and on the order of
using the standpoint sequence, appeared
to be very efficient and adequate f or
stable walking indifficult situations.
Such "free" gait i s governed by a set of
rules on the calculationof the "up" t i -
nes for egs. Priority should be given
tothe leg for which the rest of possible
support tineis mninum Mre detail ed
consigerat ionof "free" gait isgivenin
paper ~.

The vehicl e body rotation (inpitch
and roll) nay be unavoi dable when the
| evel differences for chosen standpoints
appear ratherrffid conparable with the
leg length. Inthis case it i s necessary
tocalculatethe corridor of possible
body positions. | f the vehicle body noves
inside the corridor, the body will have
no collisions with the terrain; the stand-
points and timng for the legs can be
chosen so as to ensure safe notion of
the legs. Sone problens of |inear and
nonlinear programmng were solved to syn-
thesizealgorithns for cal cul atingthe
corridor and the optimal body motion
inside it.

The fol l ow ng | ogics was adopted to
simplify the walker's notion design pro-
cedure:

1. If the route selecting systemplans
the route using the rough nodel of notion
design systemand the regular rules of
body notion design, it is possible to
use a simplified nethod of notion design.
2. |If the previous approach cannot be
applied while at the sane tine the fea-
sibility of further vehicle notion can-
not be rejected with certainty (due to

t he roughness of the nodel), the notion
design systemhas to nake a nore detai -

| ed analysis for finding a solution. It
nay cause decel eration or even stoppage
of the wal ker due tothe [imtations in
DC capacity.

Thus we can see that the functioning
of the notion design systemis based on



the data received fromthe information

the domain of the tol erable values, it

and route selecting systems. The rough nodels appeared to be reasonable to use a

nmake i t possible to simplify calculations
and to save the DC processor time. Pig.3
shows t he bl ock- di aexamof t hemot i on

degign system.
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Fig-3, Motion ctestgn system (MDS).
4. Execution problens. The notion design
system generates the wal ker's kinematics.
|tsrealizationraises the problemof
reasonable force distibution in the stati-
cal l'y indetermnable supporting system of
the walker, and also the problem of no-
tionstabilizationand conpensating the
executionerrors.

The problem of reasonable force
distribution and the calculation of the
appropriate torques inthe leg joints was
i nvestigated in paper e« The principles
that were used were the foll owi ng:

1. The maxi nal val ue of the nornal reac-
tionforces inthe supporting points (for
the legs in contact with the ground) shoul d
be kept mnimumal | the tine.

2. The maximal angle between the direc-
tion of the reaction force and the axis

of the friction cone schould be kept m -
Ni num

Both principles were realized by
solving two problens of |inear program
mng with rather noderate searching. The
first principle provides son@ evenese in
the support forcedi stribution, whilethe
second one provides an increase in the
frictionmargin.

| n ordi nary cases, wentherequired
normal and tangent conponents of the rcc.
ction forces mght be chosen deep inside
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simplifiednethodof forcedi stribution
based on t he rough nodel of the wal ker's
dynamcs and on the information about
the terrain inclination (Pig.4).
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F:;?. 4. Factors affecting force disteibution.

The not i on desi gn systemsends t he num
bers of three "main" legs of the walker
to the execution dynamc |evel. The
three legs nay be considered as the
"main" ones providing they have cont act
with the support poligon and have a na
ximum rest of the support time. This
rul e provided a rather smooth |oading
the actiators of the driving legs. At
thesane tine it di m ni shedthe anount
of switchings of the regine - the no
nments of changing the support legs - in
conparison with the solution derived
frcl)[)nthe exact optim zation algorithm
in,

According to the simplified nethod
the vertical conponents of the reaction
forces were cal cul ated at the execution
| evel usingthe kinetostatic equations.
The accelerating or decelerating hori-
zont al conponents were distributed
anong the main legs of the right and
| eft side of the walker. The terrain
inclination was taken into account when
choosing the optimal alternative for the
horizontal conponent distribution bet-
ween the main legs of the sane side.

The notion design system together
with the route selecting systemand
i nformation system ensured the planning
of the standpoints with advantageous



local inclination of the terrain. This
nade it possible toraise the reliability
mar gi n when i npl ementing t he wal ker's
accel eration or deceleration.
| f the executing | evel coul d not

eolvetheforcedistributionproblemfor
themainlegsfixedbythesimplified
nethod nentioned above, the |inear prog-
rammng problemhad to be carried out
according to the algorithmfrom?® In

this case the sl owi ng down of the walker's

notion nay be take place due to the pro-
cessor overl oading.

The probl emof conpensating the exe-
cution errors was presented in papers "
It was treated as the problemof syntesi-
zing the foll owup systemfor inplenenta-
tion the step cycle which was conposed
fromportions of specially chosen basic
functions. The basic functions for des-
cribing the step cycle and programm ng
the follow up system nay chosen in the
formof portions of rectilinear notion of
thelegtiprelativetothebody (wth
indication of the nmotion velocity). A
rather sinple stabilization algorithm
descri bed i n paper was based on sone
principles of termnal control and was
governed by the navigation system

Thus we have t hat the execution | e-
vel responsible for the reasonable force
di stribution, torques calculation and the
wal ker'sstabilization, worksinclose
cooperation wi t h the navi gation system
and the notion design system of the wal -
ker,

5. Systeminteraction involves tw as-
pects: the content of interactionandthe
methods of its realization.

The interaction includes the follo-
Wi ng processes:

1. Scanning over son@ terrain spots by
request of the route selection and notion
desi gn.
2. Changi ng t he node of noti on:

- upon reception of the signals from
theroute sel ectionandinformation sys-
t ens,
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- upon shortage of information for the
notion design system
- upon processor overl oadi ng.

The i nteraction of the systens and
subsystens was inplemented through the
set of the local nmonitors (of each systen)
headed by the general nonitor. Each sys-
temconsi sts of sone i ndependent nodul es
(subsystens) operating in accordance with
the signals received fromthe | ocal no
nitor of the system Each nodul e sends
to the | ocal nonitor signals upon succes-
sful termnation of atask or upon the
i mpossibility of fulfilling the tast
(with the indication of the cause). The
i nformation flow between the nodul es
was organi zed t hrough a conmon i nf or ma-

t i on base.

The idea of stick nenory | oaded
with the help of "situation-action" [ists
was carried into being when inplenenting
the nonitors. The situation nanes were
cal cul ated fromthe nodul es signal s accor-
ding to the procedure described in pa-
per . The idea of this approach is sim -
| ar to the idea of classification rules
described in paper

The general nonitor coordinates the
functioning of the local monitors and
provides the flow of data and signals
fromone | ocal nonitor to another.

6. DC Sinulation. The nathematical nodel
of wal ker's control system was program
ned usi ng the FORTRAN | anguage and t he
assanbl er BENEH The prograruns were al so
| npl emented which sinmulated the wal ker
itself and the worl d where the wal ker

had to operate. The programme run in DC
BESVI6. The results werereflected on the
di splay screen in the formof the inage
of the wal ker noving over the simulated
terrain. Anotion picture nade fromthe
di spl ay screen gives an idea of the
effectiveness of the devel oped al gorithms.
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