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Abstract . Mddle Ievel - [ook-ahead for several
tra{ eTIOTy Steps_in the direction of the
The devel opment of a mo deI of mtion route fixed by the upper level. Proceed
control for walking robots i s reporte |ng fromthe complete information of the
The goal of the project is the eIabora ropot'scapabilitiesthemddielevel
tion of mthods to construct the tree marn takes into account al | given values of
levels of a control systemof the robot' output parameters of the motion regime
motion and a program conplex to realise (speed, balance reserve, the platform
the robot's behaviour simulation in com  ferght, etc.) and the local features of
plex topography. the relief in the direction of the motiop.
tIhn thebstpace Otfhal ||f,eafsrtbh|,e plosr t|| or]rs of
A notable amunt of achievements has € robot on tne reliefr Lnls |evel of con-
heen reached by now in developing the nm-  LI0l points @ ||00”'d“0rd forrr]ned by ~ the
del of behaviolr control for robots in set of paths allowed under the given com
various "activity areas'. I\/bst of the - bination and internal conditions.
del s, however, are, to our mnd, too "de-
terministic" Thehopetoobta ninterest- Lower | evel - of control plane a con-
m&;resltsrnth e fieldwithamdel ba- crete—sequence of elementary (for the gi -
sed, .1n a sense the principle of ven [evel) acts of motion, the sequence
" maxi numlndetennrnrsm gave risetothe s so chosen that the corresponding move-
project '"discussed in the present paper. ment through the area should keep to the
corridor" limits fixed by the mddle |e-
The corresponding |deo|0é1r¥ has been vel. The |ower |eve I chooses in what se-
almost i terallytransferredherefrom quencethelegssep fixes the points
the synchronous pro?ranmng theory; as on the ground to put hem determnes the
to the king", it was chosen as a no- mments of takrnq of f and settrngnfor each
e dornarn because it offers combination | eg,theintervalsforspeedswitching,etc.
of both general and special problems.

It 1s understandable that even |ower
vels of control exist: e.?. the level

Introduction level
whi ch determnes the concrete formof no-
There are two fields of study within tion trajectories for legs and platform
the frames of the project. i n accordance with the parameters specifi
. ed by the third level; and the [evel which
(Yl) The development of a mathematical realizesthesetrajectories (for amdel
mode| for the three upper levels of the allowing for different sorts of errors),
control systemfor the robot's behaviour. These |evels, however will not be consi -
This tieldi s the principal one; however, dered in the report because of the natural
it was agreed that the model should be spacel imitations.
testifiedinthe condrtrons cl ose enough
to the real ones which brrngs about the Model
necessity of the research in the other |
field. As the project is purely experimental
(2) The devel opment of a computer in character, i't has been decided to carry
systemf'or simulating the robot"s behavi-  out the researchfor asuffrcr ent !y wide
our in conmplex topography. range of models withintentionto shift
_ the accent from simpler models to more
The system of motion control onplexones (fig. la,b,c,d) as soonas a
deeper understanding i s felt,
The control of motion for a wal king
robot is considered to be aninteracting
systemof three principal levels:
Upper Level - the planning of route,
This Fevel Ts mot connected directly with
the specificity of "walking"., In prrncrﬁle
the problemhere does not differ fromthe
route planning for a wheeled robot. The
only important factors for the control on
thfrsthlevelb ft;rr,e the %enertaltcharacterltstdr,(f:s
0 e robot's capa 0 suxmount dif- Pig. .
ferent particular E/arrantsy of relief,. ig. 1a Fig. 1b
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The two simplest _models are two -

dimensional (plane). The legs have two
degrees of freedom ‘each, they can move In
theé plane of movement without being caught
in each other or_in the platform %t

can intersect). The remaining two models
are three-dimensional, the légs having
three degrees of freedom each.” All four
versions are considered to have no mass
but they have a center of gravity (legs
are weightless).

The following restrictions are im-

posed on any model;

(1) The static balance conditionjthe
vertical projection of the gravity center
must cross the supporting segment for the
2-D models and the supporting polygon for
the 3-D models.*

(2) The bearln% (of a bearing leg)
cannot move along the relief, i.e. the
robot is not allowed to "drag its legs".

(3) Every step, i.e. the operatlons
of taking off, transferring and setting
a leg, requires an |nterv ?:+ t of time,
wheré' 2z, is a constant and ¢ 1s chosen by
the model randomly W|th|n the limits of
restrictions (1) and (2).

Generator of Behaviour

For each model, a set of variables
Is fixed which completely describes its
inner state. For example,” the variables
for the simplest model (see fig. la) are
fixed as followss

- coordinates of the bearing with
respect to the gravity center,

- the time which has passed since
non-bearing legs took off,

- vertical and horizontal veIOC|ty
constituents of the gravity center.

Statically unstable states are ex-
cluded from all possible sets of variable
values. Each model is specified by a coup-
le of <Q,A> , where Q is the set” of all
statically stable states and A is the set

The convex figure (reduced to a segnent

for the 2-D models), formed by a round
of projections of [eg bearing onto a ho-
rizontal plane, is referred to as the

supporting one.
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- altering one of the constituents
valueas by

- taking off a bear:l.ng leg

- getting the taken-off leg into the
point of given relative coordinates.

Any set of simple operations that

can be applied simultaneously tonne a com-
plex operation. Let A be the set of all
operations- simple and complex ones-defin-
ed by A; generally, when a simple or com-
plex operation is applied, the model pas-
ses into a next state which, in its turn,
may or may not belong to the set Q.

Thus, for any model a corresponding
oriented graph G may be constructed whose
-vertices are the states of the set Q and
the arcs_are the respectire operations
from A. The set Q is now naturally divid-
ed into three non-Intersecting subsetsi

- cyclic states which belong to at
|east one cycle from G;

- input conditions which have at
least one path into cyclic ones;

- deadlock states.
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We shall select paths fromt
of all "feasible" paths gorngt
In Q which correspond to the o
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the general schene
A set "of control
)sen whose val ues are spe-
i de (by even hrgher con-

ahmmnopma or), e.g.
, oomfort (Iimitations
manoeuvre by velocity and
the platform, et
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| Upper leveli parameter values  essen-
tiall e estimation of relief
and, respectrvely, the chorce of route by
the upper level of con Two versions

ntrol.
of this are effect d in the project:

(1) Static version. Right from the
tart the | of a detarled
pIan ot the territory, knons | t's coor-
dinates and he coordrnates of the goal,
The probl ot routi n% i s completely solv-
ed before the novement begins. The ‘terri-
tory plan is divided nto homogeneous are-
as simlar as to their practrca Ility fac-
tors, i.e. slope, height, surface condi-
tions (screen, mrsh, etc.). The values
of control parameters considered, these
areas are given a concrete estimation upon
which an optimal route is determned with
the help of the well-known methods (al
rithms of Bellman [ 3], Nilssen [4]) Th
version, as can be seen, means that th
| does not work during t
the route.
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(2) Dynamc version. The robot's
knowled?e UT—The—T7?TT7—rer y comprises only
what i { sees and what it has seen since
the motion began. In addition the robot
knows it s own coordrnates and the coordi-

nates of the goal. "Functions of the eye"
are not simulated; the robot is supposed
to have "ideal eyes". For any given posi-
tionontheterritory, azoneof direct
vision is determned, the corresponding
part of the plan is consrdered as known
to and nmenorized by the .robot. The discus-
sed o peratrons of dividing into areas and
Pr c cabrlrty estimation are carried out
or the known portion of the plan. There
upon th tactics of novement are determin-
ed and the following stage of route is
mar ked out. The static vérsion is now com
pletely realized; as for the dynamc ver-
sion, a tentative mdel is at xhe debug-
ging stage.
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We have now a wor ki ng
a black - and-whit plane relie
notreating, whjt treatrnPa
The devel opment s berng compl et
model on an arbitrarily complex
lief, as well as for Ib model
and - white relief. Certainresult
obtained in mtho ds of automatic s
and conpact computer presentation f
generator of behaviour.

The simulation system

Inthis preprint we shall only enu-
te sone of the most general functions
he simulation system The system con-
S part

T

ra
of t
sists of two principal
(1) A dralodue system for synthesi

f complex relier. The system usée a (i
| a y and a plotter. The "system constructs
two or three - level mdel of a conplex
?Iret "on. demand", using only a mninmum

directions fromthe operator.
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(2) The operation system wziic'u ena-
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2.

3

4.

a) real time interaction ¢f the thrae
control levels;

b) interaction betwesen the robot's
model (lower control levels and
the block of visualization) and
the system of control;

¢) interaction of the robot's model
and the relief model; visuaslize-
tion of the simulation process
on the display.
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