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Abstract Devel opment |s currently under ma
- of a simulator of the netmmr system f
A network control system of Trans- transport robot Control i n the natural
PQH Automatic Integral Robot (TAIP) no- environment- An outline of this system
ion in the real environment is sugges- and di scussion of further efforts direc-
ted. Input data and general structure of tionw ll be giveninwhat follows.
the network are described. A program is
reported of further effortstoinvestiga- Probl em of Transport Robot
te and refine the network control systenms. The D ment_of Bi ] :
e vepartment O |ocyeme|
Introduction enaed N f esignin S|mu?ator
e(i] moving in epeng? g?ystgem- a fran-
The problem of artificial intelli- robot - capable of” purposeru fTDVG
gence creation for robhots is characteri- nt and perforrm Ce of so aCtIO \ﬁl
zed by several specific features. A robot }gCtS N a na ? en}/lro ment . of \
has to exist in the natural environment. ¥a ep bem ropot 1s ¢ 039
It receives information fromits ow sen- efC“b cSutro’s, W Ki |
sing elements mostly during an active m?rls W0r 2] O\NE‘Vﬁ'r IOurAt)b %CI(P
work. There is no one here to take care 0al 1S 0}] S.t Vhe |fC €0 oar ¢
forinformationtobe comlete (suffici- 0 Sril/ mk\”nﬂSR B(irmo euro
ent to solve a problem accurately , etwor N
consistent, and convenient in its form
of representation e+ The framework of The \Br IImIHEW/ Che k Of capabjlities
bU||d up of current efforts on the robot of a ne 0l SiC el ements (con-
artificial intelligence (See, e.g.,[1]) S| St [%]0 eS an apPYOXIWﬂLW.
seems to us, therefore, too narrow. 300 C0n eCth was executed on the si -
The most of suggested procedures does Hmat mode |n a novenent S stemin a
not admit of inconsistent data employ- ngb i ca V{rong\?m Sho Ont nap.
ment and creates great difficulties in anl ity 1s rea|ze Ln this systemto
peal -time work. It entarls necessity of %ﬁ?#?& s ccgﬁﬁ{”ofozian 205 L0 &g
lnelanyst ing the input data volume by al | n?%gtnl . aottthrel |u ? en%rrgﬁte’plm n%\,ep
Repeated attempts were undertaken gf,consytpralrts 0 t|me an energgl consunl
t o overcome arising difficulties by net- t1on Hesuts the system experime
work devices. Obtained results are unsa- Enve,stlgat ns 4]n ave shown the fea '.T
tlsfactor.y as a whole. No sound methods 11ty an 8 CX f robot contro
of synthesis of the network devices for stgstem onstruct n the hbase of net-
solving speC|f|c problems were obtained rks with SR
hithert NetverthﬁlebssI W? ?retﬁndeavtour-
in oncerrore o rehabilitate the ne
worgk met hods of artificial intelligence 0S€S g%‘fat}tl |0gn0%ft£annus 8Ftofr0broo l%rr%suglﬁ)
construction. There are several reasons: YVthh he Sk/stem ca abl th es %e
resr|ctors|ves r|e e
1. Network devices possess a large
B?@?%SSO% advantages in bulk nformat?on rat|on ofthese probl ers.
| 1. Myving part mst provide for -
. A?roach that is bejng elaboratea ' g P -
oy us d| | f IDerosssfromthoseeveufh?eredrgsarll e b’ggg%ﬁeo (e Fobot"Vher ' Poatk ar i
Wi | A v tem st"kan objectivesit
Ac |evemer¥ts of the nodern en | > J
neerlng allow t.0 estlna e .anew var|ou% fﬁ aJ”Ed X obJect|ves Ry consist
Thearetic efforts to dy prospect s D) %ﬁﬁff e £PP8 S A pLve
and capabilities of the appr oach devel oped ot AR (mani pu ﬁ ation with
have already been carr|ed out at our De- It sy o e R O B
partment for a |ong IﬂE nput nndels D } - téﬁ
er ¢ created S|nul aneous %bt verify theo- ) 0 erat |n des with a gi -
lNPI nndels develo el by AM Kasatk|n, ] System et Vhe a Ie £0 orient |
asat |na, SA Talaey, V.0 Fomenko,  ap area (0 locate itself wit ect
and DN Ga|enk0 test|fy to t’he r|ghth|' to one gr another Coord|na Steﬂ]

ness of the chosen approach.
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4. Robot must
sensory or ans
rnforma ro

ﬂﬁ % ewet gss Osntem > royn Ilt
o, ot ot S0
% (r]tyc udqedmgrron em trrst

5 Robot needs ef ficient devices

e
n
nd
ng
C. should
oal

enabl | tjo per orm ne or other ac-
trons tho ects I n the environnent,
These are varrous manrp ators and prim-
rily - the "hand"-type system

6. Robot nust be ab}e to conrrunr catfe
with a human %er ng herefore system o
grattural speech di crrmrnatronrsexpedr

/7. Robot nust know how to construct
| ts "inner" mdel of the outer world and
plani t s behaviour. _

8. Robot nust be a system that is
able to adopt and | earn.

Mechani cs and System of Sensing
Erements

. The robot \mulator devel oped b}/ us
s constructively a three wheel unde
carriage where sensory o gans, e control
unit, and other devices are Installe

Transport Autonomic Integral
Robot (TAIR).

Fig."
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ee Fig.1). The under carriage di mensi-

s: 1600x1100x600 mm Al | three are

i ving wheels and each has an rndeRen

nt drive from60 Wd.c. motors. The
nt wheel is the turning one. Power is
pplred by two accumul ator batteries

ch of 12V voltage and 40Ahr capacity.

The system of sensing elements may
be divided into several groups:

(s
on
dr
de
fro
Su
ea

1. Sensing elements determining the

robot position in space:

a) radio-navigation system with
two radio beacons and the com-
pass;

b) sensors of angles of the ve-
hicle inclination in two planes.

2. Sensing elements supplying infor-
mation on the environment:

a) distant ones. An active optic
rangefinder, whose high speed
is up to several hundreds of
measurements per second, per-
mitting to “probe" the surroun-
ding relief at a distance up
to 10m. A system of optic
"probes" - rangefinders designed
for detecting an object within
the specified range of distan-
ces (about 30 cm);

b) contact ones - a system of mi~
croswitches set on an elastic
cover of the vehicle.

3. Sensors of robot states:

a) temperature sensors on the

~ electric motors;

bt) torque sensors on the wheel
drive;

c) voltape pickups on the accumu-
lator batteries;

d) vibration pickup.

4, Timer.

Contiol Device

A neuron-like network wrth semantics
and SKI realized physically is a basis of
the control system A detailed characte-
ristic of such networks, _whrch got the
name M-networks, isgivenin|[ 3]~

The M-network is fO(maI ld/ectrset ?fin

Ltodes and ugrdrrectrona con ons

ach node 1 s nade to co-
rrespon wr sone meaningful n ron
Each connectron ut in corres#on eR
with sone relatron et ween notions
nodes can be in the state of excltement
The excitement i an na og uantity The
Xxcitement can ass P] connectrons
rom one node t The connections
are ,quctr.onaI rvr ed rnt 0 reinfarcing
and | l(brtor ones. The xr tencernth
M net wor ofas ecrtrcs orrern
torce nt and | rbrtron - whj ch
Se [posr rve noeexgte nt feed-
bac and hereby provrde or the dorp
nahron of one or sevexal nodes over a
ot eﬁs at each trme rnstan} | S essence.
|nte|\/tetvvor data I nput/ou d) corres-
onds t eexcrtement | t snodes (1 n-
ut and ou put, respect rvely



The robot contr o| system is now cal - by the sphere of meneuvers of the upper
culated to ef fect a purposeful novenent Ievel, the sphere of maneuvers of the
with provision for its own securrt}/ Cgtra- lower level, and by the gphere of elemen-
vel around obstacles, avoidance of dan- tary actions. The sequence of commands
gerous places, keenr nginternal pararreters "'ﬂvered to the effector system - the
in assigned [1mits) and minimzation of control system of turning and traction

the energy and time consunption- The whole electric motors - is formed here. How-
network {whose node number equal s 100) rs ever, the emergency cutoff is envisaged

divided | nto 6 spheres. Semanticsand pur in the system that is shown in the dia-
?ose of the discrimnated spheres are as gram by the direct connections from sens-
ol lows (see Fig. 2). ing element system to eflector system.
ftstimtion sphere and Situation re- Al I network no es are d. c. amgl | fi-
cognition rgahere—ﬁrege—gntreres arg imput ers haY specl al arac errs
ONES. STmitar to sensory ¥stems of the mlarly’n everzves ere | ts own SR acts
human brain, the analysi’s of information Connect’i ons bet ) no es are CO osed of
received by sensing elements is performed resrstrve e enents 1n mét tIX e de-
nere on the basis of which the environment, YIce. | 60 channels are use ata im nput
problem conditions and own states are esti romsensing elements into the net work
mtedintegrally. controfl sys em

The character of behaviour in the To planit beﬁavrour (the ch Ice of
current situationischoseninthe decrsron a rout to an far the robot Is sup
sphere. Here the decision can be with a specral locality, nﬁo vr/nee

"a general direction of movenent or tlmat] route to the arm W | I he det ermnded.
a cholce of come conmpl ex rmverrent rraneuver Ln { e,L}Jrven Version % 1S.CO
or even execution of sone el ementar% etorel) and. [t is SuPp at .in uture
tion. Organization of the novenent beh the yobot will comile th e mp itself and
viour proper is carried out by three sphe mdify it as required.
res being output ones for the network, 1.e. _
Experiments Planned.

The robot's noving part, control sys-
temof the lower level (‘effector systen
and 1 ndjvidual sensing elements were che-
cked and test ed in the fall of 1973- Set

ting up of the rest of devrces of the
e -y sr(stem as a whole, and experjments with
ABTSORK CONTROL compose the next stage of devel opments

ireation TEC A schedufed to the end of "1975. As stat ed
r au;,_;;{j__"l | above, the ability of a purposeful nove-
| mnt on a real ground of the yard type vas
t
t
|

M

or

&PnBiuE

ity only requr red o? the systemhere.
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{ . - Dur i ng nned tests it is su
Q) Siniiace osed o(! dout t]ca 2D 1rtrestpg
] J | geve ed devices, the net ontTo
Frrammn W S I I evr ce mai n 9/ ave solvvr nag varr ous
[T | vroueess Y? | on obl e rmt Ye Cotra-
. - | ve o an ass ned p rn ocality,
- | e The st even I ansvver the
- ] Iowrng pyrrncrpa questi
£a | | |s it possihle to organize a neu
{ £ | oo l ron-11ke et woP ith SR "to gcon [ 0]
S +~':g:r;::ﬂ transport robo rnarespectrve envrron
| nentetztrvr\:hrtent ? ; L of
‘ r a anoun o equi p
.= - nent n3ece %ar atr(tssoolf\%]et htehr S e Iecnt?
whoLe it 1s r%asonabl 40 {)né/ net
work devices and to vﬁt extent n;)uter
application in control is desirab
Pig.2 Block Diagram of the TAIR's into % th W]attrr |c(r)r$a(n v StcobnesI rnutcrt?grlrjcaan
Control Device. techni cal IOrealrzpa on of 'the etwork with
SH proper?

Further Research and Devel opment

The éarogram of further research sug
poses an exténsion of the transport robot
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| e

lities- The work is now under way one, Consrderatron wi |l be mainly given to
performed in several directions

problens assocra ed Wrth perception and
un derstanding of conmands in the context

Learnrn% During the research we i n- of problems solved by the transport robot.
tend pmetho%ls and facilities for
the network devrces | earnjng. Min atten- . _Construction of ty,er Mbdel and Pl an-
tion is directed to creationm of suffici- ning*——To act SUCCESSIUtty Tm am environ-
ently cheap and sinple as to production ment” the robot has to knowhow to construct
techriol ogy electrochem cal ele me nts as a mde| of t Iatter and how to plani1ts
| earning connections in the networks wit 0w behavrour PreC|s e.discrimpnation|s
SKI. . Problens. are sol ved of th,e el ement s Necessar of the "imaginary" and "real"
matrix organization and of thej K comut a- ke prerrature so/ utions when plan-
tion when they are nore than 10° units in nrng ans have to be_developed, hierar-
nunber . mul tjvyari ant The robot has to eva-

| wrthetahselrl?| ér ap raft wne pl\/?e sl%ogﬁgrrgnt-

Ensenbl e Organi zation of Network.

This drTectTon %r OUT T ESEArchr 1S associ - Y these rmChm“Sns 0” the learning

a’[ed W|t a nore economc¢ use Qf the net - netwr aVIHP e ense |e Organ|zat|0n

work nodes. To this end It |s Intended to |nat|on net WOV witth "a computer
8ssrqn senantrcs nof to individual nodes W' De pro%ably of use here.
heir combinations - ensemles.
node of such petwork will take part AI | enumerateéi di rectrons |mpIy the
|norgan|zat|on of many ensenbl es what use of asnetwor evice wr 1000 rodes
romses a rea savrn of nodes |n 3 and 2x10° | earning connect |ons for mo eI
u er o Moreover, the operational 1ng the bench version under development.
| ?ouldrncreaser strchnet
wor . The ense e organization of the Concl usi on
network with SR designed to solve speci-
fic grobl ems gives, However, birth to new On the basis of our erience of
probl ems requiTing supplementary | nvesti- work with network control devices. ye |
gations. assune that they are fif for an efficient
use in solvin a vvrde range of robot en-

[ |neer|ng propl ems. However, one canpot
wor k ssert reIrmrnar}/n ha the network devi-
o the set up of net ork | ndrvrd% Ces Wi prove co t| | ve. The problem
parts (sgheres and ayxi | i ary unpits Z shoul d be obviously solved when the net
oBtr,mrz tionalgorit rnsrmr |nn% evo- wWork nethods prove dctually preferable,
[Ution processes. These al orrt |n;)ose en their co |nat o n with other met hods
a nunber of specral requrrernents on |'s advanta eous re thel Rllca-
vvarenecessar for %rrrearzatron tronrseperen etot dre-
Great ton of  such a ardware seens possrble. sult ina solutrono thisr g f prob-
grétcoelectronrcs|spromsrng|nth sres- lenms.
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