
P-15 Plenary Session

Intelligent Robotics -Automation in Unstructured Environments
by

Ray Jarvis
Intelligent Robotics Research Centre 

Monash University
Wellington Road, Clayton, Victoria 3168, Australia 

Ph: +61 3 99053470 
Fax: +61 3 99053454 

E-Mail: RayJarvis@eng.monash.edu.au

Ex
coi
ele

Abstract

in unstructured environments. Bothdhefidxfc o ^ ro b o t i^ m a n ip ^  providing powerful tools for au>c
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recent times, been e n e r g ^ d e b a tf o n  w heA ef’reason^g^^es^en tiam  andfaction {see Figure 0 ,  although there Sg(
former [3] there is assumed to be a need for analysis of sensory data i i d t L  to as 'Reason v«rs“s Reactl°^former [3] there is assumed to be a neeTfor ^ a î ; “  ™ isdebate »  «/ten referred to as ’Reason versus Reaction;
It has often proven difficult to build reliable systems usine this anm™ h develoPment of plans, some quite complex, before action,'

subsys,™ s * »  » = «  ° » «  Æ c u i t  « i ï ï t e a s a Rotintegration of many, relatively distinct subsystems has been more Hiffiefn ,iflnCe tbe- management of the complexity which results1 
usually multi-layered) links between sensors^andActuators s n ^  S  h than lnitlally anticipated. In the ’Reaction’ approach direct'; 
analysis or planning being involved. These systems are caoahle of Hemo re at;1.vely simple finite state machines, are forged without'A Sfi 
planning, from the interaction of sets of simple stimulus/response sub systems* Th ™ ! 1V10UrS wh°,Se ^m plexity  emerges, without ^  m(
is often difficult to have the appropriate behaviour emerge in such a w%v as tS' l ? Cy assoc.lated Wlth fast and robust activity. Vi sequential actions. e uenavmur emerge m such a way as to allow the carrying out of specific tasks with detailed1

Th

of robotic devices. Then*the ■main f i d d s bnef  b“ *?* ° f robotics as caPtured by the definition of gef  ex' 
hand/eye co-ordination and autonomous m o b ^  Then follows more detailed coverage 4  rec
brief section introducing robot swarms follows The naner closes with an° US ^P ^absed  sensors and methodologies which support^ cor 5 arms ronows. t tie paper closes with some exploration of application domains and concluding re n ta l Wi

fret
A Brief History o f  Robotics (See Figure 2)

,wh(

man" faaurinS. m o» o d
capability o f reacting to vaSdmt c o i E Z Ï Ï Ï  ih m  »  t m m p .  Such systems lack rf f t a d b i lw U

it extensions of fixed automation 1 ue

welding or spray painting. The flexibility of the fost generation w affru  ^  H ^ fh  C° T  traJectones’ as sq u ired , for c t A  
generation machines do enjoy some capability of ch an e /o f action h ? d hr° U| h Programming and teaching. Thus the The
work environment via micro-switches and interlocks. 8 the ^  gh selectlon of various programs or through interacting Prc'

various degrees of u n s t m e t o ^ e s f ^ d t e m p t ^  d r n g e  i^ the  wortting^8*^ ^  * mea? S ° f increasinS flexibility o f action to accof1 
mote powerful mus, be sense,

w ---------TT 1U1 UU/ OllUatlkJIl.

Mu'e„c*e t ^ S £ ^  « s ^ n S  ? e S  b,UI"» »»S'c union has so far evolved I, may » £
the world over, will help define t h e e » g e E S ^  ° f  hT i ? ' llke caPabillties, which has been a dream o f <  
recentlv mart* L t ^ i  o i L i i .  .  .,i 1 g,e,neratlon; But without he emerging and frightening canahiliri« in „onntm ^ 1
the world over, will help defin^he n e«  gM^ra^n 6 Btn VhhoiVh^b031*0” human-like capabilities, which has l ^ n  a dream o
receniy made animal cloning ,  teality, and human cloning ,  p o s s i b i l i t ^ g g

Artificial Intelligence (AI)

humankind, in a computational device. As with manySambitious quest? the^ar v r Capabllltlf  ° f biological systems, and most p ^ i  
have largely not been delivered, although steady prowess is being^nade Mmi M  P''0miS(;;: ? f  what AI w,ould by now have brought to 
reasoning and planning but a special sector of it is involved with machine n^rrln f conc®PI?'a.tes ° n mental capabilities in calculating. 
input. The main sub-divisions of the field of AI are listed in Figure 3 PercePUon whlch ls about making sense (excuse the pun) of5

Ä Ä Ä S i S S l g ?  Champi0n: ^  ^  fOT the machine came from ™any f
suĥ rf r in g °y ,^ v T “ i S S S f i S u y  oriOnted * *  “ ““  pUbllCIty’ although many groups around the world are still active in the area
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p V np—* pi

eleorica! and chabl toge ther^  ovfer sp?c.iflc ProbIem domains that computers could pick over,
al Power supply grid to haw to train jet pilots. d d *  reasons for Slvmg «  for applications spanning from how to run an

sdnp ie^o 'rlich have been difficult t 5 5 l w 5 s 5 g 5 l a 5 i c 5 ^  inspired by biological functionality and have been applied to
S  in f,Unctions to the result and ffie this oumut to o t h e r n c J f  7 5  nuodel whlch ^ m  weighted input signals, apply

< solved using* aww™  functlons but this claim is barely^justifiable if at all N e v e n h ^ w J ^ 1 thlS- dlstnb.uted computing model replicates the 
Principle r > f \ i5 Ns so 1,1 at tbeir biological inspiration if onlv somewhat hr.« nheless> some interesting and difficult problems have been 
offspring l the sarvival of the fittest w h e r e t h e m ^  may n0t m atter' GAs «  based on the natural selection
the parametp?16 °I  5 lcl1 may be even more promising, and so on until a verv 660613(10113 are ’genetically’ combined to produce
Intelligent R obo^t*6 proi )lem s.earch sPace in the genetic code of the entitiesgb e in s ° h 7 5 1 H SOme c°mPlex problem is found (by encoding 

, common n °^ cs src of most interest in this DaDer It is helnfnl fo ^ * ^ ? w?ver’ ^reas of Machine Perception and
°ncepts with and draw upon the tools of the whole field. Cm ^  î rtl^ c^  Intelligence field since they share many

H  ? m o d d  t  ' “ » • . » — - » . «
mere Signal Sensmg. Ultrasonics, Olfactory Sensing and A udhnrf £ 5  S° me field lncludes Computer Vision,
Int If 1S1S 6 COmeXt ° f  ArtiflCially Int6lli66nt decision makingwM c h h  £ 5 e S distinguishes Machine Perception from

3  S i”conTOieP,i0' '  b° ‘ M  “ ““ “ “ “  Such “  collision-free h .jecion , and p „ h  p l y i n g ,  sn.iegic
ticiri

« I  v f s k 5 S & ^  s f n S r f c S  inhPUt’ *  ^ i " 0 ' SUrpiising 11131 C o m p u te r V is io n  is  theled*  ^  U t* focused upon here. P y’ St 0Uler sensors clearly have applications in Intelligent Robotics, Computer

een“ C “ “  C0V" S a“  S to“ i°"> »here  vision is used lo guide „„vem en, and/or

»!<• f r e m S c i m e w r * " 8' V * ? » B t c B d e i S d m S l S a S ? ’¡ r a r i S ^ S i r i S i S m * ™ ; e o T T ^ ' mould P I  A TV camera 
segmentation w h i 5 7 C 5 5 ’ plus a . S6t o f corresponding surface colours This ra “7 5  3 SCt ° P x’y ,z .p° ints on die surfaces viewable 
as area, colour n? • bopefuby distinguishes between the essential components of the «e W 3t^ ,ls organlsed into clusters to create a scene 

5  extracted u°Cation of centre of area or volume are extracted £ ,hJ506 wlthout,knowing what they are. Parameters, such
e o recognition and gen he ■obJects making up the scene are recognised against a dam 1 5 5 5  lsolat6d ln die earlier process. Based on the 
dXli  im posed imo a t8 t [netnca data extracted earlier, the identity location pose a n d 5 h ? ,5  expected objects and their properties. From the 
aa#  Wuh reference to?h3 nSCenndeSf ript,0n; also included may be i n d S o S X o w ^ n H  Juxtaposition of all objects in the scene are

7 e trajectory for 5  t3Sk specification, a task planner determines the s e a u e n c e ' o f ° b j ects might most easily be picked up.
„ .^J^ to ry  01^  . 1 manipulator move to a selected grip site at which it can nirlr nn „ < 7  7 7  f 7 ntS ^  Plans 311 optimal collision-
ycle of hand/eye co nrH' ec^ tes tbe picking up operation and the withdrawal operation anH 3eJected object. The robot controller actualises 

, v; 5 °  6 cycle so'as7o 5  3 \  Further maniPulation may be carried out without n e w \7 c o  7  evf els6 has been planned to complete one 
asitf assembling components 5 ' ° r tbe proper Progress o f the overall operation The overall 5 ^  beinS g athered but it is safer to repeat the 
? >  The mponents or some otherrelated operation. operation. I he overall task being performed may be sorting, packing or

the \ There

°ntf£ Ther m°US M°bile R°b0t Navi«ation M  (See Figure 5)

They differ in expense, speed,

There are glve '  ' °  '
These ™  te a li fa d o ..  , „v i,„ „ „ „ ^ 1

and com°SS' ble t0 move the robot 5  d *" which the mobile robot operates which supports path nfanning i '5  appllcatl0n of Machine

- J P E S s f i S S S S E i S . ’r 1'

iarge ^ n s b e r s ^ f  robotic uni[s i„ a way
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approach has amongst its advantages aspects of graceful degradation through exploitation of redundancy, the application o f < 
numbers or units to specific tcisks r3.ther than annlvincr a Qinolf» onH T-̂ rViono ~ ___ ~r

** , - — V- 7— o ;----- degradation tnrougn exploitation ot redundancy, the application oi w
numbers of units to specific tasks rather than applying a single heavy and perhaps energy guzzling machine over a variety of jobs s°;

ning specialities to units which can complement one another’s actions. This type of resea^it nart nf th*» nortionlm-l.. If »U» T>_— _ '__ i ir»__^ _t __  i _.-»hill!
and som® large a^d the capability of assigning specialities to units which can complement one another's actions. This type of reseat 
infancy but is likely to become an important part o f the field, particularly if the 'Reason' and 'Reaction' approaches are sensibly comb'»' 
than being considered as opposing views. J

Application Domains (See Figure 6)

There are very many potential applications of Intelligent Robotics. To think about them in a generic way one should consider opérai 
any or all o f efficiency, quality, safety, human support and tedium are issues of importance. The most obvious application do"1 
manufacturing industry where the 1st and 2nd generation robots were first put to work. Being able to relax structure when newpr 
processes are being introduced may mean retaining high efficiency and quality without huge retooling costs.

However, it is when one comes out of the standard manufacturing industry factory to where the working situation is not naturallystd’ 
where structuring is very expensive, that Intelligent Robotics comes into its own.

In the service industries, task such as cleaning, painting, building, guarding (night watching) and food preparation come immediately 
The processing of soft materials (such as cloth and food stuffs (including meat) is a very promising area for the application of 1' 
Robotics because, in nature, one is nearly always dealing with variety of shape, size, weight, texture and quality and these variation 
be coped with by highly sophisticated sensors and manipulators (mostly belonging to humans at this time).

Mining and agriculture represent industries which are large in scale, expensive and tedious to operate and potentially dangerous  ̂
unstructuredness is almost a defining property.

Then there are the fields where hazards are more obvious such as a fire fighting, undersea operations, space exploration, bomb 
nuclear power plant maintenance.

Finally, there is the big question of how to better look after disabled people and the increasing proportion of our population which 
over the next twenty years. Robot aids to the blind, the immobile and the frail for feeding them, moving them and caring for thd11 
ot er ways is perhaps the most noble application domain of all and one with tremendous challenges which include bring!11- : 
technology to the support o f people who need it at low cost and without injuring their human dignity.

Conclusions

This paper has sketched out the topic of Intelligent Robotics as a tool for automation in unstructured environments and put h " 
contexts o f previous generations of robots, its Artificial Intelligence dependency and the potential application domains.
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Figure 5. Autonom ous M obile Robot Navigation
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