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AbStT8Cl 

P r ~ i o u s  LUC of arr$cial pountiab has dononraolcd the need for an 
oinmcle moidwue p o r e d  that closely mo&L he obstacle. ye1 docr 
not pnworr lord minim0 in the wontrpocc of rhr manipuhror. Re- 
centty we proposed a new ellipticd porcrdolfwvrion which &fis 
hesc rcquirenunu for rectongrhu objects in spherically synuncrric 
amocdvc wells. In rhir paper we present a ntw obstacle avoidwue 
porenriol b e d  on suprquodrics. The snpcrqudru fonnvhrion is a 
generdiratbn qf he eluprlcor poteuial -don mrrhod. and there- 
fore is  vhble for a much larger c h u  cfOb/ccr dupes. As with ellipti- 
cal porentiaLr. a modi)W f o m  4 he supcquta&ic porenfial providrs 
s 4 e  approach UnVoId objects. We hove in~bnmrrd  the avoidoncc 
and approach potendolr k sLnvhtlonr Md the r e s h  uhibir M 

~ b y  an algodlhm that elhinates collirionr with obstacles by cal- 
culating he rrpVlrivc/orcu uertcd on linitr. bored on thr shortes~ 
dixmue 10 an object. 

irrprownrru over &&g poreadal sclrrmu. T k  SLnVhnOnr ab0 
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A conical well has also been proposed 111. 11 IS quadratic io a 
given range and then increases linearly: 

whcrr I is a consunt and s is the postion vccIor. This conical well 
pmvidu i CO(UI.[II magmi&. ccnually u m t i v e .  force field for 
large dinmccs. While. for rmd diruncer. rhc aability of a q u d n t i c  
well is  utilized. 

'Ihe rcand cuegory of patarid% repulsive powti&. ~ F C  nec- 
to -1 che mmipuluoc away fmm obsucks rh.l obwua its 

puh of motion io cbe gbbd annaive well. 11 has gmcnlly bccn 
lba~  I m v e  @rl rbarld h.ve i limited range of 

irrllucocc l1.91. 7bk prrvcau m object fmxn a l k h g  rbt morion 
of tbc mrrripulwr wbcD it is far away fmm tbc abjaa. Nxi. Ihc 
patntid hctian ud its da ivu ivc  m u  change mroolhly d n e v u  
btcomc disccmriauour Ill. 

ollc k ~ r r t r  cubically wirb ndid dismcz inside of a amlar rhmh- 
old range 111. krorher has I G d r n  thpc [ I t ] .  Tbcsc porentirk 
arc useful for suurrwnding objects wirh sphakd symmevy md sin- 
gularities in Ihe worlrspuc. Also. wbcn dded IO 8 spherically sym- 
metric u m i v e  well h e y  will DOI CIWC a I d  minimum (as will 

d v c  potcntid d o u  001 follow rhc conw of polyhdnl ob~ecu. For 
ianlace. UI oblong objtct rurrwndcd by i Iphcrr cffccriwly elim- 
inates much more volwnc fmn he worltrprcc than is necessuy or 
detinblc. 

ndir l ly symmcyic potcnti.lr 191. 7& pacnurl energy. Up). of rhc 
m U S  fuaftion is  d u c n i  by: 

m y  proposed Kpulsin poccnci& hrvc *rid symmeuy. 

k demonanted ~ u c o L I Y ) .  BuI rpbuically S Y ~ ~ C U ~ C  E@- 

Thc FLRAS f d a l  wm proposed 10 ddrtsr thc insuumcicncy of 

fiW 2 The FIRAS p0ccnU.l for A = 2 a d  ro = 6. Large values 
hive b a a  mmaatd. 

B, passes rhrough changing poicniial values of thc a~uacuvc wcll AI 

A and B h e  altnctivc well potential is higher than ai point C. Since 
Ihc object potcnlial is Ibe samc aI A. B. and c. Ihe sum of the objecl 
potential and the W v e  well poteniial has a local rnlnirnum ai p i n 1  

C. It can bc sun IIIU m y  section of an object m m u r  rbu has a d i u s  
of cwvlhn p a r  than that of the a ~ t n d v e  well will generate a 
local minimum 'uphill' fmn thc object. A circular repulsive potenual 
always h u  a d l a  ndius of CUJV.IIIII: r h ~  thc UUIctiw well in 
whicb it is intcribd. Ibtmfofe. I circular rrpulsive potential will 
not guwuc local minima in rhis w y .  

la annmuy. I @d CUncUon hat is wcful for modelling ob- 

+ W d  C u r  

Figure 4: The coincidataofiropacaliJ contours u poinu A and B 
indicates Ihc p l c t t ~ c e  of a b d  minim~n in rbt vicinity of point C. 



3 Superquadric Potentials 

3.1 Superquadric Avoidance Potentials 

To avoid rhc crcaion of minima the o b j a  p0l~nli.l must k spherical. 
u ducribcd in criterion numkr one. Houmcr. a po(cnual IIIU is 
spbaiul u JI d i m  will DO( w o t  for rroarphuiul objects. In 
thir d o n .  we prrrcllt a mal h a i o n  which changes fmn IIU 
o b j a ~  shape near I& objoa. LO spherical away f m  it (circular in 
n w ~  dimmrioor). utd vridia rhc four aulinui criuri.. 

3.1.1 superqu.drk Itopotcntw coniwrs 

Ih stupe of a pwntid f d o n  isduuibed by its is0pounti.l 
omtam. Tbtrefore. uiur ia  ooc md two must k saiskd by the 
d o n  of approprim isoportnral colltours for h p0tenCi.l funaim 

To -sty rbc scomd ailerioa. an ob* may k nurrnrndcd wirh 
a arpcrqwdric 1321: 

(:)”+ ($-= 1. (4) 
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Figure 5: The ifopotcnlirl collw~n for K = 0.1 IO K = 2.6. and 
a = 1.5. 

Figure 6: Supquadric isopotcntial UMIOUIS for a vrpuoid 
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Figwe 7: The isopotentid cOntOun sunwnding a rrimgie for K = 0.1 
IO K = 2.6. and o = 1.5. 

Figure 8: The avoidrncc potcotid for a virngle with o = 1 and A = 1. 
Large vducs have b&n mmcakd. 

And for I c m c  oriented Joag Ihc z-uis. 

F i v  9 thowr cbio funaim with o - 1 for 8 uirngle. 



figure 9: The approach potuuirl function for a uiangle with (1 = I , whcrt 

OI 

Considering onb the y dimtion. 

with 

Solving for thc muninoful I#)( of lhir equuiaa yiddr: 

W g  dvcd for b e y  cooniinuc of Ih minimum. i: is o e x s u y  

ck Aramuimm in Ik xdirrnioo for rk given vdw ofy. Fmm 
Equuioas 29 rad 30. 

t o o i r k  *of rk I d  dqmakm. lu UQae by ming 

x =  - a [-I * 
b Y-M 

5 Simulation 



axing on tbe end cfkztor md the individual links. 'I~Ic end effec- 
tor is umcted by a goal point and rrpelltd by the obstrclc. while 
rbc linlu UIC rrpcUed by rhc oburle if the link incencrion is 'on'. 
Tbc rcdu indicae thu rhc NpcqudIic pO(c0ti~s prwide a valid 
mehod of obnrlc avoidvlce for I mmipuluor. md UI improvancnt 
over uinlng polenlial liroaionr. 



Figure 13: Succcssful navigauon around four obslulcs using su- 
pcquabic avoidme potentido and J modified conical atitactive well. 
The doilcd manipulaion M inienediarc codiguraiions. 
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Figure 14: Thc same situation as Figurc 13 cxccpi h a t  rhc slarung 
and ending poinu have been intcrchangcd. No~icc hat a diffcrcnl 
trajectory has barn created b u ~  IIIC time of trsvcnal is a b u i  h e  
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