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Abstract 
An mportant goal of a p l w u r y  uplomtron m ~ l ~ o c l  u to collect and 
analyze surface ympies. k  par^ of rbc CMU Ambler prop t .  we are 
lnvesugaung ccchxuquu for coUecung rrmplu wag r robot arm uxi 
amnge suuor.  The llpl of thu work IS to mrke rbc sample COlkEum 
operauon fully aumomous. We descnbc ur I& ppr tbe c r m p  
n e w  of ch expenmental system bat we have developad mcludmg a 
pcrcepuon module that uuacts ob~ecu of in- fmn nnge irmrgcs 
and produces models of theu shpcs, rod 8 mrmprrhOar mochrle (hrt 
enables the system to pck up tbe ~ ~ J C C U  ldmtlficd by the prcepbon 
module. We have mud ch synan 00 a d w t b d  upng n a n d  
tnram. 

1 Introduction 

an a l g t n h  for sdecting the object loutim hypolbeJis automatically 
in seaim 5. 



Thir appmach is inzpind fmn Witkin's "makes" 11 I ]  and from 
Tcnopoulos' rymmeCry-ur.lrin0 d- [MI. W~dcsf l ibc  io dclail Ihe 
&faHmtJk cuufxmi 8Igairbm m thc next SecliOILTbc algorilhm 

tht ODC pint th.1 lies inside rbc object is initially selected. 
The &tiat d thia stuiing point is thc object of Section 5. 
We far nmv t h t  rhis point is available. Once a cootour is 
a P r c e d a t h e - d  . ~ M l m o d c l o f I b c ~  . Kt of poinls 
moslbebuik Wenacmpcrqurdn 'cs to reprrsent Lbc object models 
(Sudim 32). 



'Ihc pupOK of tbe inland force is to Buarpntee bat  the COntwI 
is reasonably snoolh. Thc idea is to maire the shape of the contour 
close to an ellipse. To do that we appraXimate tbe c m w  by an ellipse 

ellipse. and A is a 2 r 2 symmcPicd matrix. Thc dirlnn~c between p 
and :. is de6ne.d by: 

,Z Of e q ~ a t i ~ n  @ - p:)'A@ - p y )  = 1. when pf is the -ter of th 

(4) 

where 0-1 is the attmctim functio0 (Figwe 7(d)). and K is 
acxmstmt h a t  conools how farfromancllipsc the ccmtour is allowed 
to be. In practice K = 0.4. 

me contour defcnms itself iteratively. At uch itentias the inter- 
nal and exmnal forces arc computed at each point. Each point is moved 

steps: 
according to lhc resulling force, Tbe canplete rlgorirhm f o h  two 

1.  Initialize: 'Ihcinicialc~urisasmnllcauourcmteredalth 

2 Ilente: The following s u p s  .re imtcd until the c00wr dou no( 

At each point p, compute rhe sum of the forces: F = 

pi ismovedby onc pixel in be  direction of thcncsMtfaturc 

Res~mple thc cootour after all the coatour points h v c  b#n 

narcing poinL 

deform itself s i g n i f i d y .  

Ffa- + Fcenter + Fimmal. 

point .F@;) i f F  > 0. 

moved according to the fortes. 
Eslimate the best-fit ellipse :-. 

Provided chot thm is a d i e  star@ point. this Jgairhm 
poducu object C o o ( 0 u n  chot .re quir good .pproximrttonr dtbe mle 
object c o o w  even if the fclturrs .re vay tpnc. Figure 8 sbom 
the ~ a n s  thl h v c  becn found far uch object in the SceDcuSing the 
feature of Figure 6. Ibc swting poinu were sckctcd .ollllllticIuy 
using tbe PlgoriUun of Section 5.  

.ndwhen(X.Y,Z)aretbecoordina~~~ of(x.y.z)aftermforma- 
tim by a rigid tnmsfonnntion tbat dew lhc position and orientation 
of the superquadric, and 01, e. and 03 are tbe sizes of the superquadric 
a h g  the three diratim.~. Supcrqrudncs can rcpresenr a variety of 
thpu farm cubes to dipsoids by v.ryinp the two "roundness" pa- 

an be included in the equatim To rccovcr the superquadric from a 
#t of points, wc use the Lveaberg-Marquprt minimization approach 
suggcstcd by Solinn (1 1. In chis approach the inpr SCI of poinu is first 
lppxkualed by 8n ellipsoid arhich constiNtes che s l h n g  point of the 
minimit9tion. baa ID emx function of tbe form: 

IXUI~~CXS :I d 52. otbu NCh a~ knding and tapering 

E =  (F(x.y.2) - 1)* 
(..ya) d.tr point 

is " ' d  with respect to the puunecers of the supquadric. This 
qpmacb works 4 inwure in which adense set of poinu is mca- 
d on a portim of the surface (see [ 131 Q [9]) for other supquadric 

Rgwe 9 shows the snpaqundric models of lhc objecu found UI 
F m  8. Tbe models .re duphyd as wireframes supcrimposcd on the 

tiaing tahniquu). 

intmrily w e .  

4 Object extraction: deformable 



1 

if Ilr - d‘W L D 
lhirpocenri.limpkmmu a p v i r y  force r h t  irrrruu as poinu move 
closer. ’Ibis h u  tbecffect tht the future tcnn ir dominant initially 
wben tbe rurtot k far from the obaaved (emin while be m i n  
bsrmcr dodamt as the surfacemo~eacbser to the Lnrpin. Notice 
th.1 m y  spmking we abmld take into lf~oullt tbe contributions 
frund the data poinu in tbe canputation of the force applied to a 

d a c e  poim Since thia is c ~ m p u u t i d l y  untrPctable we limit 

We- hmade6nitioa d t h e  function L given a set of features 
and a set of points amsmui cm the tmain. The problem is now to 

hod the surf- r(q.-..t) tht minimitr_. L. ’Ihe solution is found by 
dgbrforwud rppliution of Eula’s equation. We obtain be  differ- 

opnelvea to thcdacg&poiDL 

dequatim 



illuminates tk sceoc while a camera C obcrves h e  illuminated scene. 
We assume thal a model provides rbe coordinates of P and C in 
a canma unxdinate system. An object in (bc scene creates a shadow 
~ g i o n  between points A and B.  c o m q c m h g  ' to illumination direc- 
timr mdL. that ueknuwnfran the m d  coordinates of A and 
B andfnmr tbe rn model. Bucdon this gannctry. tbe occluding 
object must be within tbe d d d  regionR. A surting point for the 2- 
Q 3-D makes unbe complted by Piung (bc c m u r  of that region. It is 
impapnt tonote hi this aigurithm does not @e w cbe cmler of h e  
(-) object but n t k  a point that is emugh inside tbe object for 

Ibc geuneuy is similar with a 2-D acnsor except that thc two 
poinu A md B arc DOV cootwt. In pctice. two cmespoodrng 
paint? A and B arc chosen ao the sb.dow c a m  and the region R 

within R at (QIIC lvminnl dismocc D fnm A. D is chosen based on 
tbc average expected ndiw oftbe objects in the scute and bwd on 
tk minimum andmuimma sizu ofobjecu that m can W e  p e n  
a gripper d g w a t i o n  'Iborc ue masoable criteria since then is no 
point in segmenting out objects that we UMO( manipulate. D is also 
d to rcmovc smrll sba&w rcgkms, prerumnbly due to noise, and 

tbe object uprctiQ1 .Lgorilhm to woh 

U idcnti6cd U@ the I-D -try. 'Th point S is 

kgeregi% gcaaad by objeas 100 L.ge to-e. 

ti00 of objects in tbe scme bued aaobcaved shdow repars. 

Thc kcy to .urrm.lif object umction is an accunte geometric 
modcl dtbesaua th.c dows  ua to complk thc hypothesized posi- 

we 
have impiemrmed h i s  cochnrquc using a model of our current s e m .  
However, it is impmaat 10 ao(e rhu the algorithm can be generalized 
to auy ~ g e  sensor provided tbai a geanenic model exis&. We are 
in tbe process d modifying tbe algorithm in order to use an existing 
geuncaic SQLXIT modeLing system [lo]. ?his will lead to a largely 
SaWr-indepadmc scgmaltatim program. 

6 Manipulation 



7 Conclusion 
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Figure 1: Tcstbed 

ObJWt 
segmentation 
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Figure 3: Range image of a scene 

Figure 7: 2-D segmentation algorithm 

Figure 4: Range image of a complex sane 

F i ~ 5 :  3-D vim of the dotaof Fig~re 3 

9 SI lpaqurdric rpproXimrtions of the objects of Fig. 8 
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Figure 10: Sigma function 
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(a) kaqc of. scene .ad features (b) 3-D view dtIm tanin 

Figure l l :  3-D segmenution algorithm 

Figure 12: Automdc object selection 


