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1 In tro duction

A usual w a y to detect the contour of an ob ject is to extract the edges of the whole image

using the magnitude of the grey lev el gradien t, then to matc h an edge mo del of the ob ject

with the edge image and to lo cate it b y lo oking for the strongest correlation. The gradien t

based edges come from grey lev el 
uctuations within the ob ject and from the ob ject b order.

Often the edges within the ob ject are undesirable due to shading caused b y nonp erfect ligh t-

ing conditions. Instead of that the edges at the ob ject b order are stable and ob ject detection

should mainly tak e these into account.

Therefore a useful approac h to detect b order edges is to use a priori kno wledge for distribut-

ing a set of p oin ts roughly around the ob ject in a �rst step. In the second step the pro cedure

iterativ ely mo v es the p oin ts tow ards the ob ject to stop �nally if all p oin ts are laying directly

at the b order. The p olygon receiv ed b y connecting every p oin t of the sequence with its suc-

cessor is an appro ximation of the ob ject contour. This w a y of pro ceeding �rst w as discussed

b y Kass et al. [1]. Suc h a sequence of p oin ts that c hange their lo cation b y time based on

sev eral constrain ts is called an active c ontour or �gurativ ely , a snake .

The kind of constrain ts which let the snake move (or more exactly the p oin ts) is a c har-

acteristic prop ert y of every snake algorithm. There exist di�eren t snake algorithms, which

minimize the so-called snake ener gy . The snake energy represen ts the grade of the approx-

imation of the ob ject b order, it can dep end on image grey lev els, curv ature, smo othness,

snake length etc. (see [1], [2]).

In this pap er t w o calculation rules are presented for forcing a snake to approximate the

contour of a selected ob ject or the outer contour of an assembly of ob jects. Actually this

second capabilit y of extracting the contour of an ob ject assembly c haracterises the novelt y

of the approac h. The snak e w orks on an image of 
at scene ob jects. Therefore the b order of

the real 3D ob ject can easily b e reconstructed from the ob ject contour in the image. It w as

intented to dev elop a system which w orks with nearly arbitrarily c hosen initial snake p oin ts,

to get a snak e which \�nds" the ob ject even if the initial p oin ts are put far a w a y from the

desired ob ject. A further goal w as to close gaps in the outer contour of an ob ject assembly

if the space b et w een t w o ob jects has to b e bridged resp ectively .

2 Calculation Rules

With regard to ob jects and ob ject assemblies it is not p ossible for the snake to decide if a

noncon v ex ob ject should b e mould or a gap b etw een t w o ob jects should b e bridged. F or this

reason there are t w o di�eren t algorithms which serve the t w o contradictory requiremen ts

and the user has to select the prop er algorithm.

The t w o calculation rules are based on the analysis of the 8-neigh b ourho o ds of each snake

p oin t (Figure 2a). The algorithms run in a lo op of iterations and in each iteration the

sequence of all p oin ts is considered. Eac h p oin t is moved in a w a y that the energy of the



snake can b e reduced maximall y . The lo op stops when the energy has converged to a minim al

v alue.

2.1 Minimization of the Snak e Length

Using the snak e length as the main constrain t for app o ximating the ob ject, it is obviously

p ossible to close gaps in the contour, in the same w a y as to span a bigger distance b etw een

t w o ob jects (Figure 1). The minim ization tak es place in the following w a y: Start b y taking
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Figure 1: (a) start p olygon, (b) end p olygon, (c) distribution of the p oin ts at the end.
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Figure 2: (a) 8-neigh b ourho o d, (b) length minimization.

Applying this pro cedure the snake tends to approximate only convex ob jects or forms the

conv ex h ull of sev eral included ob jects. The rotating b ehaviour of p oin ts can b e used to mak e

the algorithm more robust against salt and p epp er disturbances in the image. Ev erytime

when an edge is detected (b ecause the grey lev el jump exceeds the threshold) a so-called hit

is coun ted. Th us it can b e intro duced another parameter v alue for the maximum n um b er of

edge hits. A p oin t do es not have to sta y constan tly at an edge when it is detected for the

�rst time. Rather, in combination with the rotating b ehaviour a snake p oin t can pass b y

isolated p oin ts in the image that do not b elong to the desired contour. All together the snake

p oin ts approac h the ob ject, run along the ob ject contour and sta y at remark able places of



the contour, e.g. edges (Figure 1c). T o a void to o big gaps b etw een p oin ts of the snake, a

maximum v alue for the distance b etw een the snake p oin ts can b e used.

2.2 Minimization of the Snak e P olygon Area

As men tioned in the previous section, the minimization of the snake length is only a useful

approac h for an ob ject assembly or a convex ob ject. How ever, to mould nonconvex areas of

an ob ject a calculation rule is needed that w orks mainly b y minim izi ng the area of the snake

p olygon. Instead of minimizing the whole area of the p olygon many times in an iteration

(equal to the n um b er of snake p oin ts), it is more e�cien t to calculate the triangle areas
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Figure 3: (a) single triangle minim ization, (b) area minim ization.

The third comp onen t represen ts the area of the triangle and its sign is imp ortant for deciding

if the triangle b elongs to the p olygon area or not. The sign dep ends on en umerating the
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with which each single triangle area is normalized in some w a y . The sum of cross pro ducts

calculates a v ector with the (double) area of the snake p olygon in its third comp onen t. The

v ariable � is p ositiv e if the p oin ts P

i

of the p olygon run coun terclo c kwise. Consequen tly the
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is receiv ed, which describ es one single triangle area that has to b e minim ized. That means,

in every iteration of the algorithm it is tested which p oin t in the 8-neigh b ourho o d of P
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tested in the same w a y as in the previous algorithm. The snake p olygon shrinks in the w a y

as sho wn in Figure 3b.

3 Exp erimen ts

W e demonstrate exemplarily a combined use of the t w o calculation rules. The �rst calculation

rule minimizes the contour length of an arc h shap ed ob ject. Figure 4 sho ws the snake at

every 10 iterations of the lo op. The algorithm stops with a nearly rectangular contour, and

all snak e p oin ts are lo cated at the convex part of the ob ject b order. If w e now use these

snake p oin ts as the initial distribution for the second calculation rule, also the nonconvex

part of the ob ject b order can b e approximated (b efore starting the algorithm the gap is

automatically �lled with equidistan tly distributed p oin ts). Figure 5 sho ws the snake at

every �ve iterations of this second lo op.

The depicted ob jects are real ob jects and the image background has small grey lev el


uctuations. The initial distance of the snake p oin ts w as �ve pixels and to detect edges

a threshold of 20 grey lev els w as used. The maxim um distance b etw een a p oin t and its

successor w as unlimited and the allow ed n um b er of edge hits w as 25.

Figure 4: Appro ximation of the snake p olygon to an ob ject b y length reduction, every image

after 10 iterations. Upp er left: initial p olygon with equidistan tly distributed p oin ts. Lo w er

righ t: end p ositions of the snake p oin ts.



Figure 5: Minimization of the included area, starting with a p olygon similar to the end

p olygon in �gure 4 but with equidistan tly distributed p oin ts.

4 Applications

Using a simple camera arrangemen t, where the optical axis is directed p erp endicular to the


at ob jects, it is easy to get a relation b etw een the �nal snake p oin ts in the image and the

real w orld co ordinates b y a simple a�ne transformation. Th us a rob ot arm could handle

some tigh tly laying ob jects as a single unit, e.g. to w eld them together (the receiv ed snake

p olygon w ould b e the w elding seam). Actually w e implemen ted a system where the end-

e�ector of a rob ot arm runs along the b order of ob jects which are determined using the

activ e contour approac h.

5 Conclusion

So far our snak e algorithm do es not mak e use of gradien t based information. How ever, a

gradien t based algorithm lik e the one presented in [3] could optimize the grade of approxi-

mation. Therefore such an algorithm could use our �nal p oin ts as initial p oin ts. Rather, our

snake uses a threshold for the grey lev el jump to detect edges if they are not to o smo oth.

This strategy is useful if the initial contour is far a w a y from the ob ject b order. Un til now the

initial snak e p oin ts are set via mouse clic ks. F or an automatical setting sev eral approac hes

are conceiv able, e.g. learning a p oin t distribution mo del (see [4]) or decomp osing an image

into ob jects and background.
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