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ABSTRACT 

A new methodology for the fast recognition of 2-D wire­
shapes is presented. Both the rigid and the non-rígid case are 
explored. The proposed methodology is based on a 
characterization of the skeleton of the shape in terms of a set 
oftwo topological robust features: terminal points (TPs), Le. 
points with just one neighbor !Uld three-edge-points (TEPs), 
i.e points with only three neighbors. The number ofTPs and' 
TEPs in the skeleton are used as inputs to look up the object's 
database for the fast recognition of the shape. The proposed 
technique profits the advantages of the Fast Distance 
Transformation (FDT) to rapidly obtain the skeleton. These 
tw() characteristics make of the proposed approach a fast and 
simple method for the fast recognition of 2-D binary objects, 
which is desired for real time applicatíons. 

Keywords: 2-D wire-shape recognition, skeleton, topological 
features, Fast Distance Transform. 

1. INTRODUCTION 

In the field of image processing and computer visíon, object 
recognition plays an important role. Indeed, for a robot 
manipulator as well as for a mobile robot, identification and 

~ 

location ofobjects in their working environment are main steps 
allowing them to perform tasks such as picking, assembly and 
obstacle avoidance. 

• A preliminary version ofthis paper appeared in the proceedings ofthe 6'" Intemational 
Workshop on Structural and Syntactical PaUem Recognition. Leipzig, Germany, August 
1996 pp. 300-309 under Ihe tille "Recognizíng 2-D rigid and non-rigid wire-shapes", 
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The identification problem consist on assigning names or 
labels to each ofthese objects. Two main approaches have been 
uS,ed to solve this problem. In the first approach, a model of 
each object in the model database is matched against the scene 
image and a score is calculated [14]. The unknown object is 
recognized by the highest score. In the second approach, in 
order to elirninate the process of matching every model with 
the input scene, local features are used to generate a hypothesis 
to see ifthe model can be found in the scene irnage [8]. This 
hypothesis is then usually verified by a point to point matching 
of a template of the object with the image. 

Figure 1. An object with different geometry but with the same 
top%gy. 

In this work, the identification of an object is solved by means 
of a topological characterization using the skeleton of the shape 
for it preserves the structural information of the shape. We are 

then restricted to the case of isolated objects that can change their 
geometry but not their topology (see Figure 1). A 4-skeleton is 
chosen in this case because as it was shown in [1], 4-skeletons do 
not present the inconvenient of parasite holes, effect that is 
sometimes present in 8-skeletons after skeleton obtaining (Figu­
re 2). The topological features used here are the terminal points 
(TPs), Le. points withjust one neighbor and the three-edge-points 
(TEPs), Le. points with only three neighbors. TPs and TEPs are 
used here because they have proven to be very nice features to 
obtain the Euler Number or genus ofa shape [2]. The number of 
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TPs and TEPs in the object's skeleton are used as inputs to 
look up the object's databas e to rapidly identify the shape. To 
substantially speed the identification process, the skeleton of 
the object is obtained by means ofthe recent algorithm proposed 
in [1] and [3], which profits from the advantages of the Fast 
Distanee Transformation (FDT) to rapídly obtain the desired 
skeleton. 
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Figure i. PatJwlogical cases sometimes present in 8·skeletons. 

ObJect Reco¡n!tton 

Figure 3. The object recognitÚJn process. 

Object recognition is divided in two main processes: database 
building andobject identification. Both processes are depicted in 
Figure 3. From this figure, we can see that both processes share 
three phases: image adquisition, image preprocessing and feature 
extraction. The output of the frrst process is a database ofmodels. 
Tbis database of models is then used by the identification module 
toretrieve from it the list of models that resemble the most the 
objects in a test image. This makes object recognition easy and 
fast to implement. The proposed methodology, as it will be shown 
in the experimentation section, wiIl be applied for the recognition 
of both rigid and articulated wire-shapes. 

1.1. OUTLINE OF THE PAPER 

, 
In section 2 the two topological features used in this work: 

the terminal point (TP) and the three-edge-point (TEP), are 
first presented. They were already formally defined in [19] in 
terms of the so called Yokoi 's eonneetivity numbers and after 
in [13] in terms of the Rutovitz's erossing number [12]. In [3], 
it was also shown that any crossing point, Le. a point with 
three o more neighbors, can be decomposed into a set ofTEPs 
and this number equals n-2, with n the number of branches. 
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This result is important because as we will see in this paper it 
will allows us to define a formal methodology to describe any 
2-D wíre-shape using its skeleton. Section 3 describes how 
TPs and TEPs are obtained and how they are used to describe 
2-D shapes. In section 4 the identificatíon approach is 
presented. This last takes as input the shape's description 
extracted from each one of the objects in an image to obtain 
the object's identity. In section 5 a set of shapes (both rigid 
and flexible) is then used to test the performance of the system. 
Finally, in section 6 some conclusions and some further 
research are given . 

2. Tps, TEPS AND CROSSINGS 

In this section the two topological features used hereafter in 
tbis work: TPs and TEPs, are presented. As we said, they were 
already formally defined in [19] and [13]. We will also recall 
how any crossingpoint, Le. apoint with three o more neighbors, 
can be decomposed into a set of TEPs and this number cquals 
n-2, with n the number of branches. 

DefinitiQn. Let q=(x,y) and p=(u,v) with q,p E Z} and 
KE (4,6L,6R,8), then thefollowing metríes are widely used: 

d4(P,q)=lx-~+IY vi 
ds(p,q) =max(lx- ul,ly -vI) 

d6R (P,q) = max(lx-~,ly-vl,lx- u+ y - vI) 
d6L (p, q) =max(lx - ul,ly - vl,lx - u- y + vI) 

Hereafter, these metries will be denoted by d4' d", d
6R

, d
6L 

(or 
d

K 
where K is the basis ofthe metríe). 

Definition. Let (A,a) a bidimensional metrie spaee and a 

any metríe, and let N(p)=(p¡ I O< a (p¡,p) ~1} for A díscrete 
or N(p)=(p¡ I a (Pi' p) ~O but not O} for A real, the 
neighborhood of p and Np its eardinality, i.e. the number of 
neighbors ofp different from OThen: 

1. 	 lfNp=l we say that p is a terminal point (TP). 

2. 	 lfNp=2 we say that pis an internal point. 

3. 	 lf Np 3 we say that p is a crossing point or simply a 
crossing. 

4. 	 lfNp=3 we say that p three-edge-point (TEP). 

Definition. For ( Z},d ) with d E {d
4

, d , d , d J, wet t 8 6R 6

aeeept as a 'skeleton any K-eonneeted set of points Q for 
whieh ifa non-TP point is removed, the set Q is deeomposed 
into two or more K-eonneeted sets. 



•••• 

• • • • •• •• • • • 

• • •••• • ••• • 

• • • • • • 

J. Humoorto, J. Dfaz: Recognízing Planar Rígíd and Non-Rígíd Wire-Shapes 

el 
080 80.ea•• ee 111

8 
• 8 \11• ••o 

a e 
80 

(a) (b) 

Figure 4. (a) An 8-connected skeleton. (h) A 4-connected skeleton. 

Notice that for our definition ofskeleton, the number ofbranches 
crossing a node in a 3x3 neighborhood is almost always the 
cardinality N 

p 
ofp (Figure 4), except for sorne particular cases (a 

few particular cases) such as the ones shown in Figure 5. 

• 111 

dI! case d4 case 

Figure 5. Some pathnlogical cases that can he soll'ed hy special 

masking. 

For these particular cases, instead of having one point as 
the point joining several braI'!ches we have four. Although 
these configurations may appear in real cases, they can be 
easily solved by special masklng [1]. 
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d8 case d4 case 

Figure 6. Admissihle ltUlXimal cases after good skelelonization. 

Another characteristic of 3x3 discrete neighborhoods is that 
non-particular cases containing more than 4 branches are not 
possible. The admissible maximal non-particular cases after a 
good sketonization (unitary skeletons) are the ones shown in Fi­
gure6. 
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(c) (d) 

Figure 7. Other possible admissihle configurations. 

Notice further that configurations as the ones shown in Fi­
gure 6 may appear also (and with a great probability) as shown 
in Figure 7 (b) and (d). So, we note the following: 

Lemma 1 [2] For (Z2, dk) with dk E (d4' d8' d6R, d6J, any 
crossing point should be decomposed into a set ofthree-edge­
points (TEPs). 

Proof: It suffices to find a case where a crossing is generated 
by a set of TEPs to show that this is the general way to 
decompose a crossing point into TEPs in Z!. 

In general, any crossing (in the real case) will not be found 
in its natural formo Instead, it will appear decomposed into 
crossings ofless order as shown in Figure 7. Thus, the general 
decomposition of any crossing is into TEPs. As a result we 
have the following: 

Theoreml. [2]Acrossingpointwithnbranchesisequivalent 
to n-2 TEPs. i.e. TEPs=n-2. 

Proof. By construction (see Figure 8), consider the case 
of the minimal crossing, Le. a crossing with just one TEP 
(Figure 8(a» then n-TEPs=2. If we append a new branch to 
this crossing point, a new TEP is added (Figure 8(b», and 
n-TEPs=2. It is not difficult to see that if we continue 
appending new branches (Figure 8(c», n-TEPs=2 remain 
the same, then TEPs=n-2. 

T=1. n=3 T=2. n=4 T=3, n=5 

(a) (b) (c) 

Figure 8~ To append a hrach lo a crossing adds a new TEP. 

3. FEATURE EXTRACTION AND OBJECT DESCRIPTION 

In this section the feature extraction process is described. 
This process is needed to obtain the reference model for each 
object to be further recognized. Lots of features have been used 
in the past to derive the model of an object. These inelude 
computing Fourier shape ,descriptors [20] and [10], different 
types of moments [7], [6], [17], [5], [9], ,[4], [16] and [15], as 
well as elassical shape measures ofcompactness, elongatedness, 
and so on [11]. 

The kind of features used in this work are topological in 
nature. They have been chosen firstly due to the representation 
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chosen to describe the structure of the shape, and seeondly, 
beeause topologieal features have proven to be very nice global 
deseriptors in shape recognition [18]. The two topological 
features chosen here are the terminal points (TPs), Le. points 
with just one neighbor and the three-edge-points tTEPs), i.e. 
points with only three neighbors. These features have been 

already used in the computation ofthe Euler Number ofa binary 
shape [2]. The extraction ofthese features is as follows. From 
a binary image containing one or more binary objects: 

l. Skeletonize the image until a 4-skeleton for each of object 
is obtained. The method used in this case (see [1] and [3]) 
profits the advantages of the Fast Distance Transformation 
(FDT) to rapidly obtain the desiredskeleton. For this, it uses a 
logical operator over the FDT instead of the elassical 
morphologie operators over the discrete array (erosion and 
dilation), to obtain a much faster algorithm. 

2. Label each pixel as: 

• a termianl point if the number of its 4-neighbors equals 
one. 

• a crossing point ifthe number ofits 4-neighbors is greater 
or equal to three. 

3. Decompose each crossing point pinto its number of TEPs. 
This number, as we said and as it was shown in [2], equals the 
number of branches composing the erossing point-2, o; 
equivalently, N4(P)-2. 

Once eaeh skeleton has been deeomposed into íts TPs and 
TEPs, their number is used to describe the object. An object is 
then deseribed by a label (the label identifying the objeet) and 
two numbers: the number ofTPs and the number ofTEPs ofits 

associated skeleton. This information is used to build the 
database of models. It is a list of descriptions ordered by 
magnitude of the two elements: number of TPs and number of 
TEPs. Figure 9(a) shows sorne shapes, their skeletons and their 
corresponding deseriptions. Figure 9(b) shows their positions 
along the database. 

4. OBJECT IDENTIFICA TION 

Once the database of models has been eonstructed, a binary 
image eontaining one or more objects is presented to the system. 

Each object is then preprocessed as explained in seetion 3 to 
obtain respeetively: its skeleton and its numbers of TPs and 
TEPs. The number of PTs and TEPs is then used as an aeeess 
key to retrieve from the database of models the corresponding 
models. This proeess is depicted in Figure 9(e). 

5. RESULTS AND DISCUSSION 

The methodology proposed in sections 3 and 4 is applied in 
the recognition of flat objects comprising both rigid and 
articulated instances. The referenee pattems used to train the 
system are shown in Figure 10(a). Their corresponding 
skeletons along with their deseriptors are shown in Figure 1O(b). 

5.1. RIGID CASE 

The pattems used to test the system' s performance in this 
first case are shown in Figure 1O(e). It is not difficult to see 
that they are copies ofthe same objeets shown in Figure 10(b) 

~~ 
FLOWER (0,18) EYEGLASSES (2,4) 

,f ~ 
3 LAMP 

2 4 EYEGLASSES 

[Q 
I FEATU~E ~I 
I EXTRACTION ! 
'-­___...............J 

¡ 

THE MODEL DATABASE " DATABASE OF MODELSLAMP (1,3) HOUSE (0,6) 

(a) (b) (e) 

Figure 9. (a) Some objects and the;r deseriptors. (b) Pos;tions o/ these nwdels in the database. (e) Tite searelting proeess. 
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but subjected to a combination ofa translation, a rotation and a 
change of scale. Note that in aH cases (as expected) aH objects 
were successfuHy recognized. 

5.2. FLEXIBLE CASE 

A more interesting problem to tackle with, is the case of 
recognizing articulated objects. Le. objects with a certain 
number of rigid parts and links maybe different joining them. 
Two different classes ofobjects were used in this case. The frrst 
class comprises flexible objects composed of two or at most 
three rigid parts with a rotating or a translating axis: scissors, 
vemiers, pliers, and so on; the second class comprises objects 
with a great number of rigid parts and different kind of links 
joining them: worms, spiders, crabs, and so on. The pattems 
used to test the system belonging to the first class are shown in 
Figure 11 (a). The matching results are shown in Figure 11(b). 
Note again that in all cases, aH instan ces were weH recognized. 

I 

J. 
I 
I 

i 

'1' 
I 

Figure 10. (a) Referenee patterns. (b) The;r skeletons and 

descriptors. (e) Test patterns. 

In the second phase ofthe experiment, a couple of sequences 
of images representing the movement ofan object among other 
objects in the scene, were used to test the system. Both sequences 
are shown in Figures 12(a) and 12(a). The goal here was to 
follow the movement ofa given object arnong the others given 
its modeling pararneters. This was carried out by marking the 
object' s pixels with a different symbol. In this case, the object' s 
pixels appear darker than the rest. The tracking results are 
shown in respectively in Figures 12(b) and 12(b). Note again 
the effectiveness ofthe method in both cases. 

5.3. DISCUSSION 

It is obvious that in both cases the method will present sorne 
problems. For example, it suffices that any of the appendices 
of the staircase shown in Figure 1 O(b) and (c) disappears so 
that the system fails. Similarly, ít suffices that the worm of 
Figure 13 cross a couple ofits multiple legs, so the sarne occurs. 
The sarne problem will appear ifthe skeleton's connectivity is 
lost or if sorne parasite branch appears at the moment of the 
obtaining of the skeleton. 

It is also clear that the exclusive use of the TPs and the TEPs 
for the modeling ofwire-shapes cause that a lot ofobjects with 
different shape have the same number of TPs and TEPs. This 
is the case, for example, ofthe eyeglasses ofFigure 10 and the 
scissors of Figure 1 L In this case the system will give as a 
result a list ofthose objects having the same pair (TPs, TEPs). 

6. CONCLUSIONS AND FUTURE RESEARCH 

In this paper, a simple method for the recognition of two­
dimensional wire-objects was presented. It is based on a 
topological model ofthe object (its skeleton) using as features 
the number ofterminal points (TPs) and the number ofthree­
edge-points (TEPs), Le. points with only three neighbors in 
the objects' skeleton. Both the rigid and the articulated cases 
were tackled with nice results. 

The principal merits ofthe proposed approach are its originality, 
execution speed and robustness in the presence of geometrical 
changes. One dlsadvantage of the proposed method is that it 
completely topologically dependent. This means tltat the object' s 
topology cannot be broken. Ifthis is the case, a different method 
should be used. A local one could be a good optlon. 

Another characteristic ofthe present approach is that there 
exist a multitude of shapes sharing the same set of TPs and 
TEPs. This problem could be partially solved for example 
by using (along with the number of TPs and TEPs) their 
distribution along the skeleton to obtain a more complete 
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model, by means of a graph for example. As a future work, we image. Figures 14 (a), (b), (e) and (d) show these four cases. 
are planning to taekle the more ehallenging problem of Although it is true that the recognition of flat objeets from their 
reeognizing both 2-D rigid and non-rigid objects when the objeet skeletons is stilllaeking a real sueeess, perhaps if eombined with 
is oecluded by other objeets or by itself, when sorne ofthe objects' other teehniques like eontour eoding, speeial seanning sequenees, 
information is missing and when sorne noise is present in the model matehing; etc. it may turn to be a winner. 

" 

PLlERS (4,2) SCISSORS (2,4) VERNIER (5,2) JACK (4,4) 

(a) 

PLlERS (4,2) SCISSORS (2,4) VERNIER (5,2) JACK (4,4) 

(b) 

Figure 11. (a) Flexible reference patlems. (b) Flexible test patlems. 
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Figure 12. (a) A test sequenee. (b) Traeking the man-pattern. 
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Figure 13. (a) Test sequenee. (b) Traexing the worm-pattern. 
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Figure U. (o) An object occluding itself. (b) Mutually oceluding objeets. (e) Ineomplete object. (d) No/s¡ object. 
... 

REFERENCES 

[1] J. L. Dfaz de León S., Skeletonization algorithms for binary 
images, CINVESTAV - IPN, Departamento de Ing. Eléctrica, 
Sección de Control Automático, August, 1993, In Spanish. 
[2] J. L. Dfaz de León S. and J. H. Sossa, On the computation 
of the Euler nwnber of a binary object, Pattern Recognition, 
29(3):471-476, 1996. 
[3] J. L. Dfaz de León S. and P. Wiederhold, 
Skeletonization algorithms based on several connectivity 
criterions. In preparation. 

[4] S. O. Belkasim and M. Shridhar and M. Ahmadi, Pattern 
recognition with moment invariants: a comparative study and 
new results, Pattern Recognition, 24(12): 1117-1138, 1991. 
[5] J. F. Boyceand W. J. Hossack, Moment invariants forpattern 
recognition, Pattern Recognition Letters, 1:451456, 1983. 
[6] S. Dudani and K. J. Breeding and R. D. McGhee, Aircraft 
identific¡rtion by moment invariants, IEEE Transaction on 
Computers, 26: 3945, 1977. 
[7] M. K. Hu, Visual pattern recognition by moment invariant, 

.43 




J. Sossa, J. Diaz: Recognlzlng Planar Rigid and Non-Rigid Wlre-Shapes 

IRE Transaction on Infonnation Theory, 12:179-187, 1962. 
[8] T. F. Knoll and R. C. Jain, Recognizing partially visible 
objects using feature indexed hypotheses occ\uded parts, IEEE 
Journal ofRobotics and Automation, 2(1):3-13, 1986. 
[9] Z. Mingfa nad S. Hasaní and S. Bhattaraí apd H. Sing, 
Pattem recognition wíth moment invariants on a machine visíon 
system, Pattem Recognition Letters, 9:175-180, 1989. 
[10] E. Persoon andK. S. Fu, Shape discrimination usingFourier 
descriptors, IEEE Trans. Syst. Man, Cybem., 7: 170-179, 1977. 
[11] A. Rosenfeld and A. Kak, Digital Picture Processing, 
Academic Press, New York, 1976. 
[12] D. Rutovitz, Pattem Recognition, 1. Royal StatisL Soc., 
129:504-530, 1966. 
[13] H. Tamura, A comparison ofline thinning algorithms trom 
a digital geometry viewpoint, Proceedings ofthe 4th. Int Conf. 
on Patt. Recognition, 715-719, 1978. 
[14] 1. L. Turney and T. N. Mudge and R. A. Voltz, Recognizing 
partial1y occ\uded parts, IEEE Trans. Patt. Anal. and Mach. 

Intell., 7: 410-421, 1985. 
[15] W. Wen and A. Lozzi, Recognition and inspection of 
manufactured parts using line moments of their boundaries, 
Pattem Recognition, year = 1993,26(10):1461-1471, 1993. 
[16] W. Wen and A. Lozzi, Recognition and inspection oftwo­
dimensional industrial parts using subpolygons, Pattem 
Recognition, 25(12):1427-1434, 1992. 
[17] R. Y. Wong and E. L. Hall, Scene matching with moment 
invariants, Computer Graphics and Image Processing, 8: ]6­
24, 1978. 
[18] H. S. Yang and S. Sengupta, Intelligent shape recognition 
for complex industrial tasks, IEEE Control Systems Magazi­
ne, June, 23-29, ] 988. 
[19] S. Yokoi and1. Toriwakiand T. Fukumura, An analysis of 
topological properties in digitized binary pictures, Computer 
Graphics and Image Processing, 4:63-73, 1975. 1,
[20] C. Zhan and R. Roskies, Fourier descriptors for plane closed 
curves, IEEE Transaction on Computers, 21 :269-280, 1972. 

Juan Humberto Sossa Azuela. Nacionalidad mexicana, obtuvo el doctorado en el lP.N. de Grenoble, 
Francia con especialidad en informática. Profesor titular en el Centro de Investigación en Computa­
ción dellP.N. Áreas de interés: Visión por Computadora, Reconocimiento de Patrones Visuales y Con­
trol de Sistemas Electromecánicos usando Información Visual. 

Juan Luis Diaz de León Santiago. Nacionalidad mexicana, obtuvo el doctorado en el CINVESTAV del 
lP.N, México con especialidadcon ingeniería eléctrica. Profesor titular en el Centro de Investigación 
en ellP.N. Áreas de interes: morfología matemática, topología y procesamiento de Imágenes. 

44 



FE DE ERRA TAS 

DICE DEBE DECIR 
PORTADA' 

Revista lberoamerica de Computa<:ión 


CONTRAPORTADA: 

Volumen, 1 Número. I 

Volume. L Number .1 


006 Bruce H. Me, Cormick, 

David A. Balte and Andrew T, Duchwski 


014 José Ruiz, Shulcloper, 

Martin G, Chao y José F. Martín.. 

B.... Conceptuales para una Teoría de Objetos Simbólicos 


022 Gustavo NúíIez &nd Matias Alvarado 

Contextual Knowledge Reasoning 

Representation and Automatizaton 


028 [80' A. Bolshakov 

El Modelo Morfológico Formal para la Síntesis de Sustantivos y Adjetivos en Espollol 


038), Humberto Sossa and J, Luis Di.. de León 

Recogoizing Planar Riding and Non-Riding Wire-Shapes 


046 Sergio R Sandoval 

Revisión de libros 


048 Anuncios y Evento. 

AnnouncemenlS and cal! for pape<> 


PRiMERA DE FORROS 

Juan Manuellbarra Centro de [vestigación 

en Computación-IPN México 


PÁG. 1 

Volumen, I Número, 1 

Volume, L Number ,1 


006 Sroce H. Mc,Cormick. 

David A. Balte and Andrew T, Duchwski 


014 José Ruiz. Sholcloper. 

Martín G, Chao y José F. Mamo.. 

S.... Conceptuales para una Teona de Objetos Simbólicos 


022 Gustavo Núfiez and Mallas Alvarado 

Contextual Knowledge Reasoning : 

Representation and Automatizaton 


028 19or A, Bolshakov 

El Modelo Morfol6gico Formal para la Sintesis de Sustantivos y Adjetivos en Espallol 


038 J, Humberto Snssa and 1. Luis Di.. de León 

Reoogoizing Plan.,. Riding and Noo-Ríding Wire-Shapea 


046 Sergio R, Sandoval 

Revisión de libros 


048 Anuncios y Eventos 

Anoouncements and caU for papers 


PÁG,2 

Lín.. 11 

invited several well know Mexican and foreign researchers in Computer Scieneo and relaled Iíelds, 

PÁG,) 

Linea 9 

Correo electrónico Revi.ta@pullux,cenae.ípu.mx. 

PÁG. 26 

Matías Alvarado Mentado. Nacionalidad mexicana, es licenciado en Matemáticas por la Facultad 
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