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Section 1.

]
'“. .

PROBLEM SPECIFICATION
N O

Visuél object recugnitiun problem is a well known pruhlém in the field of
~computer vision. Many peﬁple has contributed different prnpusitiﬁns tﬁ anﬁwef
?the question @ hﬁw tn'sfare an object ( i.e., knowledge ) and how tn FEEGQHIEE.
an input ubJect or retrzeve 1nFnrmat19ns from that storage ( i.e?- knowledge
‘base ). One simple proposition is to extract sufficient amount of fealures ¢
Known as featlure vector ) faor each object aﬁd store them in a flat file. nn
inpul to this system is compared wiih.each stored object linearly tn  get a
suitable mateh. Such a syﬁtem faces problem when the numbér o?. stﬂred object
.1ncreases sufficiently. A search procedure will' perform puurly in such a
situatiun..ﬁlﬁu Lhere is chahce of huge :amaunt of information repetitiun
espacially when all the ohjects or ubJecta in gfnups has - some structural
un1furm1ty In this dissertation work an in—-memomy storage scheme for visual
ébjects _has_ beén presented. Here we Ihave. ha51ca11y exp1u1ted - the
decomposablity properly of a visual ubJect alung with a mechanlsm for avoiding
repet1t1an of information to some extend. .

The internal representation of a complete object is based upon the
following intuitive uﬁﬁervatiuné : . -

Visual objects are nnrﬁally decomposable into a hierarchy of coarse to
fine descriplions. At any level there is one deatrzptnr for Each vlﬁual entity
( for example for each subpart at that level of resulutiun 1 :unne:ted tuf
alher entities through a~apredef1ned sel of spatial relat1un5. These 5pa11a1

relations are parametric, allowing a tolerance ranger on Lhe values of Lheir

parameterﬁ.



The attributes belonging 1o one descriptor of a parl or suhpart may often
.cnnstrain an attribute af anaother part .ur subpart of the same object.
Different objecls of the same struclural / functional claﬁi-hften share a
sel of parl names in ,gdditiun iu' descriptinnﬁ . However, it is not
imperative thal lwo objectls Eharing the same name will also share . the
corresponding descriptian.
ﬁccdrdiﬁgly, the internal rEpresentatiun;prupnﬁed in Lhis work cunsiatalnf
two spaces *~ the name plane, and the descriplian structure. The name plane
contains, for each class of objects, a nne;level I8 A tree, and a PART OF tree
for each ohject helnnging Lo that :iasﬁ. The description strutture- for each
abjett is, loosely, a tree of graphs. A tack hammer, for example, contains a
ﬁead descriptor, and a handle descriptor at the next level of detail with an
1S PERPENDICULAR relatipn betwéen them._ln the next level, _thE"head splits
into the siriker end,.an unnamed conneclor, and a chipper end, mutually
related by ADJACENT TO and TO THE END OF relations. In the tree thus
cnnﬁtfucted, a nunmlehf-gntity, that e#pandﬁ to a graph at the ﬁéxt' level is
called a higher—level éemantic entity, ( HLS8E fuf short ). The feature vector
.0f an HLSE will, in general, -be different ¥rumnthat of a primitive. _In the
example used in the dissertatiqn, they are chasen td be a subsel of the
feature set used for tﬁe primitives. Also, in our present implémentatinn a
fealure vector is 5mé11 subsetl of th; sel of all possible fealures.

. Nexl, lhe representations of the name plané and the déscriptinn strﬁctures
are explained as more than'nné object of the same ﬁlass gel stored in thé
system. For 1the name plane, only the PART OF lstru;ture is affécted. At any
.arbitrary time, suppose there are k. objects of the same class. For the‘i—th

object the struclture is a tree. However, some nodes of the tree ( each node
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des1§nat1ng a name) would alan be shared by the J—-th object. It is assumed
‘that a nudelat-a certain level in the i—-ith PART OF tree will not appear at a
different level for the j—th PART OF tree. If a color is assigned to each
aﬁject, éhd the arcs of the FﬁRT OF tree of that object is assigned that
color, then the genefal PART UF_strutturE becomes aﬁ edge—cuiured multigraph .
The descriptltion structure fﬁr a single object wasrlunaely referred to as a
Lree of graphs.'Butla formal treatment requires it to be defined as a variant
of @ directed hypergraph . The reason is 5imp1y that, here a single element (
~an HLOE ) of a subset of nodes ( a single description plane ) connects to a
complete subset ( anﬁthgr description plané ) by a single arc ( Fufmally,
ahyperarc ). If the subset is talled a hypernode, then the hypern#dea ang the
hyperarcs constitute a tree. Now if colors are introduced as in the name
plane, Lhe fullﬁwing transfnrmatiuns. take place. Some new hypernodes with
diffefent.culﬁra are inlroduced. Some old hypernodes expand, such that a part
of a descriptiun plane of one colar géta shared by a_des;riptiun plane of a
differenl color. That is an union operation occurs between,.the graphs of
different colors at any level. There is also a difference operation : a
tase where lLwo description planeg; olherwise equivalent in structure, ha#e. a
mismalch at one node. Hefe; a dummy node is created 1o enforce a structural
| match of lhe two graphs, and a fork of bifurcating colors is created alongwith

Lo depict Lhe specialization. Just as in the name plaﬁe, strict lavels of
.-hierarchy will he maintained for each calor, forcing in ﬂumm? hypernndés if
 nEce55ary. Knowledge acquiaitiun for tﬁe above structure ) - tlearly,
5gqu1valent tu the cperatiaon of a trEE merging intd a graph. There 15. an

additional Lask of lhe aecquisition process. It also updates - the

“generalization" tree after each object insertion. The generalization of the



. objects of the same class is defined as follows : In the name ﬁlane it -is &
- tree, rooted al the general name, ( say hammer ) and consists of all tlhose
! 'nodes in the PART OF structure that are visited by arcs of all colors. Within

one hypernode, it is the largest common subgraph formed by nodes visited by
;Eall colors. In other words, it is the intersection of the graphs at .ény
‘description plane. Between the description planes it is defined just as in

the name plane :a tree, rooted at a common ( maf be dummy ) HLSE, and

consisting of all those hypernodes visited by hyperarcs of all colors.

Thus introducing an unique color for each object we achieve sufficient

sharing of informations among the objects.

Section 2 presents a data structure for the above concept while section

3 gives the procedural detail of the work. The results has been

discussed
in section 4.



Seclion 2.

DATA STRUCTURE

The Etrﬁcture af the name plane and the dEscEiptiun proposed in sectiogn
T 1s shown in fig. 1. In this section a suitable data structure for the

implementation of the foresaid scheme ic presented.

- a Constants -
1. MAX_FANQUT * Maximum number of decomposed sub-part of any part.
2. MAX_COLOR t* Maximum number of specializations allowed.
3. }MAX_RELRTIDN : Makimum number uf ﬁpatiai relationship allowed.
Q Level 2 Node 33 |
# of parts Parent_ptr Offset Desc._plane_ptr
4 # of partls 1 Totlal number of parts in the bucket.

4 Name set Array of size MAX_FANOUT of Name_def_record.

> Parent_ptr 1 Pointer to parent level_2 bucket ( Far root level_2

%

‘bucket it°s a pointer pointer to llvll_é bucket )

» Offset R Index of lhe parent name in parent bucket.

L

b Desc._plane_ptr'z: Pointer to the associated description plane.

a Name_def_record '3

Child_ptr Out_color_matrix | In_g_bit

> Name 11 Name of Llhe part.

Out_g _bit

q Child_ptr R Pointer to child level_2 bucket.
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In_color_reqy | R A bil register of size MAX_COLOR. The i-th bhit is
ON iff the part is shared by a specializaﬁiun ha?ing

cnlar_nﬁ i.
| {— MAX_COLOR >
AN N N N O O O

Out_color_matrix 11t A bit matlrix of size MQX_CDLDR x MAX_FANOUT. Each
row represents a color and is a bit register as shown

below.

| < MAX_FANOUT >
N OO I I I
The 1~th bit is ON iff the i-th part in the child
level_ 2 hbucket is a memberlin Lhe named decomposition
of thelcurrent part.
In_g_bit 23 A flag bit which is ON iff the p#ft is visited by
 a11 the exisling colors.. .

Out_g _bit i1 A flag bit. 1It*s ON iff the part undergoes a

decomposition for all the participating colors.

Level O Node R | m |
Specialization set “ of variant Child_ptr
Name | i Namé of Lhe object cI&sa. | : ‘
G_code © 1t A bit register of size MAX_FANOUT. The i~th hit is

ON iff the i—-th name in the first level_2 node ( Root
level 2 bucket ) du,participate in the deFini}iun of

Lthe class.



| <- MAX_FANDUT >

» Specialization set :: el of currently available specializations.It’s a

collection of level_1 node.

» 4 of variant 2 # of currently available specializations of the
tlass.

» Child_ptr : s Fointer lo the root level 2 node.

a - Level 1 Node ::

» Name i Name of the specialization.

* Colar_no 33 Unique integer assigned to the name.

» Child_code t1 A bit register of size MAX FANOUT. The i~th bit is ON iff
the i—th name in the first llvtl;ﬁ node ( Root level_Z
bucket ) is a part in the 1-st level decompasition of the

specialization.

|< MAX_FANOUT
I 0

All Lhe data structures defined so far, Collectively defines a Nams

Plane for the object class.:It basically gives a named—-description of each
specialization in the object class. I

The spatial relationships -betweeﬁ the pa?ts { we. shall refef
them. as nnmld—nddi ) may .involve éuma'nndes which do not have any significant

name, bul playes an important roll in the semantic definition ( we shall refer



"them as unnamed-node ). A graphieal representation of  the spatial

‘relatianships among the named and unnamed nodes is reflected in a-Dtlcriptioﬁ

Plane in the form of a Node_Table & Arc_table combination. These Tables are

prEEEHted helow. ‘

o  Description_Plane 13

Parent_ptr Node_tlable

> Parent_ptr ! Pointer to parent descripltion plane.

= Node table 13

_ F_vector Child_plane Parl_color_reg | G_bit Dut_:ulnr_inat
23 Node identifier.

b id

> Type ( Named—-node, Unnamed—-node ).

b F_veclor Feature vector of the node.

> ChilQ_plane' Pointer to child Description Plane.

» Part_color_reg @12 A bit régister of size MAX_COLOR. The i—-th bit is
1 - ON iff the node is shared by a spetializatinn having
:ﬁlur_nn i; | .
. | {omm MAX__COLOR >
I N A O O O N S

A flag bit which is ON iff the node is visited by

»  G_bit

' all the existing colors. o | o
» Uut_:nlur_matfix 11 A matrix of row size MAX_RELATION. Each row
represents a color.Each entry of the matrix is'aalig}g

of arc Id's. Thus the ( 1,J ¥-th entry of the m&frigi

gives the set of arcs having label j which Emaﬁﬂtﬂs:}:

8



Hash _Table 1%, 'Haﬁh table for hashing the nodes in the plane with

one or more elements of the feature featlor as a key.

10 .



Section 3.

DETAIL OF THE WORK

In this gactiun-we present an élgnrithm for the creation of VISUAL
;EEHQNTIC NETWORK ( VSN Y. The tutalxcreatiun prucedﬁra has two partils.
jﬂu creatiun-uf NAME PLANE. . .
2 creation of DESCRIPTION PLANE.
| The insertion inf. specializations intnw.the name plane involves
the following EtEPE . |
Step O. Iﬁitialise a level_ O node with a given object class ( say, Hammar ).

( Needed for the first spetializatiun_unly )

Step 1. Insert a new specialization name as a level_ 1 node into the

specialization sel of header level O node.

Step 2. Insert 1ils firsl level decomposed parts into the first 'level_E, node
( we call it root level_2 bucket ). |
step 3. For each part node at root 1level_ 2  bucket input its children
( decnmpused,§uhpart5_i recursively uplo any required depth.

The first step ( i;é. 5£ép0') is 1trivial. So we will %ucus our
atténtiun to étep1, 51&#2 SlstéﬁB only. We can alsu‘ notice that the
intermediate spatial;reiatibnﬁhip ;muﬁg the parls in any level 2 bucket 1is
depicted in the.descriptiuﬁ? :b“ﬁiﬁ; aﬁaéciatad to it..ﬁ descripltion plane
.ig a graph G=(V , E), wherewiﬁé ;eiteki5Ei V istﬁlset of named & unnamed
nodea aﬁdxthe edge set E tnntaihs labelled cnlnréd, edges.. A sharing of

_infnrmatiuns stored in lhe exizating descripltion plane by a new description is

obtained by a'prupef. merging of the later with the Fnrmer.. Dur algnrithm..'

11



R
;ill do such merging for each level_2 bucket only ;fter receiving all
;uhpart names for it.

A named or unnamed node may undergo decomposition involving only
unnamed nndéﬁ;.ln.guch a Easelan heurislic way of merging has heen used. |

' The'cnmplete algaorithm is formulated by a number of interrelated

procedures. The detail of some of the auxilliary procedures are omitted. For

the time being, let us assume thal the fnlluﬁiﬁg procedures do existls.

,1. Procedure Inpul_relationship( temp_node_table, iemp_arcﬂjable)-=—
Node_Table temp_node_table;

Arc_Table | Lemp_arc_table;

It inpuls a relationship graph associated with some decomposition.The
graﬁh is returned in the form temp_node_table & teﬁp_arq_table pair.

2. Procedure Merge_named_graph( temp_node_ table, temp_arc_table,

bucket, color_no )} :-—

Node_Table . temp_nnde_tablai'
Arc_Table ' temp_arc_table;
Level 2 node . bucketl;

“Integer .cninr_nu;

This procedure merges an input graph of color cnlur_nu' ani ﬁiven in
the form of temg_nuda_table & temp_arc_table Lo the model graph of the
ihe description plane chket.degc_plane_gtr. Here the vertex EEt; of
both the graphs may ﬁoﬁiéintuﬁnamed  ndde5 along with named nodes.
3. _Prncedure Merge_unnamed_graph ( parent_plane, nnde_namé, ﬁulnr_ﬁu ) -
Descriptiun;plane parenl_plane;
String | node_name; /# A node in parent plane #/

Integer color_no;

12



4

This procedure 1is same as Merge_named_graph() exceptl that the

Inpul_relationshipl) 1is " called inside. il whenevear needed ‘and
the description plane of interest is lhe child description plane of the

L]

node node_name.

Procedure Compare_feature( f_veclort, f_veclorz ? :-

Feature_vectlor f_vectoril, f_veclorZ;

%

The f_vector1 is compared with f vector2d ( as refereance ) and is
returned TRUE iff they are ‘comparable’. The term *comparable®' is

problem deﬁehdant; The detail of this procedure is nol given.

Procedure Tr}_Lq_furk( noded1, node?2 ) =~
Node noded, node2 ; /% i.e., Node_table entries ¥/

This procedure compares node2.f vecltor wilh node1.f_veclor and do
Fﬁrking at node nodet if the two ”feature vectors are comparable 1o a
predefined dEgFEE. The detail is also skipped for this procédure.'

A qumal'deﬁcriptiun of the procedures is given below.

Procedure Insert specialization( class_head, sp_name, colaer_no )

E-

Level O node class_head} /# Header node of a class #/
"5tring_ 5 p_rame; /# Name aof a'apa;ializatiun */
Inteqef' cnlurrnu: /# color associated wilh sp_name */
Begin
1. -li sp_name € tlass_head.specialization_sel lhen omit it and stop.

k

els golo step Z.

Endlf

Include sp_name in class_head.specializatin_sel.

13



- 3. Input feature vector of sp_name.

"
-

g, call Insert_first_level_decomposition({ class_head.child_ptr, sp_name.,
tolor_mol);

End.l

Procedure Insert_first_level decomposition( root_buckel, sp_name, color_na 2

Level 2 node o root_buckel; /% rool level_ 2 huckel #/
String | sﬁ_name; /% Name.uf a spacialization #/
Integar. . | cnlnf_nn /# Cﬁlnr aﬁsuciéted with 5p_naﬁe */
vVar
String part_name;
MNode_ Table . temp_node_tlable;
Arc_Table temp_arc_table;
- Begin
1. Let d_list he the list of named decomposed parls of ép_name;

part_Name ¢eem ?irst name in d_iist:

2. While part _name » NULL do

ey e -

Zala ii partl_name « rool_buckel.name_sel Lhen

2.17.1. Let part_name be the j-1h name in root_buckel.name_sel.
Else
2.1.2.  Let j be index of the free location in the buckel ( i.e., in

rool_bucket.name_sel );

Insert part_name at the j-th free localion of the buckel;y

Endlf_

2l Sel color_no ~th bit of pari_name.in_color_reg;

14



2.3. Set j —th bit of sp_name.child codes
y | - |
2.4. parl_name +—— next name in d_listl;

EndWhile | .

3. Call Input_relatlionship( temp_node_table, temp_arc_tabhle );

4. Call Merge_named_grabh( Lemp_node_table, temp_arc_table,
rootl_hucketl, color_no };

S For each part N in root_bucket for which color_no is a

pariicipaling color do

5.1. Iflany unnamed decomposition of N is required then

D.1.1. call Herge_pﬁnamed_graph{ temp_node_tlable, temp_arc_table,

N, bufket.dic_plane_ptr, colar_no )3
Else

5.1.2.  call Input_children{ N.child_ptr , N, color_no }.

Endlf

EndFaor

EFnd.

Procedure Input_children( bucket, parit_name, color_no )

Level_Z node bucketl; ./* Child bucketl of the partl part_name #*/
String - ﬁart;names

Integer color_no;

Var

Siring aghpart_name;

Node Table ' temp_node_table:

Arc_Table | Ltemp_arc_table;

Begin

f. Lelt d_list be the list of némed decomposed parts of parl pari_name.

subpari_name ¢ first name in d_listl;

15



_E. While subpart_name = NUEE do

Z.1. 1f subparl_name &« bucketl.name_sel then
Zaleta Lel subparti_name be the j—th name in bucket.name_aet.
Else
2.1.2. Lel j be indexluf Lthe free location in the bucket ( i.e., in

buckel.name_setl );

Insert suhbart_name at the j-th free location of the bucket:

Endlf
E.E., Set coler_no -th bitl of subpart_name.in_color_reg;
2.3. Set ( color_no, j )-th bit of pari_name.outl_color_matrix;

2.4. If subpart_name is not a leaf node then

2.4.1. Call Input_;hildrentﬁubpart_name.:hild_ptr.aubpart_name,culnr_nu ):
Endlf
2.3, Eubpart_name —— next name in d_list.

2.6. If subpart_name = NULL then

2eb.l. Call Inputl_relationship( temp_node _table, témp_ar:_jable ) 3

2.6.2. - Call Herga_named_graph( lemp_node_table, temp_arc_table,
o | | bucket, color_no )
Endlf
EndWhile |
3.  For each node N in bucket.desc_plane_ptr , such that N is visited by the
color color_no  do |
3.1. 1f any mare unnamed decumpﬁsitiun of N iﬁ'required then
3.1.1. Call Merge_unnamed_graph( teﬁp_nude_table. Lemp_arc_table,

N, bucket.dsc_plane_ptr, color_no ):

16



Endl

EndFor

The two graph merging algorithms mentinhedp earlier may .requirE'
-multipIE'basses. For example, the procedure Merge_named_graph() works as
follows : in the first paﬁg each node N of the input graph 1s wvisited. In
.ﬁuch_alvisit the al_gnrithm'try to maP_N to some mode1l graph node. In the next
step it try.td map all uﬁe—arc~1ength neighbﬁr aof  N. In this .step eath
neighhurlnude M ( both named and unnamed ) of N is either successfully matched
o some model graph node Mi, or a new equivalent node{ M is created in .mudel
graph and the spatial relationship between N & M is preserved in the'mndel. In
Lthe first step a_mamed node in matched ( or crea;ed teasily. But a new unnmaed
node { one which is nol already visited in the second slep ) is not _created
and leave the pass incomplete. Thus the algorithm forces all unnameﬁ nodes of
the inpul graph to be maﬁped in atep 2 only. A boolean fiag not_completed has
been introduced for this purpose. The other prucedure_Mgrge“ﬁnnahad_graph(} is
"mostly same as the former except that an initial heqristic search is performed

Lo get a match between an inpul graph node and a model graph node. The detail

of bolh the algorithms are presented below.

Procedure Merge_unnaméd_graph{ parent_ptlr, node_name, cul&r_ﬁn )

Dﬁc.;plahgﬂpninter - parenl_ptr; .
String | . node_name;

/# A single entry of parent_ptr.Node_Table #/

Integer | | colaer_noj

17
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Endlf

1.7. nut_cumplgted ——— FALSE ;
1.8. Start fron the node N ( first mattﬁed node ) of the input graph and
consider each node in some order to do the following
.1.?. If N is-aiready matched to the model graph node N« then
1.?.1; *mark® N 7 /#* A marking indicates that.the node is visited from
- the outer loop i.e. ASs a result of step 1.8%/
i.?.E. Faor each edge e in input graph, such that, e = ( N, M ) and
e.label = 1 ( say J; and M is‘nnt‘marked do
1.9.2.1. 1f M is already matched to some the model graph node M then
1.9.2.1.1. If el = ¢ N, M ) and el.label = 1 is not in the model then
1.9.2.1.1.1, create thé same;
EndIlf
1.9.2.1.2. Set color_no—-th bit of el.parl_color_req :
| Else
1.9.2.1.3. Find one-arc-length neighbor set ¢ nb_set ) of N
1.9.2.1.4. If M is matched to some Mi € nb_set then o
1.9.2.1.4.1. Call Try_to_fork{( M, M ):
1.9.2.1.4.2. Setl cu'lur'_nu—t.h bit of Mi.part _color_reqg;
1.9.2.1.4.3. If el = ( M, M ) and ef.label = 1 is not in the model
1.9.2.1.4.3.1. . then create the same ;
EndIf
1.92.2.1.4.4. | Sel color_no—-th bit of el.partl_colar_reg ;
Else | |
1;?.2.1.4.5. | Create a new node M Equivélent to M in the model graph i
1.#.2.1.4.&. | Create an edge e1 = ( NL.rm ) with e1.label = 1;
1.9.2.1.4.7. . Set color_mno~th bit of e1.part_tu1uf_feg:

19



Endlf

EndIf

EndFor

Else

1.2.3. nnt_cumpleted +~—— TRUE ;

¥

/# So one more pass 1s required #/

Endlf

1.11. For each node N in nnde_name.child_ptr.nnde_tahle, such that N is

visited by the color color _no do

1.11.1. 1f any more unnamed decomposition of N jg required then
1.11.1.1. Call Merge_unnamed graph( N, bucket.dsc plane_ptr, color_no );
Endlf
EndFor

End.

Procedure Merge_ named_graph( lemp_ _node_table, temp;arc_table,bucket.culor_nn )

——,
Node_Table © temp_node_table;
-ﬁrc;TabIE temp_arc_table;
Levei_E node | bucket; .
Integer - tolor_no;

20



IiVar

Boolean | not_completed:

- Begin .

1. not_completed ¢——— FALSE;

2. For each node N of temp_node_table do

3. Switch ( N.type )

Case "named—node® :

3.1. If N already exists in the model graph as M then

3.1.1.  Call Try_to_fork( M. N )

Else

3.1.2.  Create a new node N« equivalent to N in the model graph ¢ i.e., in
bucket.des:;plane_ptr.nnde_tahle )

Endlf

3.2. Sel color_no-th bit of Ni.partl_color_reg ;

3.3. For each edje e in input graph, such that, & = ( N, M) .e.lébel = 1

( say ), and M is not marked do
/% A marking indicates thal the node is visited from Lhe
outer loop i.e. as a resull of step 2/

S.d. 1. If M is a named node then | '

3.3.1.1. If M already exists in the model graph as M then
3.3.1.1.1. Call Try_tq_furk(_ﬂn M );
. Else |
.3;3.1.1.2._ N Cfeate a new node M« equivalent to M 1in the_ model graph

(,iie.,in bucket.des;;plane_ptr.nude_table )3

Endlf

3.3.1.2. .££ el = ( M, M ) and e1.label = 1 isg not in the model then

21



. 3.3.1.2.1. create the same

EndIf

- 3.3.1.3. -  Set colar_no-th bit of el.part_color_reg ;

Else /i H'ié'an unnamed node #/

3.3.1.4. " If M is already matchedhtq the model grﬁph nade M theﬁ
3.3.1.4.1. If e1 = ( M, M ) and e1.label = 1 is not in the model tLhen
3,3.1.4.%.1. treale the same:
| Endlf |
3.3.1.4.2. Sel color_no-th bit of el1.part_color_reg ;
| Else h
3.3.1.4.3. | Find one~arc—length neighbor sét ( nb_set ) aof Mg
3.3.1.4.4. If M is matched to M « nb_set then
3.3.1;4.4,1. . ICalI Trk_tu_#ﬁrk( ML M)
3.3.1.4.4.2. -~ Set ﬁolur_nuéth ﬁit n?‘rh.part;culur_reg;
3.3.1.4.4.3. If e1 = ( N, M ) and e1.label = 1 is not in the model
S3.3.1.4.4.3.1. then create the same ; |
Endlf
3.3.1.4.4.4. Sel culnf_nu—th bit of el.part_color_reg :
| Else . - |
3.3.1.4.4.5. Create a new node M equivalent to M in the model graph #
3.3.1.4.4.56. Cr;ate.an edge e1 = ( Na, M ) witlh el.label = 1;
3.3.1.4.4.7. Set color_no-th bit of el.part_color_reg;
Endlf |
Endlf
EndIf
EndFor

3.4. Mark N:

a



Case "unnamed—-node® :

3.3. I1f N already exists in the model graph as N1 then

3.5.1. For each edge e in input graph, such that, e = ( N, M ) ,e.label .= 1

( say ), and M is not marked_dﬁ

/# A marking indicates that the node is visited from the
cuter loop i.e. as a result of slep 2#/

3.5.1.1. 'li M is already matched to the model gréph node ML then
3.5.1.1.1. 1f el = ( Ne, M ) and el.label = 1 isg not in the model then
3.5.1.1.1.1. create the same;
Endlf
3.5.1.1.2. Sel colaor_no-th hit_uf“e1.part“cnlur_reg H
. Else
3.5.1.1.3. Find one—-arc-length mneighbhor sat ¢ nbh_set ) of M:
- 3.2.1.1.4. .li M is matthed Lo Mi « nb_set then
2.5.1.1.4.1, ~ Call Try_to_fork( M, M );
3.5.1.1.4.2. Sel color_no-th bit of Mu.part_color_reg;
3.5.1.1.4.3. Ei el = ( Mt, M ) and el1.label = 1 is not in fhe model
3;5.1,1.4.3.1. then create the same : .
. EndIlf
3.5.1.1.4.4. Setl culﬁr;nﬁ*th bilt of E1.part_cﬁ1ur_reg ;
Else ‘
_3;5.1.1.4.5. Créale a new node M equivalent to M in the model graph ;
3.3.1.1.4.6. Create an.edge el = ( Nl;rm ) with e1.label = 1:
3.5.1.1.4.7. S92l color_no-th hit of el.part_color_reg;
Endlf
éndlf
EndFor
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3.5.2.

'3.5.3:

End.

Mark the naode N =

r

Flse

nolt_completed +—— TRUE

Endlf

EndbSwitch

Enanr

]

24



Section 4.

RESULTS

In Lhis Jdivsertalion work our object class of intcrest is thel hammenr
from which three upecializations ( namely tlack hammer, ball—-pein hammer,
double hitling end hammer ) have been chosen. These are shown in tLhe
figures ( fig 2., fig 3., fig 4. ) where different parls are pointed ocutl.

As stated in the first section, a feature ve&tnr { of an HLSE as wel%-
as ot a primitive enlitly ) in the current implementation is al subgset of the
sel of possible Fuaturea? The fealure informations are extracted from  _the EDi
image of Lhe objecl where each entity ( both HLSE and primilive ) is a clﬂsed 
contour.The feature elements chosen here are as Fulfnws : -

1. Nou. of Zera Crossimng Polnts (n ) -

ibenll=Fnl i

Cuavalture of a poinl on the contour varies from point to point and1
changes sign whenever the curve curves significantly. A zero crussing point of.
_curuature ( known as ZC point ) is defined Ly the point on the curve where the?
curvalure changes sign  either .Frum -ve Lo +ve or zero, or from ,%QE tﬁ;
—ve or zero . Thus the number of ZC points of a contour gives tLhe ﬁuﬁbeg nf¥

significant lurning in the polh along a conlour.

2

This unilless ralioc gives information aboul elongatedness of the

contour.

3. Normallsed Length Array t-

The distance of each ZC point from the centroid of the cﬁntuur'_i;?“

N
oy l-lf

normalised will respect to the maximum distance . Thus, this is 'a | variable.
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length feature of size n ( # of ZC point ).

4. Angle Arvay i -

For each 2ZC point a line joining the point and the centroid of the
contour is drawn. The line segﬁent having maximum length is taken as
reference.The angle formed by each line segment with the reFerence 1inE]
measured in some predelermined direction say, cuuntErcluckwise ) is taken aEJJ

a fealture element. Dnce again this fealure array 15 of size n.

5. Spine Length 1 -

Lenglh of the ldrgEft spine of a closed contour gJives informatian abuut”
Lhe elongation of the contour.

For example, the contour hilling_end is represented by a Feaﬁure vectuf‘
given below.
1. # of ZC point = 8,
2. Perimeter- / Area = 14.45,

d. Normalised length array of size

[jb 750 [ 0.875 1 000 l 1. OOO I O. 750*[“1 o0 | 1.000 l 875 ’

4. Angle array ( of size 8 and in deqree ) :

l 0.000 l 20.00 | %5.00 | 125.0 , 180.0 I 135.0 _305.0 m

2. Spine length = 24 unit.

Now consider the ltack hammer ¢ fig 2. ) as the first representative of -
the class hammer. Tls namo Plane structure is shown in fig 5&."and*ﬂther

descfipliun struclures at different levels are presented in tabular form finf;

Table 1. The same table also depicls the resulling descriplion structure - of
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Lhe objectl class hanmer. The inputl description structure is self Explanatﬁry.

For example, the level 2 descriplion consists of two named entities, namely

head and handle, where head IS_PER_TO ( is perpendicular to )} handle.In the}i

resulling descripltion at each level three new columns are introduced. The'Hultff

# Jives Lhe multiplicily of forking at a nede. If a dummy node be a

reprasentative of i ( 1 > 1 ) different nodes then'that dummy node is said to

have a multiplicity 1. All nun—dummx nodes do have Mult # = 1, The culumﬁ-;

]

color grouping refers Lo the Lype of forking al a node. If a node N is visitediﬂ

—
LL ]

by a number ( & : Kk > 1 ) gf cnlnrﬁi; but N.Mult i

|

N i1s a non—-dummy noede. Butl if 1 < N.Mull # - k. Lhen the question arises how.

the different participating colors are grouped during forking at N. This

informalion is displayed in the column color srouping by separaling the colors

in the same group Ly ','s and lhe Jroups by ";'. Thus Mult # & Color grauping'

bears infaormation e¢boutl the source and. destination node of an arc.The third
new column FParticigating color is simply the color numbers which viﬁit Lthe
relational are¢ given in  the corresponding row. Also notice that a "#° mark
appears bhefore a ncocde ( both source and destination ) as well as before a

relational arc. N "#*' mark implies generalization. A node or an arc is !

-marked iff it is visiled by all the existiny colors. Insertion of the first

specialization of & 'lass marks all nodes and arcs inlroduced in the system as
shown in Table 1. A subsegquenl insertion of a new specialization (ball-pein
hammer )} unmarks some of the nodes and arcs ( refer Table 2, for example, node

lack_eoend, arc no 2 at level 3 ). 1 separale name plane struclure +for thig

hammer is shown in fig 5h. Insertion of this new structure modifies the

exisling slructure ( fiqg Sa. ) to form a new name plane ( fig éa. ). In this'

L

system state the third specialization (doulile bhitting end hammer) _;igi
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introduced ( goo tnformations displayed in Table 3. ). 0On a careFul
~observation of the description structure at ievel 3 decempeeitienhef head ) .
we nolice that two arcs ( no 0 & 2 ) are duplicated. This is Lecause, for a
double hittling end hounmer the hitting_end IG_ADJ_TO ( is adjacent to ) both
sides of Lhe unnamed node ¢ l.e., connector ) A1 such that the three entities ¢

hitting end, 1, hiliting_end ) are COAXIAL. This 1s merely a convention |

followed in the system. Tha resulting name plane is shown in fig &b.

The resulling description graph at different levels shown 'in  Tablae 3
gives a complete descriplion structure of the object class hammer witlh 'three

1" palhlis m

specializatlions. Information aboul a specilization having color ne i:_can' be
exlracted by Lraversing Lhrougyh this structure and examining enlyl.the5e 
Nnodes and arcs which are visiled by the color 1. Also naotice that thie1
structure gives a generalised definition of hammer as follows @ « hammer hae
tweo main parts, namely o hsad und a handl e which «are rerpendicular teo ‘each
other. A4 head consiste of a hitting end ard an mnamed node | ¢ call it ;'uf D
which are adjaucearnt and coaxtal. The unnamed node wui LS a4 combination ak rthree._
contours {1, &, 5 C coll them wlt |, ulP ared ufl 3 respactively O sueh  that uf f
Le adjucent to uls and ufs lrn trnside ufz. ‘

An  important characteristic of a learning precedurel. ie{fﬁdete”
independence which ee;e Lhat learning should be independent of the erdee of
the data items. Our presenl system is not a learning system in the Lrue. sense,
but it builds a knowledge structere independent of the input erdering; Eig ;7.:

. |

shows the descriptivin structure ¢ in Lthe form of graph ) at different ‘leuelﬁ"

for 6 ( 3! ) poussibla erdeang 6f Lhe specializations.
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HITTINRLEND | ¢ CONNECTOR (U4) —f4— TACK _END

FIG 2.
TACK HAMMER '
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—| HITTING.gND CONNECTOR (V1) —3| BALL.END |¢—

Fr&, 3.
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—>| HITPING £NDf«— CONNECTOR(UL) — 5 |HITTING.enp|«—
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Fxc.. 4.,
DOUBLE.HITTING.END HAMMER




HAMMER

. '.'fi;__.-"', -"."‘:- R H .

- ITS.A.

TACk HAMMER l

PART. -
? C’F- FPART_OF

HEAD | HANDLE |~ ll ~ I

PA RT- °F'

I HITTJN'G..END_J TACK END[::I
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(@)

l..l'|" :-_'I ‘qu ..1 -.. .

BALL - PEIN HAMMER --~]50ui3LE-mTTm,ay END HAMMER
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(e)
HFﬂﬂ, 5.  Name PLANE STRYCTURE FOR 'DIFFER-ENT HAM”_ERS

A) TAcCcK HAMMER
() BALL - PEIN HAMMER .
(¢) DOVUBLE HITTING END HAMMER



1. TACK HANMER

INPUT GRAPH AT LEVEL 2 '( DECOMPOSITION OF ThCK HAMKER )
No. Label Source Destination
0. 19 PER 10 head handle
-------------------------- 1 e

A A N A uk dalok vl Y Y S AN W N A ah Sl e alen o - S N S S e el s el e S - N A - e il el A

INPUT GRAPH AT LEVEL 3 ( DECOMPOSITION OF head )

- No. Label Source Destination
0. 1S_ADI_TO hitting_end 1
1.  COAXIAL hitting_end 1
2. I5_ADI 10 tack_end |
e end =-—crcecccccucnanea o ———

I il el _'-'—----“--ﬂ-------_----“ A N A E-einll ek ke - Y A - S e il sl sl B - -

INPUT GRAPH AT LEVEL 4 ( DECOMPOSITION OF 1 )

S ile-vhon iy sl g - A S A ol s e S A A U i i i b e L L L L L L e ——

No. Label | Source | Destination
0. IS_ADJ T0 1 | 3
1.  IS_INSIDE 2 3
] end T ——
T e s eseom—== AFTER HERGING = e e e e
RESULTING GRAPH AT LEVEL 2 {( DECOMPOSITION OF HAMMER )
No. - Label Source Hlt.4  Color grouping  Destination  Mult.$¢  Color grouping Participant nolnr\
£ 0. IS PER ID #head 1 1; Ahand]e 1 13 1,
. 0 S A i . Y 4 A S e O Y S T e e S S e S S S B S S 4 end 2 0 A Y P D A A 5 D - e S e Y O P S A S A 4l e S
RESULYING GRAPH AT LEVEL 3 ( DECONPOSITION OF head )
No, Label Source ' Hult.i Color grouping  Destination  Mult.$  Color grouping Participant cnigr
k0, ISADIT0 Ahitting end 1 : AL S T T 1, =
k1. COAXJAL  Ahitting_end 1 : Al - | ' 1,
k2. IS ADLY0 Atack end 1 1; Al | 1; 1,
0 40 o P U 4 7 0 i O S 0 o S D S Y A S - 2 S S !nd e ———— e ———
\ RESULTING GRAPH AT LEVEL 4 ( DECONPOSITION OF 1 ) ;
Na. Label Source Hult.#  Color grouping  Destination  Mult.d  Color grouping Participant color
£0. IS ADITD AL ST A2 11 1, 0
1. IS_INSIDE 42 1 13 A3 | 13 1,
---------- S 0 e o S 0 4 - 0 00 S - P A . S end 0l e -t 9 A - 4 P A D D S 4 S S 8 0 30 e



2. BALL-PEIN HAMMER

S Ak iy ey Y S W B Wl
--H—H-ﬂ---l--------_—-ﬂ;--—---—.-----—-'--I--l.—p—-H-ﬁ-_ﬂ--—_-------ﬁ—--n--- [ ]

-“‘-----i-ﬂl-l-ll—i--ﬁ—---------——-up_--------—_————----““—.-----“-_

No. Label Source Destination
0. 1S_PER_10 head handle
e B -1 11 B e LA

INPUT GRAPH AT LEVEL 3 ( DECOKPOSITION OF head )

-------_---------—_”ﬂ-------ﬂ----_-_-----------ﬂ--_------“*-—-—---

No.  Label Source Destination

0. I15_ADJ_I0 hitting_end 1

1.  COAXIAL hitting_end 1

2. COAXIAL hitting _end ball_end

3. I8_ADJ_TO ball_end ]

4.  COAXIAL ball end 1
B R —— End ---------------------------

Lo Ll L L L L] L E R e e T A R L ———— el il ol b

INPUT GRAPH AT LEVEL 4 ( DECOHPOSITION OF 1 )

ekl UL L L L L L L L L L T R a—— L I L 1 [ 1T T " T T T 7T T T ¥ L F ] yowes

No. Label Source Dastination

Wi i e ol S A S S N Ay -nla - e ek sl gl kS gy S A A A S el g " S-S A S e N el -misks - sl g W A S I R

0. I5_ADJ YO 1 3
1. IS _INSIDE 2 3

----ﬂﬂﬁh------ﬂﬁﬂ—ﬁ------u-u-h-.-----ﬂﬂl———----—ﬂ_-ﬁ_-----—----------—--_h-_-----ll--l--I-—------—ﬂh—----—-_-ﬁh----_--—wﬂ----—ﬁ-‘-_---—

__---------ﬂﬂ-----llrl-l-i-l-i-l-——--.-_ui—-——-----———-----—-—l—-‘--- -_--ﬂ-'—-----—-_-------‘-ﬂ—_—----ﬂ-ﬁ_-----—_ﬂ*-------——m----ﬂ-—- -2 T Y"1 I

No.  Label Source Mult.¢  Color grouping  Destination  Mult.$  Color grouping Participant color
x 0. IS_PER 10 Ahead 2 1323 xhandle 1 2,13 2, 1,
------------------------------------------------------- end . e e Y A S e e A . e A e . o . 8 e e P P B e e

Ko.  Label Bource Wult.$  Color grouping  Destination  MNult.¢  Color grouping Participant color
A0, I8 ADJ_I0 ihitting end 1 2,1; Al | 2,13 2, 1,
k1. COAXIAL  4hitting end | 2,13 Al | 2,1 2, 1,

2. I5 ADJ 10  tack_end 1 1; k1 1 2,1; 1,

3. COAXIAL  #hitting end 1 2,13 ball end 1 ; 2,

4, IS ADI Y0 Dball end 1 3} x1 1 2,13 2,

9.  COAXIAL ball end 1 ; X1 | 2,15 2,

b bl i L D L L R )L L L L Y e — L — b d L B R L DT L T L R R R T p———— A i - ek hjels: e bl — — A U W A A S G ik S P B S i el i i

RESULTING GRAPH AT LEVEL 4 ( DSCOMPOSITION OF 1)

-_--“_"-'---ﬂ-----------ﬂﬁ-_ﬂh-ﬁ-_--ﬂ-ﬂ“ﬂ-ﬂ-ﬂﬂ--—-— --------ﬂ-#—-*—---_-----ﬂ-—--—-—----“-----*—--“--‘----u_----—"““----‘---u-———---“

No.  Label Source Hult.¢+  Color grouping  Destination  Hult.$¥  Color grouping Participant color
k 0. IS AD] T0 &l 1 2,13 3 1 2,13 2, 1,
k1, IS_INSIDE %2 | 2,13 3 | 2,13 2y 1,
------------------------------------------------------- BRI = o om0

T=ahbke'l e = B



3. DOUBLE HITTING END HAMMER

'--Il---H--------ﬂ---ﬂ----——-lﬁ

- L g I J M T S ol T e - -1--1-*--!#“ T ey W S el oy "l S ks .y . . -—ﬂ--*--—- Ll 1 P T — [

INPUT GRAPH AT LEVEL 2 ( DECOMPOSITION OF DOUBLE HITTING END HAMMER )

-ﬂ----_--ﬁ--H--«--l------h—--.----------ﬁp----—q- ------q--‘--—---—-

--‘----_---------ﬂ--ﬁ-_i—--—-----ﬂ ----——-u—--n--*---—--—-------—-

2,  COAXIAL hitting end
3. COAXIAL hitting end 1

-ﬂ----ﬁ---ﬁ-----ll--l---ll---_--lﬁ-—ﬂ----ﬂhm L L p g Ty e ey S iy - W e

------h—_---'-----------H-------ﬁ---—----_--H--—---HH- ---_-----ﬁ.-u

_--------h--ﬂ--ﬂ--_------*--h——-ﬂ--—-----—-H—--—------_----ﬂ--_--

RESULTING GRAPH AT LEVEL 2 { DECONPOSITION OF HAMMER )

- . e -ﬂ--ﬂ-““-----“--ﬂ_-ﬂ--“-- Ll b B B T —" --H-----#-----— M . W L e S e e B b N S e - e W S i e T e e e A el A S . e - --—--ﬁ_--_-—-- el - A S W i

No.  Label Source Mult.t  Color grouping  Destination hult.t  Color grouping Participant color

R Pl i S SR s S W - - S o T W S S - A e i sk e A ol o A - i e T e m— S e sy o e g - w- S A e O -l N e O o e S S N S - gl - ey T el oy S i - S il e PR e - - il M e A e il W N o e P G Sl g N il ey Py

k0. ISPERT0 Ahead 2 132;3; khandle 2 2,1:3; 3, 2, 1

e e ot o e e e e e e e e s

-_--ﬁ--ﬂ--------ﬂ--lﬂ ---r-------_ -H-lllﬁ---l-l--_----—--*1—-—--*----—_-

No.  Label Source Wult.#  Color qrouping  Destination Mlt.#¢  Color grouping Participant calor

----Il-----lll--ﬁ-----ﬂ--lﬂ----ﬁ-—ﬁ--‘--ﬁ------Il---b-----.-_---—------i—---—----ﬂ--ﬁ---ﬂ-ﬂh

0. I8 ADJ 10 Ahitting end
k1.  COAXIAL Ahitting_end

4.  IS_ADI_T0 tack end

3. COAXIAL  Ahitting_end
4. I8 ADJ_T0 ball end

3.  COAXIAL ball_end

. IS ADJ Y0 shitting end
7. COAXIAL  Ahitting end 1 3,2,1; Al | 3,2,1; -3,

--h-_ﬂ--—-—--—--ﬁ_--ﬂ--*---—--h-—--ﬂ--—---_ﬂ--h--h

3,2,1; 11 1 3,21 3, 2, 1,
3,2,1 k1 1 3,2,1 3, 2, 1,
; Al 1
3,2,1; ball_end 1
2; Al 1 3,2,1: 2,
2 Al N
|

I—'HHWI—'#_

A e el a1 1T T I 7 Lo L 1 T T L L T T ﬁ---ﬂ---ﬂﬂ- Pl sl A e O sy S mke W i Ll N L I 1 T ™ -H—--ﬂ-‘ﬁ--ﬁ-- h--ﬂ--ﬁ------- e S - iy

RESULTING GRAPH AT LEVEL 4 ( DECONPOSITION OF | )

--------ﬁ---‘-_h--h--—ﬂ-_—---ﬂ--l-ih--l— -u—r--ﬁ--—---ﬁ--lp—-l-d-r-l-ﬂ-—.h--ﬂ------ll"--llll---ilin--—--ﬂ----—lb--n-------------‘-------——ﬁ--

No.  Label Source ult.#  Color grouping  Destination Wult.¢  Color grouping Participant color

W - e S Sy e T S R e - Y el Wy T A ek S N S el SR i il LT — - ol e . Wil . N Sk e Y M A ey ------—--‘--- e - H-------- e T A e R A e e el . N

AO. ISADITO 4l 1 3,2,13 A3 1 3,21 3, 2,1,

Al., 16 INSIDE 42 1 3,2,1; A3 1 3,2,18 3, 2, 1,
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Section S,

4 CONCLUSION

In Lhe present work feature extraclion part is overlooked. In fact,

from Lhe practical point of view, this preprocessing part 1is very much

important. The syslem can bhe made more efficient and intelligent Ly

introducing a featureo extracltion module along with a shared file for

communication. Alsc fcalure seleclion s to be done caretully in order to

.

avolid wrong recognition of an object,



