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Aprocedureforidentificationof
body projections. Constraints on the
class of images to which this proceduere
s applicable are formulated.

Introduction

The problemof identifying bodies on

a contour image of a three-dimensiona
scene is stated as follows (see, eg.g.

| ). Alist of thecontour image re-
gions is given (each region is assumed
to be associated with an surface or part
of a surface of a three-dimensional
body). The |ist should be deconposed
intosublistseachcontainingall re-
gions of one and only one body.

There are a number of heuristic
al gorithmsforbodyidentification(2).
To formulate the objective of this
research two specific features of al most
al |l these algorithms should be noted.

The first is that the source data is
information on the neighborhood of the
regions, ontypes of graphical tracing
of the nodes and on properties of large

segments of lines (parallelismcoinciden-

ce of lines when the segments are exten-
ded, etc.). The need in data on large
segments of |ines imposes rather stringe-
nt constraints on the quality of the
contour image that i n real [ife follow
fromthe half tone initial image of the
scene.

The second specific feature is
uncertainty of imge classes to which
these algorithms are applicable. Anal -
gorithmis often found to be applicable
tovery complex i mges but may not work

insimpler cases. To identify and
describe an image class i s difficult
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because the correspondence betweenthe
i mge, e.g. types of the node tracing,

and types of object combination in space
i s not univalent.

The objective of this paper is to
enable a researcher to isolate a class
of images associated with certain simple
types of object combination in space
and develop for this class a body iden-
tificationprocedure which would use
only the information on which regions
are neighboring and on the types of
graphical tracing of nodes.

Jettisoning the data onproperties
of large segments of |ines necesitates
formulation of further constraints on
the class of images to be analyzed. This
constraints are caused by thepossibili-
ty of essential shortage of [ocal data
for solution of the problemposed rather

than by the above nonunlvalence of the
space mapping onthe plane.

| t will be assumed hereinafter that
the initial contour image corresponds

to aconfiguration of convex bodies with
flat surfaces. Each body can be represen-
ted inaprojection of any formwith
the sole constraint that no pair of the
image |ine segment associated with two
edges of one body merge into one line
Ve will assume that the entire initial
information is given as a [ist of re-
gionswithindicationof their neighbor-
hood and a [ist of nodes with indication
of the type of graphical tracing of
each node and it s belonging to a certain
region.

The paper consists of three sections,
Sect. | describes the class of images to
be discussed and |ists the properties of



nodes of these inmages. Sect. 2 describes
aprocedureforidentificationof sepa-
rate bodies and Sect. 3 fornulates cond-
i tions under which the procedure sol ves
t he probl em posed.

Description of the Aass of |nages

Types of Graphical Tracing of Nodes, A
node is theintersectionpoint of tw
or nore lines of the image. The regions
which intersect i n the node will be
referredto as regions of this node.

The classification of node tracing
types is based on the val ues of the
angl esot, formed by node |ines which
limt each its region. The nodes are
subdivided into three types, L, T and Y.

L: thereis ani suchthat «; >180°%

T. there is ani suchthat e = 180°;

Y: di< 180° at all i= Iye0ey D,
where nis the nunber of node regi ons.

Note t hat theintersections of the
inage | ines with the image frane are
not regarded as nodes.

A region of the L- or T - type node
with an angle | arger than or equal to
180°wi | | beternedexternal andal |
ot her regi ons of these angles, i nternal.

Using the convexity and the constra-
i nt onthe nature of projectionnentio-
ned inthe I ntroduction one can prove
that the inage of the visible part of
one body can have nodes of two types

1) Y-type nodes al | regions of which
are associated with the surfaces of this
body;

2) L-type nodes whose internal regi-
ons are associ ated wi th surfaces of the
body and the external one is the back-
ground.

This statenent is quite sufficient

for construction of a body identification

al gorithmfor a sinplest class of ina-
ges, or inages for which projections of
separate bodies are separated by back-
ground areas. For nore conplicated cases
anal ogous asertions are needed on rel a-
tion of the node tracing with the

propertiesof mitual di spositionof
bodies. Wat follows will be an attenpt
to describe possible types of nutual

di sposition and identify a class of

| mages correspondi ng t o sone of these
types.

Types of nutual disposition of bodies.
Assune that the inage consists of flat
sheets; on each a conplete vi si bl e sur-
face of one body is drawn and the sheet
itself is cut precisely along the
boundary | i nes of that draw ng. Each
such sheet will be termed a conplete
projection of the body. The I'i nes and
nodes at its margins will be terned
boundary | i nes and nodes of that projec-
tions and al | other |ines and nodes,
internal. Gung to this the mitual dis-
position of bodies as far as its reflec-
tion on the inage i s concerned can be
judged in terns of relations on a plane
rather then in a three-di mensional space.

|f the sheets are superinposed on
each other then we will say that one
conpl ete proj ection overlaps anot her.
The vi si bl e part of the overlaped conpl e-
te projection of a body will be terned
aprojection. If the sheets nerely touch
by t hei r boundaries we speak of projec-
tionattachment. [f there is no such
contact thenthe projections arere-
ferred to as isolated.

Let us consider versions of nutual
di position of conplete projections only
withinasufficientlysmll vicinity of
nodes of a conposite inage. Let one
conpl ete projection (first) overlaps the
ot her (second). Then al | possible ver-
sions of overlapping can be classified
i nto such versions (see Fig.l):

1) The boundary line of the first
projectioncrosses the lines or touches
t he nodes of the second projection.

2) The boundary node of the first
projection does not touchthe lines or
nodes of the second projection.




Figure 1

3) The boundary node of the first
projectiontouches theinternal |ines or
nodes of the second proj ecti on.

4) The boundary node of the first
projection touches the boundary |ines
or nodes of the second projection.

This way of |isting the versions can
be extended to the case of any finite
nunber N of the projections. To do this
it Is sufficient that the first projec-
tion be substituted with a totality of
NI projections (assumng they are drawn
on one sheet) and second one, with the
N-th projection .

The Inage cl ass Pl

We will deal only with the first tw
versions of overlapping and with the
case of isolated projections. These
define a class of inmages which will be
referred to as the cluss Pj. To be nore
exact, ve will assune that the inage,
belongs to the class Py if it consists
of isolated or mutually overlapping
projections and inthe vicinity of each
node any overlapped projection is corre-
lated with all projections covering it
according to the first two versions of
over | appi ng.

An exanpl e of an inage of the class
Pj is giveninFig.2.
By induction over the nunber of projec-
tion one can show that the inmages of the
cl ass Pr can have nodes of the types L,
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T and Y with the following properties:
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1) Al'l internal regions of on
L-type node bel ong to one (over-I apping)
projection and the external regions
belongs either to another (overlapped)
projection or to the background.

2) Al'l regions of the Y-type node
bel ong to one projection,

3) The external region of a T-type
node belongs to the overlapping projec-
tion whereas all internal regions, to
over|lapped projections (there be no nore
than two of these, one possibly being
t he background). These assertions arethe
core of the body projection identifica-
tion procedure described in the subse-
quent Secti on.

Abody proj ectionldentification
procedur e

Let us assune that it i s not known
I n advance whet her the i.aage regions
bel ong to the body proj ection or what
regions belong to the background.

The procedure which will be described
belowis reduced to | ookingup al | inage
nodes and to declaring that certain



regi ons of each node belong to the
background. Ti.is operation has been
defined through a system of rules each
being applicable to nodes of only one
type of graphical tracing. The procedu-
re includes cyclic application of this
operation. At each of the subsequent
cycles al | projections are identified
t hat can be assuned uncovered if the
projections already identified are

di sregar ded.

The procedure consists of five rules.
These are ordered in the sense that
each i s applicable only if al | prece-
ding rul es are i napplicable.

R1 Declare the external region of
an L-type node a tenporary background.

R2 Declare al | internal regions of
t he T-t ype node t enpor ary backgr ound.

R3. If one of the internal regions
of an L-type node has been decl ar ed
tenporary background, declare al | remai-
ning internal regions of that node
t enporary background.

R4. If one of the regions of an
Y-type node has been decl ared tenporary

background, declare al | remaining regions

of that node tenporary background.

R5 (cycle rule). Regard the totali-
ty of neighboring regions surrounded
on al | sides by the background (tenpo-
rary or permanent) as body projection.
Declaretheregions of al | identified
proj ections pernmanent background. Elim -
nate the tenporary background in al
remaining regions and return to RL

The procedure ends when al | regions
of the inage are decl ar ed per nanent
backgr ound.

As an exanple consider again the
image of Fig.2. The course of the pro-
cedure is given in the Table.
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Cycle Rule Nodes Temporary
background

{regions)
I  4-6,9,10,14 5,6,11,12
16-49,21,22) 19,20 " '

25""’27 i 3'1 A 52
2 1-347+8,11-13, 3,4,9,10,13

—1Dy25y 24
I 3 19t§§-27.31. 7:8,14,15,18
4 28~3%0 16,17
2 .
Projections identified /Ry, R,/
1 10,14,16-19, 11,12,19,20
21,22,25-27,
31,32
2 8,11-13%,15, 6,9,10,13
2 25,24
3 ’9.%§é27o51. 748,14,15,1¢8
4 28=3%0 16,17
2.

Projections identified /Bzfﬂ4,g§/

1 16-19,21,22,

27,31,32 19,20

b 2 15 11
3 16,18 9,10
2

Projections identified /R -Rg/,
/Ryo-Rqg/

4 1 16-18 19
2

Projections identified /R97R11/,/R20/

2. 2

Projections identified /ngl

Consider the inmage of Fig.3. If the
data on the properties of |arge segnents
of lines are not uded, then the projec-
tions Bl and B2 cannot evidently be
identified. Hence it i s necessary to
formul ate addi tional constraints onthe
class Rl so that the projections be se-
parable. The nature of these constraints
that will be fornulated i n the next Sec-
tionis such that the |inkage of regions



through their boundaries should be com
pleted with the |inkage through nodes,
Thus the projections Bj and B, In Pig.3
woul d be separable if there was no
pyramds 1,2, 3.

The condition for separability of
body pr oj ecti ons

Let us consider only the case where
body projections can be ordered only in
terns of "overlapping". Aprojection
which i s not overlapped by any other will
be termed a first-order projection. By
definition, aprojectionis of order |
i f it is not overlapped by any ot her
proj ections except projections of order
| - 1 and possibly by projections of
orders from1 through i - 2. The order
rj, of the region R will be the order
of the projectiontowhichit belongs.
The order of a node will be the nunier
equal to the | east value of the order
of i t sregions. ,

Figure 3
The set of neighbors of the pro-
jection B. of order r; will be atotall-

ty of regions of order at least r;+l
nei ghboring with the regions of Bj. For
instance, a set of neighbors of the pro-
jection B, inPig.4 formed by regions

R6'R7‘R8 and R9.
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Figure &4

The projection separability condition
is formulated through the concept of
regions linkage. This concept is defined
below,

Let the regions Hj and Rk be of order
T and 1 respectively with T3 ‘.rk.

Definition I.

The regions Rj and Rk have linkage of
order r if they are regions of the same
node V of order r(V)=r, The linkage is
belateral if T y=T or rjd r, sand rﬁrj.
The linkage is unilateral and directed
from Rj to R, if rj'( r, and r:rj.

For instance, in Fig.4 the pairs of
regions /RQ,RBI and /RE'RG/ have belate-
ral third order linkeges (see node V,).
The region R7 has a belateral linkage
with the region Ru. This is a second-or-
der linkage since r,=3, r7=5 and
r(V2)=2. The region R6 has unilateral
linkage wuth the region Rg. This is a
third-order linkage since r(V,)=3.
Definition 2.

We will say that the regions Rj and
Rk are r-linked if there is a sequence
of regions R,,...,R, such that between
each pair of regions /RJ’R1/' /Ry R/ o s

/R, _4» B/ /R R,/ there is at least one
belateral linkage of order r and higher.




The region R is r-linked with the re-
J

gion R¢i f, inadditiontothis condi-
tion there is at least one pair with a
uni | ateral linkage and orders of the

| i nkages are t he sane.

For instance the region R, in Fig.4
is unilateral three-linked with the re-
gion Ro (see the sequence Ry, R, Ry, R) .
Definition 3.

The set of regions /R/,.. R/ fcrm an
assenbly of order r if there is a subset
Z of these regions that is called the
kernel and is such that any region of Z
is r-linked with each of the regions
/IR...,R/.
kernel i f it coincideswth/R...,R/.
The nuber n is the assenbly size.
Definition 4.

A set of assenblies is called the covera-

ge of a set of regions/ R... R,/ it
each region R..is contained in at | east
one assenbly and each assenbly cont ai ns
at least one region from/R..., R/.

In Fig.4 the regions /R, I% Fyﬁ R,

RQRY forma second-order assenbly with

the kernel /RNRtR. ?*fHe This assenbly
| s the coverage of the set of neighbors

of the projection B.

Let a projection B. of order r. and a
J J

set of it s neighbors be given.
The projection B. is said to satisfy

the separability®condition if there is
/1 N ¢

a coverage SKS ¢...,5 [/ of aset of
nei ghbors W by assenblies of order at
| east r; such that for each assenbly

there is a pair of regions REB and

R'CS* (where S, is the kernel of the
J v J

assenbly S. ) such that R is unil ate-

rally r.-linked with R.

Let N be the naxinal order of projec-
tioninthe inage . | f each projection
of order i is an assenbly of order i or
i -1 with eigen kernel and satisfies the
separabilitycondition, the above pro-
cedure will identify all projections in
the order of their coverage. Note that

first-order projections always neet the

The kernel is called eigen-

separability condition and are first-
order assenblies. Therefore these
projections will be necessarily identi-
fied.
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