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The gutput of a program which processes the data from a vidisector
is often a graph (list of vertlces, their location and list of neighbors).
This graph has to be checked for consistancy such as all intersection
of links are labelled as vertices, etec,. Further the reglons hawve
to be labeled and property lists which organize the ingormation in
very specialized forms for programs like "SEE" have to be prepared.

A preéprocessor called "SETUP" has been written in basic LISP. SETUF

includes the following features.

{a) Entire analvsis is performed using a basic primitive which
gpives the orientation of a point with respect to a directed line.
mrientation Ls expressed as to the left; or to the right or in the
direction of the line or sway from the directed line. Since in-
accuracies in the location of a vertex is unavoidable the directed
line is in faet interpreted as a strip of variable width. Criterion
uged is very general but the organization is such that only one

function has to be changed if a new criterion is to be used.

(b} Since advice from lower level programs deal with only
points (for example: points X and ¥ are on the same body) appropriate

region names can be determined using available functions.



{c) HMain backpround is determined without additional information.

It is interesting that the following can be achieved using only

the "orient" primitive.

(i} Determine whether a given point is inside or outside a

general region (with holes).

(11} Determine whether a given boundary encloses a region with

bounded or unbounded area.

(iii)Determine whether a given line segment intersects the boundary

of a regiomn.

{iv) Determine the comnectivity of a graph and relative location

of the various subgraphs.

1. Imtredustion

Programsé which recognize or understand scenes work with line
diggrame of a scene, It is preferable for the data of the scene to
be presented in a pseuwdo canonieal form. This requires ordering of
the neighbors of a wvertex (for example, anticlockwise) and including
the names of regions in describing the neizshborhood of a vertex.

Since one has to test a pregram (in turn a heuristic) for a large



variety of scenes of considerable complexity preparation of data in
the psendo canonical form can be very time consuming (see Figure "HARD').
80 it ie desirable to have a preprocessor which can accept the scene
in a simple format such as the incidence matrix. Further the output
of programs that process the output of a vidisector is often in the
gimplified format. Thus the preprocessor can act as a link between
the lower level programs and higher level programs. It is very
desirable, why even necessary, for work on recognition programs to

be able to use 58 data a line diagram (in black on white) of a scene
to be analyzed. Thus oné can tést a program on a wide variety of
gcenes without too puch trouble and facilitate answering the most
often asked guestion of a recognitionm program: "What will the program

do on this scenei".

Instead of treating the preprocessor as merely a program (or hack)
it would be nice 1if recognitionm primitives and computational techniques
favolved are carefully selected ro Lhat one can view the preprocessing
as the computation of an automaton with certain capabilities. Such
a view point can help in arriving at a hierarchy of automaton for

understanding scones.



2. Objretives

2.1 General

{a) The putput of the program should be compatible with input
for existing recognition programs. However better crganization of

putput wherever desirable should also be considered,

(b} Program should be in LISP and LISP features used should
be general encugh to run on almost any version of LISP. Compilation

if desired should alsc be straight forvard.

(ey  All functions defined should be prefixed by a special
character to facilitate easy change of a name (M¥ is used) in case
of conflict that might arise when the program is made part of another

program,

(d) Remprop all unnecessary functions and wvariables at the end

aof the preprocessing,

{e) The output will usually be in the form of property lists.
Hence 1t should be possible te print out the output of the program in

a format easy for human understanding,

(£) All error processing should be centralized in a s&ingle

routine (Mf ERROR) so that handling of an error can be altered very



eagily. This requirement is mandatory if the whole recognition system
should somehow procede in case of certain errors and not just hangup.

(At present the preprocessor quits after printing a suitable message.)

2.2 Particulare

{a) The input of the graph of a scene should be as simple as
posslible, The data inmcludes name of scene, amd list of wvertices, their

location and uwnordered list of neighbors.

(b} The output iz in the form of property lists and a subsget

of the property liste is compatible with "SEE" of Guezmdn.

(e} It is sometimes necessary to handle more than one scene
with perhaps same vertex names at the same time, This is made possible
by including a feature by which names of vertices; regions and
gubgraphs can be prefizxed by the name of the scenme. All global
properties are on the name of the zcene,

rd
(d} Check for certain types of constancies in the input such as:
(1) Each link of the graph appears in twe places, i.e.

1f B appears as a neighbor of A then A should appear as neighbor of
B. The urge to relax this requiresent (since fipally a lower level
program prepares input) and update suitably in case of error was curbed

8o that human errors in preparation of data 1is mot misinterpreted.



(ii) Intersection or mecting place of any two links should
be at a vertex.
{iii) Two or more neighbors of a vertex should not be

collinear on the same side. (See also section 4.2).

(e} Since input data and in particular loeation of a vertex is
subject to hardware inaccuracies, not to forget truncation errors;
cértain decisions such as the following should oot be based on pure
geometric theorems. (See alse sectlion 3.1.3).

{1} Whether two links are in the same line.

{ii) Whether three points are collinear.

(f} Find the comnectivity of the input graph. Separate the
scene inta subgraphs and find thelr relative location. This is

desirable since each subgraph cam be a bedy or a hole.

{g) Find the main background (the only unbounded region which
extends to infinity around the graph). The background of each sub-
graph (the region in which the subgraph is situated) should also be
determined. The information on each subgraph should be organized in
such a way that recursive analysis of the scene can be facilitated.
Matching T's cannot be found satisfactorily with the available infor-
mation, however, matching T's with respect to the main background
should be detérmined. There should be facility for updating matching

T"'s as amnd when more is known about the scene.



(h)} It should be possible to change the name of a vertex, region

or subgraph in a scene even after the preprocessing is complete.
(Such as identifving wvertex A on LEFT scime is same as wvertex X in

RIGHT scene of a stereo pair.)

(i} Adwice from lower level programé or between higher lewvel
programe such as
{i) Point X (XCOR, YCOR) is in the background.
(i1} Polnts X and ¥ are on the same body.
{111} Reglon which has EW (ordered boundary) 48 . - .
{iv) Regilon with A and B (two ordered adjacent points on
the boundary) on the boundary if....eceeaes .
sghould be updated by substituting internally generated names (for
subgraphs or regions). This is facilitated by making available
someé utility functions which are retained even after unnecessary ones

are removed,

3. Interesting Features

3.1 "Orient" Primitiwve

In conforming with the intention to use simple recognition primi-
tives it was felt that all the work inwvolwed in the preprocessor, Te-
ferred to as SETUP, can be done by using a primitive which answers the
guestion: "What is the oriemtation of a point with respect to an
sriented half line." The answer will be in the form: to the left, to

the right, ahead or behind., This recognition ability is more basic



than evaluating magnitude of angles. Further one always makes ap-
proximations in judging orientation and hence similar facility for
approximating should be incorporated im this primitive. This ap-
proximation is all the more necessary in the computer program since
location of vertices are subject to hardware errors. Truncation

aggravates the problem.

3.1.1 5Btrict Hathematical Bule Such as:

0" - ahead

0* <8 < 180% left
180* behind
180% = g < 360% right
where 8@ is the angle between the line and the line joining the starting

point of the oriented line and the given peint (angle (AB) in Figure 1).

This eriterion is rejected because there is no room for approxi-

mation and if this criterion i used no T's will be found in real scenes:

3,1.2, This incorporates an approximation to eriteriom 3.1.1.
-10*= 8 = 10" ahead
100 <8 < 170" left
170* =9 = 190" behind

190" <8 < 350 right



this works fine except that wvery large error results if the point distance
from the origin of the directed line is large. In general one can
expect that all wertices shift by about the same amount irrespective

of their location due to hardware inaccuraecies, (barring edge effects),
Hence moving a vertex by large distance ip order to consider it

collinear with a line is not in general justified.

3.1.3. The line is viewed as a strip of finite width for deciding
collinearity. This in itself will not suffice because oriemtation
of C with respect to Ei may not be collinear whereas A is collinear
with réspect to EE (Gee Figure L{b)}}. Even though successgive
logical extensions cannot be allowed in approzimate techmiques at
least three points should be judged collinear no matter which two of
the three points is used for the directed line. 5o three points are
judged collinear if any one point 8 collinear with respect to the
strip along the other two points, i.e. A, B and C are considered if:

C lies in a strip of width =EPS along AB
or B lies In a strip of width EPS along AC

or A lies in a strip of width ZEPS along BU

It looks at the outset that taking the strip parallel to one of
the three sides of the triangle 1s not general enough, In fact one
would like beo fit a line which minimizes the swm of the squares of
the distance from each point to the line. And the three points are

collinear if they lie within a strip of width ZEPS about this line.



It is not easy to find such a line. (This is not the regular least
square fit line). Further, it can be easily shown that, 1f three
points are collinmear from the best fit line criterion, it will also

be collinear with respect to our three strip criterion.

Figure 2{a) shows the criterion used in the present preprocessor
(M¥SETUF). The organization of the preprocessor iz such that one
eagily can use any other criterion by rewriting MXOBNT. Figure 2(h)
illustrates the case where EPS is larger than distance between A and B.
Obviously greater reliance is put in direction of AC or BC than that
of AB.

It is reagonable to use a value for the half width of the strip
{EP8) which is commensurate with the hardware inaccuracies. In-
creasing EFS beyond reason (half of minimm distance between any two
neighbors) will cause trouble which is understandable. All attempts
to adjust value of EPS dynamically by studying only the neighborhood
of a vertex should be considered carefully. One of the dangers

of such an adjustment is that many vertices will end up being T's!

One interesting technique of analysis of a scene would be analyze

it at more than one wvalue of EPS and reconcile the discrepancy if any.

It should be noted that MMOBNT only shows conclusions about the
orientation and does not adjust the coordinates of the vertices to
fit the orientation geometrically (according to 3.1.1). It is
feared that any attempt to adjust data recursively will ruin the

features.



3.2 "SECI" Function

A primitive derived from orient finds whether two line segment s

intersect or not (Figure 3),

3.3 "Inside" Function

It is interesting that we can determine whether & point is
internal to a region (given by ordered vertices on the boundary) by
using the orient primitive, A point is inside if the number of
intersections of the boundary with the infinite half line joining

the point to a vertex on the boundary is odd, ctherwise outside,
3.4 "Bounded" Function
Often we need to find if a region given by an ordered set of
vertices has bounded area. The technique first finds the vertex

with the minimum ¥ coordinate. Then if the region i& to the left of

this point it is unbounded (Figure 2).

%, Owerall Technigque [(M¥SETUFX)

The names referred to in this mems (prefixed by H¥) are names

of LISPE functions,



4.1 M*xEETUPL

Input data is separated after appending a prefix (NIL if M%SETUP is

used and HAME 1f M%BETUF* is used).

4.2 MGARBANGE

The neighbors of each wvertex are arranged in counter clockwise
order, This 1s achieved by successively adding a neighbor te the

ordered list. 1If EPS2 (square of the half width EPS for MOBNT) ie

larpge two vertices will fall in the same direction which is an error.

4.3 My TYPE

The TYPE* (see section 5) of each vertex iz found,

4.4 M¥FREGION

Regions associated with each boundary ig labeled, The technigque
is: start with a vertex A (Figure TEST) and choose a neighbor (say H)
conneécted to a A by an unused link (i.e. Eﬁ has not yvet been identified
Mark Al 28 used. At H pick the vertex (K1)
il ghould also

as a boundary of a region).

which is before A in the ordered list of neighbors of H.

be unused which will not be the case if data is not conslstent. So we



have AHE]l as a partial boundary of a region :4. Proceed as before
from K1 until we reach A, Yhere make sure that the next link'{afttr ﬁi}

i indeed .m.. This will not be the case if we had etarted {rom H
instead of A. 8o proceed until the first link used is obtained again.
It should be noted that a vertex can appear more than once on its
boundary (:4 has as K vertices H,KLl,LLl,J,I,H,G,F,E,D,C.B.Ms8h ). AL
this stage the region names and their boundaries are mot fimal for
those regionse which have holes. For example: entire area within

AZ AT AB A3 (Figure CEAZY) will be :3 and entire area outside DI D&
D3 D2 will have a separate pnumber, Later the extra name is eliminated

and the boundary of:3 iz adjusted,

4.5 M7 SUBGRAFH

Comnectivity of the tetal graph ia found. The technique is that
each subgraph is constituted by a minimal subset of wertices whose
neighbors are also in the subset, For example, Gl, G2 and G3

(Figure CRAZY) form a subgraph.

4.6 MY.BEFARATE

The relative loeation (structure) of the warious subgraphs are

determined, The technigque is: the background (unbounded region

aggociated with a subgraph) of a subgraph is determined (Section 3.4).



Pick the subgraph which has the wvertex with the minimem X coordinate

of all the vertices (Al of SUBGEAFL] in Figure CRAZY). The background
of the acene is the background of Subgraf 10 (:2). Separate the

other subgraphs according as OUTSG if one point on them is in :2

(i.e. outgide BUBGEACLD and INSG if one point in them is not im :2,

For example subgraphs 7, &4 and & will be in OUTSG and 3.2.5 and 1 in
INSGu Separate IHSG into subsets within each region of SUBGRAF10.
Proceed with OUTSG and warious subsets of INSG from beginning (re-
cursively) except that the background in each case is to be merged

with a region of SUBGRAF1O., For example background of OUTSG (associated
with C1 C2 C3) will have to be merged with :2 and background of 1,2 and
5 (asspciated with F1 F2 F3 F4) is to be merged with :1. The structure

information is organized as a list and is explained in Figure CRAZY,

A note about finding the background (M%BGROUND). Any cardinal
point (i.e. a vertex with minimum x or v coordinates or with mascimum
Xor¥ ¢nnrdinatea]¢nn be used for fimding the background. The region
name in each case should be the same. However, if the intersection
of two links is not ideptified as a vertex the region names will be

different causing an error exit.

4.7 M %RADJUST1

Merging information of multiple region names are gathered and

information about the subgraphs in each region is collected.



4.8 MY REDUND

If there 18 more than one name peossible for a region one with a
lower number is retained, The property list of region names are
updated (take care of multiple boundaries)y and property lists of
unused reglon names are deletfed. However; the occurrences of
reglon names eliminated have vet to be replaced by corresponding

names, A& list (M LIST) of substitutions necessary 1s prepared.

4.9 M¥REPLACE

M LIST is used to make the substitutions in all property lists

associated with M%SETUP (or MZSETUPY).

4.10 M-BEEDATA

Since one main requirement of MISETUP was to be compatible with
"SEE" appropriate new properties are created. HAME is given a walue
which is compatible for using "PREPARA" (a preprocessor for SEE).
However, FPREPARA can be bypassed. Value of NAME can be used to plot

the scene using a package written by Guzmdn.

4,11 MXMATCHT

A pair of T"s in a scene are matching T's if



(i) they face eachother with their tails collinear and
are the closest possible,

{ii) the base region (one which subtends an angle of 1807
at the vertex) of each T should not be a background, and

(iii)the line joining them does not intersect any region

identified as background.

M SETUF finds the matching T's only with respect to the main
background {(i.e. 35 in Figure HARD), Howewer, MSMATCHT is Bao
organized that further updating can be done very easily. For
example; MMMATCHT can be cdlled wsing 36 and 34 as backeground and
operating on only those T's which already have mates, In this case
it well oot make an alteratiom im the set of matching T's, M=MATCHT
was tested on HARD by identvfving 26 (rather illogical) as background,
Then vertices a; fa and b, £b were eliminated from the set of matching

T's.

The technique used is to make sure that each T{of a matching pair)
accepts the other as a mate, when all T's are available for matching.
Since M #OENT uses a strip for matching collinearily sometimes, cycle

can arise which is an error.

5. Property Liste

M %EETUF (or M% SETUF*) sets up a number of property lists whose

deseription follows.



5.1 MAME

Ita walue ig data suitable for PREPARA.

PREFLX: Explode list of characters in HAME if My, SETUP*
15 used, otherwise HIL.
ACCTURACY Half width of the strip for MXOBNT.
ERROR Error message in case MM MATCHT had to delete vertices

from matching because of eyclicity. [Such as B is
mate of A, C is mate of B, and A is mate of C.]

VERTICES: List of vertices in the scene,

REGIONS List of regions in the scene.

CONMECTIVITY Mumber of subgraphs in the scene.

SUBGRAPHS List of subgraphs in the scene.

MANMIN List of cardinal points (Min X, Max X, Min ¥, Max ¥).
BACKGROUND List of backgrounds (cnly cne initially).

STRUCTURE Structural information as explained in Figure CRAZY.

5.2 Nth Subgraph (SCRAFH)

HMAXMIN

VEBTICES

REGIONS Same as in case of Hame (3.1).

BACKGROUMD

5.3 VERIEX

ZCOR H=Coordinate

YCOR: Y-Coordinate

TYEE Type information. See references to GUIMAN for
details.

EIND List of counter-clockwise neighboring wvertices and
regions (alternately).

M VERTICES List of neighboring vertices.

M REGIONS- List of reglons having VERTEX on the boundary.

HEXTE Kame of matching T, otherwise HIL.



COOR
TYFPE*

EE

5L
CRODSE

List of XCOR amd YCOR.
Classification of the wertex. Types L, ARROW, PEAK, X, T,
MULTL, ¥, FOBE are the same as GUZMAN new typea.
One straight line and more than two branches on one
gide (vertex ¢ in Figure TEST).

Ztraight line (I in TEST).

Two straight lines cross at the vertex (B in TEST).

EE becomes MULTI, CROSS becomes X in TYPE. However,; 5L continues to

be 5L which may cause error in SEE. However, SBEE as it stands does

not expect BL type of wvertices.

OVERTICES

5.4 REGIOW
FOOT
HEIGHBORS
EVERTICES

BACKGROUND

BOUNDARY

OTRAVERSE

HEIGHBORS®

EVERTICES*

IHNEUBECGERATH

List of elements each of which is a list of a neighbor
and an orientation. Orientation gives 4 measure of the
angle to be rotated (anticlockwise) from the neighbor
te reach the next neighbor. For example at A in TEST
MAB<180 15 denoted L, HAM>180° (R) and at G FGH=180 (CA).

See GUZMAN

List of sdjoining regions.

List of all wvertices on the boundary. Ho separation
eyen Lf there are multiple boundaries.

Has "BACKGEMD*4f reglon is a background;otherwise HIL
( 14 in TEST ).

List of elements. Each element is a list of links
in one branch of the boundary. Each liok is a list
of ordered (counter-clockwise) neighbors on a seg-
ment of the boundary (:1 and :2 in TEST).

List of elements. Each element 1s a list of subelements
in one branch of the boundary. Each subelement is
a list of a vertex on the boundary and a measure of
the angle subtended by the reglon at that vertex.
List of elements. Each element is the srdered HELGHBORS
af one branch of the boundary.
List of elements. Each élément is the ordered EVERTICES
of one branch cf the boundary.

List of subgraphs located in the region.

o



can be done once the two OTRAVERSE'S are compatible., OVERTICES can

glao be used similarly to wvertices.

{wiii) Choose accuracy very carefully.

(ix) Since each subgraph canm be a hole or a body;separate

analyslis of a subgraph is facilitated by the properties on each

subgraph.

(%) STEUCTURE can be used to match scenes at a gross level.
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G. Use of MXSEIUP

(1) TUse M«“SETUP* if more than cne scene with same wertex names

have to be handled simultanecusly.

(ii) Even if wery little information is changed in the scene it

will lave to be set up again.

{1iii)The property lists created by M4 SETUP can be printed out

by using MMANSWER,

{i¥} The property lists can be sto red on disk on disk in a
suitable internal format se that the property lists can be reestablished

by reading the file, Consult GUZMAN for the program.

{v) Since M¥SETUP finds matching T's only with respect to the
main background updating is necessary every time background infor-
mation is altered, This should be all right since one may not ana-
lyze scenes with holes in the main background. Hence in general

matching T's will be a subset of the matching T's found by M SETUE.

{vi) Advice from the lower level programs can be updated by using

the special functions available (See SEIUF Comment).

{viiMatching models of regions is facilitated by the property

OTRAVERSE. Exact comparison of lengths of sides and magnitude of angles
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