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Abstract

llere in the present paper., A mecthodology for
uhdcrstanding scenes which includes moving
objects in it, in the framework of notion of
First by conceptualizing,
undcrstanding an objcct which is an clement of
a scene will "be described. Then how to know
the direction to which that object is hcading
will be discussed. [Further, the mcthodology
proposed, for undcrstanding conceptually the
molion of an object will be described
utilizing the above knowledge of direction.

concepts.

1.Introduction

Smooth communication between humans is
possible by sharing the same context in the
level of image with cach other. So many an
event are experiecnced by a human. and by
making an image of an cvent, a human can
posses concepts in a systematic manner. In a
man-machine system, by introducing such a
system that utilizes concepts and a way for
concept formation to an interface which
bridges human and a machine(s) makes the man-
machine system f{reec from skill (less human
load).{1] There afc visual and auditory
information, etc. for humans scnsation. Visual
information will be conccptualized. and a way
for understanding motions of conceptualized
imagcs.

2.Image Processing

Visual information ncecds memorizing in some
compact manner. “Making an image of an object
will be desribed. first. To make an image here
is lo extract fcatures of an object as figurc,
and that figurc's outline will be cmployed.
This procedure is broken down into two part.

The first procedure is preliminary processing
for feature cxtraction: tracing contour and
then linearizing. The second part is
categorization which foflows the
linecarization.

2.1 Preliminary Processing

Tracing contour is
to follow the cdge
of an object's
contour as a closed
linec. The closed *
line obtained by
this procedurc is
lincarized.

Linearzation

Lincarization
decomposes the
original closed
line into a sect of
line scgments. This
sct of line
scgments together
w i t h t h e
successive-

*I‘?urderlmcing

Fig.1 Feature extraction
connecction relation

“Linc scgment x

lics next to Line segment y." is a totally
ordered sct M with rcspect to that successive-
connecction relation. This is
schematically in Fig.1.

of figure

shown

M= {mli=1L2.81}""

Each m; denotes a line scgment which is a
member of linearized contour. and it is a line
scgment from the node i to the node i+1. Thus
a totally ordecred set M is obtained.

2.2 Categorization
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On the totally ordered sct M obtained for =&
specific objcct, features of that figure is
exiracted, by wusing reclations.
Relations to be employed here arc successive-
connection rclation from m: to mi., satate-
of-connection

various

relation (concave-convex

relation), and relation of connection angle.
[2,3]

2.2.1 Representation Matrices of Relations

a)Representation matrix for connection
relation’ Let R. on the set M denote the
relation " mi., i1s next to m.." The
arrangement of line scgments which constitutes
the lincarized contour of an object can bc
described by this Trelation R, where 1 =ij =
n. i #j: n is the number of line scgments.
Checking whether miRcm; or mR.m; with respect
to ecvery pair of the set M dctermines the
represcntation
matrix P.=(M,R.).~ |
T h i s 2
representation 3 G
matrix P. consists Pc::

of ¢ and blank as

I 2 3 4 5 6 7 8

its (i.j)-clements 7 ¢
according to 8lC N
whether miRem; or Fig.2 Representation matrix
m R e Mmoo, of connection relation

respectively.

state-of -
State-of-connection
relation or concave-convex relation Ry viewed

b)Representation matrix for

conncction rclation

from inside the contour determincs the
represcentation matrix, which is defined as
follows: A
(') mRim;: m, and m; arc in concave
relation.
(2) mRim;: my and m; are in convex relation.
In the above definitions,

R denotes the negation of R.

In the casc in t 2 3 45 6 7 8

which K holds, the 1 +
P . 2 +
symbol + is 3 _
placed at the p,=4 +
(i.j)-clement, in ' 8 +
the casc of R. "-" 6 -
7 +

The matrix Py for 8|+
the figure in Fig.l
is shown in [lig.3

Fig.3 Representation matrix

of concave-convex relation

matrix for acute-obtusc
Applying the following
rclation to connection angle dctermines the
represcentation malrix to denotc acutencss,
obtuscncers, and rcctangle of conncction angle.

c)Representation
relation

(1ymiRam;: The angle between mi and m;

is acute( ay = =2+ ).
(Z)m.lizm,: The angle betwcen mi and m;

is obtuse{ a,; = =2+ {).
In the above definitions, a:; denotes the
connection angle between m, and m,, 0 < a, <
w/2., and { dcnotes rcctangle with small
allowance which a human recognizes as
rcctangle. Representation matrix P, for R. is
filled with "1" at the (i.j)-elcment for mi(R;
\Iiz)m;. “1" for m.(R: \R:)m;, where R \S
denotes that R holds while S does not holds.
The relation R, (R, indicales that mi and m,

are in rectangle. TFor this case. "0" is placed
at the (1.j)- 1 2 3 45858 6 7 8
element. As ; ! y
described above, 3 T
the fcatures of an 4 ’ 0

. . Pa=g o
object -in the level o o
of contour can be 7 .
represented in the 8|1
form of matrix by

Fig.4 Representation matrix

defining various of acute-ohtuse relation
relations on.the
set M.

2.2.2 Categories

Classification of objects by utilizing the
above representation matrices will be
described. A scquence of symbols, which
dcnotes a category C. is dcduced by applying
the following opecration to pairs of clements

of thosc represcntation matrices:
C=LExP - (2)

The operation E x I is a symbolic opcration,
defined as follow:

C={(ci,cz2 " * * cCha)
cy = lxpry + lxp2; + ¢
where
xpy = t null string ,.if pii = blank
pii. otherwize:
E=(11 1) c+(3)

+ 1xpij + 0 +1xpay,

The operation of a+b for any pair of strings a
and b indicates yiclding thc string ab.lor
ecxample, in the case of P=P,, ¢ is the
following matrix:

C=1xDP = [+44-44-4] = = - (d)

The corresponding category Ci is the string of
the clemments of Ci in the original order in G
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Cy = +++-++-+ ** (5)

This convex-concave category C, is the
conceptualized object, and the object of the
samc string of + and - is identical to cach
other in the level of convex-concave category.
A acute-obtuse catcgory C» is obtained from P;
in the same manncr as the casc of (. Ior the
figure in Fig.l is:

C: = -11-1-10001-1 -+ +(6)

In these catcgorics, only rclative locations
of cach symbol to the rest of symbols. and
which symbol comes first in the string as a
catecgory does not matter. That is, for
examplc., the followirg categorics arc
identical:

Vo= bt — -
Ol = —++++—++ N

To classify convex-concave category in more
abstract level, the notion of simplificd
category is introduced. To obtain the
simplificd category of a convex-concave
category, a succession of a unique symbol is
represented by a single samc symbol. The
category of a single + represents a circle
which is rcgarded as the infinite number of
small line scgments connected in a convex
manner at ecvery conncction of two succesive
line scgments. The simplified category may
classify objects of different length of
category into a unique category. In this

sensc, the simplified category classifics

objects in the level of the most basic
characteristic of figure.
("‘VS‘imiwliﬁcd cntcgogi\? T Abstract
B ;’;::_:if"—’/\\ . i
¢ Convex-concave category \:’ J
Acute-obtuse category p ) l Conerete
>\\‘ __/7,,/(1\»\
(\ Event{object) )

—— e

Fig.5 lierarchy of image category
2.3 Procedures for Classifying Figures

Classification of figures is perforined through
the following four procedures:
Procedurc(l)symbol-string matching in the
level of simplified category.
Procedurc(2)symbol-string matching in the
level of convex-concave category.
Procedurc(3)symbol-string matching in fthe
level of acute-obluse category.

procedurc(4)matching in the level of
connecction angle and scgment-length ratio.

simplified culegur‘\J‘
Ist @ +
ls2 04—
Is3 [+ —+—
.
.
.
L
| Framelst _j | Tramels?
Tei; +++ Tei: ++4—
fe2 ; +4 4+ [e2: ++——+
- .
. L]
L) L]
. ’
| i"l'nme et ] | Framelc2 |
Inn:~—~100 Ja1:0—=110
la2:-1—11 Ta2: 0000
L] .
* .
[ 2 .
. *

—

Frame a2 !

connected angle [segment raito fobject's name
90-90-90-90 |.25-.25-.25-.25} a square
90-90-90-90 . 15-.35-.15-.35] a rectangle

Fig.6 Hierarchy of category

Inpulted objects are, first, processed by the
proccdurc described in the previous scctions,
and the simplificd, the convex-concave and the
acutc-obtuse categorics are generated.The
catcgory obtained through the above four
procedures is comparcd with catcgories stored
as thc past experience in the framework of the
hicrarchy of category. Reccognition of the
inputtcd objcct is to find a consistent
calegory with onc of thosc in the hicrarchy of
category. The procedurc is as follows. To
start with, the item of simplificd category [ «
i must be found, which includes the catcgory
of the object in question. Then, secking is
continued to find the item I . ¢ within the
frame of convex-concave calegory C . i which
liecs in the subordinated level of the item I .
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., and so forth to the level of Procedure(4) in
which conncction angic and scgment-length
ratio are uscd for identification sotred in
the frame of convex category
concerned. The scgment-length ratio is the
ratio of a specific scgment length to the
overall length of contour which is the total
length of all the segments of a lincarized
figurc. Letting the lcngth of scgment m. be
denoted lmi b, the scgment-length ratio of m;
is given by:

concave

S T

men, W
k=1

Connection angles and scgment-length ratio arc
utilized to find the item which is most akin
to thosc of the inputted object. The name of
the object is thus determined. The wholc
process described above makes it possible to
understand the given scene from thc objects
which consistutes that specific scenc. The
present procedure can also dcal with an object
which consists of multiple closed lines as its
contour in the same manner as above.

3, Understanding Plane Figure's Orientation

[lere. how to understand which dircction the
object concerned is heading will be described.
with respect to plane figures.[4]

3.1 Direction Understanding

As shown in Fig.7.

the orientation of

a ~figure indicatcs

an arrangement of

its fcaturcs

distinguishing (a)
from among other
possibilities of
the- same figurc.
As a mecthod to -give an answer to this
question. a dircction-index point is defined
to judge thc figure's direction utilizing the
features of the figure. By using this
direction-index point. a figure is understood
the figure's oricntation. Jrom the vicwpoint
here. the figure shown in [ig.7(a) can. be
given a judgement that "The figurc is upward.”
and the one in TFig.7(b). “The figure is
rightward.” Further, the change in figurc from
Fig.7(a) to7(b) is understod as "The figure
turncd clockwise.” In undcrstanding such a
situation, some index for figure "direction,”
is neccessary. This index will be called
dircction-index point. It is not possible to

(b)
Fig.7 Orientation of figure

find a dircction-index point for all figures
in a unique manncer. So. a way for the
determination of the orientation of a figurc
will be described, depending on its featurcs.
Since a dircction is represented by a vector,
dircction-index ‘vector will be employed, which
is dctermined using dircection-index point. To
do this. the
point is neccessary. Direction dctermination
without wusing direction-index point will be
discussed
describing the
way by wusing
direction-index 180° 0"
point.
angle shown in
['ig.8 is used
for dircction- 270°
index” vector.

cxistence of direction-index

after go°

Dircction

Fig.8 Direction angle of vector

3.2 Orientation Understanding Using

Direction-Index Point

coordinate of all the nodes’
coordinates of a figure is used to represent
the location of that figure. This point is
called the center of figure. A direction-index
vector is defined to be a vector which has its
tail at the center of figure and its head, at
the direction-index point. A dircction-index
point is determined by using the knowledge of
features in Table 1.

Avcrage

I a unique “-" exsists. 3

then the corresponding node is index point. < -+ (a)
Il a unique acule( or rectangle, or obstuse angie) exists.

then the corresponding node is index poinl. =+ *(b)
Il a vanishing point of line segmenl exisls

then it is the index point. s (e)
.

. !

Using this Table. direction-index point is
determined first. Then By the corresponding
dircction-index vector obtained automatically,
the direction of the figure is determined. The
knowledge in Table 1 is built by inputting
rules for searching a direction-index point
according to the figures of a specific Tfigure.

Vanishing point

L

(a) (b) (c)

Fig.9 Figures and direction-index vectors
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3.3 The Case with No Direction-Index Point
Figures for which a direction-index point can
not be found are those of identical conncction
angle at ecvery regular
triangle, square. rectangle. ctc. For these
figures, line scgments which constitute the
contour are rcgarded as vectors. The string of
the dircctions of thosc vectors arc utilized
in rcasoning the dircction of a figurc
prescented. Let the orientation of the figure
in Fig.10(a)

be its original orientation. then the onc in
FFig.10(b) is understood to be rotated by 30
degreces clockwise
orientation.

node. such as

from the original

Vectorization ot
iine segment

180-270-0-80  210-300-30-120
(a) (b}

Fig.10 Direction angles and orientation of a figure

4 Conceptualization of Motion

Conceptualization of motion is described by
using the way for dectermining oricntation
discusscd in the preceding secctions.
concptualization of motion is made through
memorizing the feature classification of a
specific motion (trajectory). This way of
understanding motion is based on the fact that
a human understands figurc shapc by
classilying the featurcs of shape and not by
memorizing the complete shape. The method of
classification for conceptualization” of motion
may depend on what the objective of motion
understanding is. Applying thc present method
to a simulator ‘of vehicle motion, motion
understanding is described in what follows.
The shape of vechicle for simulation is shown
in Fig.11. Using
the dbove method. Direction-index point
the center of s

vehicle and
Direction-index vector

Z8

direction-index
point arc
determined. (This
.model of vchicle
has a
index

. . Center of figure
direction- 7

point, as
shown in [ig.11.)
The direction-

Fig.11 Shape and dircction

index vector is obtained by the two points as
is also discussed in the preceding scctions.

IFig.12 shows a part of the vchiclce's

trajectory. The vechicle moved from the
location i to the location i+1 in the figure.
The inner product of the two dircction-index
vectors of the locations i and i+1. or the
difference in argument 0, is the quantity
which represents the motion of the vehicle.
That is., the following string of 8's
represents vchicle's motion:

8:{0|. 01, 03.,, 0.,.}"’(9)
6,+1:CO.§| Z;ji'Zi+1Si+1) cre(10)
ZiSillZiwSi |
-
0

EZiégi Zi+SiH

—_—
Zi+1SiH

Distance moved

Thin line shows vehicle's course
Fig.12 Motion of vehicle

llow the string is processed is described
below. In transforming 8 to a symbolic
string, classifications shown in Tables 2 and
3 are uscd.

Tabie.2 State of vehicle with 8

0=0<5H Gentie curve
5 =0<20 Average curve
0 =20 Sharpe curve
0=0 Anticlockwize turn
0<0 Clockwise turn
Tahle.3 Function of 8 to S
0 =101< 515 =lol<20f 161z 20
0=90 A B C
0>0 a b ¢

The transfor mation here is denoted by the
following function:

T =gl 0)
g B — s, (i
where 8={ 0: 0 &€R}; S={A.B.C.a.b.c}:
gl 0) is given by Table 3.
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In the string S= ©: T2 ts T *
two elements arc the

°, if successive
same. then these arc

considered to be a single clement.

Fig.13 Trajectory of vehicle

Applying this rule yields an
represcentation  for the course of a
cxample will
Fig.13.

abstract
vechicle. An
be given below. In the case of
the string of 0 is obtained as:

8 = {0 -4 -8 -12 -15 -25 -15 -25
<15 -8 -4 3 13 26 31 19 13 13 5 5}.- -+ +(12)

Applying the function (11) to the above string
yiclds the following string of symbols.

S = AABBBCBBAabecbbaa * +* (13)

Further. letting a ‘'succession of the

symbol be represented by a single symbol,

same

S = ABCBAabcba *** (14)

is obtained. By this procedure., The course
took by the vchicle in Fig.13 is transformecd
into the abstract trajectory in Iquation(14).
The string of symbol in (14) has the following
mcaning.

S=ABCBAabcba

t—/\nlicloclr(\\'ize sharp turning

straightl going or gentle turning
Clockwize sharp turning

Fig.14 Abstracted trjectory

Table.d4 Types of curved lines and
the corresponding symbol string

Curved line Type of siring Shape of line

ABA (aba)
Sherp curved] ABCA (abecal,
line ACDBA (achba)

ABCBA (abcecba)

Average curved A BA {aba) /\
line

Gentle curved

finelincluding| Aa. A. a
slraight line)

N

This string of symbols gives an interpretation
that the wvehicle took the course like the
letter 8. The above processing of motion in an
abstract fashion provides a systematic

classification of motion. That rough
classification is shown in Table 4. Ultilizing
this table. it is possible to understand
motion conceptually by assigning a symbol
string to a motion. I‘urther, the conceptual
treatment of motion provides a mcthod for

dealing  with
Decaling with

motion on the computer globally.
cxtends the
mecthod together
between

motion conccptually
applicavility of thec present
with the wutilization of
objccts and verbal
cxample. bilateral
and imagcs makes it
vehicle

rclations
rcpresentation.{5]) For
translation betwecen words
possible to opcrate a
automatically.[6,7] [For example, just

inputting “turn geatly” is understood as
choosing typical instance or prototypc ol the
proper conccptval curve from the past

cxpericnce. which corresponds to the input.
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