SCENE SEGVENTATI ON BY VELOCI TY MEASUREMENTS
OBTAINED W TH A CROSS- SHAPED TEMPLATE
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Abstract motion extraction nore c71enera| than that
resented by Potter [1975]. and a simple

. This paper presents a method of seg-
menting.a scene into its basic objects on
the basis of motion. The velocities of
E)mnts are approximated by associating them
0 sets of reference edges in the scene.
These measurements are then used to group
the points, A basic tenant of this Wwork
s that al | points of a single object have
t he sane velocity values. Accordingly,
points with the Same velocity measurements
are grouped, together. Since the motion of
an opject i s independent of its other visu-
al characteristics, whole objects (not.sur-
faces or edges) are initiallyincluded i n
one segment. he program successfully
grouped points frominternally generated
scenes with 100% accuracy. Paints from
real test scenes were grouped correctly
90% of the time on thé average._ The poor-
?Séo/result was 42% accuracy - The best was
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Introduction

n
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ects

(e of the most |mportant steps i
cessing digitized scenes is the se
lon of the'scene intoits basic obj

ic objects" in the sense used here
spond roughly t o .t he conmon nouns that
r to three dimensional objects which
normal |y be used in the description
a scene), " Quiz.nan [1968] segnented |ine
wings into objects on the basis of ver-
configurations, Brice and Fennem
0] segnmented scenes directly into sur-
~the basis of the Pray scal e val ues
e picture elements. [t 1s the au-
belief that the motion of objects in
can be profitably used for segmen-
scene into i ts conponent objects.
[1975] proved thefeasibility of
roach.  The process envisioned
ot intended to solve the problem

i on | tself, but instead pro-

rful method of dividing a scene
of fundamental divisions which
to the scene's basic objects,
sideration in the design of the

hat it should be compatible
other segmentation schemes. The au-
hopes to integrate this systemwith
er systems so as to achieve nore com
te and accurate scene segmentation.
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_ The use of motion for scene segnenta-
tion results in tw subproblemi first,
how to extract motion information: second,

[ Ton information for segnem
rattom.  This paper discusses a method of

*The research reported I n this paper was
completed by the author while a student nt
the University of Wsconsin - Madison,
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But effective system of Scene segmentation
based on the motion information obtained.

Motion Extraction

Motion can be extracted from a scene
by processing sequentiallyrelatedpictures
Several articles dealing with cloud motion
have been published, Leese, Novak ana
Taylor [1970] presented a systemof "bi -
nafy matching," The gray scale values of
satellitepictures of ¢loud cover were
converted into binary to enphasize edges.
The pictures were then divided into "Sec-
tors," Sectors from the first picture .
served as templates to_be "looked for" in
the second picture. The sector from the
second picture that nost nearly matched
the template was associated with i t . The
displacements between the sectors of the
second pictures and their associated tem
plates were used to calculate the amunt
and direction of motion of the cloud banks
End|jch, WIf, Hall and Brajn [1971] de-
scribed a method of motion detection which
used "centers of brightness." The "cen-
ters of brightness" "were determned by a
clustering algorithm A cross-correlation
technique "was "used to mtch centers.
motion of the clouds was cal cul ated
Leese et al .
_ al so used across-

al'ysis to track clouds and
ne their motion.

o3

.The goal of these processes was the
precise déterm nation of windvelocity
from apparent cloud motion. . Thus the pro-
cedures developed are specific to that
purpose and must accommodate "unusual"
conditions. For examle, theTplctures are
normal |y taken hours apart. he recogni -
tion of "objects" is of no concern. | -
nal Iy, the scenes generally contained,
known ""objects" (i~ e. land masses) which
enabled precise picture alignment.

. Potter [19751 developed. procedures .
hich are more useful for motion extraction
om general scenes. He assumed that pic-
escouldbetakenarbitrarilyclosel
that the exact determ nati'on of ve-
y s not essemntal as,IonP as al |
(or points) of an objecf have the
velocrity value, and that since seg-
ation is'aprelimmnary step in objeéct
entificationthereis™no advanced knowl -
ge of scene content which can be used
[ comparing two pictures.
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Potter's approach to motion extraction
wap bps™d on the measurement of +** mrwo_
ment of "edges." He assumed that since



nly a few noments
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These same general assumptions and
roaches. are taken here, however instead
etermning the x- and y-motion com
nts seperately as was done in Potter
51 a "cross-shaped template" 16 used
e

ermne the actual velocity in one
"Cross-shaped Tenpl ate"

TS o~NDd o

The

The basic concept of velorn ty extrac-
tionto be used here is to find eature
in one picture, find the correspondrnﬁ
feature in a second prct ure and use t

observed drsplacenent as a fmasure of no-

tion, The major problemwith feature
matching 1's that a feature has to be ini-
tially tomm and identified). (e way of
crrcumventrng this problemis to extract
templates from one picture_and in this man-
ner, ?enerate features Thi's approac h Was
first discussed Uhr and Vossler J 1966] .
Their templates nere rectangul ar and of a
fixed size., |If such a template happens to
be d fined in an area of the picture that
contains little information, then there
Ttrle srgnrtrcance in its matching or
failingtomtch ina subsequent piCture.
The "cross-shaped” template (here-
after referred to as simply the cross tem
plate) contains two advantages for motion
extraction purposes over the Uhr and
Vossler template generation scheme. First,

the template is Cross-shaped as opposed to
rectangular. This results inaconsider-
able reduction of points that need to be
processed for matching. In figure 1, for
exanple, a five-by-seven rectangular tern-

Rectangular template

e/,ﬂCentral reference point
f;“\—Croaa template

Comparison of Rectangular
and Cross Templates

Figure 1

discontinuitiesingray

*Mre accurately,
instead of edges.

scal e values Wer e used

However, since "edge" is a mre easily,
understood term it will be used in this
paner. It should be kent in mnd how
ever, that wherever di s-

continuity ingra
used. See yPot tger y[

'ed?e" | s used,
5] 1o
ol etediscussion

val ue should be
75 Or a nore com
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Ia te contains 35 flve-
seven Cross te

|nts

points.  But the
mpl ate contains only
Second, the cross template i's of
e size. The length of ‘an arm of
cross I1s determned by the distance
the central reference point (or sim

ter of the template) to the nearest

The variable size of the template

increases the Ir elihood that it
suseful infor on.

(
ceh :
:

e
k
i

:<

The cross te
the point at
the center
e distance fro
t edge in four giv
ngth of the coyre
S, an associatjon
lon forms t he basjs f
The a s ciation o
tion that every poi
sol ute reference ?rrd
edge in the picfure I n any
a reference point of the gfid
rounded by any number of edges.
ssociation is’established be-
ference point and an edge by
direction and recording "the dis-
the point to the nearest edge.
2, the pornt (x,y) is surrounded
a, c, d, eand f. By re-
he direction of association to
axrs the number of edges
hree : edges b,c and
reduced to one (and there-
uni que association) by choosing the
t edge. In figure 2, the Pornt (x,V)
nd ed e bare associated uniquely by the
ositive x-axis directionand the distance
etween them

m
p

r
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three units.

Edge d

The point (x,y) and the edge b are
uniquely associated by the positive
x-axis direction and the distance
of three units,

Unique Association of a Reference
Point and a Reference Feature

Figure 2

A template nust be sufficiently unigue

that "false mtches" do not occur. “An ef-
fective design for a unique template con-
sists of four orthogonal arms. ~Thus a
"cross-shaped" template is defined by a set
of four rays parallel to the positive x-
positive ¥¢, negative x-, and negatjve y-
axes. In tigure 3a, the cross template is



efiped by unrquelg assocratrng the poi nt t he maxi mun number of absol ute reference
X,y) With the closest edge (eflge %) | n units an object can move between pictures.
the "positive x-axis direction by the dis-
tgnc nalu% of 10 units, with the closest . The search alonﬁ he axes is.a heuris-
edge (edge b) in the positive y-axis di - tic apgroac a mtc |ng tmn
rection g the distance value of 9 units, plate since the actual rnwenem of he ob-
with the ¢losest edge (edge c) .in the neg- £ ect %u ﬁ ? axes. T e
ative x-axis directionbythe distance ear chr o H 00KS for a mtch o the
value(ﬂ 0 grn,ts, and with the closesf, tﬁt al Ieﬁ th o th perpendrcu [ar
edge (e g% % in the negatrve y-axis qi - the t% e e arns engt
rection by the distancé value of 6 units sea C |n o gt x aﬁdﬁ : | f a go aI
eng | n , e ru | S-
Maemmtcm e %cmful %d The
sear ch al ong the pendi cul ar axis g
axis | nh S case s start ed
thisnewy calcul at d erence p
en (or 1f) ato tal X- arntnatch s foung
the x- |snl cenent 1S calcul at Tn
so ute reference poi t optai ne a
ating the x- and y-displaceme t S; 1S
tested as the center of natc tf
;at | f shccessful | S
acement val ues are use as a sur enent
I the x- and y-axes conponent ve %cr t1es
a [T the tenplate does no natch e ﬁearch
cont‘nues. Pornts for wh tQ. q
tenpl ate can be oynd are ass gne
6not to be contused with zero) ve ()crty
al ue.

The velocrty val ue obtained fromthis
process IS assoc at ed th the correspond-
|nE reference point in t e last picture
taken. The reason tor assocratrng he ve-

b | ocrtg with the reference gorn | 1
the réference pol nt corre pon S to smm
physical point of the object, then that

Cross Template Definition physical pojnt does ewe a velocrty Mor e-
for Various Objects over, at an rn It al | vel Process rng
there my not be ang er ntrt ( dﬁ
Figure 3 corner or featur ty } t the
g?%hon value can he neanrngt Iy socr
. wi t
In figure 3a, the cross template |s
defined by the edges of a rectangul ar ob- The marn advantage of thi.s approach to
ject. Figure 3b "I lustrates the fact that vel crtJ rac lon~I's that it 1s 0 gect
Cross temnlates can be used wit h anx arpi - | nd en % It can D used on any size
trarily shaped rigid figure. ould be or s ape o brect T e only reﬁ rrenent
kept i mnd that aIthough nnst ot the ex- | s that anunber of spatial di'sconti
amples in this paper are Tectangular and ties |n %Ea sca e e assoclated wit the
have straight edges the only requirement obj ect VEry obj ect meets this
for applicationof the cross tenplate |s requiremen er aps more’ | mportant L3
that the object does not change 'shape be- th propert that. th' o Procedure .can e
tween pictures. aﬁplred to n&Agg scene wit ouh
8 ye%ﬁldhrc ? S © Oatthgrﬂ?ture greto?e
e e o T ot e
. After the cross template has been de
fined in one prctrJre rtnq S moved arouRd scene processing
%he second picture until ap exact matc
ound. The cross t%nplate IS sod ht In a Unfortunately, this velocity extraction
regul ar nner ahso te re rocedure does not |ways detect’ the cor-
erénce points in thf nei nbor ood of the ect veloc d ty, Under ertarn circumstances
reference pornt us e center of the |t can not det’ect motion araII el o an
defining template Is tested as the cenher ed%e. The situation ari nhen t ex-
ol nt of a mat¢ |ng tenplate. First tne tracted template |s not %nr ure
8|nts along the pdsitive x-axis are test 4a sho a exanml e SUC | atr on.
., then thé pol ts along th negatrve - The conr lon || ustrated N |%ure
axis, then the poln a on 0sitive B | cate I rst, the Obd
-axis and final 9 g ne atrve hav Jaara ‘ el sides, Second, the two
XIS, Fach ﬁx S | s che d , srd s nu ond enough and of sdch an
search [engt Paranet IS exc eded Thrs ?rr tion that hey. constrtdte the de-
parameter 1S set by the user and reflect | nrngdrscontrnur lestoral | of thearns
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"smart" monitor should be able to infer
that points with zero motion values which

| 1 e between the shaded areas are the result
of oblique motion and should be given the
same motion values as the bracketing points

Scene Segment ation

The points of a scene are grouped into
segments on the basis of the conputed x-

N and y-axis velocity conponents. ~ The avowed
Pieture 1 pict‘.‘re 2 purpose of this procedure is to obtain a
An Example of Oblique Motion crude first approximtion of the basic ob-

t
a ject segments in a scene. Accordingly it
s not €ssential and in fact wastefll "to

Process every absolute reference point.

nstead, every n-th point (a systempara-
meter) is processed. The point's are proc-
essed’inserial. Thus, after thevelocity
values of a point have been determ ned

they are conpared with the velocity val ues
of previously processed points which have
been divided into groups on the basis of
their velocity measurements. |f an exact
match of velocity magnitude and direction
of both the x- and y-axis conponents exists
between the point and a group, the point is
added to the group. If there is no match,
a new group is created with the present
. point as i'ts first mepber. This process i S
rr]epeatbed unti | aldl ofI th(tehp,mntls seltected
ave been processed. n s elementar
T raad al gor | (1 o s with tnulltovelocty '
; : values are .grouped wi yoi nt's which ‘have
Extraction Zero vel omgty Val ues (Thﬁ)s group corre-
b sponds roughly to the background of a
scene).
FPigure 4
F|_c[1ure " Resul ts
of .the template. hird, the motion of the The velocity extraction and scene seg-
object nmust be parallel to the two sides, mentation program VESS) was implemented in
Al'l of these conditions are expressed in FCRTRAN |V on a DATACRAFT comput er. The
the phrase "oblique motion parallel to two progr am f equ red 24k nemory | ocations (1|6
edges” or "oblique motion" for short. i t words). The pictures were taken by a
The problem of oblique motion is more K& 113TM t'el evi sion camera connected via
theoretical thanpractical. Sinceit a- aZeltexanalog-to-digital convertertoa
rises fromthe relationshi P bet ween the PDPI'| /20 computer.  Each 5000 byte picture
orientation of the arnms of the template was transmtted from the PDPLl "to the ,
and the two parallel sides of the object, DATACRAFT by an asychronous interface unit.
whenever the situation is detected, a new
template can be_constructed which avoides The VESS programwas tested on various
the problem  The new template need only scenes. |t was completely effective on
to be constructed with one set of arm internallygenerated scenes of ri gid, nop-
parallel tothe parallel sides. This new  occluded objécts. These scenes contained
|y definded template will extract the cor-  three or four rectangular and triangular
rect velocity. ~ Unfortunately, this Is a objects with various types of motion. The
somewhat ad hoc solution to the problem upper | i mit of four is due to the conve-
, , nience of displ aYl ng a scene if the gray.

. The theoretical problemof oblique scale levels are Timited to a single digit.
motion can he eased slightly by the ob- Figure 5 is an exanple of aninternally
servation that a human can not direct!y generated scene of three objects.
detect motion under similar conditions
either. Instead, motion of the parallel Starting frompoint (5.5) every 10th
sides seems t o be inferred fromthe ob- poi nt was processed That is, the 50
served motion of the ends (or "remainder”) —noints . (5,5) (5. 15 (5.95), (15.5)
of the object. Therefore, a less ad hoc (15. 95) P s '9'5) C were out
but perhaps nore difficylt solution is t0 oy 5eomdnes on the basis of their motion
rely on the know edge of the real world OF th ?'ft Nt K fh :
and deductive capabi | ity of amonitor. eh | 1LY pfo,| ni s proce?sle or the |
For exanple, al |' of the points in the shad- Scene shown in figures, all were correctly
ﬁd areas of the object in figure 4b wAi R ggg#pg%jecfo%dggggp% ower?héo[)g]glgbroounned for
ave accurate motion measurements, Every point in every group was from the
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same object (background being an "object"). A major problem in these tests with
real data was the noise present in the
Four different real scenes of one plctures The edge noise WaS such
or two |rq|d non occluded objects were Iarg objects were req U|re Lar[ge ob
used for ting the basic¢ segmentation g)ec s can only be rmved ore
program _ The fiTst scene is shown in fig- eing outside of the f|e|d ot VI ew of the
ure"6, TabIe 1 shows the results of four TV camera.  The scenes used constituted a
runs. Three of the runs used the same 50 conpromse of these aspects and cons,tsted
point sanple used to test the generated of moderately sized objects (4 to 7 in-
scenes. Wo parameters_were used to ac- ches Ionq) Ina field of tw feet by one
comodate noisy data.  They were varied and a halt feet. These |imitations pre-
from zero to two., (ne of "the two para- vent ed u3|ng scenes W|th mre than two
meters determned the discrepancy in gray objects
scale value allowed hefore an edge was
"detected." The other parameter deter- During these test runs, the segmen-
m ned the tolerance |n velocity values tation program processed on the average
al lowed in grouping points. AS can be one poin? every 55 seconds. The fastest
seen the heSt results were obtained when Drocessing was one point every 24 sec-
the "deltas" were set to 1 Bds on 1 Re generated scene data.  The
. . real scene data was processed at one point
The poor results for obHect 1in every 6 seconds.
scene 1 were due to the lack of contrast ,
between the right hand surface (orange) Consl usi on
and the back round F]yell ow), A second ,
scene was tak en with the |ght |de of ob- . This paper shows that the use of nmo-
ject 1 black with an orange 1nsert, tion for scene segmentation can he ap-
ninety point sanple ((2,5 (2,15). , . Plled to quite general scenes. The cross
(2.95). I(7 52 (7.95 | (47 955> empl ate can be Used to extract the motion
ves used for this test. ' The change in of any arbitrarily_shaped rigid, non-
color resulted |_n an i mprovement ?0 61% occl uded obhect The motton val ues so ob-
correctly classifiedas shown in the scene  tained can ttecttvely used to segment
2 colum of table 1. a scene into its moving Components ard
"background""  Although “the 'scenes in
A third test scene was nade with this paper were restricted to non-occlud-
the entire rtght face of object 1 con- ed objects, the a pproah presented here
trasttn? with the background. The results  S€ems appltcable with slight modifications
of this test run were appro ximatelythe to scenes with occluded objects. —This
sane as the previous one. Apparent]y the problemis currently under investigation
shadowy area between the objects in the |a”d results shoul d be fokrthcomp]"l ng short-
second scene caused a decrease in contrast, y'l rtmarr ra ack of the crots”s,
S0 a fourth test scene (not shown) was Lem atelsHtts al | trhet hetecttho hque
taken of a singlemulti-colored object. T ot seehgwetvgr eon A r00r$1|5|n Igs .
The results were considerably better as Ptrst step in the se ment ?ton of | ex
shown in the scene 4 colum of table 1, p th d ”pd t
The avera();es of all tests (with "deltas" SN, Sclorlmoer (o? gglfgypéggmavraﬂ uler; epentel
sghéo \1 are given in the last colum of objects in the scéne
Scene "
. ver-
1 (Figure 6) 2 3 L age
Deltas 0 1 2_ 11 11 1 1
Correct 0%| 25%} 17%}1 61%] 67%] B89%A UuL6%
Object 1|Mo Value 92 | 25 | 17 | 17 | 33 | 11| 25
Incorrect 8 | 50 | 67 22 0 0{ 29
Correct 33 {100 | 33 | 89 | 80 -1 29
Object 2|No Value 67 0 | 67 11 0 - 6
Incorrect 0 0 0 0 20 - 6
Correct 75 |100 100 {100 - - {100
Z:gﬁ;d Novalue | 25| o] o] of -] -] o
Incorrect 0 ) 0 9] - - 0

Results of Tests on Real Data
Table 1
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