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Figure '"T R I 4 L',
The program analyzes thiz scene and finds 3 bodies:
(BODY 1 IS :1 :4 :2)
(BODY 2 I8 :11 :12 :10)
(BODY 3 I8 :b :9 :5 :7 :3 :8 :13)

4



SECTION OME: IMTRODUCTION

This memorandum describes s program which finde bodiea in a scene,
presumably formed by J-dimensional objecta, with some of them perhaps
not completely visible.

When SEE--the pretentious name of the program--analyzes the scene
TRIAL (see figure "TRIAL'), the results are

(BODY 1. IS :6 :2 :1)

(BODY 2. IS ;11 :12 :1@)

(BODY 3. IS :4 :9 :5 :7 :3 :8 :13)

HIL

BEE looks for 3J-dimensional objects in a 2-dimensional scene; the
scene {tself is not cbtained from a wvisuval input device, or from an array
of intengities or brightness; rather, suppositicon is made that z pre-pro-
cessing of some sort has taken place, and the scene to be analyzed is
available in & symbolic format (to be desgeribed soon), in terms of pointa
(vertices), lines (edges), and surfaces (regimma).

SEE does not have a pre-conceived idea of the form or model of the
cbjecte which could appesr in a givem scepe, the only supposition being
that they ere solid cobjects formed by plame surfaces; in this way, it can
not find "cubes" or "houses" in a scene, since it does not know what a
"house" is. Once SEE has partitioned & scene into bodies, some other pro-
gram, probably a matcher, will work on them and decide which of those
bodies sre "houses."

Therefore, SEE forms & welcomed link between a pre-processor [1, 2]
which transforms intensity pictures into point or line pictures (%), and
& recognizer (such as TD [3] or DT [4]), which handles this line picture
and finds bodies, cbjects or zones matching with certain patterns or
models. Instead of searching through the whole scene looking for parts
to matech its models, the work of the recognizer (%%) becomes simpler after
SEE has partitioned the scene into bodies, because the dats to be searched
(matched) is smaller and better organized.

{(*) A description of these processes in analysis of scenes is given in [5].
(#*) Assuming the recognizer is interested in bodies which SEE can see (see [5]).



The analysis which SEE makes of the different scenes is generslly
acceptable, slthough in some ambiguous cases 1t behaves rather conservatively.
Distributed ovrer these peges, the resder will find exsmples of scenes
analyzed by SEE, and the peculiarities and behavior of the program will
become clear.

The program ZEE is written in LIEF, and has been tested in the FOP=A
machine of the Artificial Intelligence Group, Project MAC. A preliminary
version was written in CONVERT, and was extensively used for gquick test of

idea= which shaped the program to its actusl form.



SECTION TWO: INPUT FORMAT

Trhe pext secticn "Format of a Sceme', deseribes the form inm which EEE
expects the scene to be; eventually, this dats will come from & visusl
input device (vidissector), through a pre-processor; nevertheless, for
testing purposes, the scenes are entered by hand in & eimplified format
(ealled imput formet), end then some routines produce from it the necesssry
data for utilization by SEE. We will describe both in this sectiomn, which
may be -- together with the next cne -- skipped by the reader without much
logs of contiouity.

Example of & Scene: Suppose we want to describe the scens "CUBE'. We begin
by giving {in LISP) & velue to 'CUBE'
(BETQ CUBE (QUOTE (& 1.0 1.0 (:1 B :L i)

B 1.0 5.0 {:1 E :2¢C :b A)
C 3.0 7.0 {:2 D :k B)

D 8.0 7.0(:2E :3F :40)
E 6050 (:2B8:16 :3D)
F 8.0 3.0 {(:3 3 :L D)

G 6.0 1.0 {:1 4 :% F :3E)
1]

Following each vertex, we give its coordinstes end s list, counterclockwlise
ardered, of regions to which that wvertex belongs snd wvertices to which that
wvertex is comnected; in the next sectionm this list receives the neme "KIND" .,
and is more fully described.

The conversion of the scene, as Just given, into the form which SEE
expecte, 18 made by the function LLENA: thus, (LLENA CUBE)} will put in the
property list of CUEE the properties REGIONS and VERTICEE; in the property
list of each vertex, the properties XCOR, YCOORE, NWREGIOHS, NVERTICES and EIND:
in the property list of  each reglon, the properties KEIGHEORS and EVERTICES.



Then, we evaluate {FOOF (GET (QUOTE CUBE)} (QUOTE RESIONS))), which puts
the property FOOP to esch region. All these properties are described in detail

in the next secticn.
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'F'igure "CUERBE', & scene.

Finally, we perform
(MAPC (FUNCTION (LAMBDA (X)
(PUTPROP X (QUOTE BACKZROUND) (QUOTE BACKGROUND))))
(FUTFROP (QUOTE CUBE) (QUOTE (:1)) (QUOTE RACKGROUND)))

We now give a more complete example, The fnlln;-a:l.ng is the file TRIAL LISF;
when leaded, it puts the scene TRIAL (see fig. '"TRTAL') in the form which

EEE axpects.



e (NOTISETR TITAL (SUDTE
& 2.0 2.0 (81 4 214 30 B 2,5 1.0 (12 J 21 A 314 2}
J3 1a0 (¥2 3 214 01 D 5.0 4,0 (32 C 514 CC 8 =)
S.35666688 5,3333333 (8 EE ¢7 F 12 0
6.0 6.0 (37 7 15 5 32 £) B 6.5 7.0 132 F 15 o 216 J)
5.0 2.0 135 1 26 g) [ 5.0 8.0 (31 J 38 4 15 £)
S5 7.0 126 1 21 B 22 G) & 4.6688866 7,3333333 (21 | 35 5 14 |
IJ3IIIT 6,.5656666 (24 0 23 M 11 K)
SE66E666 5,33333333 (:3 N 114 A 3} |
O 7.0 (23 2 214 M) 2 2.0 9,0 (23 L 34 P 114 M)
1]
0

DL 20 L Wingy =

10.0 (2a 3 214 20 @ 1.0 11,0 (014 P 14 € 25 R)
11.0 (85 5 314 21 5 5.0 10.0 (25 T t1& %)
10.0 125 J 314 3) U 9,0 7.0 ¢010 _L {4 T 25 vy}
0 5.0 (210 J 15 F5 29 &) W 11,0 4.0 (810 ¥ 3 ¥}
S 4.0 1210 W 19 Y 204 33) Y 10.0 4.0 (39 7 31é ¥}
O 3.0 (29 4 213 84 214 ¥) AA 11.0 2.0 (513 <+ 23 A3 114 21
«0 1.0 (29 CC 114 4A) CC B,0 1.0 (28 D 814 83 3§ 0D
0 4,0 (23 ZZ 18 2C) E€ 7.0 4.0 (7 E 28 DD 39 FF)
0 5.0 (27 ZE 19 Vv 5 F)1 36 12.0 3.0 (212 JJ 210 £ 114 HH)
o4 13.0 7.0 (212 GG tia QI :
IT 13.0 16.0 (311 JJ 212 &4 214 LL)
JJ 12.0 12.0 (3f1 LL 210 GEB =212 1)
X% 10.0 2.0 (313 2 39 AA)} L 9.0 14,0 (#10 JJ s11 11 314 Ui}

bl -

WO L i e —f i
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[DE==*3JP INTEA (LAMBDA (Ax Ay 88X BY CxX 2¥Y Dx DY)
12325 (82 3 X ¥

(SET3 7 (QUOTIENT (OIFFERENCE OY ZY) (DIFFERENCE uUX K1)}
[S5ETS 3 (QUOTIZNT (DIFFZRENCE 8Y 4Y) (DIFFERECE BX AX))}
[SETE2 X [PLUS ITI®Z3 P CKXJ) (MINJS Cv¥h (MIwNUS (TIHES 2 ax11l AY))
(SETQ@ X (JUOTIENT X (DIFFEREMCE P Q1))
PSETE ¥ (PLUS BY (TIMES P (DIFFERENCE X CX101)
CRETURY (LIST ® Y111

N3

({0233 LLEMA (LAY3A04& (a4}
(2335 15 3 ¥ ™
(2080 (iNJLL &) [PUTPIOF BCENE 9 [QUOTE REGIONSI)
[2JUTPROP SCENE ¥ (QUOTE VERTIZESI) ([3IZTJAN Bl
(PUTPRI2 (CAR &) [(CADR A)(QUOTE XCORD)
[FJTERI=® (CAR W)ICAODDI A}IQUDTE YoOR)D
{2uTPIJ® (LA AMICADDDR AMLQUOTE £IMND))
{SETR 3

[SINE [LIST (Z2a7 &)
[2RIGZ [PUTPRIP (CER &) (Sdll (SADDUR A1)

(QUOTE ~REIZIONS))
IPJTERIP (CAR &)

(CULL (SO~ (CaDOD3 &)

[QUDTE NVEITICESTID)



CRR
[SLYK [ZADDDR A1) [BETE ¥ [CDONS [CAS A1 v
(AT (TANETIIN
{-AMBDA (&) (DR (MEM3IER &4 ) (SET@ R (Z0NS & R}
[ZULL (cADDDs 430D
(SETE & (CODDOR &)1 (GO M1}
TAeq)

[DEF2ROP SULL (LAMBOA (A
(2290 ((NJLL &) A} (INJLL (COR a)) M)
(T (CAONS (CAR A)(ZuULL fCDDR AT)ND))

= |

.......

[OET232P LN (LAM3DA (& B M)
(AND (CPIIP 3 4 N) (CPRO® &4 8 NI ) .
A EEY '

{OEF330P ZLNW (LAMBDA (3)
(2340 (023 (MJLL S)iMULL (CcD® 3111 8)
(iNJLL (SDDR 3)) (CoR0P (CAR 3) (ZADR B1 (QUITE KVERTLDES))
d (C=90P (CAR (CADDDR &) [CAGR B) -1
(QUATE 4YERTICES!!
(LYK (CAR (CADDDR aj)) (243 3}
(QUDTE MEIGHBDORS1))
(ILNK (2S4S B) (CADD® 31 (QUITE NEIGHEORS))
(CPROP (CAR 3) (CADR B) [QUDOTE KVERTICES]) .
[CPRIP (CADDR B) (Ce0R B) (QJOTE KVERTICES)) (CLNY (200 @)1
i )
ZhF)

(OEF=232@ |F (LAM30A ()
(IS8T (GUITE ZOND)  (LIST (SADR L) (CADDR L1
(CONS (JUDTE T) (ZUDUR L1
44233)

(QEF=3JP CPROP (.aMBDa (& 2 L)
(23 [MEXMIEIR 3 [(SETE & (32T & Q1) (PJTPROP & ICINS B 3332101

N EL Y

[BET3 SCENE (30272 TRIAL)]
(SETI TAD (LLENA TRIALY)
(ODEF330° «3AMI« RONGA RINSA)
(MA2Z (FUNCTIIN (LAMBOA

(X (PUT2I0= § (QUDTE SACHGROUMNDIIQUOTE SaC<GR0UNb1
[ 2yT2323F [(3JOTS THIAL) (QJOTE (9la)) (@JOTE SACKLERIJNDOIDG
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[DEF232PF FOJP ( a™85l& 11 )
(23352 (920AZ0 (LAST (SE7T@ 22 (REVERSZ (FOOP+ L1100 C(LIST (243 22)3})
S0 811}
« ENEF)

[DEF33JP FOIPe (LAMBLOA (V)
{2IND (TED 1
(5572 u -
(CADR (SETQ t31 A
. INEXT20F (SETW U (BE1 v (QUOTZ <InDIQIIRT
tr) ’
(T (NCINE 83 (FQ0Rs J1)i)d
Sx23)

[DEF2332 NEYT2IF (LAMIDA (4}
(2390 4DR (NJLL M) INULL (CDR Mi)) (3RZAK 1 NEXTZDT)1)
{INJLL (ZDDR ™)) [22M0 ((EQ (CAT 4) B) (LIST (CAR J) (2AD3 M)
IT (3IREAL 2 NEXT20F11)) '

o

[(EQ (CAR M) R) (_IST (CADDR M} (CZADA M) ' bk |

[T (NEXT2JF (2DD% 311101 L

Ty _':':F"‘n
ey . 3

b [ |
L 1 I'

(4832 (FUNCTION (LAMBDA
1<) (PRDE2 (PJTPROP « Ty
(CU_L (PUTPROP «

IFJD® (CAR ([GET < £
[(QUOTE <VZRATICES1))
LY I

{@JOTE FOOP}) -3

{QUITE NEIGHBIRS)) : 5
(2JTRR0P & (ZJLL (COR (SET < (@JOTE F3223111))

({JUITE LVERTIZESI)Y))

[3ET SZENE (QJITE REGIONS)))

B
e
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BECTICH THREE: FOBMAT OF A SCENE.

As said before, the input to our program is a scene in & special symbolic

format, which we proceed now to describe.

The Bcene =nd its Components.— A scene iz fundamentally a collectlop . of
vertices and regions.

A scene has a name which identifies it; this iz an stom, with its property
list containing the properties 'REGIONS', '"WERTICES', and 'BACKGROUND'. For
example, the scene ONE (see figure 'ONE') has the name 'ONE'. In the
property list of 'ONE' we find

REGIONS - (:1 :2 :3 b :5 :6) Uncrdered list of regions
composing the scene ONE.

VERTICES - (AECDEFCHTIJEK) Unordered list of vertices
composing the szcens ONHE.

BACKGROUND == {:6) Unordered list of regions
composing the background
of the scene QNE.

Figure 'O N E'. A scens,
Vertices and surfaces (regions)
are the main components of a scene.
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Region.- A region corresponds to & surface limited by a simply conmected
curve., For instance, in ONE, A B C 1is a region, called :1, tut ¢ I J KD H
is not.

Fach region haz as name an atom which possess additional properties
describing different attributes of the region in guestion. These are
'"WEIGHEBORS', 'EVERTICES', and 'FOOP'. For example, the region in scene ORE
formed by the lines AE, ED, DK, KO, € , has ":2' as neame. In the

property list of 2 we find:

NEIGHEORS  -- (:3 4 :6 :1:6) Counterclockwise ordered
list of all regione neighbors
to :2. For each region,
this 1ist is unique up to
cyelie permutation.

KVERTICES -- (DEACEK) Counterclockwise ordered
list of all vertices which
belong to the reglon :2.
Thiz 1ist ie unique up to
e¥elice permutation.

FOOP — (:3D:WE:EA:1C:6EK)
Counterclockvwise ordered
list of elternating neighbors
and kvertices of :2,
This 1ist is unigue up to
eyclic permutation.
For a region (say :2), FOOP starts with any neighbor region (say :3),
continues counterclockwise with the wvertex belonging both to that region and
that neighvor (in cur example, D: it belongs to :2 and :3), continues
-- counterclockwise allways -- with the next region (:L4), the next vertex
(E), the next region (:6), ete. '
NEIGHBORS and EVERTICEE are then easily derived from FOOP: take the odd-

positioned elements of FOOF, and its even-positioned elementz, respectively.
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The FOOP property of & region is formed by & man who walks on its
boundery having allways this region to his left, and tekes note of the regicns
#*
to his right and of the wvertices (*) vhich findz in his way.

Figure "0 H E'.
Fepeated hers for convenisnoe.

As another example, the property list of the region :4 (see fig. ONE) contains:
NEIGHBORE == (:5 :6 :6 :2 :3)
EVERTICES == (¢ F EDH)
FOOP - (:5G :5F :6E :2D :3 H)

Vertex.= A vertex iz the point where two or more lines of the scene mest;
for instance, A, G and E are vertices of the scene ONE.

Each wertex has as name an stom which possess additiomal properties
deseribing different attributes of the vertex in gquestion. These sre "XO0R',
'YCOR', 'NVERTICEE', 'NREGIONS', =nd 'KIND'. For example, the vertex H
{zee scene ONE) has im its property list:

XCOR - 3.0 gx—eoordinate

YOOR - 15,0 y-coordinate, Z-dimensional.

HVERTICES == [T gm Counterclockwize ordered
liet of wvertices to which H
i connected, o EE]

KREGIONS - (:3 :5 :L) Counterclockwise ordered

ligt of reglom=s to which H
belongs (##),

¥
T}FJ.ME:E where his path changes direction or/and the region to his right
changes name.

(*#)

This l1iet is unigue up to cyelic permubtation.
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KIKD —= {(:31:50 :50D) Counterclockwise ordered
. list of alternating nregions
and nvertices of H (#%),

For a vertex (say H}, KIND starts with any neighbor region (say :3), contimaes
counterclockwise (arcund H) with the next wvertex (I in our example), then the
next region (:5), etec.

The EIRD property of a vertex iz formed by & man who stands at the vertex,
and, while rotating counterclockwise, takes note of the regions and vertices
which he sees.

HREGIONS snd NVERTICEZ sre then easily derived from KIND: take the odd-
posltioned elemente of KIND, and 1ts even-positioned elements, respectively.

Az another exsmple, the property list of the vertex E contains:

HCOR — 1.5

YCOR - 3.0

NVERTICES = == (F A D)
BREGIONS  --=  (:b :6 :2)

EIND - (4 F &8 2D

I:M”"t.h:r.a: list ig unigque up to cyelic permutation.
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BECTION FOUR: TYPE OF VERTICES

Vertices are classified according to the slope, disposition and number of
lines which form it. The functicn [TYPEGENERATOR L], where L iz & 1ist of
vertices, performs this eclassifiicetion, putting in the property list of each
one of the elements of L, the type to which it belongs.

The TIFE of a wvertex is slwayzs & list of two elements; the first iz the
type-—name: one of 'L', 'FORK', 'ARROW', 'T', 'K', 'X", '"PEAK', 'MULTI'; the
second element is the datum; generally is a list, whose form veries with the
type=naze, and containa informaticn in a determined crder sbout the vertex in
guastion,

We now proceed to describe the different types, their type-names and datum.

Vertices where two lines mest.

L.— & vertex formed by only two linee ie slways claseified as of type 'L'.
Two angles exist st it, one bigeer and other amaller than 180°, The datum is
g list of the form

{Ei Egjﬁ where E, iz the reglom which contains
the angle smaller than 1807,

E% iz the region which contains
the angle greater than 180°, o
For instance, in scene CROSS (see fig. 'CROSS'),
o has in ite property list: .
TYPE - (L (:8 :9))

The vertices of type L present in CROSS
are A, F, H, I, J, 0, Q.
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Figure '"C RO 8 B'.
used as an example

Vertices where three lines met.

FORE.- Three lines meeting st = point and forming angles smaller than 180%
form a PORE.
Tte datum 1= the wvertex itself
at which the fork cccurs. For instance,
vertex ¥ has in its property list
TYFE -- (FORE N)

The wertices of type FORE present
in CROBS are N .

AREOW, = Three lines meseting at & point, with one of the angles bigger than 180°,
The datum of an ARROW is a list like X
E 3
(B, E, E, B E. E; E;) where
E} is the vertex at the 'tail'.

Ez is the vertex at the center.
E3 is the vertex at the luft!*i
B is the wertex at the right.
:E5 is the region at the left.

# With respect to segment El+ EE'
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Eﬁ is the region at the right
I!,.I iz the region which econtmeina the angle bigeger than lﬁﬂﬂ.
For instance, vertex E hes in its property list
TYFE — (ARROW (D EF G :1 :2 :9)) --fig. CROSS.—
The wertices of type ARROW present in CROBE are I, E, K, M.

T.= Thres concurrent lines, of which two are calinear.
The datum for & T is a list of the form (El EE E3 E, E5 Ee ET}’ vhere
E1 iz the wvertex at the "tail' of the T.
EE iz the central vertex.
E3 iz . a- vertex such that Il IE 33 iz
an angle between 90 and 180 degrees.
Eh ig a vertex such that El EE :El.l i=
an angle smaller than 90 degrees.
Thet is, ]i.‘3 E!} E'E are colinear. El
E. iz the region which ceonteinas the

2
angle between 90 and 180 degrees.

EE ig the region which containe the angle smaller than 90 degrees,
E..I, is the "EE‘II't-‘.!._'_E_.l_t region (where the 180° angle is).

For inetance, vertex R-{Tig. CRO52) has in its preperty list
TYEE -~  (T(cRQA 8 :7:9))

The vertices of type T present in CROBS are B, L, K.

Vertices where four lines mees.

K.- When two of the vertices are colinear with vhe center, and the other two
fall in the same side of such a line. The datum is 8 list of the form
(B, E, By By Ey Dg B, Bg) where Eg
El is the ceptral region.
E, 1s the regicn having the 180" angle.
Eﬂ iz the colinesr wvertex which falle B
to the left of E1 EE'
E, the region to the left (of & E)

Eg the vertex to the left {of !&—bzlﬁ




18.

EE iz the ecolinear vertex which falls to the right of El Eb.
E, ie the region teo the right of £-+E1-
Eq iz the other vertex to the right [of El) _
For exsmple, we find in the property list of G the fDllnwingia:: fig. D“DEE]
TYFE - (K (:3 :2¢ :LHH:%E))
> is the only vertex of type K present in scene CROSS.

.= When two of the vertices are colinear with the center, =snd the other twe
fall in opposite sides of such a line. The detum iz s list of the form

(El EE E3 L 35 EE}’ vhere
El iz one of the colinear vertices.

E2 iz the region to the left of El o,
vhere ¢ is the vertex at the center.
E3 is the region to the right of Ei Cs

Eh iz the other colinear vertex.
EE is the region to the left of Eh C.
Eﬁ is the region to the right of Eh K
For instance, we find in the property list of P:

TYFE - {(x (F :6 :b g :8 :9))

The vertices of type X present in CRO3S are C, P.
The datum for an X may also be in the form {E:ll E:5 E; E E, 133‘1.
Vertices of four linee which are not of type K or X are either of

type PEAK or MULTI.

Dther types of vertices.

FELK, - Fprmed by four or more lines, when the YCOR of the central wertex is

bigeer than the YCOEs ofF the other vertices.
Ey
- W £ MULTT

MULTI.~ Vertices formed by four or more lines, and not falling in any of the
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The datum for vertices of type FEAK is of the form El, where
Rl iz the region which containe the angle bigger than 180 degrees.
The datum for wvertices of type MULTI is of the form Ei, where El is

the vertex itself.
Here is now the function(TYFEGENERATOR L), where L is & list of vertices.

(DEF233P TYIEZENERATOY (LAmIADA (&)
(9432 (FUNCTION
{LaMala [™]
[iLa30a (o SLIP KIND

[ AM30DA (% &) o o

[=2UTPRO= N

[lLAMEHUA (A] 2 KI 44
(iLaM3ba (€5 e KT «8)
(CIND (dZia (S5ETE L {LENGTH KINDI) 441
(COND ((CIOSEP % K2 W Kd4)
fLIST (Q@JOTE L) (LIST <1 K31}
tT (LISF [(augdmve L}

(LIST (CAR <INDY (ZAQUR <LINDII)

[1Ze L Bl
(COMD ((E&UALL (CADR SLOP) (CADODR 5.0P°))
(LIST (QJOTE T)

ILIST K& N & 42 8 <1 £3)11)
((EJUALL (ZADR SLJ2) (CAOR 51} P
(LIST (QJOTE T %

(LIST #4 N <2 <6 K3 %5 €11)) _
((EQUALT (CALDDR SLJ7) (CADR 51 .
(LIST (QJUTE T} T
(LIST %2 N <6 44 K1 43 <5))) =
({E3uaL S
[SETd L
L1587 ICRJISEP €2 N 44 W)
ICRISEDR 44 n 48 )
_ {CRIS52 K& N %2 W)l
LJUDTE (T ¥ Tod)
(LIST (QUOQTE FORK) %I}
{IEsUAL w (QGUATE T T (4001}
(LIST [(@JOTE ARRIW] ?
[LIST 44 % X2 <6 3 €5 <1)))
(tEGUaL L (QUITE 4T () T
(LIST (@JOTE A3HIw)
[LIST <2 N 48 <4 £1 43
(TEQUAL L (QJOTE (0 T Tod
(LIST (GJOTE ARAOWN)
ILIST A6 N £& <2 k5 «1 13131
(T (PRINT
(LIST L AIND ¥ (2JOTE ZaRI1ITN

ey
o
| -
A
P o=

(1 L &40
LCUND ((E3UALL (CAD® SLI®) (CADDDR 3.3P1)
(LIST (QJOTE X)
(LIST 47 X3 <4 x5 a5 42 41 K&K}



RS

W= e

TIEQJALL (CALR SLJP) (CALUR 5))
ILIST (BJATE u)
[LIST 42 1 43 €6 f5 <71}
[tEJUAL] (CAO% SLI3%) (CADDOR 35)1)
(LIST {QJOTE ) oo
(LIST €5 K1 w2 K3 <4 £3 7 K611}
{(EGUALL (CADDOR SLO2) (CADR 5)) .
(LIST (GJOTE 1 =
(LIST K1 K5 A6 K7 A8 44 <3 K211}
[(€4JALL (CADDEI S5L22) iCapDnx 3317
(LIST (GJOTE £}
(LIST 44 £F 45 K& &7 1))}
((EIJALL (CADR S (SAOQDuR 511
(LIST (GJOTE K
ILIBT 43 K7 48 K1 K2 <5 <3 Kal))
(T (PEAS 41019
(T (PEam MN11h)
(CA2 W) (CAD0R K1} (CADUR w1  (CADDDR Kby
(Cal L1401 (CADRE «£1IMO) (CADDR KIWDO) (CADDDR 4Fw00)
(3JOTE TYPE})) -
[20D00DR" <INDy  (CDOUDR SLO0%11))
() (35T & (QJOTE SLOPIY  UGET N (BUITE <INDIY) )
Al

de,

Ina3)

[OQEF230P PEAK (_A%30A (M)
(#3233 (3 3 84 2}
[SETA & (3ET ¥ [GJOTE KIND)))
(SET@ 3 (SET 4 (QJOTE YCORI))
ISETE 2 (2AR (LAST 411} '
i}
LSOND (0YJLL &) (FETYAM (LIST [AUITE BERK) 311
(-SSP 3 (FET (CADR 4) (JUITE YCOR)))
(RETJUAN (08T (WJITE “UTI) %11
((220862 2 % (SETW C (CAD® A1) M) (30 =)
(F (SETI % (A% A)11)
E
(SETd A (SDOR 4D o
(30 0111 —_ =5 = Sl oy
ta23) . The function SLOPGENERATOR generates
the indicator SLOF, for each vertex,
{OEF330P SLIPZEERATOR (LA™I04 (&) )
(&35 (FUNCTIIN
(LAEMIDAE (m)
(PUT2RIP & :
(MARCAR (FUNCTLON J
[LAMBLA [V}
[COND C((GET ¥V (QUDTE XCORY)
(SLIB N W)
(T ¥1111}
(3ET N (QJOTE <IND)))
(GUITE SLIPYIDY

T%23)
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SECTION FIVE: THE PROGRAM
Az already menticned, the recognition program called SEE accepts a des-

eription of a scene expressed 1in the notatics Just described, and produces
as putput lists conteining the identification of the bodies present in

the scense.

In this section we deseribe the program, snd how it achieves

its goals. We begin with & couple of examples
Exemple 1. Scene 'II'T This scene (see figure 'II') is analyzed by SEE, with
the following results:

{LocAL AsstMES (:5) (:13 :14) SAME BODY)
(BODY 1. IS :1 :3 :2 :18 :1T)
(BODY 2. I8 :L :16 :15) Results for scene 'IL'
(BODY 3. IS :7 :6 :11 :12) (see next page)
(RODY L. I8 :9 :8 :10)
(BODY 5. IS :13 :1k :5)
{BODY €. I8 :20 :19)

Example 2. Scene 'BRIDGE'.- With this example, we give the details of the
operation. We start by loading into LISP the following files (curremtly, from

microtepe QUIMAN #):

(UREAD SQRT LAP2) 43 Square root, defined in LAP
(REMLAF T) Kill LAP

(UREAD SEE 25) 4Q Read SEE

(UREAD GENERA 10) 44 Read auxiliary functions
(UREAD ERIDGE SCEN3) 4Q Loading of thiz file ssmusas

scane BRIDGE to be pead fin the formet
deseribed in Section Two)and trensformed
to the proper form which SEE expects

{gs described in SBection Three).
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Fipure 'I I',
This scene is analyzed by SEE, with
results detafiled in Example 1.
All bodies are correctly found.
Some of the vertices appear in the
drawing with their names; in other
‘drawings we will generally omit theém:
we are also omiting the coordinsce
Axe.
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(SEE {QUOTE BRIDGE}}
We cell to SEE, with the name

SEE 25 ANALYPES BRIDGE aof the scene.

FILLSCENE Different parts of the program
Ezéztezlileir neme &8 they are

EVIDENCE

LOCALEVIDENCE

GLOBAL

{{HIL) {{:8) GOOLT GOO1S5 GOO14 GO013 GOOL2 GO0ll) ((:7) cooz22) {{:10) GOD23 ete.
LOCAL

{LOCAL ASSIMES (:18) (:19) SAME BODY)

{LOCAL ASSUMES (:28) (:29) SAME BODY)

{LOCAL ASSIMES (:10) {:8 :11 :5 :6 :L} SAME BODY)

{LOCAL ASSUMES (:7) (:8 :11 :5 :6 :L :10) SAME BODY)

{{HIL) ((:8 11 :5 :6& 4 :10 :7) G003 GOOLL GOO11l GOOLT GO012 GOOL3 GOOBO ete.
LOCAL

(SINGLEBODY ASSUMES {:1% :18) (:16) SAME BODY)

(((:2h 19 21 :27 :12 :25) GOOL3 GDOGD GOOSE GOOSL GOOLD GO033 GOOEY GOOST ete.
LOCAL

RESULTS

(BODY 1. IS :2b :% :21 :27 :12 :25)

(BODY 2. IS :22 :26 :23)

(BODY 3. IS :1T7 =3 :20)

(BODY L., I3 :1 :2) Fesults Tor scene 'BRIDGE®
(BODY 5. IS :1b :15 :13)

(BODY 6. IS :19 :1B :168)

(BODY 7. I8 :29 :28)

(BODY 8. IS :8 :11 :5 :6 :h :10 :7)

NIL

Unnecessary detail has been removed from the drawings; the reader must bear in mind
that the complete scene contains vertices (whose nasmes do not appear in the drawings)
and their corrdinates with respect to axis which are also not shown, lines --edges--

and surfaces ——regions—-.



Figure 'BE I DG E".
The long body 25 324 27 21 9 12 1is
correctly fdentified.
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How the progrem works.- The operation of SEE is quite straighformard; the
program is little recursive, and does not do any search. Its main parts,

which are executed one after another, unless otherwise indicated, are:

e e —— T

FILLSCENE.~- The properties SLOP and TYPE are generated, for esch vertex, if
they were not already present.

——

—

CLEAN.- 0Old properties used internally by B3EE are removed from vertices and

Iegiﬂnﬂ.
S L TN . TEEE -

BVIDENCE.- An analysis i1s made of vertices, regioms and associated informatiom,
in search for clues that indicate that twe regions form part of the same body .,
If evidence exists that two regioms in fact belong to the same body, they are
linked or merked w1tn a gensym {"both receive a lgbel of the gane calnr ). These
links may be Etrﬂﬂg [gluball or weak (local).

Tl L e

B wro SREKT.

LOCALEVIDENCE .- Some featureg of the sceme will weﬁkly guggest that some group
of regions should be considered together, ss part of the same body. This part
of the prag:am puts these '"local' links or aviden¢e3.

GLOBAL.- The ltrnng linka gathered so far are analvzed; reginna are grouped
into "muclei " of bodies, which grow until some conditions fail to be satigfied

{a detailed explsmation follows later).

=

LOCAL.= Weak evidence g taken into gecount for decliding which of the unsatig-

fﬁttar? glnbal links should be congidered sgtigfattnf?' and the tﬂrTEEPﬂnding

nuclei of bodies are then joined, te form a single and bigger nuclei .

Aggumptions made by LOCAL are printed (see output of SEE). LOCAL may call GLOBAL

again, or ge on.

STNGLEBODIES.=- If a gingle vegion does mot belong to a bigger nucleia, but is

linked by one strong evidence to other region, it is incorporated into the nueclei

of the last one. This part of the program may call GLOBAL or LOCAL again, if



necegsary, Or g0 on. 'SINGLEBODIES ' also prints its assumptioms.

RESULTS .- The regions belonging to the background are screensed out, and the
results ere printed.

Example. Scene TOWER.- At this point I want to ge into considerable detail
to explain each one one of the parts of SEE that have been sketched above ,
This section is important because it will help to understand the behavier of
SEE, its strength and defficiences.

First, we begin by showing a typical analysis of SEE with a somewhat
complicated scene (see fig., 'TOWER').

The output is
SEE 25 ANALYZES TOWER
CLEAN
EVIDENCE
LOCALEVIDENCE
GLOBAL
((NIL) ((:20) GOO55 GOO54 GOO53 GOOSZ) ((:19) GOOS9 GOOS6 ete.
LOCAL
({NIL) (:20 :19 :21) GOO55 GOO52 GOO59 GOOS6 GOOS4 GOO53) ((: ete.
LOCAL
(((:3 :2 :1) GOOTT7 GOOBS GOOTY GOOTE GOOTE) ((:5 :15 :4) GOOLO etc
LOCAL
RESULTS
(BODY 1. IS :3 :2 :1)
(BODY 2. IS :5 :15 :4)
(BODY 3. IS :23 :17)
(BODY &. IS :6 :7 :8)
(BODY 5. IS :10 :11 :9)
(BOD¥ 6. IS :13 :1& :12)
(BODY 7. I8 :18 :22)
(BODY 8. IS :20 :19 :21)
HIL

Begults for TOWER (see next page)
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Figure 'T 0O WE R'.
Heither LOCAL or SIHGLEBODIES are necessary
to correctly parse thils scens intc the
bodies which form it. There are plenty of

'strong' links in this scene, and 5EE makes
good wuse of them.
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FILLSCENE, CLEAN.- These two parts of SEE are simple; if necessary, FILLSCENE
calls SLOPGENERATOR and TYPEGENERATOR: CLEAN removes some umnwanted properties,
The beginning of the definition of SEE thus looks like

(DEFPRDP SEE (LAMBDA 8} S N I ffﬁz

,AtSFJE {;EEQLE-Eﬁ RESIONS SLOP TYPE BOUIES U LEV BACKBR0UND' 8MB j-
I L IRy T e ] n
(BRINTF 13y rer*zﬁ ANALYZES (EV 51100 ) 'ﬁiﬁ *
bl el ISETO SLOP (QJDTE §L0B1) (SETY TYPE (QUOTE TYBE)) P (T

{SETQ VEIRTICES (GET S (WUOTE VERITICES))) e
n {SETE SACKEROJND (BT SCENE {QUATE BACKGRIUNDI ) T & e {

Falaid % !EQNE ﬁiNJLh (SETR REGIANS [G:T -] lﬂUﬂTF RE;I}HE!]}i - iH K 4

Ain TR . L. IRETURN (11} " e :;5 ;
i1 N [ (CLEAR (50 FILLSCENEYI" (T (G0 CLEANII)

5 FILLSCENE  (PAINT (3UDTE FILLSCENZ)) . [(SLOPS Ewtng;an u 5i{§Estf
T ITYPEGENZRATOR VERVICES) (SET3 CLEAR (1)  CLZAN \i
- (BRINT (QUOTE CLEAN)) (CLEAN VERTICES (GUATE HEHTE}} F

.. IREMPRD2 § {QUDTE BODIES)) ?:L.H RESIONS ianTE annr-¢3
w0 U(CLEAN REGIONS (QUOTE '8B0Y)Y

(MAPC (FUNCTION (LAMBDA (J) (REMPROP :cnna i) :iﬂnii GLEIFRED

TES5] e
(BETQ TFE ()

e A N T

EVIDENCE .- Sttong or gluhal liuka are planaﬂ by thia p&rt of the program. Two
functions are used: E?EHIIEES and !JDIHTS;

-

 EVIDENGE tPiIHT tnUSTE_EyIDFM*E:, - e
w5 [MAPG. [FUNCTIIN Suss=<=S5295a P e
s THARE *'ﬂﬂﬁ.i-+~-?u¢fra} TES) -

= &

Evﬁﬁffdﬁﬂ-- This function conslderes each vertex of the scene, under the
following rules:

L.= Vertices of the type 'L' are not considered.

FORE.= If three regioms meet at a vertex of the FORE type, and none of them
is the background, links between them will be formed. For instance, in
fig. TOWER we establish the links :19-:20, :19-:21, :20-:21. HNeverthe
lezs, some of these links may not be produced: R
in the figure at the right, the link between
:3 and :2 is not produced because @ is a "passing
T"; the link betweem :1 and :2 is produced.

The link between :1 and :3 is pot generated
because R ig an "L'.




This ias a powerful heuristie, and (see fig. "BRIDGE') allows us,
for instance, to omit the link between regioms :5 and :9 in scene
'"BRIDEE'. MNevertheless, this same heuristic puts a link among regions
18 and :9 of the same scene. As we shall see later, this iz not
too bad,

ABROW.- This type of vertex causes two of its regions (the '"left' and the
'right' one) to be joined; In the figure of the right, we will put
a link between :1 and :2, which '

counts a8 evidence that :1 and sl
i2 belong to the same body. 13
Hothing is said about :3. 2

For instance, is this type
of vertex that joints :1 and :2
in figure "BRIDGE'.
X.- Twe cases are distinguished:

a) The X iz formed by the ""'"--...____‘_
intersection of twe lines. Ho ‘hh"""‘"---.

evidence is formed.

Arrow links :1 and :2

b) Otherwise, links $1-22

and :3-:4 are formed (see fig. X: Mo links established.
at the right). This second type

of X occurs when we have piles sl 12

of objects; for instamce, in H-h""'""--...-""".#.
fig. TOWER, :18 and :22 are con- 13 14

Bldered as belonging to the same

body, due to this type of vertex. X: two links established.
FEAR.- All its regions, except the ome containing the obtuse angle, are

linked to each other. See f£ig. COBEH.

T.- We first look for ancther T to match the vertex currently analyzed;
two T'a match if they are colinear
and "facing each other": the closest
pair is chosen, if several. For
instance, A and B are paired (fig. at 3/2\
the right). An indicator 'NWEXTE' is A

placed in such vertices, Hatching Ts.




]ﬂErgﬁﬁﬁﬁ VEATISES (LAMSEA T ifams -—--'

REMLLL TLTY¥AE NREGIONS anndtﬂnuunl ' W
Itnmn :{Eﬁ ['-*H‘ }TPEI {mu:ﬂ-[‘g Fy Cop N Tl-'-:L'."."' ‘......,..' -
S ISTTa TYPEC(SET VI IEUOTE XIND))) TR et
“1coNg iranD tHJ'L ET (oad ﬂﬂ-ﬂiﬁﬁ$;1§gﬂ“. QUNDT T T

(NULL (GET 124DR NREGIONS) BACKSROUND)) ¥
[NJLL (GET (ZaD0? NREGIONS) 3ACKGROUND)IY "
(ILAM3NA  [€3 Ha <5 K&) -«
[AND (2% (TPARSCOR ¥ (LADR TYPE)) '
[GEV [CAR TYPE) X3 b
(O0R [TPASERZOA ¥V <41 (GTV K3 <5 -? : !
[0 (TPASSCOR v <&) (BEV (CAR TYPE) <51)1) 7
{CAS (SETQ % (CODR TYPE))]
(C43 (SETQ ®2 (QDR #:1)) (CAR (SETO 23 (2D ""h&
(CADR 831111 o

{(EQ (CAR TYPE) [JUDTE ARADAD) g <o
[SETJ U (CODDDR (CADR TYSE))) (GEV (CAR U) (CADR Jyyy D800

(LED (AR TYPE) (QUATE X)) h

. (SET2 J (CADR TY2E))
y (CONT (ICOLTNEAL
ICAR (5ETQ U
[REMOVE  (CAR U
(REMIVE (SaDDOR Wy
(GET v (WJOTE MWERTICZZSINI) )
¥ LCALR U}
[T (SETQ U (CDADR TYPE}) (GEV (CAR J) (CADR J)y '
(SETG J (CDODR Uk {3EV 1CAR Uy {CADR Jydipd
[{EQ (CAR TYPE1 (QAUDTE ®PEAK)) : ’
(M&3 (FUNCTION
(LAM3DA 10
(MASC (FUNCTION [LAMBOA (K1 (ZEV (Za% J) 1))
(503 Ji1)) :
[REMOVE [SAQDF TYFE)Y WNREZIONS11]

{(EQ (CAR TYPE) (QUITE 711 .
[5ET2 J (CODDDR (CanE T¥PENID .
[COY0 (LAND (NJULL (GET t(2a% J1 BACKGIOUND)) '

(MJLL (GET (CADHR U} BACKERIUND))
[FHAVING

[FUNCTION (LAMS04 (X) (GET x ancwuﬁJJuulla

[3ET (CAR W) (QJOTE NEIGHHDAS))) A
(FHAY I NG “ %”
(FUNCTION (LAMS0M (X} (GET u ihuﬁuﬁjJﬂﬂlJl*: ?w
(SET (CADR Up(QJOTE NETGHEIIS1 ) :
(iLAMEDA (& &) . :

{AND (PEACK (P3232 (1 & .

ISETR & (AR (LAST h[;*jl
{PEACK (PR052 (7 ﬁm

{SETO 4 »ff P I
GET 1cnna i} “g?ﬁ

1QUOTE Fpﬂﬂ}L
— CISETS A (SRR O(LAST A FIF.
C{SET rnnn urrnunTF "Fodeg ' '
. (5L0F t:hnnn TYSE) ¥y s
B B e (GEV 1CAR YiiGADR U1yt FRe :
FATITARIM ~(BLOP (CAADE TYPE) v'ggﬁgf TfPEjF

- [3ET v 1=unr# TYPE b (BEY W
'ENPEI el = BET lnuntgh

S

r

IE Enﬁiﬂh‘ﬁuﬁn -@?;ﬁ'ﬁ
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a) Once the MEXTE is determined, we establish a link between :1
and :2 =-lest figure-- and another between :3 and :%. These links
will mot be produced if the result of them is to associste
the background with something which is not the background.

b) The following test is done: If 'I;'I.-Ef.th«tr‘thg rl_f;;.t or right region
(t1 or :2 in figure at right) i= R "'N.,::
the background, but they have it .1

ag g neighbor, and in some part

of the boundary of :1 and :2 with
the background, the segment which
geparates them 1s parallel to the

central segment of the T, then
:1 and ;2 are linked.
For instance, in figure "I I',

H &

s
this aualysis applied to the vertex A link is established between
T will produce evidence that :13 :1 and :2 because they do not
belong to the background,

and :14 belong to the same body but this is a neighbor of both

(24 - A%, T - MA and OA - HA ggpgggggaa?? 62° he ¢ﬁg¥gﬂgd
are parallel).This is a rather glchal ({e2nd the same is true for :2)
peuristic although only uselul for is parallel to OPF, the central
bodies with parallel faces. -gegment of the T in question.
Also, EVERTICES classifies T's (B iz the background).

according toe the slope of their central
sepments, storing them in the form

TES = { (3.5 GOOO1) (-10.666 GOOO2) ... ) The numbers are slopes. and the
gensyms contain under property 'FAS' a 1ist of datumg of Ts having that slope.

TIOINTS.- Tkhiz function actuates on TES and establishesglobel evidences as
degeribed in part a}  of T. (tep of this page).

LOCALEVIDERCE.- A leg L8 an arrow §f one of 45 left or right vertices is =&
corner (if mecessary, through & chain of matched Tes) which has a side parallel
to the central segment of the arrow. The function LEGS finds legs in the scens,

and stores this inforsation in a list of 'weak' links.
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Figure 'L E G 87,
Three different types of legs.

The definition of the function (LEGS N}, where N is & vertexr , follows.

{DEF230P LESS ([ AMBODA 1N}
(AND (E@ (CAR (SETS U (SET N (QUOTE TYPE))1) (QUOTE ARROW))

(FSETE J (CADR J1)
(DR_(AND (SET@ N [ZDAMER ([CADR J) (CADDR U}))
(DR (PARA_LEL (CADR ) " (CRR U1 N
(CARIGET N (QUOTE NVERTICESI11) ; f

(PARALLEL (CADR U1 (Eak Uy N &
; (CADR (GET N (QUOTE NVERTICES) )y, =d . |
: (AND (SET@ W (CORMER(CADR U) (CADDDR Ul i :

(DR (PARALLEL (CADR U} (CaR U) N _ .

(CAR (3ET N (QUOTE NVERTICESIN)) T F !

{PARALLEL (CADR J) (CAR W) N £ '

' (CATR (GET M (QUDTE NYERTICES)I1)1 ) o

MR - (SETQ U (CDODDR U))  (LEV _{CAR U (CADR Ui n & |
e S ELT TR R T P

[DEFPRIP COANER (LAMSDA (A F oy . .
JACOND LHEQ [CAR (SETO &% (GET B (GUOTE TYPEV1)) (QUATE 1) &)

CUTINATTTES tcad sE) CSUOTE Ty NIL) _
[LEQ (CAR [SETG #3 (CADR 22))) &) _ b
(COnD ((SET& 3 (GET 8 (OUNTE wexre)y ' -

i o

e o ACORNZR ¥3 (CRADR 15ET 21 (GQUOTE TYPE))i)))
_({EQ (CATDDR 335) &) (CORNER & (CADDR 2313
e (03 (CADDR 8%} A} (CORNER & (CAQDDR $8)451)
ZXPR) :

e T L

! g -
" -,
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GLOBAL. - Strong evidence is snalyzed in this part of the program. When this section
is entered, several links (strong and wesk) exist among the different reglons of the
geene, These links are shown pictorislly in figure 'LINEZ', for the ascene "BRIDGE’
(see both). ALl the links to the background (:30) are deleted: the background can
not be part of any body.
Definition: a nucleus (of & body) iz either s region or a set of nuclel which has
been formed by the followlng rule. )

Rule: If two nuclel are connected by twe or more links, they are merged into
a larger nucleus by concatenation.
{Two nuclel A and B are linked if regions a and b are linked where achA and beB).
For iuatancg, regions 8 and :11 are put together, because there exist two links
smong them, to form the nucleus :B - 11. How, we see that region :4 (see fig, 'LINKS')
has two links with this nusleus :B - 11, and therefore the new nucleus :8 - 11 = 1h
iz formed.
We let the nuclei grow and merge under the former rule, until neo new nuclei  can be
formed. When this is the case, the scene has been partiticned into several "maximal”
nuclel ; between any teo of these, there are zaro or, at most, one likk. For example,
fig. "LINES' will be transformed imto fig. "NUCLEL .°.

Figure "N UCLETI '

{8ae fig. 'LINKS' first

on next pege).
After Joiming all nuclei hseving two or more links in commem,
the representation for the scene 'BRIDGE' changes from that

- o mmm——




Figure 'L I N K &

This figure represents acene 'BRIDGE', with the strong links between
its regions [(represented here by circles) shown. The dotted links
represent the evidence generated by the vertex FE (see BRILGE).

The short arrows show the links put by vertex JE; note that a link
between :5 and :9 is not put, because 5 (see fig. BRIDGE) ie a passing
t=Jjoint. Big-zag links are produced by the mechanism desecribed in
part b) of T. (page 31 ).

Curled links are produced by wvertex GB; even if this vertex ware
pecluded, and the links missing, there is still enough evidence Lo
identify regions :4 :5 and :& as belonging to the same body . Weak Lingg ant wl shown -
Goe Lext.
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LOCAL., = If some (strong) link joining two "meximel” nuclei. is alse reinforced
by & wesk link, these nuclel are merged.

For exemple, in scene BRIDGE {see fig. 'BRIDGE') the following local links
exist (=mong others): :T to :b4; :10 to :k; :28 to :29; :18 to :159.
Therefore, the corresponding nuclel sare merged and now fig. NUCLET looks like:

Fig. 'WEW RUCLETI °

The figure shows the scens "BRIDGE', after LOCAL transforms it

from the representation in fig. 'HUCLEI ' to the one shown here.
A wesk link does not cause the regions which it links to be merged or considered
ag belonging to the same body, unless there is in addition one strong evidence among
such regicns. LOCAL may call GLOBAL again, if necessary.
SINCLEECDIES. - A strong link joining s nucleus and ancther nucleus composed by a
gingle regicn is considered enough evidence and the nuclei in guestion merged, if
there is no cther link emansting of such single regicn. For instance, in fig. 'NEW
NUCLEI ', nucleus :16 is merged with nucleus :18 - 19 (see fig. 'FINAL'). Nucleus
128 -29 is not joined with 26 - 22 - 23 or with 24 - 25 = 27 = 12 = 21 = %, Even
1f nucleus :28 = 20 were composed by & single regicom, still will not be merged, since
two links emerge from it: two nuclei claim its possession.



Figure '"F I N A L'.
EIRGLEBODTES joints the JDHEIF
reglon :16 with the mueleus :1B8-19.

The definitisn of the functien (SINOLEEODIES B) is glven now, where B ie =

list of nucleil ., each one having the form {[E1 RE Ha casl) Ll LE L3 Im .
the R are regions forming a given mocleus, and the Le are linkse {gensyms)

emansting from that nocleus.

fOEF230P SIWNGLESIDIES (LA4E0Aa (A1)
(aND (NJLL 1TS0DR A1) dNULL (CDeR AKF)  ISETE EF (SAQR A1)
[SET2 &2
(F=av] NG <y
[FUNCTIIN ;
(LAMBDA (X) (AND (NOT (EJ X A)) (MEM3ER #£3 (Z0R X311
) ' ' - _
(SETQ 13 [(CAR 221} . : &
(PRINT (3J (SINGLE30DY ASBUMES (EZv (CAR ®¥)})  (Ev (Sa3 A1)
INZOWC (ZAR r2) (CAR &)) IRPLACA A (1)) (RPLAZD A (1))} g+
EXPR} - - V) s
(FHAVING P L), where P is & predicate and L & 1ist, revarns’.’,~w.e_diat
cantaining the first element of L which satisfies F.
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RESIULTE. - E.cre:nirsg G-U.T- thp I‘E‘ElD]‘.I.E that 'hfl-c:m.g to the background, the miclei

are printed as “hudi&s

HEEJLTE TUERINT 1uuprE_HE$UL!E:1 EETE U @)
AMAPC {FUNCTIIN - -

e

(L AMEDA (]} Gt SR
H0R IMULL (CAR J)) (MEMBER (CAAR J) SASKGROUND )
Caem _ TILAMBDA (BA3E) el L
L o . IPRINT ¢au THODY HEV (SET3 W .
ke . (4BD1_UYFL
. N g - — . - -
T P e 18  (Eve (&% Ji0) 2 I
. BT SRR : g . Y
1 _ N . B 4o fig

In this process, we ignore the links which may be joining some of the
nuelei : ERESULTS considers the links of figure 'FINAL', for instance,

non-existent .

DISCUSSION

Division of the evidence in two kinds, strong and weak, seems to be
8 good compromise. Bince SEE requires two strong evidences to join two
nuclei , T believe it will lie in the "safe" zide, that is, SEE will almost
never foin two regions that belong to different bodies. Eather, the mistakes :
of SEE are of the other kipd: some times, regions that should be jfoined :
are left "separated. )

When there is ambiguity in the =cene, BEE behaves conservatively. We
will have an opportunity to see thie Iin the results of the analysis of

same of the scenez that fallow.

The purpose of the 'weak' links is to reinforce, if necesgary, the
strong links.

More heuristics could be added to incresse the mmber of links: in par=
ticular, given & good mmber of "link proposers”, parsmeters sat outeide
(by the user) would tell SEE which set of heuristics to use; for instance,
if we knew that the scene is formed by priems, we could use the heuristiecs
that ask for parallel lines having s glven configuration, we could check the
length of certain edges, etc., None of this is incorporated in the actual

2EE progrem.



BOME INTERESTING EXAMPLES

We present in thiz szection several scemes with the results ss computed
by SEE.

Example. 'CORN'.- The program anslyzes the scene CORN (see fig. CORN)
obtainine  the following identification of bodies:

(SINGLEBODY ASSUMES (:2 :3 :1) (:l4) SAME BODY)

(BODY 1. IS :2 :3 :1 :h)

(BODY 2. I8 :T :6 :5)

{BODY 3. IS :13 :11 :12)

(BODY L. I8 :15 :16 :1k)

(BODY 5. I8 :19 :18 :17) Results for "CORN'

(BODY 6. I8 :21 :20)

(BODY T. I5 :B :9 :10)

HIL

The region :hy got 2 aingle 1ink with :3, snd SINGLEBODY hed to joim it with
the nuelsus :1 :2 3, HNote that 4 apd :12 4id not get joined. The pyramid

at the top was easlly identified because its peak produces a lot of links.

Exemple. 'MOMO'.- (Bee scene 'MOMD') The results are as followe:
(LOCAL ASSUMES (:17) (:9) SAME BODY)
(LOCAL AsSUMES (:9 :17) (:18) SAME BODY)
(BODY 1. I8 :3 :2 :1)

(BODY 2. IS :32 :33 127 :26)
(PODY 3. IS :28 :31)

(BODY L. I8 :1% :20 :3k :30 :29)
(BODY 5. IS :36 :35)

(BODY 6. I5 :2h :5 :21 :k)
(BODY T. IS :85 :23 :28)
(BODY B, 18 :1hk :13 :15)
(BODY 9. IS :10 :16 :11 :12)
(BODY 10. IS :18 :9 :17)
(BODY 11. IS :T :8)

(BODY 12. I2 :3B :3T7 :39)
NIL

Results for 'MOMO'

+



CORN

Bince a link between :b and :12 is
not established, the bodies found
inm that part of the scens ars
(1 +2 :3 :b @nd  :11 :12 :13,






b1,

Comments on the sclution for 'MOMO': The central cubes are easily isolated.
121 gets & link with :5 and another with :2k, so there is no need to use
LOCAL in it. The same is true of :26 with :27 and :33.

There is enough strong evidence to joint :28 with :31.

The links for :29 :30 :34 :20 :19 and :9 :1T7 :18 are as follows:

The ﬂnfteﬂ link= are due to the heuristic of parellel lines between regions

:30 and :34, and between :20 and :19 {see psge 40 ). These links make possibble
o Joint the otherwisge disconnected nuclei $29— 30— 119 and :3h4- =20

In particular, if :34 or :20 d4id not heave parallel sides, SEE would have

failed to merge these -nuclei , and wouid have reported two bodies.

The disposition of regicns in MOMOD is such that no 1ink i= present between
:20 and :34, since :28 and :31 fall "exactly" parallel to :29 and :30. In

& legg extreme scene, some of these linke would be present, sllowing

ecorrect identification even i1f :20-:30-:3h-:20-:10 were not & priem. Angway,
SEE did not do any mistakes.

The trisngle of links formed by :9, :18 and :1T7 normelly would hawve
produced 3 separate bodies {zince we need at least one double link to merge
two regione); neverthelese, in this case, LOCAL mskes some sssumptions and
saves the situation. Agein, if :9 were not a parallelogram, there would be
no weak links between :9 and :18 or between :9 and :17, snd 3 bodies would
have been reported instead of :9- :17-:18. BEut we should notice that, in
general, two links instead of one would be between :17 and :18.

Links were established betwesn :12 and :13, without
bad conseguences. That iz becsuse we need two mistakes, two wrong strong
links, to fool to the program. But that could happen.
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HOME

The hexagonal prisme did not cauee troubley
SINGLEBODY was needed to group :3b with :33.
The body :38-39 was identified as a single
one, but :16-1T7 was reported as two.

Mote that there does not exlst local link
between :21 and :20; nevertheless,
SINGLERODY makes the correct ldentification.
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Exemple. 'H O M E'.= (see scene HOME). The results are:
(SINGLEBODY ASBUMES (:38) (:39) SAME BODY)
{EINCLEBODY ASSUMES (:34) (:33) SAME BODY)
(EINCLEBODY ASSUMES (:25 :2h :22) (:23) SAME BODY)
{SINGLEBCDY ASSUMES (:20) (:21) SAME BODY)

RESULTS
(BODY 1. IS :3 :6 :10 :2)

{BODY 2. I8 :1k :13 :11 :18)

(BODY 3. I8 :9 :8)

(BODY L. I8 :18)

(BODY 5. IS :15 :5)

(RODY &, IS :38 :30)

(BODY T. IE :T7 :26 :27)

(BODY B, I8 :20 :21) Results for HOME
(BCODY 9. IS :20 :28)

(BODY 10. IS :3k :33)

(BODY 11. IS :31 :32 :30)

(BODY 12. IB :25 :24 :22 :23)

(BODY 13. IS :16)

(BODY 1L, IS :19)

(BODY 15. IS :17)

(BODY 16. IS :36 137 :35)
NIL

Comments on the golutiom to HOME: There 1z certain degree of ambiguity in
this scene, which human beings tend to resolve by assuming parallelepipeds.
116 and :17 are reported as two separate bodies, instead of one, whieh I

think ie & mora netursl anawer.

In the picture from which "HOME' was drewvm, :19 and :18 were the two
faceg of a single parallelepiped leaning on :38-:39; BEE reports :19 as
one body and :18 as ancther.

Nevertheless, BEE reports :35 and :39 as forming part of the same
body Jfwhich was in fact the case in the pieture in question), due to the
fact that :4 and :1 sre background.
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Exgmple. 'E PR E A D'.= The results are:
(LOCAL ASSUMES (:36) (:4) SAME BODY)
{LOCAL ASSUMES (:30) (:31 :32 :29) SAME BODY)
{LOCAL ASSUMES (:16) (:17) SAME RODY)
{LOCAL ASSUMES (:5) (:20) SAME BODY)
(LOCAL ASSUMES (:3 :11 :9) (:12 :10) SAME BODY)

(SINGLEBODY ASSUMES (:23) (:22) SAME BODY)
{BINCLEBODY ASSUMES (:4 :36) (:37) SAME BODY)
(SINGLEBODY ASSUMES (;28 :26 :27) (:25) SAME BODY)
(SINCLEBODY pssumes (:B) (:18) saME RODY)

RESTLTS
{BODY 1.
(BoDY 2.
{BODY 3.
(BODY L.
(RODY 5.
(BODY .
(RODY 7.
(BODY &.
(BODY 9.

[BODY 10.
(RODY 11.
(BODY 12,
{BoDY 13.
(BODY 1L,
(BODY 15,

15
15
15
Iz
Ia
I3
18
I5
I8
I8
I3
I3
I3
I8
Is

{(RODY 16. IS

NIL

139 140 (38)

123 q22)

shE b))

:bo136 :3T)

:2h)

28 126 127 :25) Results for SPREAD
31 :32 :29 :30)

120 15)

:12 210 :3 :11 :9)

:13 =7 :1)
21 «B)

:8 :18)

:17 :16)

b5 :h3 :hb)
:15)

:15 :1k)

Comments on the solution to EFREAD: The body :22-23-24, due to insufficiency

af links , was split in two: :22-23 and :2L,

Since there is only one link between :6 and :5, this body gets split
into two: :6-5 and :21-20. HNote that :21 is not the same face as :20, and
there iz where SEE gets confused and refuses to see evidence towvard linking

121 with :20.

The long body :9-10-11-12-3 gets properly identified.
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SPREAD

:b1 and :42 are identified =3 & zingle bedy. Nevertheless, :8-18-19
gets broken into :8-18 and :19. 128=27T-26-25 gots correctly
identified, as same as the funny looking :20=30=31=3Z.
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Example., 'H AR D'.= Thizs scene iz analyzed with the following results:
(LOCAL ASSUMES (:11) (:12) SAME BODY)
(LOCAL ASSUMES (:15) (:16) SAME BODY)

RESULTS
(BODY 1. I8
(BODY 2. I3
(BODY 3. IS
(BODY 4. I8
(BODY 5. IS
{(pODY 6. IS
(BODY T. IS
(BODY &, IS
(BODY @, I8 :
{BODY 10. IS
(BODY 11. IS
(BODY :12 IS
NIL

112 :11)

:16 :15)

:32 :31 :30)
:9 110 :8)
:18 :19 :20)
:13 : 1T :1k)
15 1h)

i1 2 :33)

2k 23 ;22 :3 :21 :28 :29)
:25 :26 :27)

:7)

16)

Fesults for HARD

Comments on the selution to HARD: :15 and :16 have to make use of weak

evidence to get Joined and recognized as forming part of the ssme body.

Wevertheless, this iz not necessary with :28 =nd :29, becsuse, through a

chain of Ts, there iz encugh evidepce in :3, 21 and :22 to join
successfully all that long and twice occluded body.

There i one serious btug in this identification: regions :T7 and :6
get identified as two separate bodies, end not me a single one, &g one
would normally do. This is caunsed by the faet that neigher :7 nor :6

have wisible 'useful' vertices, and there are not in them enough parallel

lines to use the heuristie of page 31 .
133 was recognized az part of :1-2, as it ghould be,



HAR

Body 121-22-3-23-24-28-20 1= reported az a single
chject, which iz correst. Also, region :33 gets
joined with :1-2, =8 it should. Nevertheless,
regions :7 and ;% get reported as two bodies
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