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NBSTRACT

G6pez, D. and Guznin, A., 1879, Digital npodel for three-dimensional reprasen—
tation. Geo-Processing, 1:33«70

A tree of planmar or spherical triancles ie used to represent a 3-d surface;
rather flat regions will &e represented by large triangles, while abrupt zones
will reguire further subdivizion of the model into smalley triangles, Their
vertices are not placed on a regulay grid; they are allowed to fall at {or near)
places such as ridges and paaks, where the change in slope is significant.

Starting frem a collection, not necessarily good ox cowplate, of "aignificant™
points, the nodel sclects five of them to form four triangles. Each triangle
cither matches the furface within a prespecificd error tolerance, or else is further
subdivided, by selecting appropriate "significant® pointz, into four triansular
sc0s, Which then recoSwe in turn the zame treatment. The tyee Stops growing when
all the surface is vepresented within the spacified toleranca. The madel consists
©f the vertex points arranged into s table =uitable for quick retrieval and intex-
pelation.

Thus, the model guides its own construstion; ics cooponents (points) are taken
from the set of "significant” points, not in an arbitrary fashion but only wherc
and when needed,  Since the model propeses the approximate locaticn of the next
posint to be included in Lt, the set of "significant"” points may be small or non-
existant,

A constant signal to nodse ratio and a representation thrifty in storage are
achiewed in this mannex.

The rodel iz being tested for use in digital representation of Terrain aelevation.
Large savings in memory ave expacted, when comparsd to contour lines storage, for
instance.

The pager concludes with sope compents {n favor of the use of this wmadel to
describe gray level pictures.

IRTRODUCTICN

The digital representaticn of three-dinenaicenal surfaces plays important roles
in shotograymetry and cartography (drainace pattorns, centour lines (GSmez, 1978),
valleys formation, starcoscopy (GHae2), dimensions of the hunan body): scene analysir
(oclusion of bedies, explanaticn ¢f regions (Guzmdn, 1971) and cbjects, range
finding, shape from shading (Born, 1970); computer graphics (hidden lines, shadows,
coloring, speculay reflexiona); imige processing repote sepsing (thicknoss of ice
(Jensen, 1976}, undarground seclogy), and cther disciplines.
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T™his £5 rot a proeblen for 3-d surface representation, as used for instance in
applicaticns to cartography and coaguter graphics, ¥or surface comparison it &5

Iz = £(x,¥)

I1. glx,v,z} = 0

Fig., 1. TYPES OF SURFACES. Tha model described in this paper iz able to represent
eithey (I) single height surfaces, or (II) morc gencral surfaces.

much better to have a unique (canonical) model, perxhaps through a normalization
procedure.

The set of significant pointsz. Using a method cxternal to the model, for
instance stereoscopy (Gémez), gradient extraction {Signor and Kadler, 1973), river
following, or other:, an initfal set ¢f "significant™ points ia chosen on the 3-d
surface that we vant to rapresent. A point is called "signifScant” Lf in its
neightorhood the change in slope L8 larse.

The podel begins by using some of these points; if ic later finds necessary
to grow, it indicates the approximate place (x,y coordinates) where a naw
"significant" point chould be added to the model.

The nodel thus consists of a subscet of "significant™ points, defining a trian-
gular irrcegqulayx mesh; 4f the original set of "significant" points is too =nail,
the model will zuggest where to add one; if tod many, most of them will be ignored
(not included in the model); Lf the procedure that implements "significance” is
001y or unrcliable, the pmodel still guarantees the © tolevanoa, but storage
cconoay. suffers.

Therefore, in a computer implementation, it is not necessary to obtain first
the cot of significant points and then to pick the medel from them; instead, the
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model can begin to grow aw cocon as five or Six are fourd, and the procedure that
extracts significant points is called by the nedel as it deems necessary.

Obtention of the three-dimensional surface

It iz assumed that the wurface to be modelled already was obtained and exists
available in some suitable representation, v.gr., a 2-d matrix containing heighe
valuss. This data could have been obtained by stereccorrelation (Glmez) of a pair

of pintures, &y interpolation of dlgltized contour lines (Bribicsca and Awvilds, 1974)
or Ly other means,

CONSTRUCTION OF THE MOOEL

In order to descrite the podel, it 15 necessary to explain
(1) its conscituent parts, In this case, they are vertices (“significant” points
from the 3=£ Surface to be represented) that form plamar, but tilted,
triargles.
(2) how the model is sctred; the data structure used ©o keep the nodel in memoxy

(primary or secondary storage). A tree of triangles, each with none or four

13 the use of the model: the procedure to follow for reconstruction of the
3-8 Aurface from the model: the way to obtain the coordinates of & zoint in

the surface from the cover of triangles. lere a divected aceess iy used to
tho eorrect triangle starting from the top of the tree of (2), and falling
doan the appropriate chain of triangle sons, using little search and no
hacktracking.

{4) sthe construction of the model, i.e., the obtention of its parts fron the 3-d
surface. A recursive procedure will be presentad, where the nodel gquices
its own construction, by suggesting places {x,y ccordinates) where te incorpo-
rate into itzelf points fron the 3-d aurface that are also " significant™
WAth respect to changes in slope.
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Fig. 2, YRIANGLE REPINEMENT, If it iz necessary to rafine triangle (A}, three
new vertices are propored at the mid-points (B} of the sides: "sicnificant™ gointe

are located near thosce mid-points; once they are found (C), four new triangles
stand instcasd of the original (A).
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The parts of the nodel.

To represent a surface = = £(x,y), the model uses a collection of planar tilted
triangles; each of then is definad by its three vertices, chosen to lic on the
aurface z = fix,y) to be represented.

AlL the points inside the trianole are interpelated linearly: the surtace inside
the triangle is gonsidered flat (but rot horizontal, in senerall, Since the real
surface = = fix,y) iz not flat, an error i intredeces hy this assurption, If
averywhaere in the triangie t.his erxar (height differoncel does not exceed a
tolerance ¢, the planar triangle is considerad to be a sved land final or
"terminal") repressntative for kthat vegion of the surface, and it iz included in
the model. If the erxor i3 larger, the triangle is discarded by dividing Le Llato
four zmaller triangles, each of which in turn undergoes the same treatment.

Initially the zucface is divided into a small ser of arbitrarily chosen large
triangles; if the surface is bound by a rectangle (as §t §5 Froguently the came
in papa}, four triangles are chosen as shown in part C of Figure 3,

Tha final model contains triangles [(of differont aizgs) that represent the
aurface z = fix.y] with a tolerance c¢. Zach of the vertices of thewe triangles
vas proposed by the model by dividing a triangle in four through inclusion of new
wirtices noar the niddle points of the sides (qun.m 2).

ce eyery triangle is refined, the verticea (B in Fig, 3) are stored in an
appropriate way, suitable for guick data rotriewval for surface reconstruction.

When te stop refining

A tpfangle such az in Figure 2\ is refined further, unless

1} the difference between the veal height z = £(X,¥) and the corguted height 2
at tiw center of pass: (R,$,%) of the criangle ts amaller than ¢, and

2} every zoint in a grid of points spaced at wost K umity apart and inside A iz

within c of the real point on the surface z = f£(x,y).
Test 1) 1523 quick test; test (2} is applied only if (1) doces not find &

difterence exceeding .

X, the distance between two points in the grid of (2}, iz a function of ¢;
normally, X = nin (c/m, K }, whare n is the mean elope of the surface at the
triangle (M), and K, is the dianeter of the mnallest topographic feature (hill,
ravine) that it L5 necossary o represent in the modal. Genexally & L5 given by
the user of the medel: "he sure o check the madel every 500 horizontal pokers for
aceuracy”; then X, = 500,

Flow diagram. The procedure for construction of the model could be surmarized as:
= Lot 7 bo the =zet of triangles that axe candidates to Lo included in the model.

Initialize T with the four trianglez of (C), Uig. J.
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Mark every triangle of T as "terminal" if it passaes tests (1) and (2) of the

Section "MWhen to stop refining”. If these tests fall fer a triangle, mark it

“non-terminal”, divide it into four sonw (cf. Fig., 2) and add them to T.

Exit when all triangles of T lincluding all the additions te T) are marked

[either "terpinal’ or "non=tarminal”l. Then T iz the model.

(A}
(8) (ch
(0) (E)

Fig. 3. MOOEL EIILDING. (3} the surface,
four initial triangles, (8] she final triangles, (e) the points of tha mnodel,

usually a subset of (b}, Triangles (d) are in the space (they project cut of the
Mpar); similarly, points {e) hawve three ccordinates.

(bl the "significant" points, (g) the
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TABLE I. PLOW DIAGRAM FOR MCOEL HUTLDING,

This sinple program constructs surface models such as that shown in fig. 6.

BEGIN
T the feur inifial taiangles of fdg. 3C;
For eveay fadange in T

Cf 4 passes tests |1) and (2] of sectlon "When to stop xefindng™
ther mark (& 'zeamdnal’
edse mrk £ non feaminal  and

add 4ts feur sons to T1;

END,

X nen~teyminal criangle is net needed in the model, xRince
(1] Les accuracy La worae than &, and
(2) soow of its descendants are @ AoAL{0A{ terminal triangles, hence suitable for

nodalling.

Thus, the medel ¢ould be just the collection of terminal triangles,

Thiz is advisable shen the coyer is pade of sinilar triangles {q.v.), vhere it
£a wasy ko pick up the correct triangle for surface reconstruction. If the
tyiangles are not sinilaz, it iz preferable to retain the non-terninal triangles
into the model. This favilitates the addressing of the correct terminal triangle
that glwes tho height Z of a point (x,y) (i.e., the point (x,y,Z} that represents
the peint {x.y,2) of the 3-3 surface), Nore of this in the secticn IV 'Cata

Retrioval for Surface Reconstruction'.

& b

Pig., 4. MODEL VISUALIZATION. We try to give an isometric wiew of the appeazance
of the triangular model in 3-d space. Toint S<{s,,5 ,8,) does not lic on the
3-d 1line d + ¢ but point (s,,5,,0) dees lie on the Sine (A, 00 + Heyie,, 0.
Yriangles such as d & & or A X are not part of the madel; they regsresent no
part of the real 3-d surface because they lia wertical, They are useless.
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Cover of similar triangles

Tvo polygens are similar if the corresponding ansles are equal, the sides
parallel and their length proportiocnal.

If in Figure 2 we stop the refinement at (B), choosing the midpoints as new
vertices to include in the model, the final cover of the podel is ccaposed of thwo
fanilies of sinmilar triangles, because a iine joining the midéle points of two
sides 1z pavallel to the third side.

A word of caution: the ﬂrnngzaa ara not similar as they lie in the 32 space.
Trair projections on the plane x.vy do form & family of eimilar 2-d triangles (for
triangles a b ¢ and ¢ d ¢ of Fig. 4, and all their descendonts) another family of
similar 2-d triangles for triangles d @ € and b ¢ ¢, and all their descendants.

The advantages of the cover of similar triangles are:

{al storage of these triangles iz casy. (Klinger and Nikitas) stores a hierarchy
of squares.

(bl reconstruction of the surface from the model becomes simplified.

(] a set of "significant" pointes (8 in Fig. 3) iz not necded.

The disadvantage comes from (ch:

{d] the model might contain more points, since they are not special or significant:
they are not the best to choose for interpolation of planes.

DATA STRUCTURE FOR MOOEL STCRAGE

This section desoribes the way to organize the storage of the model. Essentially,
the storage consists of a collection of triangies. Each triangle iz stored in a
"frame"; ecach of them contains

- three internal vertices
- a “terminral® or non-terninal mark for cach son.

The terminral mark (2ero) indicates that a triangle son alveady fulfills the c
accuracy, hence it {the =zon) haz no sons of its own --neced not be further
subdivided,--  The non-terminal mavk, an integer different from zero, indicates
the location {frame} in the nodel matrix occupied by this triangle son.  Thus,
when a node is parked as non-terminal, the mark itself also says ahere {in what
franps) that son iz stored., Sec Fig. 5 and Table II. Siightly different coawventions
wore uszed in IIMAS-LNAM (GSmexz,1978).

The nodel is stoyaed in a matrix (C, Pig. 5) which i3 a collection of framas.

A non-terninal triangle octuping a frame; it steres clockwisely (B, Pig. 5) its
thres contral vertices and a mars szecifyins for each =on whether it is terminal
or net, A teminal triangle does not use a frame, since it has no sons. Sut a
non-terminal triangle could wery well have four teyminal sons. That 1s the case
of trapes 4 to 9 of Pig. €.
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The initiel frame, frame 1, is stored in a slightly different nanner (part A
of Fig. 5, because it describes a rectangle.
A move complicated exanple is giwen in Fig. 6.

Storage of vertices. Wnen describing a non<terninal triangle (v.gr,, triangle

1 2 3 of B, Flg. 5, oncly verticer 4, 5 and 6 are stored in the frame belonging
to that triangle T 2 3, since vertices 1, Z and 3 werc undoubtely stored in the
ancostors of exiangle ] € 3. Thie aweids nultiple storage of vertices, and
oxploita the fact that in orxder to exanine whether a point (x,y) fallsinsida rhe

TALLE TXI. NaMING CONVENTIONS.

Thesn conventions are important for correct storage of vertices {such as 4 of

the internal triangle ¥), and its subsesuent appropriate retrieval for reconstruc-
ticn of the 3~d surface. For a use, see definition of procedura 'alticuede’ in
section “Data retrieval for surface reconstruction'.

CONVENTIONS T, Refer fo paat |A) of Fia. 5.

Ventices of frianales which axe dond of the rectangle mre named @ sfiowi.
The coxacet nawes for (A) are:
xectangfe: abod
Mo tadangle @ boe
N = tadangle b e e
¢ = tadangte ¢ d e
P = tadangle d a @

CONVENTIONS TI. Redex 0 paat 8] of Fig. 5.

Vertices of tadmngles that axe sons of tuianades are wamed clockmisely,
staating with the ventex that atss belongs fo ihe fathern.

15 the tréangle to be named £y fhe (nteamal admngbe (Pl, then start with

the vertey fhat {alZs neax the middie point of Edte 1+ 2, where ! @4 the
finst of the vertices that belong fo fhe father, and 2 45 the second of them.

The coxrect nmtes for tudangles of |8 ane:

triangle 12 3 (§insd ventex 48 1)

M- talangle ) 4 &
N o= triangle 254
0 = tadangle 3 6 5
P = thiangle ¢ 56
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2-4% triangle | ¥ 3 or ner, we alveady asked a similar gquestion t¢ the ancestors

of 1 £ 3. In this way the coovdinates fo wertices 1, 2 and 3 are slveady known

when triangle ! £ 3 is accessed (cf, Section *Data Retrieval for Surface Reconstruc
tion'}.

A wertex is stored by storing its three ceaerdinates %, y, #. Some duplication
not Triplication or multiplication} occurs vhen a vertex such as 5, 20 oxr 1% 3in
Fig. 6 gets stored by two non-texminal brothex triangles. For instance, vertex

S iz svorcd at frame 4 that describes triangle 3 [ 9, and also at frape 3 that

- b

W {a)

<
xc'*c"’cl"d'*d'zdlxc".c’xe
[ ) l M
n o 2]
L
a | i) b 1 2
i k
(B}
I h
e
< Xyo¥y?y | 2gatgaZg | Xga¥ga2g
M v, )
n L% [ % 1%
d u
4 agf &
(C)  h e 3 [RuturZu[ZerYsrZs [ XYy
| (= e | Lo 1
Nabke 2 xg’yg'zq Ixh,vh.z“ I Xpi¥p X
EIT pr==lssqe=r]
description for | xa'ye'zalxh'yh'zblxc‘yc'zclxd’vd'zdlx A
rectangle abcd 2 | 0 l 3 | 1]

Fig. 5. DATA STRUCTURE. (A) Storage conventions for the initial vectangle.
(9) Storage conventions for a ron-terninal tyviangle | £ 3. Tts sons axe M, N,
0, P. (C) Exanmple of a model and its data structuxé. Only a non-terminal
triangle uses up a frape. The 2 0 3 0 marks of frame 1 mean that son N iz
non-terminal and it is desarired in frame 2, son M L5 tewminal, son O is
non=texminal and it is descrited in frame 3 and eon P i terminal (maxk = O
means tarminal). The pedel is stered in a matrix (C) which iz & collection
of frames,
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descyibes triangle 2 5 3 9. The trivial cure will be to keop a table of wertices,
and £o store in the frame pointers to the table, instead of the three coordinates
oV r¥e
This table of vertices iz not used in our model becauae Lt saves little storage:
(1) if Loth a pointer and a vertex coordinate ocoupy a word of memory, then to use
the table requives 2 pointers + 1 coordipates = § werds; not to use the table

reguires 3 ccordinates + the same 3 coordinates = 6 words;

12) if for soae ycason triangle £5 3 9 selects wertex 5 as the "significant" point
near the nid-polnt of side 3-9 (Refer to ¥ig. 61, but trisngle 3 ] 9 selects
vertex 5' (a diffcrent vertex, near vertex 5 but not the same) as the
"aignificant™ point near the nid-point of side 9-3, then thae table wastes
mrovy.

1 22
2
é 17 23
2
2 16 2%
) 12
19
10 15
L 13 18
25
26 1 th
YOEZRK ST IESX Y S T
¢ a b ¢ 94 e s» o o P
rame
@ 192253 1 RS ED 3 BUREY =3
V ER TEX
4 5 3

fa 22 25 91 2 4 15 17 Su 0zt b

{a 25 3 91 3 i 5 15 PRI S ST

(w319 4 2 & 5 0 o0 0 O

{8 22 24 17) 5 23 20 21 ¢ 0 ¢ 0

{& 24 15 17) & 19 1& 20 0 0 ¢ ©

|& 25 11 15) 7 14 13 ig 0 9 ¢ ¢

& 335 01) & 26 4 7 ¢ 0 0 @

14915 5) ;] s iz ig ¢ 0 0 @

Fig. 6. NCDEL EXAMELE, Thig example was constructed using the rules (A} and
(8) of Fig. 5 and Table II.

Fach frame consists of vertices and pointers to other frapes. Only non-texminal
triangle= occupy a frame of the matrix. This matrix is the rodel.
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Sipplified storage for cover of similar triangles

If wa assume that the rectangle 4 & ¢ d (Fig. 5) is a square and that the
"glgnificant” points are exactly at the nid-points of the sides of the triangles,
instead of pear them, then all the twe-dimensiconal in.mglc92 are similar (in
fact, they are isosceles right ancled triangles) and the (x,y} ccordinates of any
vertex nesd nos e stored, since thay are the average of tha [x,y) coordinates
of the vertices of an appropriate sicde.

The new representation for square @ b ¢ d of Fig, 5 ia:

Frane wvertex wertex vertex vertex wvertex AAAA

L3 a b e é @ MNOP
" \
\xectangfe a b o dj 1 Z, I z, Z, Z, 2030
vertex wvertex vertoex
4 5 3
(tafangle a b ¢l ? Zg z, Zs d000¢
(Ladangle ¢ o ¢ 3 5 2‘s Zt 0000
(tadangle @ g ¢l 4 Zl. Ik Z( ca0 @

If the original area i not an sguars but a rectangle, wsw will have two familias
of sipilar two-dinensicoal triangles.

If we denote the sons N, ¥, O and P by 00, D1, 10 and 11, than ww could foxm
from Figure 5 the following tres:

rectangle

0%
0001

apta aon

1000 1601 1010 1011

00J00D  00CO01 QODJID  QODa1Y

Fivst generation Secend generation Third gencration
Aabe= 00 Lag = 0000 64;4}:000000

4big - 000t P e s

Ao gh= 0010 b ke 000011
Abee=0 Ag kg 0000 S
Acgde= 1 Leute- j000

Sdsa=q00l

Betasi0rd0

Aast-i0o0

Adae=1]
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These codes could be combined with the 2 values to render a compact model. We
do not pursus this further. In a siellar manney, a tree of 8guares can he repre-
sented {Klingar and Nikitas).

DATA RETRIEVAL POR SURFACE RECONSTRUCTION

In orésr to recover the J-d surface, it is sutficient $o ask the model what is
the z value for any pair x,y. This 18 realized by the function ALTITUDE.

ALTITURE (x4l § xetwwis the height z of The podat [x,u) as obtadwed fyem
$ 2he moded. TI& 48 defined as:

a s= MODEL [ 1,11; § £4xa2 vextex cf sxmwe 1. Frame T & the rectangle.

b 2= MODEL [2,1]; % MODEL [3,L) 45 the frame L, a non-teyeomd adangfe.

¢ o:= MODEL [3,7]; 8 MOBEL [*,*] &5 the eatadix confadning the whole woded.

d = MODEL | 4,7);

e = MODEL 15, 1);

m = MODEL 16,0); it oze MODEL [7,T]; o = MODEL [ 8,71;

o ie MODEL 19,1); 3 metadeving the pointers to the sens.

(I000 SRS

ALTITUDE := (f inside (&,b,¢,x,0]
then if o0 then height la,b,e,x,4l
ebse ZETA (a,b,e,x,u,u
dae if Anside [b,e,e, %, 4]
then &§ n=0  ther heignt [b,e,e,x,4)
etse ZETA ib,ec,e,x,u,m)
ebse ¢f anside le,dye, x4l
then &f om0 then hedght le,d,e,x,y)
else TETA (e, d,e, 2, 4,ml
else 4§ Aradde [d,a,e,%,10)
Lhen 4§ p=0 then hedght (d,a,e,x,2l
olse 2ETA (d,a,e,x,u,m)
elae eraon;
END ALTITUIDE,

Function INSIDE (a,b,c.%,y)] is truc if the point (x,%,0) 15 inside the triangle

I@x. ‘y' 0), (bx’ bY' 0, (cx. cy. D) with sidewalks (sec Fig, 7).

A point p iz inside triangle @ b ¢ if p and ¢ fall on the same alde of @ b
and poand b lie on the same side of @ ¢, and p and a rest on the same side of
b ¢. A thesis (Glowe) contains listings and results.
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without coverage by the triangles: a corresponding part of the 3-d surface

Fig. 7. OCOPLANAR SIDEMALXS. Conpare with Figure 4. If point v = \'r}‘.
docs not fall on 1ine (c,.cy.0) lde,d,,0), an horizontal area ¢ d A

will fail to ke reprezented. The cure for thiz iz to give "flaps" to the
triangles, &o that trisngle 2 d & {and its othexr three brothers) are enlarged

”

Ly a coplanar sidewalk that covers up to X



Procedune 2ETA |vi, vE, v3, x, u, m {5 defined as
vd re ooded [ 1,6 ;
v5 = model [ 2,m];
vé 1= wodes | 3,ml;
o 2= moded [4,ml;
n e woded [ 5,ml;
o 1+ model | 8,el;
p 2« model | 7,ml;

TETA 1= if nside (v),vd, v, x,ul
then &f om0 then keioht (v1,v4,v8,%,y]
else TETA {vl,vd,vs,x,0,m]  § see Tabfe T1 'Naming Conveniions'
eLae Af anside (v w5, vl x, ¢l
Then 4§ n=0 then height |vE,vs,wd, x,u)
elae ZETA v, vs wé, x,u,n)
else i inséde {v3,ub,vs, x,d

Lhen Af 0=0 then hedght [w3,vwé, w5, x,y)
efse TETA [w3,vé,v5, x4,
else Lf p=d
then hedght [wi,vd,vé, x, il
else zeta |ui,vé, vé, X, u,pl;
END 2ETA,

The search for the ¢orract triangle that represent= a peint generates no
backtracking, At each lewel of the tree of triangles, We simply go down to the
next level through the appropriate son (that son containing the poeint), until
we hit a terpinal triangle, where we corpute the height by a planar interpolation.

CONCLUDING REMARKS

since a gray level picture can be scen as a surface in three dimensions,
z being the gray level value, it is in principle possible t© use the models
described here to represent them. This could have use for shape cceparison of
these surfaces, but the authors have rot cxperimented with this. The idea, anyway,
iz to use models with large ¢ (large erroy tolerance, coarse represantation}
to conpare two surfaces; if the models are egual (in some appropriate sense, foy
instanca, the quantized z values agree]l then wa could afford comparison with &
emaller ¢« (so¥e accurate vepresentation). In this way the shape sinilarivy
between any two 3-dimensional surfaces {or any two gray lewel pictures) can be
ascertained. A related paper {Bribicsca and Guznin,1978a) develops this idea
fuliy for two-dipenszicnal £lat regions (binayy pictures), The largest problen
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with this agproach is to find a norpalization procedure (the basic rectangle of
(Bribiesca ard Guzndn, 1978b)) that will produce & unique model for the 3-d case:
it is easier to conpare canonical nodels.

The method described in this zaper iz currently being inplemented and tested
for representation of topegraphic surfaces formerly fescribed by their contcur
lines,

Marging of models into a larger model. If four adjacent surfaces @, b, ¢, d are
represented by nodels a, b, ¢, d, she model of the joint surface (a,b,c,d) is
formed by creating a new frape 1 (cf. ¥ig, S1 wvhich has as non-texminal pointers
Wow ¥e M, and M, vointers to the frames 1 of @, 4, ¢ and 4,

Significant points wve, correlaticn points, Tae significant paintsz (also called
surface-specific points (Peucker, et. al.,1976) are those points of the tarrain
vhere slope changes in an important way. The points that a correlation routine
finds in an casy manner, based for instance in the two pictures of a sterec pair,
arc called "correlation peints:" they are points that are easy to correlate in
the pictures, because the gray levels in their neighborhocd are quite different
fyon others, hence thay can be identified rapidly and uvnpistakably. But they
wi1l not necessarily fall on tep of "significant” points.

The components of the madel. The nmodel so fay descoribed and its construction can

e zZeen as formed by:

- a tessellation of polygons {Gonez,197B) (triangles in this case);

- an accuracy criteria, which tells wmhether a polygon ©f the sodel needs further
refinement (in our cage, conmparison of nodelled wve, real heights, cf. section
“when to stop refining')y

a procedure to refine the model (in our model, select a significant paint naar
the middle point of a zide))
- 3 panner to store.the model {as exemplified in ¥ig, 6);

A vay to access the model (as scen in scotion 'Data Retrieval for Surface
Reconatraction®);

A methogf e reconstruct the surface from the model (this is given by the
procaduze hecgnt [a,b, o, x,¥) avaluated at the appropriate triangic a b ¢

which containg the peint (x,y,00: the sspropriate gafinition of containment is
enbodied in procedure .(nacde (@,b,c,%,u], which takes inte ascount, for instance,
‘the *flags® of Fig. 7).

Suggestions for further work

1. Refer to Fig. 7. Do not use kq = 0% for the width of the sidewalks, Computa
instead the maximum distance that czx.:.,,o) can bs frem r'' for the enlarced
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eriangle & d & to moot 5till the error tolerance v, Thiw has to o with average
slopes of the triangles.

2. FRefer to section "Simplified storage for cover of similar triangles". Fully
davelop the medel that uses the vepresentation of vach triangle az a string
of paire of hinary 2igits, v.gr., triangle 4 % 7 = 00 €0 D% {the son N of the
zon M of the =on R of tha yectangle}.

3. Do ot retriove the triangles from the voot of the treo (cf. section "Data
retrioval for surface reconatroction®™) but stove them =0 ae to aCceass then by

a fdouble binary secarch on the ccordinates of the vertices (Ganez!.

4. Consider the methods ©f this papaer and of (Brabiesca and Avilés,1974; Briblesca
and Cuzmin,1979a) ax similar procedures that address data repreventation at

arbitrary accuracy lewels, and uge then for shape conparison,
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