
Appendix D

Singular Value Decomposition

Singnlar I'allll' d(,colnposition (5\"0) is a pO\l'crful fict of tcchniqurs for draling \I-ith
;,rts or linci1r rquations or matriccs that arc rithcr singular or nunwricalh- \'rIT dosr
to singnlar. In man\" cascs \I-herc Gaussian climination and U; drcomposition fail to
gil'(' sat isfacton' rp;,u1ls. this srt of trchniqucs diagnoscs \I-hat thc prohlrlll is. \\-hrreas
thf' 5\"0 onh' diagnoses the problrm in somc cases. in most cases it prOl'idcs a uficfn)
IIllmf'rici11 iUlS\l·f'r.

Thf' 5\'0 tPchniqucs arc bascd on the follo\\"ing theorem of linear algebra [93]: An.'"
squarr matrix A can be \lTinen as the product or a square orthogonal matrix U. a
square diagonal mat rix W \I'ith positi\'c or zero elements. and the transpOfiC of a square

orthogonal matrix V. In other \I·ords. an\" square matrix A ("an be decomposed as

follo\l's

\I-h('I"(' thl' matric('s U and V hal"<' the follo\l"ing properties.

UTU=I

VTV=I

(0.1)

(0.2)

(0.3)

Herr. I rf')lI"('St'nts an idrntity matrix.
Th(' ill\"('l"ses of U. V. and Ware tri\'ial to compute_ Since U and V are orthogonal.

tllrir itll'('rscs i1l"(' ('qual to their transposcs. Thc ill\'erse of the diagonalmarrix W is thc
diagonal matrix \I-hosc c1ementfi arc thc rcciprocals of the dements (c, (I,- = 1. 2..... n).
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Tim', it folloll" from (0,1) that thr inYrr~r of A i~

(

1/11'1

A-I = V 1/11'2

]

Ur

". 1/11'"

(0.-1)

Prob!Pms arisi' in (0.-1) "hrn oni' of thi' 1I'k'S l)0comes zero or closi' to zrro, In til(' casr
of sll<'h problt'ms, thi' matrix A l)0comrs singular. Csing (D,~), the 5\'0 can diagnosi'
holl' singular t]](' nlatrix A is, first of aiL

Lrt us di'fini' a null spaci' and nullit,', \,hich arr important concrpts for singular
nlatricl's, Com,id,'r thr follOll'ing s,'sti'm of linrar rquatiolls

Ax = b, (0,3)

lI'hi'ri' A i, a sqnare matrix, amI x and bare \'('('Iors, If A is singular. the subspacr of
x salisfirs Ax = 0, This subspacr is drfinrd 10 br a mtll space of A and ils dimrnsion
i, dcfitwd to 1)(' Ihe nullity of A Thrrr is also thr subspace of b that can be mapprd
onTO b,' A, i,e .. thrrr rxists x that is aetualll' mapped to b b,' A This subspacc is
caliI'd Iht, m.fI.tJt of A and its dimension is called the mnk of A,

\'01' \," arr r('ad,' to ser that the 5\'0 expliC'itly constructs thr orthononnal bases
for Iht' null sp,)('(' and rauge of a matrix, In particular, the columns of U \,hosi' tor
rrsponding /I'A.'S ,\rr nonzero are an orthonormal set of bases that span the rangr and
th(' co!tlnln, of V lI'hose corresponding (l'A.'S are zero are an ort honormal srt of bases

for th" null space',
If b = 0, (0,3) can be soll'('(l immediately: the solution is a linear sum of the

orthonormal bas/'s for thr nuJl space.
If b # 0, thr important question is 1I'lwther b lies in the range of A or not, If it dol'S,

thi' 'ingular sf'! of r<iuations (0,3) does hal'e a solution, ,-\etuaJly, it has more than one
solnlion I)('cau,r an,'wctor in tbr nuJl space of A can be added to the solntion lI'ithout
\'iolating (0,3), From such solutioLls, lI'i' pick up the one that has the smaJlest length
Ilxll, In onli'r to obtain the solution. l/11'k is replaced b,' zero if 11'1' is zero or close to
z"ro, and I hi' folloll'ing equation is then calculated:

(

1/11'1

1/ lL'2
x=V (D,6)

Thi' proof is a, folloll's: Consider II x + x'II lI'here x' lies in the nuJl space of A, Li't
W- I dt'nOli' (hi' nlodified illlwse matrix of W lI'ith some elements zeroed as destTibed

aboI'(' \\'I' obtain the foJlolI'ing equation:

II x + x'II II VW-IUTb+ x'II
II V(W-IUTb+ VTx' ) II
II W-IUTb+ VTx'II, (0,7)
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wlIC'n' t!Ie fir'l l'qu>\lit~· coml" from (D.G) and til(' second and third from t!Ie orthonor
malit'· of V. Lpt liS p"amilH' the t,yO terms that make up t!Ie sum of t!Ie right-hand
,irk. Thl' fir,t tl'rtll has nonzero k-th (']rlllrnts onl~· ,dl('re w,. oF o. whilr thr srcond onr
ha' nonz('ro k-I h ""'lllrnls onl~· ,dlere w,. = 0 brcausr x' lirs in thr nllll sp>)er. Thus.
fhl' minimllm lI'nglh is achirn'd ,dl('n x' = o.

If b i, nOI colltainpd in Ihr rangr of A. (D.3) has no solution. Ho,yr\w. still in this
nISI'. (D.Gl can be l1srd to COnSlrtlct till' brst solution x. This mrans that >\lnong thr
po"illlP solutions. x ,,·ill br thr closrst in Ihr least square sense. II'hich amoullts to

x ,yhich minimizes II Ax - b II . (0.8)

"'hill' th,' solution x dors not satisf~· (O.G) rxaclh·. it srlTes as thr brst approxinHHion
for Ihe solutioll of (D.G). Thr proof is similar to (D. I). Let us modif~' x by addillg >\n
arbitran· n'Cfor x'. Ax - b is fhrn modifird b~' adding b'(= Ax'). '\otr Ihat b' lies in
1111' range of A. \Yr thrn ha\'r

II Ax - b + b' II II (UWVT)(VW-lUTb) - b + b' II
II (UWW-1UT -I)b+b'll

II U[(WW- 1-I)UTb+UTb'j II
II (WW- 1-I)UTb+UTb'll· (D.9)

(WW- 1
- I) is a diagonal matrix that has nonzero k-th dements ani,· for U',. = O.

"'hilr U I b' hm, nOllZPrO k-th e!rmrnls onl~' for II',. oF 0 because b' lies in thr range of A.
Then'fort, thp minimulll is accomplished "'hen b' = O.

In Ihi, "A". the S\'D sern's as a pOll-erful set of techniques that solye the singular
,\'stl'ln of linear ('(Illations.
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Appendix E

Definition of the Surface Network

Thr ,nrfH("p Ilrtll"ork is proposed for characterizing terrain surfaces [88. 891. and is also
onr of t hr (Tit ical point graphs (ePGs). First a ridge line and a n1\'inr Iinp arc de
finpd [82. 83J. L('( C(t) denote the function (.r(t). y(l)) of the parameter space (.r. y).

Definition E.1 (Ridge and Ravine) Snppose that a smooth snr/ace is r'ep'resented by

n I/('iylll functioll : = f(.1'. V)· Let C(I) denote the fnnction (c,.(I). Cy(I)). An ascending

"lojJl /ir" f1'01II. Ih, point Co is a cnnw in R defined by C(I). wher'e C(I) is a In,jeclor-lj

nf Ih(' aulollomous illitial llalne p7'Obiem

~IC(I)=(V-(C(t))'~Eif(C(I))). C(O) = Co. and O~I<x.
II u.r y

A dlsrrnding slopr line from Ihl ]Joint Co is a CW'lle in R defined by C(t). whcr-c C(t)

is 0 lraj({'lor'!! of Ih(' aulonomo/lS initial llalne pr-oblem

dC Of Of
di(t) = -( a.;:(C(t)). ay(C(t))), C(O) = Co. and a~ I < x.

LI I P bl II JJII.IS ru/{l lr I Q be a point in a neighborhood of P S/lch Ihal Ihe descending

slOfU /i'l( from Q r(oches P. The slope line Ihr-o/lgh Q i then called a r'idgc linc. Let

P 1)( II pO.IS ,wd I(t Q bc a point in II neighbor-hood of P snch that the ascending blope

lUI( f1'Om Q 1'1 ad/! s P, The slope line thr'ollgh Q is then called a mlline line.

:'\otP that thp ridgp (ra\'ine) Iillf's eross el'ery contour at right angles. and tllP,I' go in the
,(prpp,t dirrction through any point. In the follOll"ing. a set of connected riclge (ral'ine)

lilH's is also calkd a riclge (nwinr) line.
Tht' fol\()\l"ing is the definition of the surface netll'ork [88. 89].

Definition E.2 (Surface Network) A sw/ace netw01'1.: is a gmph that satisfies thr

follollliu9 l'olirlitiu7Is.

(l) TI/{, llr 1'1(.7; of the 9'mph r'cpr'esents 0. C'dticld point.

(:J) The ({liJ( of fhe 9mph 'repr'esents a r'idge l'ine fr-or1/. a pass to a peak 07' II 'I'Iwine line

from II Ilass 10 a pit,

Figurt' 3.10 illustrates tht' smface nelll'ork Il"ith contours,
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Appendix F

Notes on Continuities at Branches

S\\"('eping [03. 22. 19. 119] is a p01\"('l"fnl technique for designing smooth cylindrical ob
jects. In general. '1 dosed Clllye to be s\\'ept and its trajectory is represrnted b.\· B-spline
functions. In this 'lppendix. it is assumed that the control points of the closed cur\"('
nlo\"e along Ihe trajectories \\'hose parameters are height \·alues. This representation
can be rf'garded as a kind of skinning [125. 139. 1~0]. \\"hich is similar to the s\\wping.

One problem Ihat arises from this representation is that the representation suffers
froln the discolltinnities \\'ith respect to the height \'alue at branches. The discontinuities
l'anse Ille dif!icnlt\" in generating smooth surfaces around the branches.

From :-'Ior,e lemma (cf. .-\ppendix A). there exists a coordinate system that has the
follo\\'ing qnadratic representation in tlw neighborhood of a critical point after certain
regular t nlllsformat iom,.

1
-.("2 - y2 for a peak

: = f(.1". y) = '1'.1'2 ± y2 for a pass

+'1'2 + y2 for a pit

'\0\\' snpIH!'" that the surface has the follo\\'ing equation in the neighborhood of the
pas,.

He("('. C ("('I)["(';,ents the height nllue. Figure F.1 Sh01\"S the changes in noss-seetional
tontour;, \\'I]('n \\'e go dO\\'n along the height a.,is from C = +0 to C = -0. \\h('l"e 0 is a
small positi\'I' real number. As can be seen in Figure F.l. the contonrs around the pass
are t\\"() h\'pl'rbolas \\·hen 1C I> 0 and t\\·o straight lines \yhen C = O.

Tlw hqlt'rbolas can be represented by quadratic -rational flezie1" CIl1"lWS [90. G~. 92].
Let Po' PI' ami ])2 denote three control points of the quadratic rational Bezicr cun·e.
and 11'( /('0' 11'1. and (['1 denote the \\"eights associated \\'ith the control points. lJy setting

WI
ii'=--·

~

1~9
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c = +0 c= 0 c= -:

Figure F.l: Changes in cross-sectiollal contours in the neighborhood of a pass

the rat iOIlHI Brzil'r ClIlTe is exprl'ssed by

p(f) = (1 - t)2pO + 2(1 - t)tWPI + t 2P2
(1-1)2 + 2(1- t)tH' + t 2

(F.2)

lI'here I is Hpanll1leter ,·alue. The Bczier curw p(t) can be classified by 11' as follo,,"s [6,)].

II' = 0

0< II" < 1

/1'= 1

(1'> 1

straight lin('

ellipse

parabola

hyp('rbola

\"hell I = 1/'2. (F.2) hl'wmes

q = p(l/2) = _I_po + P2 + _(I'_PI'

l+u' 2 1 + U'

L<'t 1n 1)(' til(' midpoint of the seglllellt popz. Hence the abo\'!' equation becomes

q = (1 - s)m +SPI'

(('

s=~.

TilliS. til(' folloll'ing ('quatioll C,tll be obtained.

Im-ql
(I' = Iq-pti'

(F.3)

(F.-I)

(F.3)

(F.6)

L<'t us cOllsidl'r Ihe CHse lI'hell C = E > O. If Po' PI and P2 ha,·l' t hl' coordinates
(1. -~). (0. 0). and (1. ji"'='E) respecti"e!y as illustriltl'd in Figurl' F.2. the

folloll'illg equation is obtained.

1- JE
u' = ---;-
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Figure F.2: The h)"perbolas .1'2 - y2 = 0: I,-here 0: < 0

,\s the ,""Ine 0: approaches O. the I'aille ll' approaches x. This means that it is impos
sible to describe the chauges of cross-sectional contoms at the pass with thp parametric
cnn'('s. i.e .. the quadratic Br'zier cun'ps.

This Sind.'· soh·es this problem bl' introducing the local coordinates of the pass using
the I ('chniqllPs of manifold mappings.
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Appendix G

Manifold-Based Multiple-Viewpoint CAD

- A Case Study of Mountain Guide-Map

Generation -

TheJ'(' are kinds of pic,tmC's that arC' dnl\m \\'ith multiple viewpoinls, Moanlain gaide

III (I])S ' l'uhisl/I pirlll1'ps and mediml diagnosis dmwings are examples of such pinurC's,
So hlr. hOIl"pwr. the\' hm'e been drmm intuiti\'C'I~" b~" hand, ImplemC'nting a CA,D s,\'strlll
for "uch piclur<" r('I[uir('s d('ar moc\('ling of thC'ir dra\\"ing procC'sses, ,-\.s a cas(' stud,', this
appendix pr('srnlS mountain guidp-map modpling using man'ifolds and impl(,lll('ntation
of I/wllipll -I'i( 1I,/)()illl CAD basC'd on I]W modC'!. Proj(,cling a land surfacC' as s('('n from
nUllt ipl(' \'iC'\\'poiut,., is couduC'tC'd intC'racti\'C'ly using thC' C,-\.D syst('m, Finally, basil'
illlag(',., for mount,lin guid(' maps arC' g('n('rat('d automatically,

G.1 Assumptions on Mountain Guide-Map Generation

~Iauy anci('nl and m('di('\'al paintings \\'C'rC' dra\\'n haYing multiple uiewpoinfs, c\('sCTib
illg obj('ct' to illu"trat(' th('ir points of int('I'C'sl. ,-\.ft('r the RC'naissanc(' tim(' \\"h('n th('
pi ,.s/)(('lil'l \'i('\\' b('camC' dominant as an C'xact and henc(' sci('ntifk \\'ay of dn1\\'ing,
IIwlliplr -I,i! w]Joint pirt/ll'PS ha\'(' bC'C'n d('dining, and haw slllTi\'ed onl~' in Iimit('d cas('s
,uch,1S /1/olL/lfail! guidp maps, diagnosis dmwings ofnwdical doetors (FigurC' G.l), and
ill "Olll(' "chools of art, for ('xampl(' rubism,

III om humall lll('mOIT, \\'(' r(,lll('mbC'r sc('nes of our homelands as s('('n from \'arious
\"ir\\"poinl", \\'hrll \\'r tr;' to unc\('rstand ho\\' maehines arC' eonfigur('d, \\'C' drm\' thC'm
as srrll frolll diff('rC'llt sides, In human \'isual eognition, multiplC'-\'iC'\\'point picturrs are
natural alld rhC'rr is 110 r('ason for thrm to be rejeetC'd, On(' illustrati\'C' rxample is Olll
,'isual nlrlllOIT, E\'rITbocl," rC'mrmbers thC'ir homdand as they sC'r it lI'hrll thry trawl

aroulld its diffC'rl'1l1 loeations,
TIlis ['('sC"1I'eh is a stC'p to\l"arcl thC' sciC'neC' of multipl('-\"i('\\"point piC'turl's, :\ easr

stud\' \\"as c-onduC'tC'd to pro\'C' a h~"pothC'sis that ther(' is a way to modd multiplC'
yiC'\\"poilll picturrs "'C'xaC'tly"' ("'('xaet"' in a scC'ne that \YC' can defiJ1(' thC'm \\"ithout ambi-
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partial cruption of wisdom teeth

Figure G.1: A dental diagnosis dra\\'ing: the region containing the lI'isdom [reth has
a diffrrrnt \'irll'point from the others so that a doctor can sec its dental caries.

guity aud h('Il('r can automaticall\' generate them)..-\ popular case of mountain guidc

//laps lI'as studird,
Tn a mouutaiu guidr map. mountain tops, mountain passes, and lakes are extracted

to charactrrizr lanrlundulations, To represent such land features clearly, mountain guide
n1<1p, arr drall'u lI'ith multiple \'iell'points, For example. let us consider the difference
bet\\'eeu an ordinal'." pC7'spcctivr pictll1'e and a mountain guidr rnap as illustrated iu
Figurr G,2, Figurr G,2(a) sho\\'s an example of an ordinary perspecti\'r pieturC', The
lakp is p'lrtiall~' hiddC'n by surrouuding mountains \\'hile the mountain skylinC' is sern
drar],', Fignrr G.2(b) shQ\\'s an example of a mountain guide map \\'hrre the \'iC'II'point
of (hp area comaining the lake is changed so that \\'e can see thC' \\'hole scenC' of the lake
from a hright as \\'C'II as the mountain skyline as seen from thC' foot of the mountain,
In this lI'a\', a mountain guide map can C'xtract as much information as possible \\'hen
projrct iug a 3-dimensional land surface onto a 2-dimensional plane,

So far. comnH'rciall~' a\'ailable mountain guide maps ha\'e been dra\\'n \\'ithout appro
priate modf'!iug and hence thC'y indude \'arious ambiguous representations. The model
ing of thC' drall'ing procC'sses rC'quirC's a clC'ar understanding of thC' mountain guide-map
grllrrat ion processes. ThC' typical drall'ing procC'sses of a mountain guide map arc as

folloll's:

(1) Sc!rct all area that includes one mountain top, mountain pass. or lake,

(2) Thp areas arC' pasted together to construct the Q\'erallland surface.

(3) Each are'1 is projected as seen from a viewpoint. usually a vista point of thr area,

133



(a) (b)

Figure G,2: Thc difl"rrcncc brtll'rrn (a) an illustration of an ordinalT prrspc('tiyc
pictl1l'e and (b) an illustration of a mountain guidr map .

In tltis t hcsis. '1 nlOulltain top. a mountain pass and a lakr arc callrd rho/melrl'istir

]Join Is . and I hc area inclnding onr chameteristie point is callrd a rlwmr/'el"islir !lna.
figun' G.3 illustratcs thc aboyc procrssrs. In fact. tlw procrssrs can br moddrd as thr
(Teatiun of a mallifold. In the follolying. il is assumed that mountain guidr maps arc
construclcd throngh thrse processrs,

This appendix prcsents mountain guide-map modeling using manifolds [59] and its
inlplemrntation [121]. Thr nwthod of projecting a land surface as srrn from multiple
l'i('II'points is rpalizcd using a family of blending functions. ,\ mountain guide-map
C".\D s\"stcm is implrnwnted. and multiplc-I'iell"point images for mountain guidr maps
arr grnnat ('d.

G.2 Multiple-Viewpoint Projection

,\ nlonntain guid(' map is not an ordinary perspeetil'e image bUl <til image II"ith multiplc
l"it'II'points, for example. mountains are projet"ted as seen from the foot of thr mountain
to shOll" till' monntain skyline cl('arl.I'. Lakes arc projected as s('en from a hcight so that
lI'r ('an SCI' thp II"hole scenrs of thp lakrs, Brcause of thrse considrratiolls. it is npccsS,UT
to implemcnt a mPlhod of projecting a land surface as sern from multiple l'icII'points.

Then' arp sel'cral researche . on ]Jel'speclive p1"Ojection techniques. On!inm"y]w/"s])('C

li/l( ]Jl"Oj(('fioll is explailled in [131 and [ G]. Non-lineal" peTspertive pl"ojeclion is dis
cnssed in [i9] and [-18). Viewpoinl analysis of multiplr-Yiell"point pictures is proposcd

in [111].
This sc("tioll is del'otcd to tlte explanation of projrcting a land surfacr frotH mnl

tiple l'icIl"points. \\"hcn the YicII'point of cach charactrristic area is gil·cn. the s~'stem

antonlaticall.I' gellC'ratcs the rcnc!rrcd imagc of a land surface lI'ith multiplc I'iell"points.
for this pnrpose. smoot It I"iell"point interpolation. II"hich lI'r call viewpoint blending. is
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:-[ountain top :-Iountain pa"

(a)

Lak('

(c)

Figure G.3: Typical drawing proc('ss('s of a mountain guide map
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Figure G.4: The basic method of multiple-"ie\l'point projection

t'('qtlired. Defore going into details. the basic method of muJtiple-\'ie\l'poillt projeetioll
is explained, Here. the lalld surface is represented as a manifold constrtlcted from a set
of charts {( Ck.. ,;d) as explained ill Chapter 3,

Figtll'l' G.-l illustrate's the basic method of multiple-\'ie\l'point projection. Let ~ be
it 1<\11(1 surface ,\lId let n be a '/liew plane. It is assumed that the relennre point q is
on th(' land surface ~. The /liewpoint P depends on the position of the reference point
q. Let tiS ('all the Iitle I connecting P and q a view line, The projection mapping Proj :
~ ~ n is the mapping stich that Proj(q) = r E n. \I'here r is the intersection point of
rIll' \'ie\l' pl<\ne n and the \'ie\" line I.

To detennilw the \'ie\l'line, the \'ie\"point that corresponds to the coordinates of the
r('fl'l'('I1('(' point i" caktllated using a family of blending functions, The reference poinr
is rhen proje('red onto th!' "ie\l' plane tlsing rhe mapping Proj explained abo\'('. In the
follo\l'ing, \I'e consider ho\" to cakulate the bl!'nded \'ie\"poim in rhe case of pel'sprrtiur

jJl'oj(rtioll and]JOl'Olld p1'Ojrrtion,
Firsr \I'!, eonsider the case of pel'spertlue p1'Ojection, Let us assign a set of charts

{(L'k.. .;!-l) to rhe characteristic areas. each of\"hich has the l'ie\l'point p,.. \\'e can then
find a blended "ie\"point using a family of blending functions as presented in Chapter
3, The smooth bl('IH!ed "ie\l'point P of the referenc(' point q( 11, /', I( ll, /')) is cakulated
as follo\l's,

(G.l)

(G.2)

H('re, \\'(, tls(' rh(' norarions of Chapter 3.
\\.(' c<\n also assign weight parameters to the \'ie\l'points of the charts. Let /l'k' be

rh(' \"eigllr parameter of th!' chart ([,,'1" -.:>d of the perspecti\'e projection. The equation

of th(' bknded \'ie\l'point is modified as

p( u. I') = I:k U'k" B(Uk. ud .Pl'.
I:k /1',' . JJ( 11" I'd

III the (',\se of pw-allel projection, the mapping Proj can be determined if the I'ie\\'
directioll m is gi"en The "ie\l' line I is then expressed as 1m + q \I'here I is a paramerer
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ntl\lC, ,\SSlIlllC Ihat the chart (L'l,,';h) has its OlnJ Yic,,' direction ,n.. , Idlich is ('xpr('ss('d

by Ihp \lUll l'pClOr ,nl' = (cos0l,cos<1>.. ,sin 0 .. l'OS <1> .. , sin <I>;.) ,,'ilh tlYO paralllPters 0 1
aud <1\, !lPr(' 0 .. Is an Imglf' of "otlltion and <I> .. is an angle of ell ulllion,

\\'e cau no", fiud the slllooth blenlit'd Yi(',,' direction m of the rpferelKP point
q( (I. r, f( (I, I')) using a familY of bleudiug f\lurtious as.

m(ILI') = (cos0cos<1>,sin 0eos <I>,sin <1», (G,3)

0(u.I')

<1>( u, r)

I:.. B( 111" 1';.) , 0 ..
I:.. B(II .. , 1';.) •

I:.. B( 11 ... I';.) , <I> ..

I:.. B(lIk, I';.)

and (G..I)

(G,j)

LI'I 11'1'" 1)(' 111(' wright paranwt('r of th(' chart (C... ,:J.. ) of the parallel proj('ct ion The
augks (-) aud <I> arc represeuted "'ith the "'eight parameters as.

0((1.1')

<1>(11.1')

I:.. 11'," . B( Uk. 1';.) . 0 1

I:.. ll'l-"B(II I'I·)

I:.. 11' .."· B(II I'd· <1>l'

I:.. Il'l'" . B( 11 ... I'd

and (G.6)

(G,T)

\\'P cau thus fiud the smooth I'i(''''point or direction blended among the charls. aud
tl1(' "\lid surfacc is projeet('cl ,,'ith multiple Yie"'points or directions,

G.3 Results

,\ prOWI,I'pP s~'stpm of a lllountain guide-map C,\D is implemented based ou the prp

spnted lllOc!PI. \\'ith the system. multiple-I'ie"'point images can be gen('rat('d. This

spction pnl\'idps examples of lhe basic imag('sl for mountain guide maps.
L'sing thp protot.qJe s~·stem. th(' yielY parameters of the charls such as Yie"'points or

I'ip,,' dirp('fious ar(' spec-ified, "ie'" parameter setting "'ilh chart assignment is sholn! in
Figlll'P G ..:i, \ \'it h tbese giq~n paramet('rs. t he prototype system aUlom'llically g('neratps
a basic ilmlg(' for a monntain guid(' map. :-[odification of these parameters is also

conductpd easill' and interactil'cl~' using the CAD system,
The follO\\'iug imag('s are g('n('rated in the prototype CAD system. Figlll'e G.6 and

Figlll'P G,/ an' Ihe basi(' images for the mountain guide maps around Lake .\shiuoko.
",hil·h is a ['alllou,,, tOlll'ist Mea "'jth a scenic crater lake in Japan. Here. lye spe Ihe

influencps on the images "'hen the Yie"'point or Yie'" direction of the area ineludiug
thp ]akp is changed, Figure G.6(a) is the image of the perspectil'e projectiou l\'ith oUP

Yip,,'poilll. This is thp same as that of orclimu-y perspectil'e projection, Figur(' G.6(h)

is tl1(' inlagc 0[' tllc perspectiYe projcctiou "'ith multiple Yie,,'poiuts, Thc ,'iClrpoinl of

J H('I'('. a map without land marks such as slations. bus stops. and hotels is ca..ll('d a bastr 111/(/gr
for a IllOlllllaill guide map.
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the' are'a illdlldillg the lake' is change'd to one' from a height to ayoid the' surrouuding
mouut ains. Figure' G. '(a) is til(' image of the' parallel projection ,Yith OUe' Yie'''· dire'ction.
This is tIl(' sanw as IhM of ordinar~· parallel projection. Figure' G.7(b) is the' image' of
the' paralle'l proje'ction ,,·ith multiple' Yie'''· directions. The' ,,-hole' sCe'ne' of tlJ(' lake' can 1)('
S('e'n Iwcause' the' are'a induding the' lake' is as see'n from a differe'nt ,·ie'''· dilwtion from
the' othe'rs. Figure' G.8 is a pair of basic image's for the mountain guide' map arouud
\1t. Fuji. ,,·hich is the higll('st mountain ill Japan. Figure G.8(b) is de'signe'r! using

the' protot.,·pe' s~·sr(,1ll so that til(' scenic feature's of the area can be see'n l)('ttC'r iu this

figure' thall ill Figure G.8(a). These' re'sults demonstrate the capability of the' prototype'
:-;.\-~tCll1.
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Figure G.5: A Ji,play exalllple or view parameter setting with chart assiglllllellt
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(h)

Figure G.6: The image of perspective projection with (a) one viewpoint anJ (b)

multiple viewpoints
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(b)

Figure G.7: The image or parallel projection with (a) one view direction and (b)
nndt.iple view directions
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(1))

Figure G.8: The basic illlage for t.he 1l101l1lt.aill guide map aroulld Mt.. Fuji of (a)
ordillary projectiou alld (b) lIlult.iple-viewpoillt. projeet.ioll
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