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Abstract tllo~~glit as t l ~ r  transitional approac.Il for 3D GIs tlcvrl- 

A ker71cl systcrrl lulvich can s~tpport .?-dime7lsio~~r~l (11)- 

plicntio7rs of G I s  is plaposed. Internnlly. s1)atiol rlr~trt 

arc ntc~~laged by o 2-rlimensionc~l dnta stn~ctule. sincc 
7rlost of the yrc~ct'icfll G I s  datcl clrr: 8-r~irrrerf,siorlr~~. 1 7 1 -  

fnnrrntion (tbo7tt the 2-r~xis, i.e. dir.ection of Ir.ci!lht, 

is scpn7,atcrl frorrl coor.(li7tntc.s rlescr-ihi7~!j objects. nrttl 

trec~ted ns one of the (~ttribittcs nttctchetl to objects. Tltis 

zs jrtst the snrrle us the so calletl 2.5D rlcscripfiorr rrtlrich 
is r~pplierl ezterlsivrly to t1esc:r-il~ .'1'-rlirrtcrr,siorrc11 olcjccts 
irl GIs, cx:cept that roe cctc:rrtlet/ thf: 2 . 5 0  rlc,sc:r.i]~t'iorl 

to be nble to llolrl rrr~~ltiple height iiifor~rl(ltjo7l. Wv (:(dl 
tlre ezterrrled 2 . 5 0  tle.sc~*~ptiorl tllc 80-11 rlescr-iptiorr to 

distin/l?lisll it frorrl the tmditiorlnl 2.5D orte. 

Tlre 11ropose(l kf!rrlel coritains (1 set of C++ closs 
librct7ie.s defi:fillirlg sonlc b ~ s i c  s1mtinl objects. For dif- 
ferrnt ctpplicntiorrs, special objects can be deri~~ed eas- 
ily fmrrr the basic librnrie,~ by itsing the object-orie~lted 

trrlrriic. Wc slloru the effectioene.~.~ of ,9-rlirnerrs.ionnl 
s?tl)portir~!l ilbility of the proposer1 ke~ne l  systcrri by (11)- 

pl!ying it to irri1)le~trerd o nelu en:1)ressiori technic for 

u~r~~lktltro~tgh, wlllch (Edsploy objects 271 differ.crrt rletnils 
accorrling to tlrcii disfarlt:es frorr~ the vieur poi~lt. 

1 Introduction 

T l ~ r r e  are t,wo al)proaclis for drvrlop~nr~l t  of 3- 
tli~~lc~~lsional GIs  (Grograpl~ir I ~ ~ f o r ~ i l a t i o ~ ~  Syst,rill), 
one fro111 tllc, dat,a ~nanagers' vicw a~lt l  the ot l~er  fro111 
thr  application drvrlopers' view. The foriilcr asserts 
t,llat GIs  consists of 3-dime~~sional tlat,a, data n~odrl  
ant1 tlat,a s t r ~ ~ c t ~ ~ r r  is 3-tlinlensional. \\:hereas the l ab  
ttar asserts that rrgardlrss of tlir i11ter11al n i a ~ ~ a g i ~ ~ i ~ r n t , .  
GIs lxovidi~ig 3-tlinle~~sional intrrfacr for applications 
is 3-tlinlr~lsional. 111 fact, t,hr first apl)roarl~ is st,ill at 
expt~rinlc~nti~l stage, a ~ ~ d  t l~err  ?xist vrry few SII(.~I 3D 
GIs in prarticr[3][6][1]. Tllc mai11 prohlen~ of t,llis ap- 

1)roach is that at prrsrnt ti~nt, it is 11ar(IIy to ol)t,ai~i tllr 
fi~lly 3-tli~iiciisional GIs data for econonlir ant1 tcrh- 

11ic.al r(~as011s [2]. T~IIIS, t,lle S C C O I ~ ~  approarl~ ci\ll he 

ol)~llent ill tllr near fi~t,ure. Bcforc tllr 3D data I~c,c.o~l~- 
i~ lg  l)ractiral, existing 2D tlata ant1 l~r ig l~ t  i11for111atio11 
call 1)c IIS(YI i~lsteatl of ron~l)lrtr 3-cli111t~11sio1lid (liitil. 

111 this paper wr tlcscri1)c~ a k(br11c4 S ~ S ~ ( , I I I  for 3D GIs 

al)l)licatio~~s. wllivl1 is tlrvc~lol)c~l i l l  it11 ol)jt~c~t-oric~~~tc.tl 

fas11io11 l)y followi~~g t 1 1 ~  so(.o11(1 i~pl)roi~(.l~ stato(1 itl)ov(>, 
For s1)iitiilI oI)jr(.ts i l l  CiIS appl i( , i~t io~~s.  g(,o111(-tri(. 1)rol)- 

(>rti(%s ~ I I I ( I  r (>I i~ t (~ l  ol)vriltio~~s i~r( ,  ( s ~ ~ ( . i ~ l ) h ~ ~ l i ~ t ( s ( !  to (I(*fi11(- 

t11r i~l)btri~(.t tlata ty1)(ts[-l], 111tor11;~Ily~ sl)i~tii~l ( l ; t t ; ~  ;irtS 
r ( y ) r ( ~ s ( ~ ~ ~ t ( ~ l  l)y t l ~ ,  2D-11 ( ~ - ( I ~ I I I ( \ I I S ~ ~ I I ; I ~  ; III(I  l~(*igl~t ill- 
for111i1tio11) r(~1)r(*s(,11ti1tio11 \ v I ~ i ( . l ~  ~vill I N S  O(-v~ril)(vl I) ( , -  
low, autl I I I H I I A ~ ( Y I  i~~~l)li(.itly l)y a ~ - ( I ~ I I I ( ~ I I S ~ O I I ~ I ~  s1);i- 
tial (lata strll(.tl~r(>. t l l v  C:BD t r ( ~ [ 5 ] .  1lorc.ovc~. i l l  or- 
tlrr to support 3-tli1llc~1lsio1lal I)L.o(.(~ss(~s, IV(, ( ' x t ( -~~( l  t l ~ v  
2D GBD trrc. 1)y at tacl i i~~g Ilrigl~t i ~ ~ f o r ~ ~ ~ a t i o ~ l  to it. 
And the effectivrnr~ss of s11c11 3D sl~lq)orti~lg al)ilitirs 
is rxaniined 11s a walktllrough exanll)le. This rxanlplr 
also proposes ail exprt,ssio~~ terhnicll~r for 3D aili~lla- 
tion which call Ile applirtl to sinl~~latcb t l ~ r  rral vicw in 

tilt, 3-dinit~ilsio~ial space. 

2 System Overview 

The kcr~lel systenl is co~~lposctl of t l ~ r  111ail1 I)o(ly a ~ l d  

the interfac~ parts. TIie 1llai11 1)ody ro11sists of a sets 

of C++ class lihrarics and tlic spatial data 111a11ag(*- 
nlr~lt s t r l~ct l~rr .  r \ ~ ~ t l  t,llc. int,orfac~c~ l)art consists of 

e1l~~iro1~11irnt-t1~1)e1ldc1lt ol)rrittio~~s (Figl~rc. 1) .  

2.1 Class Libraries 

There are two C++ class lil,mric,s in our k r r ~ ~ r l  sys- 
t ~ ~ n .  Thc Ilasic one is a group of gr~lt~raI-purl)osr class 
tl(*finitio~~s for 2D grometxic o1)jccts like p o i ~ ~ t s ,  li~lrs. 
polygons, circles, arcs rtc.. A special g r o l ~ p i ~ ~ g  class is 
11srd t,o represent irregl~lar shaprs wliich are c.onll)osetl 
of s i ~ ~ ~ p l r  gron~etric pieces. 111 adtlitio~~, contai~lt'rs likr 
lists, sets, tables of tllese basic classes are also sup- 
ported. Tllrsc classc~s can I>e applirtl 1)y not o11l.v GIs 

I)ilt also otllrr graphic al)plicat,io~~s. 
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R . ~ I I I  l~asic. classrs ~vc. tl(,rivr,tl a srt  of GIs-oric,~~tctl 
(.lass(~s, S I I C ~  as  roa(ls, I )~~i ldi~igs .  co~~tours ,  s11l)ways 
cxtc. .. To each class t lef i l~i t io~~,  a special ~li~ilti-valucd at,- 
t r i l ~ ~ ~ t c  callctl height is attarhrtl. The height attri l)~ite 
l~rovides i n f o r ~ ~ ~ a t i o ~ ~  of ol)j(,ct's shape descril)tio~~ in Z- 
axis. By using this i ~ ~ f o r ~ ~ ~ a t i o ~ ~ ,  the proposed syst,e~n 
t l i ~ ~ s  call s l ~ l ~ l ~ o r t  3D op(>rations. This will be tlescribed 
ill tlctail in the nest srction. I ~ ~ s t a ~ i c e s  of the same class 
are groupetl in one laycr, for example layer of roatls is 
thc collectio~~ of all roads i11 a map. And a nlap may 
contain niultiple layers, one for each catcgory[7]. 

2.2 External Interfaces 

For 1)ortal)le c o ~ ~ s i t l c l a t i o ~ ~ ~  wr sc,parate tht. c .~~v i ro~~-  
III(,II~ d f y ) c ~ ~ c l t ~ ~ ~ t  op(3ratio11s  fro^^^ the S ~ S ~ , ( > I I I .  Mair~ly, 
the, i~~t , r r facr  part is co~nposctl of opcra t io~~s  I)clt,ween 
I / O  tl(~vicc~s a ~ ~ t l  t l ~ v  111ai11 l)o(Iy of the systc.111. The 
tlisl)lay i~~tc,rfac.c, is i l~l l ) lc~~~~cntc~t l  with the IRIS 3D in- 
vcwtor lil)rary. Howtxvc~, this can I)c rc.1)Iat.td I)y any 
ot11c.r grapl~ir  Iil~rary. e.g. tl~c, X-tvi~~tlow syst,t~111, offi- 
cit ,~~tly hy ouly r c t l c f i ~ ~ i ~ ~ g  a new interface for it,. Sim- 
ilarly, I / O  for files or tlatal)a..ie with different fornlats 
can hr  carried out 1)y simply huildi~ig correspo~~ding 
i~iterfaces. 

Wli(>11 C'o~~si t lcr i~~g tl~c. tlata sl)a(.(. of GIs ,  a l t l ~ o i ~ g l ~  it 
is 3-tli111~~11sio11a1, its c x t ( , ~ ~ t  of t 1 1 ~  S \ ' - l ) l a ~ ~ ( ~  is fitr I)(,- 
yo11(1 that of thr  Z-axis ( t 1 1 ~  h(>igl~t ( l i r ( . r t io~~) .  .\II(I i11 

111ost of the c.ascts. we arc, ~ ~ ~ o r c ,  i~~t('r(-st('(l ill ~ I I ~ ~ ~ I I I H -  
t , i o ~ ~  of tl1c1 S ~ 1 1 ~ 1  Y axvs t11a11 that of t l~( ,  Z-axis. 111 
o t l~c r  wortls, ~ n ~ l i k r  the, 3D C A D  s y s t ( ' ~ ~ ~ s  \\YI~((.I (l('a1 
wit,l~ t,llt> i ~ ~ f o r n ~ a t i o ~ ~  of the 3 axcxs (~111alIy, ill GIs,  ill- 
formation about the Z-axis is 11sl1ally ig~~or(,(l or si~~ll)li-  
fied. As a 111at,ter of fact, as we call fintl in tlic, c~sisting 
GIs  data,  t , l~c information of Z-axis is 11ot c o ~ ~ t t ~ i ~ ~ c t l  as 
part of coortlinates in object descriptions. I~tstcml, it 
is treat,etl ns one of aspatial a t t r ihut t .~  of 01)jcc.t~. For 
example, b~~i ldings  and contour l i ~ ~ r s  arc n s ~ ~ a l l y  tlr- 
scribed by t,he 2.5D representatio~~s wl~icll consist of a 
set of XY-coordinates and a single hright i n f o r ~ ~ ~ a t i o n  
describing shapt~s in the XY-plant, R I I ~  the 11eight ill 
Z-axis direct,ion respectively. 

3.1 The 2D-h Representation 

Ol)vio~~sly, the 2.5D rc'l)rt,st,~~tatio~~ is too rc\stric.to(l, 
since, otilv o~lc. Iic~ight i ~ ~ f o r ~ ~ ~ a t i o ~ ~  is itllo\vc~l for t~i1c11 
o l ) j (~ - t .  For c ~ x a ~ ~ ~ p l e ,  a s l o p i ~ ~ g  roatl 111ay II(YYI 11111lti- 
1)1<~ I1c.ig11t i ~ ~ f o r ~ ~ ~ a t i o ~ ~  to tl(~sc.ril)c, its s lo l )~ .  C'I(wrly, 
tlescril)tio~~ a ~ ~ t l  ~ ~ ~ a ~ ~ i ~ g r n l c ~ ~ t  of si1c.11 ol)j(,c,ts c.a~~sc, 110 

1)ro1)1~111 if w(, US(' t l ~ e  3D data ~~~ot lc , l  a11(1 data str11t.- 
turc. Howc,ver as we statccl ahovc,, this a~)~) roa (~I i  
is inc~fficic~~~t, s i ~ ~ c r  ~ r ~ o s t  of the, prac.tica1 data aro 2- 
di~lie~isio~ial at this stage. To fill the, gap Iwtwc~c~11 3D 
da ta  and 2D data  model, we propose, the 2D-11 rcq)rt.- 
sent,atio~i (2D data plus nlultiplc hrigl~t i n f o r ~ n a t i o ~ ~ )  
by sinlply extent l i~~g the height attri1)litr to  IXY.OIII(~ 
mult,i-valued. And let i r ~ f o r ~ ~ ~ a t i o ~ ~  a l ) o ~ ~ t  Z-axis (i.e. 
Z-coordi~~ate,  froni the 3D's view) I)(, ( . O I I I ~ ) ~ I I ( > I I ~ S  of 
the height a t t r i l ~ ~ ~ t c .  Since the 2D-11 r c ~ l ) ~ . c s c ~ ~ ~ t a t i o ~ ~  
call hold 0 t,o 11111ltiple height i ~ ~ f o r ~ ~ ~ a t i o ~ ~ ,  all 2D. 2.5D 
and 3D description can he rel)rcsc~~~tt~tl  ill a 1111ifit'd 
way. Indeetl, t,l~is is c o ~ ~ c e l ) t ~ ~ a l l y  tl1(1 SRIIIP as the 3D 
represrnt,ation, with con~poncnts of Ilc>igl~t ( ' ( ~ I I ~ I I  to  Z- 
co~rdinat~e.  But pl~ysically. tl1c.y arc- cll~itc, ( I i f f ( ~ r ( ~ ~ ~ t .  
The Z-coortlinatc is part of the, 3D coor ( l i~~a t (~s .  ~vllil(\ 
the height is a a t t r i l ~ ~ ~ t e  of ol)jt.cts. This (liff('r('~~(.(x will 

3.2 The Extended GBD Tree 

The GBD t,rce is a point,-oritlntc~tl spatial (liltit s t r ~ ~ c -  
taure. Point dat,a are arranged in the B trce-lilic. trcv 
structure by their Z-order which arc, gcnrratetl by in- 
terleaving coordi~iates of axes ill I ~ i ~ ~ a r y  exprrss io~~.  111 
every node of the tree structure, a 2D 51BR ( ~ I ~ I I ~ I ~ I ~ I I I I  
Bounding Rect,angle)is attacl~etl. ~ v l ~ i c l ~  i~~tlic.atc,s the 



~.c>gion c ~ ~ ~ c . l o s i ~ ~ g  all its tlcscc~~~tls (s111)trcrs for non-lcaf 
notlrs, ol)jf>cts for Ic>af llotlrs). Sinrc. 110 illlY illf01.111i\ti011 
a l ) o ~ ~ t  tl~c- Z-axis arc, Iirl)t ill the, trcv. s t , r ~ ~ r t ~ l r f , ,  it (.ail 
not s~~l) l )or t  clncrios a l ) o ~ ~ t  tho t l ~ r  Iiright, t,l~cl Z-axis tli- 
rt.c.tion. Tl~t,rc-forc,, wc- cstrntl thr originid 2D hlBR to 
I)rc~onic~ 3D XIBR 1)y a t t a c l ~ i ~ ~ g  tllr c,xt,rr~nc>s of llc~ight 
inforniations, ir. tllr Z ,,,,,, and the Z ,,,, ,., of ~ C S ~ P I I ~ S  t,o 
r v ~ r y  notlr. X l t l ~ o ~ ~ g l ~  t,l~c, rxtcntl(~l GBD t,rc,c, is si~iii- 
1ar to a 3D R trc~,, it t l i f f t w  f ro~n any 3D tlatil s t ~ r ~ ~ c t , ~ u r  
1)y t l ~ r  fact that ovc>rflow splits an(l ~~ntlrrflow ~ ~ ~ ( ~ r g t ' s  
nt,\rer occur ill the Z-axis. Iwcause t,liere is no Z-axis 
ill t l ~ r  2D GBD tree. .\ntl this disting~~isht~s the t1iffc.r- 
t,~~c.c, I)c.twc~cn tllo 3D and th(> 2D-li rrl)rrsc~~it~atio~~s. By 
using thr 3D AIBR's infornlatio~~, the rxt,ci~tlrtl GBD 
trc,c can tlil~s s ~ ~ p p o r t s  3D apl~lications as efficiently as 
thc 3D R tree ran. In our kernel systeni, all spatial 
tlata represcntetl by the 2D-li represcnt,at~ion arc nlan- 
aged impliritly 1)y the extendetl GBD tree. However, 
data  nialiagement is not restricted t,o GBD t,rrc, any 
spatial data strnctl~re providing MBR's information for 
its nodes works as well. 

4 The Walkthrough Example 

Tilt. wa lk t , l~ ro~~gl~  is a typical 3-tli~nensior~al il1)l)lira- 
tion of GIs, wllic.11 givt,s ~ ~ s r r s  a sin~~ilatc~tl 3D view of 
an 11r1)ali area. In order to get tlie aninlati011 eff't~t, 
rr~sl)o~isr tinitx to ~rscr's opc,ration is rcquirt~d st,rirtly, 

t,ypically a l > o ~ ~ t  1/G secontl for one frame. This liln- 
its the nunil~er of objects l~eing processed to be about, 
500 siniple ones[2]. But in practice, it is quit,? comnion 
that the nunll~er of objects being handled exct~eds ten 
thousands. .\ntl tlie time to generate one single frame 
niay take a few sc~onds.  .is a result, t,he walkthrough 
t11e11 I)CCOII I~S  ~ i i~a~i i~ ig less ;  it just loolis lilie a series of 
static p ic t~~res  but. not an aninlation. 

Even tliongli we can improve the efficienry of t,lit, sen- 
deriiig processes, there still exists ail Iipper bountl for 
the q ~ ~ a n t i t y  of objects wliicl~ can 11e processed during 
tlie requirrtl tinie, i.e. in 116 second. Hence the only 
way is to reduce t,lie anio~uit of objert,s l,eing displaied. 
Herv we l)ro~)ose a11 expressing technology hased on 
t l~t ,  idea that for distant objects it is I1ilnecessary to 
display the111 in detail. Consider l i l ~ ~ n i ~ n  virwing, when 
objects are far fro111 our eyes, we can not see tlieir tlctail 
ant1 can only tlisting~~ish ronghly their o~~tl inc.~.  This 
s ~ ~ g g r s t s  that for distant objects wr niay tlisplay t,lirir 
rt.l)rc~sc~nti~~g ol)jcct,s, the 3D MBR enclosi~ig t,lir~n, in- 
stead of their tlctails. That is, for tlist,ant  object,^, t,hey 
art. gro~~l~cttl  into one single box to I)(, tlisplaycd. Tlir 
ol)jccts l w i ~ ~ g  tlisplavetl t,hus call I>e sr~l,prc~ssc~tl grt,at,ly. 
And for tllr grol~ping l~olicy, inforniat,io~~ of 3D hlBR 
in thr extrntlrtl GBD t,ree can I)? applied i~nnictliately. 

Figure 3 is an example of c o ~ l t , i n ~ ~ o ~ ~ s  S I I ~ L ~ ) S ~ I O ~ , S  of 

spatlal decom 
GBD tree 

A-G : MBR of nonleaf nodes 
a - k :objects in leaves 

objects h I and MBR E are dlspla ed In the 3D window 
(objects j'and k are not displayed; 

Figure 2: Selecti~~g ol)jccts ant1 MBRs to I)r tlis1)layetl 
in tlie w a l k t l ~ r o ~ ~ g l ~  iniplc~iientatio~~ 

t,lie propos~tl ~va lk t l l ro~~gl~  expression ~vhieli is carrit,tl 
out 11y alq)lying t l ~ e  foregoing ker~lcl systen~ as follows 
(Fignre 2). 

Step.1 Lrt the the view v o l ~ ~ ~ n e  Ile 1' 

Step.2 In GBD tree, traverse nodrs ovrrlal~ping wit11 
1' fro111 tl1e root to IC~VCS. 

Step.3 Calcl~late the, tlistancc rl  I ) ( ~ ~ R . ( Y ~ I I  tllc' view 
point ant1 tht, \IBR of tllr notlc. c-~~co~u~torc~(l.  

Step.4 If d is less than a prrtlrfinc~l dis ta~~(.e  D. (It,- 
scend to a son node and goto to step 3. Stop 
when all sons had 11ee11 t I aversctl. 

Step.5 If (1 > D or a leaf notle is cncounteretl, se~id 
tlie RIBR of node or objects in the leaf to tlic. 
window system to display. 

The vall~c of D can br drfirled dy~~a~nica l ly  arcortl- 
ing t,o tlic numl)er of objects bring tlisplayetl. Largr 
valucs of D redr~ce objects 1)eing tlisl)lapc~tl, ant1 tl111s 
decrease rendering tinie. \Vhrreas tllc. s~nallor D ( o a ~ ~  
get a I ~ I I I ~ ~ I  precise exr)ression for 01)jc~ts. .411(l 1.rso111- 
t,ions of ol)jrcts are atljl~strd auto~naticly. 0l)joets loolr 
clearer anti clearer as we get rlosc~r to ~IICIII.  TIlat is 
MBRs' of nod(.s arr presr~~tctl  level I)y lrvrl fro111 t,llc> 
root t,o leaf as we niove towartl tlien~. 



5 Conclusion 

A ~ll~ifictl rrp1c5rntatio11 f o ~  2D, 2 5D allcl 3D d c ~ \ c ~ i ~ ) -  
tio115 is p~oposctl. The 2D-li 1~1)1rsr1itatio11 A I I ~  ~ t s  
i ~ ~ i p l r n ~ c , ~ ~ t a t i o ~ ~  ran I)? used a\ a t~ ansit ~ollal a l ) l )~ oarli 

f o ~  the t l c \ t~ lopmr~~t  of 3D GIS 111 the Ileal ~ I I ~ I I I ( '  By 
I ~ S I I I ~  t l ~ c  1)1.01)0\('(1 i ~ l ) l ) ~ o a ~ l i ,  f ~ l \ t l l ~ g  2D GIs\ (.a11 111. 
c~stc~11(1(vl c,i~sily to I)(,  al)!(, to sul)l)o~t 3D al)l)lic.atio~~s. 

Bct\itl(.\. t h ~ s  1)al)f'1 a150 l)~ol)oso\ a I I (T  ('sl)~c.\\ioi~ t c ~ . l ~ -  
11ology of 3D al~i l i~i l t io l~ f o ~  nc'a s i l~~l l la t lol~ 111 GIS 
Sl)ii(.(>, ,~ I ICI  \IIOTV\ t 1 1 ~  c~ff(~ctiv(~11(~~5 of t 1 1 ~  3D S I I ~ ) ~ ) O I  t111g 
ability of t 1 1 ~  ~(>III( , I  sy\te~li  ~ ) I O I ) O ~ ~ Y ~ .  
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