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Abstract:、〉eal｛5ect（s｛ften‥escribed｜y（ts“eometric《urface‖ud…olor（mage ， The《urface｝roperties 
and@ color@ features@ sometimes@ correspond@ with@ each@ other ， This@ paper@ introduces@ a@ uew@ method@ for@ the 
rede5gning@of@3D@modo@   based@oil@the@combined@appli   aton@of@image@procesSng@and@computer@graph Ⅰ   s ， In 
p れ ⅠⅡ cul れ r, we  十 oc Ⅱ s  ou  the  2D  pl れ Ⅱ れ Ⅰ lrn れど e.s  れ ℡ d  3D  r れ Iuge  d 盆 ta  of れィ ea@ object@whlch  れ Ⅰ e  p Ⅰ COd Ⅱ Ced  by  a 
@aser 「 a ℡ gefi Ⅱ de 「 and  dete 「 mlned  @u  a Ⅱ ldentlca@coordlnatessystem. 

Such  れ method  a Ⅱ owvsusto  cIeate れ v れ nlety  ofcomp@ex  mode@sfrom  an  on@ 目 Ⅱ れ lmode@.Im れ足 CPIocess@ng 

Ⅰ   used@to@specify@the@features@of@a@real@object@according@to@is@RGB@v@ues@so@as@to@avoid@the@inconveni     nce@of 
an@y7ng《urface｝roperti     s ・ We’irst‥etect》he’eature〉egi   n》hrough（mage｝rocesSng,’or‘xamp Ⅰ   ,…oor 
thresholding ， edge@ detection ， and@labeling ・ Then ， we@ displace@ the@ original@ range@ data@within@the@detected 
region@w Ⅰ   h@nonuniorm@raton@@   B-spl Ⅰ   e@(NURBS)@surface@data ・ Fin@ly,@we@reconstruct@the@new@range@data 
set wlth  れ Smootb  subdlv が lon  sI@r 上 ace  aud  map  lt  w れ b  れ ℡ 0n 目 Ⅱ n@ @m れ ge. F Ⅰ om  just 0 Ⅱ e  ィ eal o 可 ect, tbls 
method  c れ Ⅱ p Ⅰ 0vldean Ⅱ m ㎏Ⅰ oft Ⅰ れ Ⅱ sformed  modCls. 

Keywo Ⅰ 田 s:l7z ピ Ⅰ ん， c れ l4 ど 858 る Ⅲ ピ @l Ⅰ 4 お 0/l) f ⅠⅠ ピバ /.aH ま e ヵⅡ イ e Ⅰ 3D  s ん d タ 。 ト ビ co ノ e 仁メ @ すヒ えれ l@   ピ / れ 42Pc 乃ど 

Ⅰ @nt 「 OdUC Ⅱ On time-consuming@ and@ complex ， Our@ particular@ area@ of 

interest focuses on th@   intent, that is, transforming》he 

Genera@y,@ a@ virtu@@   envioiimeut@ @@   constructed@ by@ pari@@   range@ data@ of@a@ real@ object@ w@hin@ a@ segmented 

making@ up@ primitives@ or@ hand-modeled@ geometric@ region@to@develop@a@new@type@of@model ・ From@just@one 
represe ℡ t れ tlons@ Ⅱ compulter 芭工れ phlcs(CG)l[1],amethod real object ， this method cau provide a number of 

that@ is@ wCl@ known@ as@ model-based@ rendeTng@ (MBR)   complicated［odels ， which‖re《uitable’or」irtual〉eality 

However,@ attemptng@ to@ create@ an@ even@ more@ rea Ⅰ     stic aud…omputer ・ aided‥esign・ 

model@ by@ such@ a@ method@ presents@ numerous れ Ⅰ e   れ S   

dl5 tot@  れ dv れ Ⅱ t 盆は es,stlch  れ s 「 equl@1l ・・ Ⅱ 9  れ Ⅱ e Ⅱ lo 「 mouls Ⅱ monl Ⅱ ・ 

time@aud@special@ skills ・ Moreover ， detailed@ and@realistic 1.1。ackground‖nd｀oti   ati   n 

representatons@ of@ some@ re6@   oUects@ can@ har4y@ be@ A@ notab Ⅰ   property@ of@ the@   current@ range@ acqu Ⅰ   iion 

created@ by@ MBR@ due@ to@ the@ inherently@ li   ited techniques Ⅰ   the a6liy》o…apture〉ange‖ud…oor‥ata 

POSSlb@l@t@eS  Of  れ Ⅱ l Ⅱ dlV@dUlal.  CO Ⅱ ( 「 R ⅠⅡⅠⅡどれ p Ⅰ れ Ct@Ca@  丘 on]  the  snme  view や 0 面 t  [ 印 ・Ⅵ riol は Stl.die る have 

app Ⅱ nc れ itlou  of 、 ViItul Ⅱ て e れ @ Ⅱ ysulch  れ savirt Ⅱ れ @m Ⅰ ulseulm  or  れ ttempted  uew  ways  to  ell Ⅱ れ Ⅱ ce  co@or  @m ユれ iges  0%  real 

Ⅱ v@It Ⅱ れ @  ope エ atlou-t エれ l ℡ l Ⅱ ほ sySt0m@  the  rC れ @  0 円 eCt  sce Ⅱ es  by  P Ⅰ ov]dlug  Ⅰ れ ℡ ge  d 乱 t れ t0  e れ ch  p@xe@ 

serving@as@the@original@for@the@virtual@object@has@been@au@ correspondingly ， that@ is ， by@ means@ of@ a@ unified 

existing@ object ・ If@ the@ real@ object@ can@ be@ expressed Ⅱ ppllc れ ttIou  oflln れど ere ℡ eseutatlCmu  a Ⅱ (d  CG  [31[41[61[7]   

directly@iu@the@virtu Ⅰ   envionment,@it@ Ⅰ   pos5ble@both@to@ By@ matc Ⅱ     ng@ the@ range@ data@ to@ the@ coor@ image@ Ⅰ   

provide@ a@ sense@ of@exce   Ⅰ   ent@ presence@ and@ rea Ⅰ     ty@ and lm Ⅰれど e-b れ sSed  rendcnlu 芭 (lBR),  @t  @s  poss]ble  to 

reduce@ the@ amount@ of@ tme@ and@ effort@ [2][3l4]   accommodate@ correct@ ocCuSons@ and@ change@ the 

Fllrt Ⅱ 0 丁 more,  lf  Ⅱ n]ore  Con]p Ⅱ c 稜 ted  @]]0de@  c れ u  be  v@ewp0@ Ⅱ tfIeely  [3].O ℡ tlle  0therh れ Ⅱ d,Sh れ de  etnl. [6] 

geue Ⅰ れ 1 せ (db れ sSed Ⅱ po Ⅱ the or@ ど l Ⅱ れ l れ ppe れ Ⅰ れ uce of れ re れ @ れ ud  O Ⅱ v ヒ l Ⅰ れ 0t  れ l ・ [7]  P Ⅰ op0sed  れ Ⅱ @ ⅡⅠⅡ ge-b れ sed 

Ob)ect  Wlt 廿 (0llt  Ke 臼 teUer れ ttuUg from  Ihe  be.g@uUlUC,  t Ⅱ e representaton｛f〉eal｛bjects『 Ⅰ   h〕ayered‥epth image   

process@to@deSgn@ a@uew@mod0@     wi Ⅰ   become@ much@ l   ss@ However,@these@ algorithms@ouy@attempt@to@represent@the 

" 東京大学大学院工学系研究科 or ㎎Ⅲ al appearauce  of  an  o 切 ect  aud  Ienderthe  modeI 

    ( 現在 ) イメージ情報科学研究所 from Ⅰ れ Ⅰ bitI 打 y  vi ㎝ⅥⅠ oiuts  bult  do  uot  couside ィ 

  Sch ㏄ @0fEnjn ㏄Ⅱ n 主 Un     り   c だ Ⅱ V0 「 TOk}o 

"b 田制 onesoflmnirelnfonna@ionSclen ㏄ andi.echno № 四 (now) tralls № m Ⅲ 血ど tbe  or@    iua@  m Ⅱ odel.,  In  other  words, tbe 
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range@data@serves@the@need@of@image@representat@   n ， 

For  the  t イれ Ⅱ sformat@o Ⅱ of  2  mode@,  morph@ Ⅱ 色 h れ s 

bee Ⅱ a Ⅱ れ Ⅰ e れ of actlve Ⅰ esea Ⅰ ch @n the p れ St ye れ Ⅰ S   

Morphing@is@the@process@of@gradually@changing@a@source 
obJect  th Ⅰ ou 睡 l Ⅱ te Ⅱ medlate  objects  j Ⅱ to  a  t れ 下名 et  obJect 

[8][9][10] ， However ， such@ail@algorithm@requires@not@only 

having@ more@ than@ two@ mod0@   data@ sets@ but@ 3so 

computing@ the@ correspondence@ between@ 8l@ of@ the 
models ． 

Wth@ regard@ to@ the@ segmentation@ of@ a@ polygonal 
model ， V ・ Krishnamnrthy@ et@ al ・ [11]@ proposed@ a@ new 

method ， namely@to@pick@a@sequence@ of@points@ manually 

on@a@2D@projection@of@polygon@meshes@and@smooth@them 
on@the@surface@of@the@model@by@means@of@a@fitted@B-spline 

curve ・ This@method@is@complex@and@ expenSve@to@find@ a 

feature@surface   

The@ ob@   ct@   e@ of@our@ work@@@   to@ detect@ the@ feature 

contour@of@a@real@oLect@according@to@its@RGB@values@and 

then@ transform@ the@ orgn8@   range@ data@ enCosed@ in@ the 

contour@to@design@a@new@model ・ One@reason@for@this@idea 

is@that,@ in@many@cases,@ a@number@of@scanned@ objects@ are 

most@y  m Ⅱ @t@co@oTed, a Ⅱ d  tbe  color  featll Ⅰ e5  co 丁丁 espo Ⅱ d 

tov ュイ jat@o Ⅱ s@Ds Ⅱ ア 上れ ceor@e Ⅱ tat@o ℡ orS ⅡⅠ七れ Cep Ⅰ ope れ y.If 

the object has o Ⅱ @y o Ⅱ e color@ S Ⅱ ch れ S m れ ℡ llf れ ct ⅡⅠ ab@e 

pa Ⅰ ts@  we  m れ y  tag  t Ⅱ e  @oc れ @  れ re れ where  we  wa ℡ t  to 

redes@gI] w@t Ⅱ vanoll5 colorS ㎏ fore sca Ⅱ℡ @ ℡ g. A 丑 othe Ⅰ 

reason @s that features れ re more e れ ss@ly れ nd efBect@ve@y 

detected  o Ⅱ ap@a Ⅱ れ Ⅰ @magetha ℡ 0 Ⅱ 83D  Sl@rf れ ce@ れ Ⅰ d  3D 

edges  are  o 且 en  mapped  by  @i れ足 @ ℡ lg  process@nto  cr@tlca@ 

po@ Ⅱ ts  of  the  2D  co@or  profne formed  @ Ⅱ the  eye  or 

camera.  Once  the  @oca@  仕れ ture  @s  foulnd,  we  may 

tr れ lusform  @ts  geometr@c  shape  co ℡ ;strulcted  w@th  r れ IDge 

data  by  uls@ng  a  Ⅱ o ℡ ml ℡ Mnoorm  rat@o Ⅱ ;a@ B-sp Ⅱ ue  (NURBS) 

sul ア 士 ace  rely@ ℡ g  o Ⅱ the  枠 ve Ⅱ cor Ⅰ fespo ⅡⅡ e Ⅱ Ce  betwee Ⅱ 

Ⅰ れ Ⅱ ge  れ ℡ d  co@ord れ lt れ ・ 

ⅠⅡ br@ef,  we  廿 Ⅰ st  ulh Ⅲ ze  れ Ⅱ Ⅱ n れ ge-process@ Ⅱ 色 

a@gor@thm,s Ⅱ ch  れ scolorthreshold@n 甘 ,ed 芭 ledetect@o ℡ れ Ⅱ d 

@ れ be Ⅱ℡ g,to  e 抽工れ ctthe  氏 nt Ⅱ re  re 甘 lo Ⅱ w@thouth れ lV@ Ⅱ g  to 

a Ⅱ a@yze  sulr 俺 ce  propertles.Seco Ⅱ d,we  selectthep ユ Irtof 

Ⅰ れ Ⅱ ge  d れ t れ wlthl Ⅱ lh せ e 粛 Ⅱ acted  re 埋 o ℡ れ sco ℡ trolpo@ Ⅱ ts 

to  produlce  NURBS  sllr 血 ce  data  @n  p@ace  of  or@glna@ 

Ⅰ れ Ⅱ ge  d れ士れ Ⅱ Dd  reco Ⅱ 'stmllct e ⅡⅡ re  Ⅰ れ Ⅱ 芭 e  dat れ set wlth  れ 

subdivi   ion@ surface ・ Then@ the@ regenerated@ model@ is 

mapped@with@the@texture@of@the@ real@ object ・ The@   schema 

of@our@algorithm@is@shown@ill@Figure@1   

1.2@Advantages@of@NURBS 
Besides@ the@ NURBS@ method ， Camull@ Clark ， s 

subdivi   ion@ scheme@ is@ another@ method@ used@ for@ smooth 

surface@ representation@ [12][13 Ⅱ   14] ・ However,@ thi   

method@ has@ the@ drawbacks@ of@ poor@ mathema Ⅰ     ca   

expression@ and@ rigid@ control@ net ， For@ our@ study ， we 

s0ected@ the@ NURBS@ algorithm@ to@ transform@ the@ range 

data@ because@ @@   offers@ folowing@ exc0   Ⅰ   nt@ advantages ・ 

Fist,@the@surface@passes@through@the@end@p0nts@and@ Ⅰ     es 

wlthi ℡ the  co Ⅱ pVex  hul@  of  co ℡ ltro@  poi Ⅱ ts. Tblus@  t 廿 e 

regenerated@ shape@ surface@ can@ fit@ in@ with@ the@boundary 

constr6nts ， It@ Ⅰ   not@ necessary@to@ conSder@the@ poygon 

connecti Ⅴ     ty@at@the@boundary@or@worry@about@the@oveTap 

w Ⅰ   h@the@range@data@outSde@the@detected@region ・ Second, 

the@NURBS@ surface@can@offer@one@common@mathematca   

form@for@both@ standard@ analytical@ shapes@ and@ free@ form 

shapeS@     th Ⅰ   can@ help@us@ reconstruct@ arb@rary@geometric 

shape@for@desirable@characters ， Third ， the@smoothness@and 

resolult@o Ⅱ oft Ⅱ fesul ⅠⅠ aceca Ⅱ l 元 co Ⅱ t 「 o Ⅱ led  @ ℡ ndepe ℡ ddent@V 

in@both@directions ， If@the@shape@is@modified@frequently@in 

れ Ⅱ yd@ エヒ ct@o Ⅱ， weca Ⅱ l Ⅱ creasethe Ⅰ eS0I Ⅱ tjo Ⅱ @co Ⅱ ve Ⅰ Sely, 

we@ may@ reduce@ the@ res0uTon@ for@ the@ purpose@ of@ fast 

modeling ， Fourth ， the@NURBS@ surface@ can@be@evaluated 

ie れ s0 Ⅱ れ b@y f れ St @ ⅡⅡⅡ me Ⅰ @c れ @y Stab@0 れⅡ d acc ⅡⅠ ate 

algo Ⅰ     thms ・ 

Although@ the@ NURBS@ algorithm@ has@ had@ many 

commercial@ applications@ such@ as@ Soft Ⅰ     age@ [15] ， Alias 

Wavefroiit@[16] ， and@other@reported@work@[17] ， these@are 

0 Ⅱ ly uSed to cre れ te pll Ⅰ e m れ Ⅱ -made model a Ⅱ d ca ℡Ⅱ ot 

b れ ndle Ⅰ a ℡ ged れ ta. ⅠⅡ co Ⅱ t 丁れ St,o ⅡⅠ method  dea@sw@th  the 

range@ data@ and@ can@ be@ added@ to@ the@ utility@ software@ of   
1.3  OverVlew 

The  re@)] ⅢⅡ der o 土 lhe  p れ Ⅱ er @s  org れ Ⅱ @zed  れ s fo Ⅱ ows. 

I Ⅱ the  ℡ e 如 secl@0 Ⅱ ,  we  descrlbe  the  sUPpo di 「 ℡ g 

れ l ぼ KlnUm ⅡⅠ s  th れ ・ t  su@ppo Ⅰ lt  oulr  schem Ⅰ ee. ⅠⅡ Sect@0 Ⅱ 3@ we 

pres 亡 llltt Ⅱ e  lml れど K  process@ Ⅱ ば Ⅱ seU  to  e 照 Ⅰ れ ctthef0 れ tll 「 p 
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てれ Ⅰ 400X400teXtu Ⅰ eln Ⅰ a 鷹 Ⅰ e (b Ⅰ 200X200 ， 8 Ⅱ 呂 edata 

Figure・ 
Figure@2.@Image@and@range@data@from@LRF 

the@subdivision@algorithm@ofHoppe@et@al   

contour ， lu@ SecTon@4.@we@ descTbe@   how@to@transform@the 

range@data@with@NURBS@method ， In@Section@5 ， we@briefly VIVID700（s…apable｛f’illing》he”ole『here》he〕aser 

introduce@the@texture@mapping@of@the@regenerated@model   beam@ is@ not@ reflected@ from@ the@   object ， Therefore ， the 

Section@ 6@ closes@ with@ conclusions@ and@ a@ proposal@ for@ extracted@region@can@be@filled@fully@with@the@range@data   

Ⅱ ltllre work     

2.23D  Shape  Recovery 
2  SupponingA ㎏ o Ⅲ hms LRF@merely@gives@a@set@of@scattered@points@of@a@scanned 

object ， which@is@typically@a@rectangular@grid@of@distances 

Before@   introducing@ our@ approach,@ we@ first@ give@ a@ from@the@sensor@to@the@object ， Therefore,@@@   @@   necessary 

descripton@ of@the@ supportng@ algo Ⅰ     thms@ that@ not@ only to connect these points iu some way to represent the 

inspied@ us@ to@ propose@ the@ idea@ of@th@@   paper@ but@ 3so shape｛f》he｛bject,》hat　.［ode Ⅰ     ng ・ Although》here‖re 

removed@ many@ roadblocks@ for@ us ， These@ algorithms@ many@ possible@ choices@ for@ modeling ， among@ the@ most 

include@range@and@image@data@acquisition@ and@3D@shape popular ones are subdivision algorithms ， whose main 

recovery ・ ユ dvallla と les  aIe  thelr  c ユ p ユ blllty  to  geuerate  smooth 

sul Ⅰ nfaces  れ Ⅱ d  Iecover  sh れイ p  fe れ tul Ⅰ tes  sulc Ⅱ ase Ⅰ teases  ユ Ⅱ d 

2.1@ Range@Data@and@Color@Image@Acquisition corners‘fLcienty ・ lu｛rder》o〉econstruct《cattered〉ange 

O1l Ⅰ p Ⅰ otot 卯 e  dat れ -collectlug  dev@ce  ls  れ c0mmerclal d れ t れ luto  ユ sllbdlvlslou  S Ⅱ If れ c0@  wC  h ユ ve  Cho5eu  the 

LRF@ (VIVID700)@from@Minolta@ Co ・ Ltd ・ [5]@ controlled subdivision method of？oppe   et al ・ [18] for｛ur work   

by@ an@ SGI@ workstation@ (Indigo2 ， IRIX6.2) ， A@ CCD@ Figure@3@shows@the@original@model@of@a@doll@recovered@by 

c れ me Ⅰ れ moulutedw Ⅴ llt Ⅱ れ l れ se 「 sc れ l1llj 廿 Ⅰ takescoloIlm れど es suing》he？oppe［ethod   

of@ 400x400@ pixels@ (cf ， Figure2.a)@ and@ Smu Ⅰ   aueouSy 

Iecelvestbe  Ieflected  li 西 t 廿 o 田 ob 昨 cts  as  a  seusorfor  3  DeteCtio  n  Of  O  Ⅱ eCt  「 eatU  「 e 

200x2 ㏄ spolsI ュ lugedata(cf.Fl 弩 ure2.b).H Ⅰ owever,ouly 

those Ⅰ れ Ⅱ ど ed れ tta 士 Ⅰ o@n  ther Ⅰ 且 Ⅰ ct@u ど spotc れ lu  be  れ cqu ⅡⅠ pd   As meutoued above, the correspondi   g relatonship 

The@ distance@ resolution@ of@VIVID700@ is@ approximately between  the  2D  lm] れ ge  れ ud  the  3D  I れ uge  dat れ of  a  real 

0.35mm@(x,y@coordinate)@aud@0.11mm@(z@coordinate Ⅰ   R, object has been established iu advance ， Thus ， we   caii 

G;@aud@B@are@8@bits@per@component   Ⅰ ely  o Ⅱ lm Ⅱ ど e  pIoc0ssl Ⅱ ど to  d0t0Ct  t Ⅱ e  featuIes  of  れ u 

The@ range@ and@ color@ data@ produced@ by@ VIVID700 object according to its RGB values ， The objective of 

f ・ Ⅰ on Ⅰ the  s れ m Ⅰ ce  v@ ・ Ⅰ wvpol ・ Ⅱ t  c れ Ⅱ be  reco Ⅰ ded  l ・ Ⅱ lde ・ Ⅱ tlc ・ れ l image proces5ng @   to separate the components of au 

coordinates ・ THat@is,@the@correspondence@between@image image（uto《ubsets》hat correspond》o the〕   c@   features 

valnle  vector  C(I, Ⅰ ) 二 (R(I,J ㍉ G  (I,J 入召 (7,J))  れ ad of@ au@ oUect ， FOr@ example,@ wih@ respect@ to@ the@ dol 

ran ち le  data  vector  R ㏄の 二 (X  (i, の， Y(i, 刀 ， Z  (; 刀 ))  is indicated in Figure 2.a ， the   "uose" aud "eye" are its 

@nler Ⅱ a@y  gll れ Ⅰ れ nteecl,  W Ⅱ ere  J, Ⅰ 臼 [400,400@  れ ud  P れ Ⅰ ね cIll れ Ⅰ fe. れ ltllr@e.SU Ⅱ れ tp Ⅰ eSentdlSt@ Ⅱ ctcolo Ⅰ sS 王 Ⅰ Om  the@ 「 

;,7%  [200,200]  .  T Ⅱ 0  市 1 れど e  v れ Ⅲ e  れ t  pos れ ion  sul ⅠⅠ。 )ulud@u は s. HI 巴 Ⅱ ce@ we  c れ lu  s Ⅰ lgm Ⅰ eeut  them)  fro@ Ⅱ Ihe 

( Ⅰ 目 2.@ Ⅰ =  27 コ cor Ⅰ nesponds  to  Ⅰ れ Ⅱ ど e  d れ t れ 0f  pos れ iou  Ⅱ body"  thIo@ul 山 mn れ lge  se. 旦 Ⅲ eutat@ou. Iu  th@ssectlon,we 

(@,j). Thls  properIy  m] れ ikes  lt  ul ℡ uecessaIy  to  compulle  descrlbe  the  s@epsto  deteclfeatulIereglo ℡ :S@ れ ud  plck  oult 

t Ⅱ e  co 丁丁 espo ℡ dln きエ el れ ・ t@o Ⅱ shlp. I ℡ f れ ct, lu  m れ uy  slnnllar  t Ⅱ le ィれ u 甘 ed れ t れ ofthe.fee れ t ⅡⅠ ヒ ・ 

st Ⅱ u れ l 巳 sS, Ⅰ ese れで che エ sS h れ TtVe Ⅱ れ d to s Ⅰ tt Ⅱ p s Ⅱ (Ch れ   

Ⅰ 亡 l ⅡⅡ 0llS Ⅱ llD  れ tt Ⅱ teSt れ Ⅰ t[3l   (l)Sepa これ Ⅱ llg  thetargetln)age  旺 onlbackg Ⅱ 0 Ⅱ nd 

In@ addition ， the@ attached@ utility@ software@ for We@ refer@ to@ the@ image@ of@ Figure@ 2.a@ again ・ In@ the 
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coordinates ， the@ gradient@ 31@ /@Hi@ and@ QI@ /@Qj@ are   

computed@by 
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Wbere  Ai Ⅰ 工 aud  AJ= Ⅰ・ Tbe  打 ad@eut  mn 珪 ⅡⅡ Ilde 

<p(i,  j)  =  +72  expresses  the  strength  of  edge   
ThedetecIed  ed ど esa Ⅰ etbick  ⅡⅡ esth れ t れ Ⅰ euote Ⅱ ti Ⅰ e@y 

i   entc8@   and@have@a@width@of@more@than@two@pixe Ⅰ   ， Thus, 

tbe    edge  is  thinned  to  oue  pixe@  by  ㎡ m Ⅰ at Ⅰ 麒 the 

outsidepixel [19l.TheF@Ie5.a aud  cshow  theedges 

ofthe" 。 nose"  aud  "'eye. 力 Figure・ 
Sl Ⅱ ce  there  ls  co ⅠⅠ espo Ⅱ de Ⅱ re  b 七 twvee Ⅱ the  col0 Ⅰ れ Ⅱ d surface@normal@from@ranged@data@of@"nose"@and@"eye" 

range@ data@ associated@ wih@ iden Ⅰ     cal@ coordinates,@ the 
formed@in@the@same@way@as@ Nn ， (ii)@ an@ogouSy;@and@f, range@data@of@the@"nose"@and@"eye"@can@also@be@picked@out 
forms@ a@ knot@ vector@ Tu@ or@ T ・ ， ． A@detailed@ overview@ of 

easily  ou  the  basis oftbein Ⅱが ed 穿 ・ The  r ㎝ gedata  of 

the@"uose"@ and@"eye"@ are@ presented@ in@Figure@4.b@and@ d 
NURBS@ 8gorithm@ can@ be@ found@ @@   Les@ P Ⅰ     gl ， s@ arti   Ⅰ   

and@book@[22 Ⅰ   23]   
respectvelY% 

EspeC8ly,@ the@   parameters@ with@ respect@ to@ the 

on@the@origi   @@   Modo   
4@Generatig@New@o5ects@Based weights‖nd》he〔not」ectors《trongly（nfluence》he shape｛f‖《urface ， Furthermore ， they…an｜e’reely 

defined@iu@a@Wde@extent@as@long@as@certain@definitions@are 

Becallsethepo@y 弩 o Ⅱ れ lgeom Ⅰ tryoforlgl Ⅱ al Ⅰ れ Ⅱ ged れ t れ @s 
followed ， This@flexibility@enables@the@ design@ of@a@ large 

variety@ of@shapes ・ For@ examp Ⅰ   ,@ the@ scanned@ o5ect@ in 
heaV)y e Ⅱ OU ち h to SllPPort れ Sn Ⅰ OOth C Ⅱ rvat ⅡⅠ e, lt lS 

@ Ⅱ he Ⅰ 0 Ⅱ tly  dlf Ⅱ cI@lto  alte て the  弩 eometJ@c  s Ⅱ れ pel Ⅱ a  Way 
this@ research@ has@ been@ given@ new@ shapes@ that@ are 
natl.r Ⅲ -1ook 血 g  aud  &muy. 

that@m8ut@us@the@meani   gF   l@smoothness ， For@examp@   ，   
lfwepu@loutasul 回 e.veItex,we ど elaverysh れ rpsplke. 

P ⅡⅡ lng lols of pol Ⅱ ts l Ⅱ depe Ⅱ cI, ℡ tly to m ⅢⅡ t ⅢⅡ 
4.2ゝransformation｛fヽange．ata 

As@ mentioned@ above ， the@purpose@of@this@research@ is@to 
cul 「 vatul 「 e. ls also dl 土石 cu@t. ln o 「 de 「 to c 「 e れ te newv 

mea Ⅱ i Ⅱ 囲 Ⅲ sh れ pesfrom  oHgi ℡ al Ⅰ a Ⅱ gedatn,tbeN Ⅰ 爪 BS transform》he〕oc3   range‥ata｛f‖〉e8   object by「Sng 

method@ is@ a@valid@ method   
the@ NURBS@ surface@ algorithm ・ The@basic@idea@ is@to@ use 

new@ vertex@ data@ computed@ according@ to@ NURBS 

equ@ れ lt@o Ⅱ (4)  to  rep@aace  the  on@ 期 Ⅱ a@  ra Ⅱ Mge  d れ lla  ln  the 

4 Ⅲ leequlatIo Ⅱ NURBSSurfaceAlgo Ⅱ foIaNURBSs 「 nthm Ⅱ rfaace.S0 円 v) ㎝℡㎏ wr@te Ⅱ detected〉egion ， Then ， the‘ntire｜lended‥ata‖re 
aS     C れ lculated  l Ⅱ to  sIlbd@vls@o Ⅱ snlrfaacefoIlowV@ug  the  method     ofHoppe‘t Ⅰ・ In》h@   subsecton,『e‥esc Ⅱ     be》he‥eSgn 

S( Ⅱ，レリⅠ (4) 
of@control@meshes@and@the@definition@of@weights@and@knot 

n  打 @   vector ， and@show@the@regenerated@models   

4.2 Ⅰ De 引 g Ⅱ ngthe  Contrd  M  eshes 

  

・ 1  ザ /l 三 ll く '@ 十 @ The@ c3c Ⅱ   ati   n@ of@au@ NURBS@ surface@ based@ upon@ the 

@,,l(")= 
O  。 r, 。 original@range@data@d Ⅰ fers@from@the@generation@of@purely 

(") コ 

man-made@ model ， Fist,@ we@   compute@ the@ un@@   norm@   

v せ ct0 丁 of  the  H 坦 l ア e  sIlIf れ Ce  mod0led  Wlth  trla Ⅱ gle 

Ni よ ( Ⅰ l Ⅰ 二 
く穏一 ri)N@ ょ -@ ひ )    (r 叫 、 - Ⅱ )N, 。 け -@(V) 

p れ tC Ⅱ cs  by  Ⅱ sl Ⅱ ど tb0  丁 A Ⅱ 芭 e  d れ t れ l Ⅱ the  fe れ川Ⅰ e  Ⅰ e 芭 lon@     
whose@holes@are@Filled ， as@follows   

v"he,e  Ⅱ ， " 臼 [0 ・ 0 Ⅱ・ 01;  均 a,e  w Ⅱ 西 ts;  P 。 ar 。 。 0 Ⅲ 照 l   

PolutS;  Ⅳ げい ) aud  N.l(v)  a 「 e  UO 「 m]al Ⅱ Zed  B-SPl № e デ (@v@ 一 v し Ⅰ x(lv; ー v こ Ⅰ 

  
basis@functions@of@degree@k@at@the@11@direction@and@degree@/   v, こ R3 ,  (6) 

れ t t Ⅱ e  v  d@ Ⅰ eCtlou, れ ud  れ 土工 れ ud  lH 十 Ⅰ れ Ⅰ e  c0ll@ro@ pol Ⅱ ts 

Ⅱ Ilmbe Ⅰ @ Ⅱ e れ Ch  dlIe Ⅰ t@ou,  て esPect@vely@  N@,@(v)  @s 
  麗 (v@-v ち ⅠⅩ (v ヒ -v ち Ⅰ   

一 l083 一 



日本バーチャルリアリティ 学会     論文話 V0l.5, N0.4, 2000 

  
where vb.v@ @ れ ℡ d vI, れ Ⅰ e the ve ⅠⅡ res of @ Ⅰ @ れ Ⅱ ほ le   

patches 盆 nd Ⅲ「 @st Ⅱ eluu@nberofthesep れ tches.Wecall@he   

noPIll Ⅱ れ ry  s ⅡⅠ f れ re  Ⅱ orm] 目 ・ The Ⅱ ， w Ⅴ e  se@ectthe  p れ 「 l to)f" 

tbe vertlceS o ℡ the fl 糾 re s ⅡⅠ止れ ce れ s pr@ Ⅱ れ Ⅰ y co Ⅱ t Ⅰ Ol 

po@nts  P"  fooI  れ des@red  shape..  Iu  other  wvords@ 

P 田口 R(@r, カ ),ii@aud ガ are  l Ⅱ the  doma@ Ⅱ o@fthefee れ tulIe 
reg@ou. As  れ n  ex れ Im]ple, t Ⅱ eprlmary  coutro@ m]eshe.s  れ ℡ d 

sulrf れ ce  Ⅱ o ァ rm れ lofthe" Ⅱ ose 力 ⅡⅡ d  。 'eye りれⅠ ell@ulst Ⅰ れ tea  @n 

F@gulre    6. 

Wlth  re 色れ Id  to  pIlm れ Iry  co@ltro@pol ℡ tsP 田 @the  pol Ⅱ ts 

on  the  edge  of  the fe   れ lhIlre  reglon  れ re  alw れ lys  ど @vcu  as 

thelr  ho ⅡⅡ d れ ry  polnts  @u  lhe  u  or  v  dlrect@o ℡ ， Ⅱ nd  the 

bou@ Ⅱ daIy  po@ Ⅱ ts  aIe  uot  var@ed  lu  the  process  of 

constructing@the@control@meshes ， Therefore,@the@cloud@of 

Ⅱ ev Ⅴ sllIf れ ce d れ t れ c れ Ⅱ be @ Ⅱ れ S cloSe a 色 Ⅰ eem0 皿 t aS 

posslb@ee.wlth  theraneedataou@s@dethefe れ hllrereglo Ⅱ れ t 

the  bouludary, 何 thoulgh  the. edge  culrve  of  Ⅱ ew  suI 血 ce 

hasulndergo Ⅱ leasl@llghtcha Ⅱ Mge. 

We. t Ⅵ p れ k  the  pr@m れ Ⅰ y  co Ⅱ ltIol po@ ℡ lts 呂ツ杣 on 弩 the 

norm@@   nn@or@the@accumul     ted@ d Ⅰ   ecton@from@no@to@make 

the@ control@ meshes@ approach@ the@ desied@ form ・ The 

co ℡ⅠⅠ Olpo@nts れ Ⅰ e0bta@ ℡ edWlth 

  

P り Ⅰ P よ +  う ョ @J      "   
戸 -0 

(7) 

where@ n@   are@the@tweaked@ diectons@of               which is 

computed@on@the@baSs@of@the@@   previous@diecton@and@the 

user-defined@angle@with@each@other;@ s@   are ・ scalars@that 

l0ad  to  the@ 皿 c Ⅰ eaSe  at  n ア d@ Ⅰ ect@o Ⅱ @ 材 @sth0 ℡ lln Ⅰ berof 

times@ that@ direction@ is@ changed@ from@ no ・ The@   control 

meshe ・ s@ for@ the@ "eye" ， and@ "nose ， "@ for@ instance   ， are 

sbowu ㎞ R 埋 re7   

Fl ど Ⅱ re7.T Ⅱ eco ℡ tIolmes Ⅱ e5 れ℡ d  re ど e Ⅱ e Ⅰ れ ted 
NURBS@surface ・ of@the@"eye(a)"@and@"uose(b)" 

4.2.2  W  eiqhts  and  KnotVector 

The  baslc  propertles  0f  au  NURBS  slIrfnce,  sllch  as 

sm Ⅰ cooth  culrv れ tul Ⅰ nc  れ ℡ d  s Ⅱ・ a Ⅰ np  ere れ ， Se,  Ⅱ 丘 e    ま e Ⅱ e ⅠⅡⅡ y 

specl Ⅱ ed  by  def ℡ @u ど the  w Ⅴ e@ ち Ⅱ ts  aud  the ku ュ cot vector. 

For  e Ⅹ れ m]ple, lf  盆 p れ rt@cu Ⅱ れ Ⅰ wpl ど at@s  set れ t0. theu  t Ⅱ e 

coIIespo Ⅱ cl@ Ⅱ ど control polut h れ S  uo  e 旺 ee@ nt  a@  ou  the 

sllrh Ⅱ [Ce. Co ℡ verselyl if@tls  set at l. lhe  sllIf Ⅱ cCe  foIm]s  れ 

一 l084 

Figure@8.@Blending@rang@data@and@NURBS@surface 
d れ t れ @ Ⅱ to Ⅱ e Ⅵ wdata S0t 

(b)@The@result@of@transformed@"nose"@and@"eye" 
Figure@9.@Constructed@control@meshes@and@transformed 

result 

  

Figure@   10.@Two@traiislbrmed@models@from@different 
Ⅰ れ ug せ d れ t れ sels 
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co Ⅱ vex s 廿れ pe tow れ Ⅰ ds 山 e co Ⅱ 血 ol pomt. smce the 

cont Ⅰ c0l mes 廿 Ⅱ na@ Ⅱ ta@ Ⅱ s れ Ⅰ e ど Ⅱ l れⅠ 弩 r@d strllctI@e, Y Ⅴ eec れ u 

v れ rythe Ⅵに l9 廿 llcorreeSpo) Ⅱ dl Ⅱ ほ tot 百 Oseco Ⅱ tIolpol Ⅱ tso) Ⅱ 

any Iow Ⅴ o 「 colllimn fIom Ⅰ 0 to l so れ s to coustrulct ュ 

smoothorsh れ Ⅰ ped 弩 e.Us Ⅱ れ Ⅱ y,w Ⅴ eesetthew 引ど ht れ 0.5. 

Tn れ dd@t@on, thek Ⅱ otvectoIu Ⅱ lqulelydeterm@ues the 

B-spl@ueasdefl Ⅱ ed 仙 equlatlo Ⅱ 鰻 ).E れ chsuccesslvepalI 

ofk Ⅱ mots Ⅰ epreese Ⅱ トれ ℡ @ Ⅱ terv 目 @ ，， /,+,lforthep れ 耳れ meteI 

valuestoc れ llcu@ate れ se ど nme Ⅱ mtofasuIf れ Cce.Forslmp@lclty, 

wealwayssettbetle とⅠ ee( た aud 「   )of 叫 ， k(u) れ Ⅱ d 叫 ． l(v)to 

3 a Ⅱ dcompultet Ⅱ (esequleuceofk Ⅱ otSm Ⅰ ん th dIrectlo ℡ s 

れ sfollowsfor れ generalsur 土 faace, れ sshowul ℡ Flgure7.a. 

正 くた 

(8) 
れ 一た +2  i> Il   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  

  

  

However,@ for@tradiion Ⅰ   surfaces@ such@ as@ a@ cylnder, Figure   11. (a) The｛ Ⅰ     ginal texture   image (b) 

Ⅰ   @@   particul     Ty@ necessary@ to@ define@ the@ knot@ vector, The@ mod0@   constructed@ wih@ tTangiilated 
meshes(rotated)@Cc)@The@te ・ xtured@model 

which@ is@ one@ of@ the@ drawbacks@ to@ an@ NURBS@ surface   

When@we@create@a@cylinder@as@illustrated@in@Figure? ， b ， we nich Ⅱ ess  of  l% Sur 血 ce. Althou 睦 lhe  ulse  of  te 拙 ure 

set@the@knot@vector@in@the@u@direction@as@above@and@in@the@ mapping@to@complex@surface@ has@been@ widely@discussed 

vd@Iectlon  asT 。 Ⅰ {0.0,0,1,1,2,2,3,3,4,4,4). @@   the@ literature@ [24 Ⅰ   25 Ⅰ   our@ study@ presents@ a@ uew 

tec 廿 ㎡ ql ㎏ c 廿 a@e Ⅱ ge  ㎏ c れ Ⅰは e  tbe  s 廿れ pe  of  mode@  ls 

4.3@Regenerated@Model stron3y…hanged《o‖s》o［ake　   more・ Ⅰ   u Ⅰ   to［ap 

Hav № g  打 ㎡ shed  the  ca@cu Ⅱ al@ou  丘 om  eqI 田 tion  (4), we texture to the surface w Ⅰ   hout di   tortion ， It @   not our 

obtain@several@sets@of@NURBS@surface@data@for@different intent（n》his《ection》o‥escribe《uch》exture［apping（u 

shapes@ of@the@"eye"@ and@ "nose ， "@ Recoustructiiig@these det8l ・ As‖n‘xampl   ， we［ake「se｛f》he｛ri@n@   image 

data@ into@ a@ surface@ Wth@ triangiilated@ meshes@ prior@ and shown in Figure 2.a to map the designed〕   odel Wth 

then@ connecting@ it@ with@ the@ other@ surface@ meshes@ some@distortions ・ The@new@generation@of@an@object@shows 

modeled@ Wth@the@rest@of@the@   range@   data@Wll@cause@new@ the@same@appearance@Wth@a@d Ⅰ ferent@shape   

difficulty@ in@ counectiiig@the@patches@ at@boundary@due ・ to W れ h  re どれⅠ d  to  te 抽 uIe  m れ pp@ug, te 荊 Ilre coo Ⅰ ndl Ⅱ ates 

modeling@distortion ・ Moreover ， it@easily@leads@to@surface   (s, 「 臼 [0.0,1.0])  aIe  assigl 腱 d  to  the  vertices  of  the 

Se れ m  れ Ⅱ d  CO Ⅱ llS@on  fo Ⅰ れ U@rn れ ttlo Ⅱ   tnl れ Ⅱ き le  patc Ⅱ les  by  u@s@ Ⅱ g  れ m れ pplu ど且 l Ⅱ ctlo Ⅱの， as 

1 Ⅱ oulI  met も mo 「， t 廿 e  on@ 坦 ⅡⅢ f れ tt れ w@t Ⅱ @m  t 廿 ee  騰れ t Ⅱ Ir じ il Ⅰ     strated @   Figure 11. S@   ce》he・ surface @   put i   

region@ are@ displaced@ by@ the@ NURBS@ surface@ data   correspondence with a 2D image, we   can define the 

Therefore ， a@blended@data@set@for@a@redesigned@model@ is@ function@ by@ si     ply@ considering@ the@ horizontal@ and 

newly@reacquired ， For@the@doll ， the@new@data@of@"left@eye" veIt@cal cooIdJu れ ltes  ( エこ [ 一れ ,d], ノこ [ 一も ， み ]) of  mode@''S 

represe Ⅱ lte.a  @u  FIg@lIe  7.a  lsulsed  to  Ⅰ epl れ cce  the  o@d  o Ⅱ e,  vert@ces:  s=  ( ん + ㎝ )/2 ㎝ ， r Ⅰ ( ノ +  月 み )/z2 月 ら ，けれ ud  皮 

aud@so@is@the@new@"nose"@data@(cf ， Figure@7.b) ， as@shown are   used to modify the oue-to-one ・ correspondence 

in@ Figure@ 8.@ Of@ cause ， the@ NURBS@ data@ is@ ill@ correct@ between@texture@coordinate@ and@world@coordinate   ， which 

position ， れ耳 e  d0lte 下はⅡ ned  れ ccoI Ⅰ lug  to  the  perspect@ve  a Ⅱ W[l 

The@ blended@ data@ set@ @@   recoustructed@ into@ a t 「 れ lusf も lrlTl れ ltlon l ℡ the vJew vo@nlme. The te メ曲 ulred mode@ 

subdivision@ surface@by@the@method@ of@Hoppe@   et@ al ・ As@ a@ is@shown@in@Figure@11.c   

resI Ⅱ t, F@ ど Ⅱ re  g.b  s Ⅱ ows  れ Ⅱ enl れ下 ど ed  lnode@ thatfoculses 

ollthe Ⅱ eye"  れ Ⅱ d  " Ⅱ ose."  F@ ど ure  Ⅰ 0  showstwo  com Ⅰ p@eete  6  Co  n  c  lus  lo  n  s  a  n  d  F 口 t し re  Wo  rk 
m]odelsth れ tpreseutd@ Ⅱ   ereults 廿れ pes. 

0 Ⅱ lr  stuldy  l Ⅱ the  co Ⅱ nlbl Ⅱ ed  ュ pp Ⅱ cnt@o Ⅱ of  @m Ⅱれど e 

5  TeM  し re  M  a  p  p  ln  g se ピ m]entatlo Ⅱ れ Ⅱ d  NlIRBS  sulrface  for  trausformJug 

Ⅰ れ Ⅱ ヒ e  dl@lt れ廿れ s  bee Ⅱ exttrem]e@vy  po  sJtJve  .  As  a  m  e  れ ⅢⅡ・ s  tn 

The@ reconstructed@ model@ is@ a@ complete@ subdivision se れ Ⅰ e 廿 l Ⅱ fefe れ t Ⅱ res0f れ下 e れ @ob し eect,U Ⅱ ncJm Ⅰ ュど epIocess@ug 

S Ⅱ r 血 ce  ビ ompr ね ed  of  Conlp 元 x  tr@nu 坦 l № ted  m  esbes   lse Ⅱ @clent れ ud  s@mple.It@s 「 れ tthe   「 e れ sSy  to  determiue  t 廿 e 

T0 メれ llre  n] れ pplu は C れ u  be  Ilsed  t0  llup Ⅰ ove  tbe  v@s ℡ a@  て ⅡⅡ ど e.c れ t れ do Ⅲ れ @nlby  Ⅲ れ ppJu ビ t 廿 e2D  ⅡⅡれじ eed 笘 leto  the 

一 l085 一 



日本バーチャルリアリティ 学会論文話 vol 5, N0 4, 2000 

3D@edge ， The@use@of@NURBS@surface@leads@to@the@desired B-spliue@Surfaces@on@Arbitrary@Topological@Meshes ， " 

t Ⅰ れ Ⅱ sfo イ m れ tlono 正正 e れ t ⅡⅠⅠⅠ れむ席 ed れ t れ co@ Ⅱ p Ⅱ t れ tlou ユ @yaud Co Ⅱ 甲け招ド A  ㎡ ピ HD ピコ 憶 Ⅱ， 10(6 入 pp.3j0-355,1978   

れ 土石 ords Ⅰ 0 Ⅱ れ b@e Ⅰ esl け tS. Mode ⅡⅡどれ H 0ut@re S0t Of 
[13]].  Derose,  M.  Kass,  T.  Tnloug:  "Sllbdi) Ⅰ Siou 

S Ⅱ rfaces  @ Ⅱ Character  A Ⅱ imaliou,"  Co Ⅱ ワ Ⅱ 佗 @ 
t ィユ Ⅱ Sfo ィ @ne ⅠⅠ れ ℡ g0 d れ Ⅰ れ W 打 th ユ s Ⅱ bdlWSl0u S ⅡⅠ f 盆 c0 Ⅱ ot 

G,. 竿 んたご WGG 几 4p@  . 鉢 p,o 。 ㏄ 而 ， &,), pp.85-94, 

0 Ⅱ ly  pIo Ⅰ hllc Ⅰ sS  excelle Ⅱ lt s Ⅱ れ p Ⅰ hult  田 so  preVfents  se 目 Ⅰ バ Ⅰ 998   

れ ℡ d  coI   iSio Ⅱ sbetwN,ee Ⅱ co Ⅱ nected  sulrf れ cces. Ⅰ   4]A ・ Leviu: "Interpoa@ng¨ets｛f，urves｜yヾmooth 

ThisaIgonit Ⅱ m  c れ u  5%  Ⅰ ほ ed  to  deSJeu] 笘 new  type  0% Sllb Ⅰ iv@io Ⅱ S ⅡⅠ faceS,"  Co けり Ⅱ 佗 l.  Gl. 色ノん ic5 

mode]@ from@ a@ real@ object@for@virtual@ reality@ aud@ design 体 7GGGRA AjPH,ggPr@oceedingJ),pp.57-664,1999. み 

m れ Ⅱ Ilf れ ctu Ⅰ れ b@epa れ S Ⅰ orCAD.Moreov0r,@tca Ⅱ be  Ⅱ sed 
[15] ん 1 ゆ     ⅣⅠのりりこ 0 尹 ⅡⅡ れま e.coIIl/ 

[16] ん / 中，， Ⅳ W Ⅱ ⅤⅡ w A.4lrl ク こ んぽゾ 色丹りれ t.co 打 l 伊 4%85/ ん 0 Ⅱ l ピ /l バ イ ex. 九二 

by@the@utility@so@ware@ofau@LRF ・ Ill Ⅰ 

Beca Ⅱ Se  れ Var@ety  ofmodclSc れ u  5%    90 Ⅱ 0 丁 atCd  丘 om 

Jmlst  o Ⅱ e  Iea@  oh Ⅱ eect  れむ d  t Ⅱ elr  geometrlc  sh れ pe  Is 

tremendouSy@ different@ from@ the@ oT@n6.@ mapp@   g@the 

texture@ captured@ from@ the@ re8@   o5ect@ to@ these@ mode Ⅰ   

resu Ⅰ   s@ Ⅰ   the@conSderab Ⅰ   amount@of@d@   tortion ・ Seeking 

れ V 何 id  method  foItheuo Ⅱ -diStort@o Ⅱ tc 甜 llr0m れ pp@u は is 

tbe 且 ltl げ e WOrk   
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