
Texture mapping progressive meshes

Citation
Sander, Pedro V., John Snyder, Steven J. Gortler, and Hugues Hoppe. 2001. Texture mapping 
progressive meshes. SIGGRAPH 2001, Los Angeles, Calif. In In Proceedings of the 28th annual 
conference on computer graphics and interactive techniques (SIGGRAPH 2001), August 12-17, 
2001, Los Angeles, Calif., ed. SIGGRAPH and Eugene L. Fiume, 409-416. New York, N.Y.: 
Association for Computing Machinery.

Published Version
http://dx.doi.org/10.1145/383259.383307

Permanent link
http://nrs.harvard.edu/urn-3:HUL.InstRepos:2641686

Terms of Use
This article was downloaded from Harvard University’s DASH repository, and is made available 
under the terms and conditions applicable to Other Posted Material, as set forth at http://
nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

Share Your Story
The Harvard community has made this article openly available.
Please share how this access benefits you.  Submit a story .

Accessibility

http://nrs.harvard.edu/urn-3:HUL.InstRepos:2641686
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=&title=Texture%20mapping%20progressive%20meshes&community=1/1&collection=1/2&owningCollection1/2&harvardAuthors=14a01afd02c1af7a474581f7e7a93257&departmentEngineering%20and%20Applied%20Sciences
https://dash.harvard.edu/pages/accessibility


 

!"#$%&"'()**+,-'.&/-&"00+1"'("02"0'
!e#ro '( )an#er ,o-n )ny#er )teven ,( 1ortler 3ugues 3o77e 

3arvar# University :i;rosoft =esear;- 3arvar# University :i;rosoft =esear;- 
-tt7>??;s(-arvar#(e#u?@7vs Ao-nsnyBmi;rosoft(;om -tt7>??;s(-arvar#(e#u?@sAg -tt7>??resear;-(mi;rosoft(;om?@-o77e 

Abstract 
"#$%& '& '()#*('(+ ,%-./ 0% 1(%-%&* ' ,%*.23 *2 42&-*(54* ' 
1(26(%--#$% ,%-. 789: -54. *.'* ';; ,%-.%- #& *.% 89 -%<5%&4% 
-.'(% ' 42,,2& *%=*5(% 1'(',%*(#>'*#2&?  @5( ,%*.23 42&-#3%(- 
*02 #,12(*'&* 62';- -#,5;*'&%25-;+?  A* ,#&#,#>%- *%=*5(% -*(%*4. 
7-,';; *%=*5(% 3#-*'&4%- ,'11%3 2&*2 ;'(6% -5(B'4% 3#-*'&4%-: *2 
)';'&4% -',1;#&6 ('*%- 2$%( ';; ;24'*#2&- '&3 3#(%4*#2&- 2& *.% 
-5(B'4%?  A* ';-2 ,#&#,#>%- *%=*5(% 3%$#'*#2& 7C-;#11'6%D %((2( 
)'-%3 2& 1'(',%*(#4 42((%-12&3%&4%: *2 2)*'#& '445('*% *%=*5(%3 
,%-. '11(2=#,'*#2&-?  E.% ,%*.23 )%6#&- )+ 1'(*#*#2&#&6 *.% 
,%-. #&*2 4.'(*- 5-#&6 1;'&'(#*+ '&3 42,1'4*&%-- .%5(#-*#4-?  A* 
4(%'*%- ' -*(%*4.F,#&#,#>#&6 1'(',%*(#>'*#2& 0#*.#& %'4. 4.'(*/ 
'&3 (%-#>%- *.% 4.'(*- )'-%3 2& *.% (%-5;*#&6 -*(%*4.?  G%=*/ #* 
-#,1;#B#%- *.% ,%-. 0.#;% (%-1%4*#&6 *.% 4.'(* )25&3'(#%-?  E.% 
1'(',%*(#>'*#2& #- (%F21*#,#>%3 *2 (%354% )2*. -*(%*4. '&3 3%$#'F
*#2& 2$%( *.% 0.2;% 89 -%<5%&4%?  H#&';;+/ *.% 4.'(*- '(% 1'4I%3 
#&*2 ' *%=*5(% '*;'-?  J% 3%,2&-*('*% 5-#&6 -54. '*;'-%- *2 -',1;% 
42;2( '&3 &2(,'; ,'1- 2$%( -%$%('; ,23%;-? 
Additional .eywordsK ,%-. -#,1;#B#4'*#2&/ -5(B'4% B;'**%&#&6/ -5(B'4% 
1'(',%*(#>'*#2&/ *%=*5(% -*(%*4.? 

1. Introduction 
E.% 1(26(%--#$% ,%-. 789: (%1(%-%&*'*#2& %&423%- '& '()#*('(+ 
,%-. '- ' -#,1;% )'-% ,%-. !" '&3 ' -%<5%&4% 2B # (%B#&%,%&* 
21%('*#2&- 4';;%3 $%(*%= -1;#*- LMNO?  A* 3%B#&%- '& '(('+ P!"Q!#R 
2B ;%$%;F2BF3%*'#; 7S@T: '11(2=#,'*#2&-/ '&3 -5112(*- 6%2,2(1.- 
'&3 1(26(%--#$% *('&-,#--#2& LMO?  U&;#I% ,5;*#(%-2;5*#2& B(',%F
02(I- )'-%3 2& -5)3#$#-#2&/ *.% ,%-.%- #& ' 89 .'$% #((%65;'( 
42&&%4*#$#*#%- *.'* 4'& '445('*%;+ ,23%; -.'(1 B%'*5(%- 7%?6? 
4(%'-%- '&3 42(&%(-: '* ';; -4';%-? 
@&% 4.';;%&6% #& *.% 89 B(',%02(I #- 3%';#&6 0#*. *%=*5(% ,'1-?  
V'(30'(% ('-*%(#>'*#2& B%'*5(%- 7#&4;53#&6 )5,1 ,'1-/ &2(,'; 
,'1-/ '&3 ,5;*#*%=*5(#&6: ;%* B#&% 3%*'#; )% 4'1*5(%3 #& *%=*5(% 
#,'6%- 1'(',%*(#>%3 2$%( *.% ,%-.?  W25(4%- B2( *%=*5(%- #&4;53% 
-',1;#&6 3%*'#;%3 -4'&&%3 ,%-.%-/ %$';5'*#&6 -2;#3 *%=*5(%-/ ('+ 
*('4#&6/ '&3 XT 1'#&*#&6?  A& *.#- 1'1%(/ 0% '33(%-- *.% 1(2);%, 2B 
1'(',%*(#>#&6 *%=*5(% #,'6%- 2$%( ';; ,%-.%- #& ' 89 -%<5%&4%? 
Y -#&6;% 5&B2;3#&6 2B '& '()#*('(+ ,%-. 2&*2 ' *%=*5(% #,'6% ,'+ 
4(%'*% (%6#2&- 2B .#6. 3#-*2(*#2&/ -2 6%&%(';;+ ' ,%-. ,5-* )% 
1'(*#*#2&%3 #&*2 ' -%* 2B $%&'()?  Z'4. 4.'(* #- 1'(',%*(#>%3 )+ ' 
(%6#2& 2B ' *%=*5(% 32,'#&/ '&3 *.%-% 1'(',%*(#>'*#2&- 42;;%4F
*#$%;+ B2(, '& &(*&) 7-%% H#65(% [4:?  H2( #&-*'&4%/ -%$%('; 
-4.%,%- L\OL\\OL\]OL\^O -#,1;#B+ ' ,%-. '&3 *.%& 42&-*(54* ' 
*%=*5(% #,'6% 4.'(* 2$%( %'4. -#,1;#B#%3 B'4% )+ -',1;#&6 '**(#)F
5*%- 7%?6? &2(,';-: B(2, *.% 2(#6#&'; ,%-.? 
H2( ' 89/ 2&% ,#6.* *.%& 42&-#3%( (%F5-#&6 4.'(* #,'6%- 3%B#&%3 
2& B'4%- 2B !" B2( ';; ,%-.%- !+,!#?  V20%$%(/ *.% 1(2);%, #- 
*.'* ' 89 #- 6%&%(';;+ &2* $%&'(-$./0*1&#(/ #& *.'* #*- $%(*%= -1;#*- 
4'& 4.'&6% *.% 4.'(* *212;26+ 0.%& '11;#%3 #&3#-4(#,#&'*%;+ &%'( 
4.'(* )25&3'(#%-/ *.%(%)+ B2(4#&6 1'(',%*(#4 3#-42&*#&5#*#%-?  H2( 

%=',1;%/ *.% $%(*%= -1;#* -.20& 2& 
*.% (#6.* 4.'&6%- *.% '3_'4%&4+ 2B 
*.% *.(%% 42;2(%3 4.'(*-/ (%-5;*#&6 #& 
*.% 3#-42&*#&525- *%=*5(%?  H2(*5F
&'*%;+/ #* #- 12--#);% *2 42&-*(54* ' 
-#&6;% '*;'- 1'(',%*(#>'*#2& B2( *.% %&*#(% 89 -%<5%&4%?  `.'(*F
42,1;#'&4% 4'& )% 2)*'#&%3 )+ B#(-* 3%B#&#&6 *.% 4.'(*- 2& *.% 
2(#6#&'; ,%-./ '&3 *.%& $.#)('&1#1#2 ' -#,1;#B#4'*#2& -%<5%&4% *2 
42,1;+ 0#*. *.2-% 4.'(* )25&3'(#%- LXO? 
E.%(%B2(%/ 25( 1(2);%, #- *.% B2;;20#&6K 6#$%& '& '()#*('(+ ,%-./ 
1'(',%*(#>% #* 2&*2 ' *%=*5(% '*;'-/ '&3 4(%'*% ' 89 -%<5%&4% 
42,1;#'&* 0#*. *.% '*;'- 4.'(*-?  A& 32#&6 -2/ 0% .'$% *02 62';-K 
F 9#&#,#>% texture stretchK  E.% 1'(',%*(#>'*#2& 3%*%(,#&%- 
-',1;#&6 3%&-#*+ 2$%( *.% -5(B'4%/ )5* #- 42&-*(54*%3 )%B2(% 
I&20#&6 0.'* *%=*5(% ,'17-: 0#;; )% '11;#%3?  E.%(%B2(%/ 0% -%%I 
' )';'&4%3 1'(',%*(#>'*#2& ('*.%( *.'& 2&% *.'* -',1;%- B#&%;+ #& 
-2,% -5(B'4% (%6#2&- 2( 3#(%4*#2&- 0.#;% 5&3%(-',1;#&6 2*.%(-?  
Y 42&-%($'*#$%/ ;24'; ,%'-5(% 2B .20 B#&%;+ *.% 1'(',%*(#>'*#2& 
-',1;%- *.% *%=*5(% -#6&'; #- *.% ;'(6%( -#&65;'( $';5% 2B #*- a'42F
)#'&/ 0.#4. ,%'-5(%- .20 ,54. ' -',1;#&6 3#(%4*#2& #& *.% 
*%=*5(% 32,'#& #- -*(%*4.%3 2& *.% ,%-. -5(B'4% #& *.% 02(-* 4'-%?  
b+ ,#&#,#>#&6 *.% ;'(6%-* *%=*5(% -*(%*4. '4(2-- ';; 32,'#& 
12#&*-/ 0% 4(%'*% ' )';'&4%3 1'(',%*(#>'*#2& 0.%(% &2 32,'#& 
3#(%4*#2& #- *22 -*(%*4.%3 '&3 *.5- 5&3%(-',1;%- #*- 42((%-12&3#&6 
,'11%3 XT 3#(%4*#2&?  7W%% H#65(% M '&3 H#65(% c?: 
F 9#&#,#>% texture deviationK  E('3#*#2&'; ,%-. -#,1;#B#4'*#2& 
,%'-5(%- 6%2,%*(#4 %((2( )+ '11(2=#,'*#&6 4;2-%-*F12#&* 7V'5-F
32(BB: 3#-*'&4%?  H2( *%=*5(%3 -5(B'4%-/ #* #- ,2(% '11(21(#'*% *2 
5-% *.% -*(#4*%( (34(5'3 7381&(1.# %((2(/ 0.#4. ,%'-5(%- 6%2,%*(#4 
%((2( '442(3#&6 *2 1'(',%*(#4 42((%-12&3%&4% LXO?  H2( ' 89/ 
*%=*5(% 3%$#'*#2& 4'& )% 6('1.%3 '- ' B5&4*#2& 2B ,%-. 42,1;%=F
#*+ 7H#65(% X:?  @5( 62'; #- *2 ;20%( *.#- 6('1. 45($%? 
d%4';; *.'* *.% ,2*#$'*#2& B2( 1'(*#*#2&#&6 *.% -5(B'4% #&*2 4.'(*- 
#- *2 (%354% *%=*5(% -*(%*4.?  V20%$%(/ *.% 1(%-%&4% 2B 4.'(* 
)25&3'(#%- .#&3%(- -#,1;#B#4'*#2& <5';#*+ -#&4% 4.'(*F42,1;#'&4% 
(%<5#(%- *.'* *.%-% )25&3'(#%- '11%'( '- %36%- #& ';; ,%-.%- 
#&4;53#&6 !"?  A& *.% %=*(%,%/ #B %'4. B'4% 2B !# #- ,'3% #*- 20& 
4.'(*/ -*(%*4. #- >%(2/ )5* &2 -#,1;#B#4'*#2& 4'& 2445(?  V%&4%/ 
*.%(% %=#-*- ' *('3%F2BB )%*0%%& *%=*5(% -*(%*4. '&3 3%$#'*#2&? 
9#&#,#>#&6 -*(%*4. '&3 3%$#'*#2& #- ' 3#BB#45;* &2&;#&%'( 1(2);%, 
2$%( )2*. 3#-4(%*% '&3 42&*#&525- $'(#');%-?  E.% 3#-4(%*% $'(#F
');%- '(% *.% ,%-. 1'(*#*#2& '&3 *.% %36% 42;;'1-% -%<5%&4%?  E.% 
42&*#&525- $'(#');%- '(% *.% *%=*5(% 422(3#&'*%- 2B *.% $%(*#4%-?  
@5( '11(2'4. #- *2 -%* *.% 3#-4(%*% $'(#');%- %'(;+/ 5-#&6 .%5(#-F
*#4-/ '&3 *.%& 1(24%%3 *2 21*#,#>% *.% 42&*#&525- $'(#');%-?  
W1%4#B#4';;+/ 25( ,%*.23 .'- *.% B2;;20#&6 -*%1-K 
7M: 1'(*#*#2& 2(#6#&'; ,%-. #&*2 4.'(*-  742&-#3%(#&6 6%2,%*(+: 
7\: B2(, #&#*#'; 4.'(* 1'(',%*(#>'*#2&-  7,#&#,#>#&6 -*(%*4.: 
7X: (%-#>% 4.'(* 12;+62&-  7)'-%3 2& -*(%*4.:  
7[: -#,1;#B+ ,%-.  7,#&#,#>#&6 *%=*5(% 3%$#'*#2&/ 4(%'*#&6 89: 
7]: 21*#,#>% 1'(',%*(#>'*#2&  7-*(%*4. e 3%$#'*#2& 2$%( &** 89: 
7c: 1'4I 4.'(* 12;+62&-  7B2(,#&6 *%=*5(% '*;'-: 
7^: -',1;% *%=*5(% #,'6%-  75-#&6 '*;'- 1'(',%*(#>'*#2&: 
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E.% 42&*(#)5*#2&- 2B 25( 02(I '(%K 

• '& ';62(#*., B2( 1'(*#*#2&#&6 ' ,%-. #&*2 4.'(*-/ 0.#4. 42&-#3F
%(- -#,1;#B#4'*#2& <5';#*+ '&3 32%- &2* ';*%( *.% ,%-.? 

• ' *%=*5(% -*(%*4. ,%*(#4 *.'* 5&#B2(,;+ 1%&';#>%- 5&3%(-',1;#&6 
%$%(+0.%(% 2$%( *.% -5(B'4%? 

• '& ';62(#*., B2( ,#&#,#>#&6 *.#- -*(%*4. ,%*(#4 #& *.% 9: '&3 
9∞ &2(,-/ 0.#4. 4'& )% 5-%3 B2( )2*. -*'*#4 ,%-.%- '&3 89-? 

• ' -4.%,% B2( 21*#,#>#&6 *.% 1'(',%*(#>'*#2& *2 ,#&#,#>% )2*. 
*%=*5(% -*(%*4. '&3 *%=*5(% 3%$#'*#2& '* &** 89 ;%$%;-/ 0#*. '1F
1(21(#'*% 0%#6.*#&6 2B %'4. ,%-. #& !"Q!#? 

• *.% B#(-* '5*2,'*#4 -2;5*#2& B2( 4(%'*#&6 ' 89 (%1(%-%&*'*#2& 
0#*. ' 42&-#-*%&* -5(B'4% 1'(',%*(#>'*#2& B2( ';; S@T-? 

2. Previous work 
Mesh partitioning into charts.  W%$%('; '5*.2(- .'$% 1(212-%3 
,%*.23- B2( 1'(',%*(#>#&6 ,%-.%- )+ 1'(*#*#2&#&6 #&*2 4.'(*-?  
f(#-.&',5(*.+ '&3 S%$2+ LM^O 3%-4(#)% '& #&*%('4*#$% -+-*%, #& 
0.#4. *.% 5-%( ,'&5';;+ ;'+- 25* 4.'(* )25&3'(#%- )+ *('4#&6 
45($%-?  9'#;;2* %* ';? L\MO 1'(*#*#2& ,%-. B'4%- '442(3#&6 *2 ' 
)54I%*#&6 2B B'4% &2(,';-?  Z4I %* ';? L[O 5-% ' g2(2&2#F)'-%3 
1'(*#*#2&?  E.%-% ;'-* *02 ';62(#*.,- ,'I% ;#**;% %BB2(* *2 '3'1* 
4.'(*- *2 -5(B'4% 6%2,%*(+/ -2 *.% 4.'(* )25&3'(#%- 4'& .#&3%( 
-#,1;#B#4'*#2&/ ;%'3#&6 *2 122( S@T '11(2=#,'*#2&-? 
9Y8W LMhO '&3 G2(,'; 9%-.%- LhO ,'1 %36%- 2B *.% -#,1;#B#%3 
)'-% 32,'#& )'4I *2 *.% 2(#6#&'; ,%-.?  J.#;% *.% (%-5;*#&6 4.'(*- 
'3'1* *2 -5(B'4% 6%2,%*(+/ *.%#( )25&3'(#%- 45* '4(2-- B'4%- 2B 
2(#6#&'; ,%-./ (%<5#(#&6 '33#*#2& 2B &%0 $%(*#4%- '&3 B'4%-?  H2( 
*.% '11;#4'*#2&- #& LhOLMhO/ *.%-% '33#*#2&'; $%(*#4%- '(% 2&;+ 
*%,12('(+/ )%4'5-% *.% ,%-. 6%2,%*(+ #- -5)-%<5%&*;+ (%-',1;%3?  
V20%$%(/ 25( '11;#4'*#2& #- *2 6%&%('*% ' 89 B(2, ' 5-%(F
-1%4#B#%3 ,%-./ 0.2-% 42&&%4*#$#*+ #- 2B*%& 4'(%B5;;+ 21*#,#>%3/ 
-2 *.% #,12-#*#2& 2B &%0 $%(*#4%- #- ' 3('0)'4I? 
Chart parametrization.  W%$%('; -4.%,%- .'$% )%%& 1(212-%3 *2 
B;'**%& -5(B'4% (%6#2&- *2 %-*');#-. ' 1'(',%*(#>'*#2&?  E.% 
-4.%,%- *+1#4';;+ 2)*'#& *.% 1'(',%*(#>'*#2& )+ ,#&#,#>#&6 '& 
2)_%4*#$% B5&4*#2&';?  E.% ,'#& 3#-*#&4*#2& )%*0%%& *.% B5&4*#2&F
';- #- .20 *.%+ ,%'-5(% *.% 3#-*'&4% 2B *.% 1'(',%*(#>'*#2& B(2, 
'& #-2,%*(+ 7' ,'11#&6 1(%-%($#&6 ;%&6*.- '&3 '&6;%-:? 
9'#;;2* %* ';? L\MO )'-% *.%#( ,%*(#4 2& %36% -1(#&6- 2B &2&>%(2 
(%-* ;%&6*./ 0.%(% (%-* ;%&6*. 42((%-12&3- *2 %36% ;%&6*. 2& *.% 
-5(B'4%?  E2 %&-5(% *.'* *.% 1'(',%*(#>'*#2& #- MF*2FM/ 7#?%?/ *2 
'$2#3 1'(',%*(#4 C)54I;#&6D/ ';-2 4';;%3 CB'4% B;#11#&6D:/ *.%+ '33 
'& '(%'F1(%-%($'*#2& *%(, *2 *.% ,%*(#4?  J.%& *.% *%=*5(% 32,'#& 
)25&3'(+ #- B#=%3 '- #& 25( '11;#4'*#2&/ #* #- 5&4;%'( .20 %36% 
(%-*F;%&6*.- -.25;3 )% -4';%3?  92(% #,12(*'&*;+/ *.% 0%#6.*#&6 
)%*0%%& *.% %36% -1(#&6- '&3 *.% '(%'F1(%-%($'*#2& *%(, ,5-* )% 
'3_5-*%3 *2 1(2354% '& %,)%33#&6? 
Z4I %* ';? L[O 1(212-% *.% .'(,2&#4 ,'1/ 0.#4. 0%#6.*- %36% 
-1(#&6- &2&F5&#B2(,;+?  E.% 0%#6.*- 4'& -2,%*#,%- )% &%6'*#$%/ 
#& 0.#4. 4'-% '& %,)%33#&6 #- &2* 65'('&*%%3?  H;2'*%( L]O 1(2F
12-%- ' -#,#;'( -4.%,% 0#*. ' 3#BB%(%&* %36%F-1(#&6 0%#6.*#&6 *.'* 
65'('&*%%- %,)%33#&6 B2( 42&$%= )25&3'(#%-?  H2( %#*.%( ,%*.23/ 
*.% 1'(',%*(#>'*#2& 4'& )% B25&3 )+ -2;$#&6 ' ;#&%'( -+-*%,? 
Si$+ '&3 9';;%* LMjO 42,)#&% 2(*.262&';#*+ '&3 #-21'(',%*(#4 
*%(,- #& *.%#( ,%*(#4?  E2 -2;$% *.% (%-5;*#&6 &2&;#&%'( 21*#,#>'F
*#2&/ *.%+ #*%('*#$%;+ B#= 2&% *%=*5(% 42,12&%&* 7) 2( (: '&3 -2;$% 
B2( *.% 2*.%( 5-#&6 ' ;#&%'( 21*#,#>'*#2&?  Y- #& L\NO/ ' *%(, #- 
'33%3 0.#4. ,5-* )% -5BB#4#%&*;+ 0%#6.*%3 *2 65'('&*%% '& %,F
)%33#&6?  

V2(,'&& '&3 "(%#&%( LMMO 1(212-% *.% 9A8W 1'(',%*(#>'*#2&/ 
0.#4. (256.;+ '**%,1*- *2 1(%-%($% *.% ('*#2 2B -#&65;'( $';5%- 
2$%( *.% 1'(',%*(#>'*#2&?  V20%$%(/ *.% ,%*(#4 3#-(%6'(3- ')-2F
;5*% -*(%*4. -4';% 2$%( *.% -5(B'4%/ 0#*. *.% (%-5;* *.'* -,';; 
32,'#& '(%'- 4'& ,'1 *2 ;'(6% (%6#2&- 2& *.% -5(B'4%?  
E2 ';;20 ';; ,%-.%- #& *.% 89 *2 -.'(% ' 42,,2& *%=*5(% ,'1/ #* 
#- &%4%--'(+ *.'* 0% 4(%'*% 32,'#&- 0#*. -*('#6.* )25&3'(#%- 
)%*0%%& 4.'(* 42(&%(-/ 5&;#I% LMMOLMjOL\MO? 
@5( ,'#& 42&*(#)5*#2& #- *2 3#(%4*;+ 21*#,#>% *.% *02 (%;%$'&* 
62';- B2( *%=*5(% ,'11#&6 89-K ,#&#,'; *%=*5(% -*(%*4. '&3 
,#&#,'; *%=*5(% 3%$#'*#2&?  @5( &2$%; -*(%*4. ,%*(#4 '**%,1*- *2 
)';'&4% -',1;#&6 ('*%- %$%(+0.%(% 2& *.% -5(B'4%/ 5&;#I% 1(%$#25- 
*%4.&#<5%-? 
Appearance-preserving simplification.  `2.%& %* ';? LXO #&*(2F
354% *%=*5(% 3%$#'*#2& '- *.% '11(21(#'*% ,%'-5(% 2B 6%2,%*(#4 
'445('4+ 0.%& -#,1;#B+#&6 *%=*5(%3 ,%-.%-?  E.% *%=*5(% 3%$#'F
*#2& )%*0%%& ' -#,1;#B#%3 ,%-. !1 '&3 *.% 2(#6#&'; ,%-. !# '* ' 
12#&* 01 ∈ !1 #- 3%B#&%3 '- kk 01 ; 0# kk 0.%(% 0# #- *.% 12#&* 2& !# 
0#*. *.% -',% 1'(',%*(#4 ;24'*#2& #& *.% *%=*5(% 32,'#&?  `2.%& 
%* ';? *('4I *%=*5(% 3%$#'*#2& 42&-%($'*#$%;+ )+ -*2(#&6 ' )25&3#&6 
%((2( )2= '* %'4. ,%-. $%(*%=?  E.%+ 3%,2&-*('*% (%-5;*- 2& 
1'(',%*(#4 -5(B'4%- ';(%'3+ 2(6'&#>%3 #&*2 4.'(*-? 
J% )%6#& 0#*. '& 5&1'(',%*(#>%3 ,%-./ '&3 -%%I *2 B2(, '& '*;'- 
1'(',%*(#>'*#2& *.'* -1%4#B#4';;+ ,#&#,#>%- *%=*5(% 3%$#'*#2& '&3 
-*(%*4. 2$%( ';; ,%-.%- #& ' 89? 

D. Texture stretch metric 
E2 21*#,#>% ' 1'(',%*(#>'*#2&l- ')#;#*+ *2 )';'&4% B(%<5%&4+ 
42&*%&* %$%(+0.%(% 2$%( *.% -5(B'4% #& %$%(+ 3#(%4*#2&/ 0% 3%B#&% 
' &%0 C*%=*5(% -*(%*4.D ,%*(#4 2& *(#'&6;% ,%-.%-? 

"#$%& ' *(#'&6;% < 0#*. \T *%=*5(% 422(3#&'*%- M \ X/ /0 0 0 / 
7 / :1 1 10 ) (= / '&3 42((%-12&3#&6 XT 422(3#&'*%- M \ X/ /= = = / *.% 

5&#<5% 'BB#&% ,'11#&6 7 : 7 / :> 0 > ) ( == = #- 
 ( )\ X M X M \ M \ X M \ X7 : / / / / / / / /> 0 0 0 0 = 0 0 0 = 0 0 0 = 0 0 0= + +  
0.%(% / /& ? $ 3%&2*%- '(%' 2B *(#'&6;% &?$?  W#&4% *.% ,'11#&6 #- 
'BB#&%/ #*- 1'(*#'; 3%(#$'*#$%- '(% 42&-*'&* 2$%( 7)@(: '&3 6#$%& )+ 

( ) ( ) ( )( ) ( )

( ) ( ) ( )( ) ( )

( )( ) ( )( )( )

M \ X \ X M X M \

M X \ \ M X X \ M

M \ X \ M X M X M \ M

\

\

/ / \

)

(

> > ) = ( ( = ( ( = ( ( A

> > ( = ) ) = ) ) = ) ) A

A 0 0 0 ) ) ( ( ) ) ( (

=∂ ∂ = − + − + −

=∂ ∂ = − + − + −

= = − − − − −

 

E.% ;'(6%( '&3 -,';;%( -#&65;'( $';5%- 2B *.% a'42)#'& [ ]/) (> > '(% 
6#$%& (%-1%4*#$%;+ )+ 

( )
( )

\ \

\ \

M \ 7 : 7 : [ ,'= -#&65;'( $';5%

M \ 7 : 7 : [ ,#& -#&65;'( $';5%

& $ & $ ?

& $ & $ ?

Γ

γ

= + + − +

= + − − +
 

0.%(% )) >>& ⋅= / () >>? ⋅= / '&3 (( >>$ ⋅= ?  E.% -#&65;'( 
$';5%- Γ '&3 γ (%1(%-%&* *.% ;'(6%-* '&3 -,';;%-* ;%&6*. 2)*'#&%3 
0.%& ,'11#&6 5&#*F;%&6*. $%4*2(- B(2, *.% *%=*5(% 32,'#& *2 *.% 
-5(B'4%/ #?%? *.% ;'(6%-* '&3 -,';;%-* ;24'; C-*(%*4.D?  J% 3%B#&% 
*02 -*(%*4. &2(,- 2$%( *(#'&6;% < K 

 ( ) ( )\ \ \7 : \ \/ 7 :9 < & $ 9 <Γ γ Γ∞= + = + = ? 

E.% &2(, 9:7<: 42((%-12&3- *2 *.% (22*F,%'&F-<5'(% -*(%*4. 2$%( 
';; 3#(%4*#2&- #& *.% 32,'#&/ '&3 *.% 02(-*F4'-% &2(, 9∞7<: #- *.% 
6(%'*%-* -*(%*4./ #?%? *.% ,'=#,5, -#&65;'( $';5%?  G2*% *.'* )2*. 
9:7<: '&3 9∞7<: #&4(%'-% *2 #&B#&#*+ '- *.% 1'(',%*(#>'*#2& 2B < 



 

)%42,%- 3%6%&%('*%/ -#&4% #*- 1'(',%*(#4 '(%' A 3(21- *2 >%(2?  AB 
*.% *(#'&6;% < B;#1- 1'(',%*(#4';;+ 7#?%? #B A )%42,%- &%6'*#$%:/ 0% 
3%B#&% )2*. 9:7<: '&3 9∞7<: *2 (%,'#& #&B#&#*%? 
J% 3%B#&% *02 '&';2625- &2(,- 2$%( *.% -5(B'4% 2B *.% %&*#(% 
,%-. { }1! <= K 

( )\\ \7 : 7 : 7 : 7 :

7 : ,'= 7 :

1 1 1

1

1 1

1

< ! < !

< !

9 ! 9 < A < A <

9 ! 9 <∞ ∞

∈ ∈

∈

′ ′=

=

∑ ∑
 

0.%(% 7 :1A <′ #- *.% -5(B'4% '(%' 2B *(#'&6;% 1<  #& XT?  E.% 9: &2(, 
,%'-5(%- *.% 2$%(';; ')#;#*+ 2B *.% 1'(',%*(#>'*#2& *2 -5112(* 
.#6.FB(%<5%&4+ *%=*5(%-/ 0.#;% 9∞ ,%'-5(%- #*- 02(-*F4'-% ')#;#*+? 
J% &2(,';#>% -*(%*4. $';5%- )+ -4';#&6 *.% *%=*5(% 32,'#& -2 *.'* 
#*- '(%' %<5';- *.% -5(B'4% '(%' #& XT?  E.5-/ M?N #- ' ;20%( )25&3 
B2( %#*.%( &2(, 2& '&+ 1'(',%*(#>'*#2&?  Y;*%(&'*%;+/ -*(%*4. 4'& 
)% &2(,';#>%3 0#*.25* %=1;#4#*;+ -4';#&6 *.% *%=*5(% 32,'#& )+ 
,5;*#1;+#&6 0#*. *.% B'4*2( 

7 : 7 :1 1

1 1< ! < !
A < A <

∈ ∈

′∑ ∑  ? 

E2 ,#&#,#>% 25( &2&;#&%'( ,%*(#4- 9:7!: '&3 9∞7!:/ 0% )%6#& 
0#*. ' 5&#B2(,F%36%F-1(#&6 -2;5*#2&/ '&3 *.%& 1%(B2(, -%$%('; 
21*#,#>'*#2& #*%('*#2&-?  J#*.#& %'4. #*%('*#2&/ 0% 42&-#3%( $%(*#F
4%- #& 3%4(%'-#&6 2(3%( 2B &%#6.)2(.223 -*(%*4.?  H2( %'4. $%(*%=/ 
0% 1%(B2(, ' ;#&% -%'(4. ,#&#,#>'*#2& ';2&6 ' ('&32,;+ 4.2-%& 
-%'(4. 3#(%4*#2& #& *.% 7)@(: 1'(',%*(#4 32,'#&?  b%4'5-% ';; 2*.%( 
$%(*#4%- '(% .%;3 B#=%3/ *.% -*(%*4. ,%*(#4 2&;+ &%%3- ;24'; 42,15F
*'*#2& 2$%( *.% &%#6.)2(.223?  W#&4% *.% ,%*(#4 #- #&B#&#*% B2( 
3%6%&%('*% 2( B;#11%3 *(#'&6;%-/ *.% ;#&% -%'(4. #- &'*5(';;+ 42&F
-*('#&%3 0#*.#& *.% I%(&%; 2B *.% $%(*%=l- &%#6.)2(.223?  A& 
-544%--#$% #*%('*#2&-/ 0% 6('35';;+ 3%4(%'-% *.% 42&$%(6%&4% 
*2;%('&4% #& *.% MT ;#&% -%'(4. 5-#&6 *.% -4.%35;% Mm1 0.%(% 1 #- 
*.% #*%('*#2& &5,)%(?  H2( *.% 9∞ 21*#,#>'*#2&/ 0% 2)*'#& %$%& 
)%**%( (%-5;*- )+ 5-#&6 25( 9: -2;5*#2& '- #*- -*'(*#&6 12#&*? 
H#65(% M 42,1'(%- 25( ,%*(#4 0#*. ';*%(&'*#$%-?  H2( %'4. ,%*(#4/ 
0% 5-%3 *.% -',% 21*#,#>'*#2& 1(24%35(% 3%-4(#)%3 ')2$%?  A& ';; 
4'-%-/ )25&3'(+ $%(*#4%- 0%(% B#=%3 )+ '(4F;%&6*.?  H2( %'4. 
1'(',%*(#>'*#2&/ 0% 4(%'*%3 ' M\h×M\h #,'6% #& *.% *%=*5(% 
32,'#& )+ -',1;#&6 ' 1(24%35('; XT 4.%4I%(%3 1'**%(& 2& *.% 
1'(',%*(#>%3 -5(B'4%?  H2( #,1(2$%3 B#;*%(#&6/ 0% 5-%3 [=[ -51%(F
-',1;#&6?  Y- 4'& )% -%%& #& *.% (%-5;*#&6 *%=*5(%3 ,23%;-/ 
1'(',%*(#>'*#2&- 21*#,#>%3 5-#&6 25( ,%*(#4- '(% )%**%( '* 4'1*5(F
#&6 .#6.FB(%<5%&4+ 3%*'#; %$%(+0.%(% 2$%( *.% -5(B'4%?  A& 7)F3:/ 
&2*% *.% ;2-- 2B (%-2;5*#2& 2& *.% %'(- 0.%(% -*(%*4. %((2( #- .#6.?\  
E.% '(%'F1(%-%($#&6 1'(',%*(#>'*#2& #& 7%: ,#&#,#>%- *.% 9'#;;2* 
)54I;#&6 *%(, 2&;+?  Y;*.256. #* .'- )%**%( -1'*#'; 3#-*(#)5*#2& 
*.'& 7)F3:/ &2*% .20 #* 5&3%(-',1;%- 4%(*'#& 3#(%4*#2&-/ 4'5-#&6 
3#(%4*#2&'; );5( 2& *.% 4.#&/ -#3%-/ '&3 %'(-? 

                                                                 
M E.% .'(,2&#4 ,'1 L[O/ &2* -.20&/ #- <5';#*'*#$%;+ -#,#;'( *2 H;2'*%( L]O 

'&3 .'- -;#6.*;+ 02(-% -*(%*4./  9:n\?\h/  9∞nMN?N^? 
\ H2( *.% 9'#;;2* (%-5;* 7H#65(% M3:/ 0% -%* *.% B'4*2( α 0%#6.*#&6 )%*0%%& 

%36%F-1(#&6- '&3 '(%'F1(%-%($'*#2& *2 N?].  W#&4% *.% (%;'*#$% -4';% 2B \T 
*2 XT %36% ;%&6*.- #- #,12(*'&* #& *.#- ,%*(#4/ 0% 5&#B2(,;+ -4';% *.% 
\T 32,'#& *2 .'$% *.% -',% '(%' '- *.% XT 4.'(*?  @5( (%12(*%3 -*(%*4. 
&2(,- '(% #&B#&#*% )%4'5-% *.% ,#&#,5, -2;5*#2& %=.#)#*- )54I;#&6?  
W#&4% 25( 21*#,#>'*#2& ,%*.23 1(%$%&*- B'4% B;#11#&6/ *.% (%-5;* #- 1'F
(',%*(#4';;+ 3%6%&%('*% *(#'&6;%- .'$#&6 #&B#&#*% -*(%*4.? 

 
7': %='4* 

 
7): H;2'*%( L]O     9:n\?\c  9∞nj?hc 

 
74: 9A8W LMMO     9:n\?XM  9∞n^?[c 
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7%: '(%'F1(%-%($#&6     9:nM?]^  9∞n[?Mj 

 
7B: 25( 9: -*(%*4.     9:nM?\\  9∞n\?MX 

 
76: 25( 9∞ -*(%*4.     9:nM?\h  9∞nM?c] 

H#65(% MK `.'(* 1'(',%*(#>'*#2& 42,1'(#-2&?M 



 

4. Gur PM parametrization scheme 
A& *.#- -%4*#2& 0% 1(%-%&* *.% -*%1- 2B 25( 89 1'(',%*(#>'*#2& 
-4.%,%?  J% B#(-* #&*(2354% -2,% 3%B#&#*#2&- '&3 '--5,1*#2&-? 
S%* ' $%&'( $.'#3' )% '&+ $%(*%= '3_'4%&* *2 X 2( ,2(% 4.'(*-/ '&3 
;%* ' $%&'( ?.5#7&'B )% *.% 1'*. 2B %36%- -%1'('*#&6 4.'(*- )%F
*0%%& *02 42(&%(-?  J% 3%B#&% *.% #312%?.'%..7 2B ' $%(*%= '- *.% 
(#&6 2B B'4%- '3_'4%&* *2 *.% $%(*%=? 
@5( 89 #- )'-%3 2& *.% .';BF%36% 42;;'1-% 21%('F
*#2& 78+ / 8:: ! 8+  0.#4. 'BB%4*- *.% &%#6.)2(.223 
2B 8: '- -.20& 2& *.% (#6.* '&3 ;%'$%- *.% 12-#*#2& 
'&3 '**(#)5*%- 2B 8+ 5&4.'&6%3 LMcO?  J% 1(%B%( *.% 
.';BF%36% *2 *.% B5;;F%36% 42;;'1-% *2 '$2#3 0(#*%- 
*2 *.% $%(*%= )5BB%( 35(#&6 (5&*#,% S@T 4.'&6%-?  
E.%(%B2(%/ 7)@(: *%=*5(% 422(3#&'*%- '* '&+ $%(*%= 
,5-* )% *.% -',% '* ';; S@T ;%$%;-?  W#&4% ' $%(*%= 
2& ' 4.'(* )25&3'(+ .'- 3#BB%(%&* 7)@(: 422(3#&'*%- 
2& %'4. 4.'(*/ *.%-% ,5-* )% -*2(%3 '* *.% 42(&%(- 
2B ,%-. B'4%- LMNO? 
E2 4(%'*% ' *%=*5(% '*;'- 2$%( ' 89/ 0% ,5-* %&B2(4% *.% B2;;20F
#&6 42&-*('#&*-K 
7M: ,%-. B'4%- 4'&&2* -1'& ,2(% *.'& 2&% 4.'(*/ -#&4% #* #- #,F
1('4*#4'; *2 -1%4#B+ '&3 (%&3%( 3#-_2#&* 1#%4%- 2B *%=*5(% 2$%( '&+ 
-#&6;% *(#'&6;%? 
7\: 4.'(* )25&3'(#%- ,5-* )% -*('#6.* #& *.% 1'(',%*(#4 32,'#&/ 
-#&4% %'4. 4.'(* )25&3'(+ #- 6%&%(';;+ -#,1;#B#%3 *2 ' -#&6;% %36% 
#& *.% 89 )'-% ,%-.? 
E.%-% 42&-*('#&*- (%-*(#4* *.% 1'(*#*#2& 2B *.% ,%-. #&*2 4.'(*- 
7W%4*#2& [?M: '&3 *.% ,%-. -#,1;#B#4'*#2& -%<5%&4% 7W%4*#2& [?[:? 

4.1 Partition mesh into charts 
E.% B#(-* -*%1 #- *2 1'(*#*#2& *.% ,%-. #&*2 ' -%* 2B 4.'(*-K (%6#2&- 
0#*. 3#-IF;#I% *212;26+?  A3%';;+ 2&% 425;3 -#,5;*'&%25-;+ -%'(4. 
2$%( *.% 3#-4(%*% -1'4% 2B 12--#);% 4.'(* 3%42,12-#*#2&- '&3 *.% 
42&*#&525- -1'4% 2B 1'(',%*(#>'*#2&- ';;20%3 )+ %'4. 3%42,12-#F
*#2&?  `;%'(;+ *.#- #- #&*('4*');%?  A& 25( -+-*%, 0% B#(-* 1'(*#*#2& 
*.% ,%-. 5-#&6 ' 6(%%3+ 4.'(*F,%(6#&6 '11(2'4.?  A* #- -#,#;'( *2 
-#,1;#B#4'*#2& -4.%,%- )'-%3 2& *.% 6(%%3+ 6(20*. 2B C-51%(F
B'4%-D LjOLM]O/ '&3 *2 *.% #&3%1%&3%&* 02(I )+ "'(;'&3 %* ';? LcO? 
A&#*#';;+/ %'4. B'4% #- '--#6&%3 *2 )% #*- 20& 4.'(*?  H2( %'4. 1'#( 
2B '3_'4%&* 4.'(*-/ 0% 42&-#3%( *.% 21%('*#2& 2B ,%(6#&6 *.% *02 
4.'(*- #&*2 2&%/ '&3 %&*%( *.#- 4'&3#3'*% 21%('*#2& #&*2 ' 1(#2(#*+ 
<5%5% '442(3#&6 *2 ' 42,15*%3 42-*?  Y- #& LcO/ *.% ,%(6% 21%('F
*#2& #- '--#6&%3 ' 42-* *.'* ,%'-5(%- )2*. #*- 1;'&'(#*+ '&3 
42,1'4*&%--?  J% ,%'-5(% 1;'&'(#*+ '- *.% ,%'&F-<5'(%3 3#-*'&4% 
2B *.% 4.'(* *2 *.% )%-*FB#**#&6 1;'&% *.(256. *.% 4.'(*/ 3%B#&%3 '- ' 
42&*#&525- -5(B'4% #&*%6('; 75&;#I% LcO 0.#4. %$';5'*%- #* 2&;+ '* 
*.% $%(*#4%-:?  J% ,%'-5(% 42,1'4*&%-- -#,1;+ '- *.% -<5'(%3 
1%(#,%*%( ;%&6*.? 
J% #*%('*#$%;+ '11;+ *.% ,%(6% 21%('*#2& 0#*. ;20%-* 42-*/ '&3 
513'*% 42-*- 2B &%#6.)2(#&6 4'&3#3'*% ,%(6% 21%('*#2&-?  E.% 
1(24%-- %&3- 0.%& *.% 42-* %=4%%3- ' 5-%(F-1%4#B#%3 *.(%-.2;3?  
Y 4.'(* ,%(6% 21%('*#2& #- 3#-';;20%3 #B #* (%-5;*- #& '&+ 4.'(* 
0#*. B%0%( *.'& X 42(&%(-?  A* #- ';-2 3#-';;20%3 #B *.% )25&3'(+ 
)%*0%%& *.% &%0 4.'(* '&3 '&+ '3_'4%&* 4.'(* 42&-#-*- 2B ,2(% 
*.'& 2&% 42&&%4*%3 42,12&%&* 7%?6? 2&% #-2;'*%3 $%(*%= '&3 2&% 
1'*. 2B %36%-:?  E.#- 42&-*('#&* ';-2 65'('&*%%- *.'* 4.'(*- (%,'#& 
.2,%2,2(1.#4 *2 3#-4-? 
@&4% *.% 4.'(*- '(% B2(,%3/ *.%+ 3%B#&% *.% -%* 2B 4.'(* 42(&%( 
$%(*#4%-?  G2*% *.'* *.%-% 42(&%( $%(*#4%- #& !# ,5-* '11%'( '- 

$%(*#4%- #& *.% )'-% ,%-. !" 35% *2 *.% 42&-*('#&%3 .';BF%36% 
42;;'1-%-?  E.%(%B2(%/ 0% 025;3 ;#I% %'4. 4.'(* )25&3'(+ *2 
4;2-%;+ ';#6& 0#*. *.% -*('#6.* ;#&% -%6,%&* )%*0%%& #*- '3_'4%&* 
*02 42(&%(-/ -2 '- *2 &2* )% ' ;#,#*#&6 B'4*2( #& *.% -#,1;#B#4'*#2& 
<5';#*+?  J% -*('#6.*%& %'4. )25&3'(+ )+ 42,15*#&6 ' -.2(*%-* 
1'*. 2$%( ,%-. %36%-/ 42&-*('#&%3 &2* *2 #&*%(-%4* 2*.%( 4.'(* 
)25&3'(#%-? 
d%-5;*- 2B *.% #&#*#'; 4.'(* 1'(*#*#2&/ '&3 *.% -5)-%<5%&* )25&3'(+ 
-*('#6.*%&#&6 '(% -.20& #& H#65(% \?  G2*% *.'* 4.'(* )25&3'(#%- 
';#6& 0#*. #,12(*'&* B%'*5(%- #& *.% ,%-.? 

H#65(% \K E21 (20 -.20- #&#*#'; 4.'(* 1'(*#*#2&-/ '&3 )2**2, (20 
-.20- (%-5;* 2B 4.'(* )25&3'(+ 21*#,#>'*#2&? 

4.2 Form initial chart parametrizations 
@&4% *.% 4.'(* )25&3'(#%- '(% 3%B#&%3 #& !#/ 0% 4(%'*% '& #&#*#'; 
1'(',%*(#>'*#2& 2B %'4. 4.'(* 2&*2 ' \T 12;+62&?  J% 3%B#&% *.% 
\T 12;+62& )25&3'(+ *2 )% ' 42&$%= 12;+62& 0#*. $%(*#4%- 2& ' 
4#(4;%/ 0.%(% *.% ;%&6*. 2B %'4. 12;+62& %36% #- 1(212(*#2&'; *2 
*.% '(4F;%&6*. 2B *.% 42((%-12&3#&6 4.'(* )25&3'(+ #& XT/ '- 
#& L[O?  J% #&#*#';;+ -4';% *.% 12;+62& *2 .'$% 5&#* '(%'?  J#*.#& 
%'4. 4.'(*/ 0% 1'(',%*(#>% *.% #&*%(#2( $%(*#4%- )+ ,#&#,#>#&6 *.% 
9:7!: -*(%*4. ,%*(#4/ 5-#&6 *.% ';62(#*., 3%-4(#)%3 #& W%4*#2& X? 

4.D Resize chart polygons 
G20 *.'* 0% .'$% 4.'(* 1'(',%*(#>'*#2&- 2& !#/ 0% 3%*%(,#&% 
.20 ,54. (%;'*#$% -1'4% %'4. 4.'(* -.25;3 )% 6('&*%3 #& *.% 
*%=*5(% 32,'#&?  H2( %'4. 4.'(*/ 0% 42,15*% 927!#

$%&'(:/ *.% (,- 
-*(%*4. 2$%( *.% 4.'(*/ '&3 5-% *.'* $';5% *2 5&#B2(,;+ (%-#>% *.% 
4.'(* 0.#;% 1(%-%($#&6 #*- -.'1%?  J% .'3 .21%3 *2 5-% 9∞7!#

$%&'(: 
*2 (%-#>% *.% 4.'(*-/ )5* 5&B2(*5&'*%;+ *.%(% '(% ' B%0 *(#'&6;%- B2( 
0.#4. *.% ,'=#,5, -*(%*4. (%,'#&- .#6.?  Y;*.256. *.% (%;'*#$% 
4.'(* -#>%- .'$% &2 %BB%4* 2& -#,1;#B#4'*#2& 7W%4*#2& [?[:/ *.%+ 32 
'BB%4* C7D!: #& *.% B#&'; 89 21*#,#>'*#2& 7W%4*#2& [?]:? 

4.4 Simplify mesh 
"#$%& *.% #&#*#'; 4.'(* 1'(',%*(#>'*#2&-/ 0% -#,1;#B+ *.% ,%-. *2 
3%B#&% ' 89?  @5( 62'; 35(#&6 -#,1;#B#4'*#2& #- *2 ,#&#,#>% 
*%=*5(% 3%$#'*#2&?  @5( ';62(#*., 4;2-%;+ B2;;20- *.'* 2B `2.%& %* 
';? LXO?  J% -%;%4* %36% 42;;'1-%- *.'* ,#&#,#>% *%=*5(% 3%$#'*#2& 
)+ 5-#&6 ' 1(#2(#*+ <5%5%?  E2 %&B2(4% 4.'(* 42,1;#'&4%/ 0% 
3#-';;20 '& %36% 42;;'1-%  78+/8:: ! 8+  #&  !1E+ ! !1  #B $%(*%= 8: 

 

8:

8+

8+

!1E+

!1



 

#- ' 4.'(* 42(&%( 7*2 1(%-%($% 42(&%(-:/ 2( #B 8: #- 2& ' 4.'(* )25&3F
'(+ '&3 %36% 78+/8:: #- &2* 2& ' 4.'(* )25&3'(+ 7*2 1(%-%($% 
)25&3'(+ -*('#6.*&%--:?  A& '33#*#2&/ 0% ';-2 1(%$%&* *.% 4(%'*#2& 
2B 1'(',%*(#4';;+ B;#11%3 2( 3%6%&%('*% *(#'&6;%-? 
E2 ,%'-5(% *%=*5(% 3%$#'*#2& B2( %'4. 4'&3#3'*% %36% 42;;'1-%/ 
('*.%( *.'& 5-#&6 42&-%($'*#$% )25&3- '- #& LXO/ 0% 5-% *.% B'-* 
.%5(#-*#4 2B ,%'-5(#&6 *.% #&4(%,%&*'; *%=*5(% 3%$#'*#2& 
77!1E+/!1: )%*0%%& *.% *02 ,%-.%-?  7E.% .%5(#-*#4 #- 'I#& *2 *.% 
C,%,2(+;%--D %((2( *.'* .'- 1(2$%& %BB%4*#$% B2( 6%2,%*(#4 
-#,1;#B#4'*#2& L\NO?:  E.% ,'=#,5, 3%$#'*#2& 
)%*0%%& !1E+ '&3 !1 #- I&20& *2 ;#% %#*.%( '* *.% 
(%,2$%3 $%(*%= 8: 2( '* '& %36%F%36% #&*%(-%4*#2& 
12#&* #& *.% 1'(',%*(#4 &%#6.)2(.223 7%?6? *.% (%3 
12#&*- -.20& #& *.% B#65(% *2 *.% (#6.*:?  J% 42&F
B#(,%3 %,1#(#4';;+ *.'* *.% #&4(%,%&*'; 3%$#'*#2& .%5(#-*#4 02(I- 
0%;; )+ 42,1'(#&6 *2 ' -;20 -#,1;#B#4'*#2& *.'* 2(3%(- %36% 
42;;'1-%- 5-#&6 *.% *(5% 3%$#'*#2& %((2( 7)%*0%%& !1 '&3 !#:? 

4.5 Gptimize chart parametrizations 
V'$#&6 3%*%(,#&%3 *.% 89 -#,1;#B#4'*#2& -%<5%&4%/ 0% &20 (%F
21*#,#>% *.% 4.'(* 1'(',%*(#>'*#2&- *2 ,#&#,#>% -*(%*4. '&3 
3%$#'*#2& 2& *.% %&*#(% -%<5%&4% !",!#?  @5( &2&;#&%'( 21*#,#F
>'*#2& ';62(#*., B2;;20- *.% -*('*%6+ 2B ,2$#&6 $%(*#4%- 2B !# 
2&%F)+F2&% #& *.% 1'(',%*(#4 32,'#& '- #& W%4*#2&- X '&3 [?\/ )5* 
5-#&6 ' 3#BB%(%&* 2)_%4*#$% B5&4*#2&? 
@5( 2)_%4*#$% B5&4*#2& #- ' 0%#6.*%3 -5, 2B *.% *%=*5(% -*(%*4. 
'&3 3%$#'*#2& 2& ';; ,%-.%- !",!#K 

C7D!: n Σ#nN??&  ψ71: L λ 9:7!1:\  o  7M F λ: 77!1/!#:\ m A! 7!#: O 

0.%(% 9:7!1: #- *.% &2(,';#>%3 '$%('6% -*(%*4. 2B !1 7W%4*#2& X: 
42,15*%3 5-#&6 *.% (%-#>%3 4.'(*- B(2, W%4*#2& [?X/ 77!1/!#: #- 
#*- *%=*5(% 3%$#'*#2&/ *.% 1'(',%*%( N ≤ λ ≤ M #- 5-%3 *2 0%#6.* 
-*(%*4. %((2( (%;'*#$% *2 3%$#'*#2& %((2(/ '&3 ψ71: #- *.% (%;'*#$% 
0%#6.* '--#6&%3 *2 %'4. S@T ,%-. #& *.% -%<5%&4%?  T#$#3#&6 )+ 
*.% ,%-. -5(B'4% '(%' A!F!#G ,'I%- *.% -%42&3 *%(, -4';%F
#&$'(#'&* ;#I% *.% B#(-* *%(,? 

J% &20 #&*(2354% ' ,23%; B2( -%**#&6 *.% (%;'*#$% 0%#6.* ψ71: 
'--#6&%3 *2 %'4. ,%-. !1/ 42&-#-*#&6 2B *02 B'4*2(-K 5-'6% '&3 
-4';%?  T%1%&3#&6 2& *.% '11;#4'*#2&/ 2*.%( 0%#6.*#&6 -4.%,%- 
425;3 )% 5-%3/ 0#*.25* 4.'&6#&6 *.% 21*#,#>'*#2& ,%*.23?  

• A& S@T '11;#4'*#2&-/ 42'(-%( ,%-.%- '(% ;#I%;+ *2 )% 5-%3 
1(212(*#2&'*%;+ ,2(% 2B*%&?  H2( %=',1;%/ ,%-.%- 0#*. MNpMNN 
B'4%- '(% ;#I%;+ *2 )% 5-%3 ,2(% *.'& *.2-% 0#*. jNNpjjN B'4%-?  
J% )%;#%$% *.'* ' (%'-2&');% ,23%; B2( usage 1(2)')#;#*+ #- ' 
5&#B2(, 3#-*(#)5*#2& 2$%( ' *.2&'1(%/1$ -4';% 2B ,23%; 42,F
1;%=#*+/ %?6? ,%-.%- 0#*. MNFMNN B'4%- '(% '- %<5';;+ ;#I%;+ '- 
,%-.%- 0#*. MNNFMNNN B'4%-?  E.#- 3#-*(#)5*#2& #- 2)*'#&%3 5-F
#&6 *.% B'4*2( Mmk!1k 0.%(% k!k #- *.% &5,)%( 2B $%(*#4%- #& !? 

• E.% B'4* *.'* 42'(-%( ,%-.%- '(% *+1#4';;+ 5-%3 0.%& *.% 2)_%4* 
#- B'(*.%( '0'+ (%354%- *.% -4(%%&F-1'4% scale 2B *.%#( 3%$#'*#2& 
'&3 -*(%*4.?  H2( ' -,22*. -1.%(#4'; -5(B'4%/ *%=*5(% 3%$#'*#2& 
$'(#%- '- M m k!k\?  W#&4% S@T ';62(#*.,- '**%,1* *2 ,'#&*'#& ' 
42&-*'&* -4(%%&F-1'4% %((2(/ 3%$#'*#2& '&3 -*(%*4. #& ,23%; 
-1'4% -.25;3 *.%(%B2(% )% 320&F0%#6.*%3 B2( 42'(-%( ,%-. 
,%-.%- 5-#&6 *.% 0%#6.*#&6 B'4*2( k!1k\ #& ψ71:? 

E2 21*#,#>% *.% *%=*5(% 422(3#&'*%- 2B ' 6#$%& $%(*%= 8/ 25( 
21*#,#>'*#2& ';62(#*., &%%3- *2 (%1%'*%3;+ %$';5'*% C?  `2,15*F
#&6 C 5-#&6 *.% ')2$% -5, 2$%( ';; ,%-.%- 025;3 )% %=1%&-#$%?  
H2(*5&'*%;+/ *.% &%#6.)2(.223 2B 8 4.'&6%- 2&;+ ' B%0 *#,%- 
0#*.#& *.% -%<5%&4% 2B ,%-.%-/ 6%&%(';;+ @7;26 k!#k: *#,%-?  E.5- 
0% 2&;+ &%%3 *2 42&-#3%( C 2& %'4. (%B#&%,%&* &%#6.)2(.223 

!1 ! !1E+ 2B 0.#4. 8 #- ' ,%,)%(?  H2( %'4. $%(*%= 8/ 0% 6'*.%( 
*.% (%;%$'&* (%B#&%,%&* &%#6.)2(.223- '- ' ;#-* 35(#&6 ' 42'(-%F*2F
B#&% 1(%1(24%-- *('$%(-'; 2B *.% 89? 
W#&4% *.% (%B#&%,%&* &%#6.)2(.223- '3_'4%&* *2 ' $%(*%= 8 .'$% '& 
'11(2=#,'*%;+ ;26'(#*.,#4 3#-*(#)5*#2& 2$%( *.% 89 -%<5%&4%/ 0% 
4'& '4425&* B2( *.% 5-'6% B'4*2( )+ -5,,#&6 *.% -*(%*4. '&3 
3%$#'*#2& 2& *.%-% (%B#&%,%&* &%#6.)2(.223-?  E.%(%B2(%/ 0% 
0%#6.* *.% %((2( 2$%( %'4. -54. &%#6.)2(.223 )+ ψ ! 71: n k!1k\ *2 
'4425&* B2( *.% (%,'#&#&6 -4';% B'4*2(? 
E.% B2;;20#&6 1-%532F423% 6#$%- '& 2$%($#%0 2B 25( ';62(#*.,? 
// #ptimi(e parametri(ation over whole PM se5uence. 
7ro;e#ure 7arametriDeE7mFG 
    gat-erErefinementEneig-Hor-oo#sFG     // coarse-to-fine traversal 
    re7eat 
        v I someEverteJEinEmes-FMnG 
        o7timiDeEverteJFvG 
    until ;onvergen;e 

// #ptimi(e the parametri(ation paramFvG of verte; v 
7ro;e#ure o7timiDeEverteJFverteJ vG 
    re7eat 
        ve;tor #ir I ran#omEsear;-E#ire;tionFG     // in 2= domain 
        // perform line search minimi(ation 
        re7eat 
            sele;t float t           // e.g. using binary line search 
            7aramFvG I 7aramFvG K #ir L t   // perturb parametri(ation of v 
        until errorEoverE!:FvG is minimiDe# 
    until ;onvergen;e 

// Sum of errors affected by paramFvG in all meshes M0DMn. 
fun;tion errorEoverE!:FverteJ vG 
    error I M 
    for FverteJ w in refinementEneig-Hor-oo#sFvGG  
        error KI errorEoverEneig-Hor-oo#FwO vG 
    return error 

// Error due to v in neighborhood of w Fwhere w is first introducedG 
fun;tion errorEoverEneig-Hor-oo#FverteJ wO verteJ vG  
    return ψP(levelFwGG ∗            [      λ  ∗ stret;-EerrorFwO originalEneig-HorsFwGO vG K 
           FQRλG L #eviationEerrorFwO originalEneig-HorsFwGO vG ? A!FMnG  S 

Y- #& W%4*#2& [?[/ 0% '11(2=#,'*% *.% 3%$#'*#2& %((2( 77!1/!#: 
0#*. *.% #&4(%,%&*'; 3%$#'*#2& %((2( 77!1/!1E+:?  b%4'5-% 0% 
3%B#&% 25( -*(%*4. ,%*(#4 *2 )% #&B#&#*% 0.%& ' B'4% #- B;#11%3 #& 
*.% 1'(',%*%( 32,'#&/ -*(%*4. ,#&#,#>'*#2& 1(%$%&*- 1'(',%*(#4 
B;#11#&6 #& ';; ,%-.%-?  @&% B#&'; 3%*'#; #- *.'* 0% ';-2 21*#,#>% 
*.% 1'(',%*(#>'*#2& 2B $%(*#4%- ';2&6 4.'(* )25&3'(#%-?  W#&4% 
*.%-% $%(*#4%- .'$% *%=*5(% 422(3#&'*%- #& *02 '3_'4%&* 4.'(*-/ 0% 
,5-* 42&-#3%( *.% (%B#&%,%&* &%#6.)2(.223- #& )2*. 4.'(*- -#,5;F
*'&%25-;+?  W1%4#B#4';;+/ 0% ,5-* 42&-*('#& *.% 1'(',%*(#>'*#2&- *2 
(%,'#& 2& *.% )25&3'(#%-/ '&3 21*#,#>% 2$%( -.'(%3 )'(+4%&*(#4 
422(3#&'*%- ';2&6 *.% )25&3'(+ *2 1(%$%&* C1'(',%*(#4 4('4I-D? 

4.L Pack chart polygons 
W#&4% *.% 21*#,#>'*#2& #& W%4*#2& [?] ,23#B#%- *.% 1'(',%*(#>'F
*#2&/ 0% 1%(B2(, ' B#&'; 4.'(* (%-#>#&6 -*%1 '- #& W%4*#2& [?X? 
E.% &%=* -*%1 #- *2 1'4I *.%-% (%-#>%3 4.'(*- #&*2 ' (%4*'&65;'( 
*%=*5(% #,'6%?  A& *.% 42&*%=* 2B *%=*5(% ,'11#&6/ $'(#25- .%5(#-F
*#4- .'$% )%%& 1(%-%&*%3 B2( *.% -1%4#'; 4'-% 2B 1'4I#&6 XF-#3%3 
4.'(*- L\OL\\OL\]OL\^O?  V20%$%(/ 25( 4.'(* )25&3'(#%- 4'& )% 
'()#*('(+ 12;+62&-?  E.% 6%&%('; 1(2);%, #- I&20& '- *.% G8F.'(3 
0&#() 0&$H1#2 1(2);%, L\XO? 
J% -#,1;#B+ *.% 1(2);%, )+ 42&-%($'*#$%;+ '11(2=#,'*#&6 %'4. 
4.'(* 12;+62& 0#*. *.% ;%'-*F'(%' (%4*'&6;% *.'* %&4;2-%- #*?  E.#- 
(%4*'&6;% #- B25&3 %BB#4#%&*;+ )+ 42&-#3%(#&6 %'4. %36% 2B *.% 
12;+62&l- 42&$%= .5;;?  H2(*5&'*%;+/ 25( 4.'(* 12;+62&- '(% 

 



 

(%'-2&');+ -.'1%3/ -2 *.% (%4*'&6;% '11(2=#,'*#2& #- &2* *22 
42-*;+?  J% (2*'*% *.% 4.'(* *2 ';#6& *.% ;2&6 '=#- 2B *.% (%4*'&6;% 
0#*. *.% $%(*#4'; 3#(%4*#2&?  E.% 1(2);%, *.%& )%42,%- *.'* 2B 
(%4*'&6;% 1'4I#&6/ 0.#4. #- -*#;; G8F.'(3/ )5* B2( 0.#4. *.%(% %=#-* 
6223 .%5(#-*#4 '11(2=#,'*#2&- 7%?6? LM[OL\[O:?  J% 3%$%;21 25( 
20& -#,1;% .%5(#-*#4/ 0.#4. 02(I- '- B2;;20-? 
J% -2(* *.% (%4*'&6;%- )+ .%#6.*?  A& 2(3%( 2B 3%4(%'-#&6 .%#6.*/ 
0% 1;'4% *.% (%4*'&6;%- -%<5%&*#';;+ #&*2 (20- #& ';*%(&'*#&6 ;%B*F
*2F(#6.* '&3 (#6.*F*2F;%B* 2(3%( '- -.20& #& H#65(% [4 LM[O?  
E.(256. )#&'(+ -%'(4./ 0% 21*#,#>% 2$%( *.% *%=*5(% 0#3*. -54. 
*.'* *.% 1'4I#&6 ,#&#,#>%- *.% '(%' 2B *.% %&4;2-#&6 -<5'(%? 
J.%& *.% 3%-#(%3 *%=*5(% -',1;#&6 3%&-#*+ #- ;'*%( 3%*%(,#&%3/ 0% 
;%'$% ' 2&% *%=%; 6'1 )%*0%%& '3_'4%&* 4.'(*-?  W%4*#2& ] (%12(*- 
(%-5;*- 2B 25( 4.'(* 1'4I#&6 %BB#4#%&4+? 

4.M Sample texture images 
E.% 1'4I%3 4.'(*- 3%B#&% ' *%=*5(% '*;'- B2( *.% -5(B'4%?  J% 5-% 
*.% '*;'- *2 -',1;% '**(#)5*%- B(2, *.% -5(B'4% !# #&*2 *.% *%=*5(% 
32,'#&/ '* *.% \T 6(#3 2B *%=%; ;24'*#2&-?  H2( #,1(2$%3 B#;*%(#&6/ 
0% -51%(-',1;% *.% '**(#)5*%- 5-#&6 ' [=[ )2= B#;*%(?  W%4*#2& ] 
-.20- (%-5;*- 2B -',1;#&6 42;2(- '&3 &2(,';-? 
AB *.% .#6.%-* B(%<5%&4+ I 2B *.% '**(#)5*% B5&4*#2& 2$%( *.% -5(B'4% 
,%-. #- I&20&/ *.% -*(%*4.F)'-%3 -4';% 2B *.% *%=*5(% '*;'- ,'I%- 
#* 12--#);% *2 %-*#,'*% *.% (%<5#(%3 \T 6(#3 -',1;#&6 3%&-#*+?  
J#*. *.% 4.'(*- (%-#>%3 '- #& W%4*#2& [?X/ *.% \T 6(#3 -1'4#&6 
-.25;3 )% -%* &2 ,2(% *.'& +J7:I:? 
A& 6%&%(';/ -4.%,%- *.'* 1'4I ,5;*#1;% 4.'(*- #&*2 ' -#&6;% *%=*5(% 
#,'6% ,'+ 6#$% (#-% *2 ,#1F,'11#&6 '(*#B'4*-/ -#&4% 42'(-%( ,#1F
,'1 ;%$%;- 0#;; '$%('6% *26%*.%( 
-1'*#';;+ 3#-_2#&* 4.'(*-?  E.% ,2-* 
#,,%3#'*% '(*#B'4* #- *.'* 4.'(* 
)25&3'(#%- '(% (%$%';%3 #B *.% #&*%(F
4.'(* '(%' #- ;%B* 5&1'#&*%3 7%?6? 
);'4I:?  E2 ,#*#6'*% *.#-/ 0% '11;+ ' 
15;;F15-. ';62(#*., L^O *2 B#;;F#& 
*.%-% 5&-',1;%3 (%6#2&- 0#*. 
(%'-2&');% $';5%-?  Y- '& %=',1;%/ 
*.% %BB%4* 2& *.% '*;'- #,'6% B(2, 
H#65(% [4 #- -.20& 2& *.% (#6.*? 

5. Results 
H#65(% [ -.20- '& %=',1;% (%-5;*/ 0.%(% *.% *%=*5(% #,'6% 4'1F
*5(%- 1(%F-.'3%3 42;2(- B(2, *.% 2(#6#&'; ,%-. !#?  Y;*.256. 0% 
2&;+ -.20 *.% *%=*5(%3 )'-% ,%-./ *.% -',% *%=*5(% '*;'- 4'& 2B 
425(-% )% 5-%3 2& ';; 2*.%( ,%-.%- !+, !# #& *.% 89/ '- -.20& 
2& *.% '442,1'&+#&6 $#3%2? 
H#65(% ] -.20- -%$%('; ,%-. '11(2=#,'*#2&- #& ' 89 -%<5%&4%/ 
0.%(% *.% *%=*5(% #,'6% 4'1*5(%- ' &2(,'; ,'1?  b%4'5-% *.% 89 
,%-.%- 4'& .'$% #((%65;'( 42&&%4*#$#*#%-/ *.%+ <5#4I;+ 42&$%(6% *2 
6223 6%2,%*(#4 '11(2=#,'*#2&-?  V%&4% *.% B#65(% -.20- S@T 
,%-.%- 0#*. (%;'*#$%;+ ;20 B'4%F425&*-/ 42,1'(%3 *2 *.% 2(#6#&'; 
,%-. 2B &%'(;+ j^/NNN B'4%-? 
H#65(% X 42,1'(%- 6('1.- 2B *%=*5(% -*(%*4. '&3 3%$#'*#2& B2( 
,%-.%- #& ' 89 5-#&6 $'(#25- 1'(',%*(#>'*#2& -4.%,%-?  E.% 
45($% ;')%;%3 C5&#B2(,D 42((%-12&3- *2 5&#B2(, %36%F-1(#&6 
1'(',%*(#>'*#2& B2;;20%3 )+ -#,1;#B#4'*#2& ,#&#,#>#&6 *%=*5(% 
3%$#'*#2&?  7E.% .'(,2&#4 L[O '&3 H;2'*%( L]O 1'(',%*(#>'*#2&- 
*+1#4';;+ .'$% %$%& 6(%'*%( -*(%*4. *.'& *.% 5&#B2(, 1'(',%*(#>'F
*#2&?:  E.% 45($% ;')%;%3 C,#&F-*(%*4. 1'(',?D (%1;'4%- *.% #&#*#'; 
1'(',%*(#>'*#2& 0#*. 25( -4.%,% 2B W%4*#2& [?\?  Y- #- %$#3%&* #& 
*.% 6('1./ 1'(',%*(#4 -*(%*4. #- (%354%3 B2( *.% B#&%-* ,%-. !#?  

7E.#- 3#BB%(%&4% #- 2B*%& ,2(% -#6&#B#4'&* '- -.20& #& E');% M?:  
E.% 45($% ,'+ '11%'( )5,1+ )%4'5-% -*(%*4. #- #6&2(%3 35(#&6 
-#,1;#B#4'*#2&?  H#&';;+/ *.% 45($% ;')%;%3 C,#&F-*(%*4. o 21*#,#>?D 
'33- 25( 1'(',%*(#>'*#2& 21*#,#>'*#2& 2B W%4*#2& [?]?  G2*% *.'* #* 
#,1(2$%- -*(%*4. '* ;20%( S@T-/ 0.#;% ';-2 #,1(2$#&6 *%=*5(% 
3%$#'*#2& 2$%( *.% 0.2;% ('&6%? 
Y- 3%,2&-*('*%3 #& H#65(% c/ #6&2(#&6 *%=*5(% -*(%*4. 35(#&6 
1'(',%*(#>'*#2& (%-5;*- #& &2&F5&#B2(, -5(B'4% -',1;#&6/ 0.#4. 
)%42,%- '11'(%&* '- ;2-- 2B 3%*'#; 2$%( (%6#2&- 2B .#6. -*(%*4. 
3#-*2(*#2&? 

3orse !:> TUV )tret;- Wrror Fweig-te#G
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3orse !:> TUV êviation Wrror Fw eig-te#G
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H#65(% XK Z((2( 6('1.- 2B *%=*5(% -*(%*4. '&3 3%$#'*#2& 2$%( *.%
.2(-% 89 -%<5%&4%/ )2*. ,%'-5(%3 5-#&6 9: &2(,- '&3 0%#6.*%3
)+ *.% ψ71: B'4*2( B(2, W%4*#2& [?]? 
 

923%;- )5&&+ 1'('-'5( .2(-% .'&3 

q B'4%- #& !# cj/cXN [X/hcc jc/j]c cN/h]c
q $%(*#4%- #& !# X[/hM^ \M/jX] [h/[hN XN/[XN
q 4.'(*- ^] ^] M\N cN
q B'4%- #& !" \hh \jh [^N \XN
q $%(*#4%- #& !" M[c M]M \X^ MM^
7-*(%*4. %BB#4#%&4+ 0#*. 
 5&#B2(, 1'(',%*(#>'*#2&: N?[M N?NNM N?Xh N?N^

 -*(%*4. %BB#4#%&4+ N?cN N?[N N?]] N?[c
   #&*('F(%4*'&6;% %BB#4#%&4+ N?^^ N?^M N?^^ N?^c
   (%4*'&6;%F1'4I#&6 %BB#4? N?h^ N?hj N?jM N?h\
 1'4I#&6 %BB#4#%&4+ N?c^ N?cX N?^N N?c\
*%=*5(% %BB#4#%&4+ N?[N N?\] N?Xh N?\j

E');% MK r5'&*#*'*#$% (%-5;*-? 



 

 

E');% M 1(2$#3%- (%-5;*- 2& *.% %BB#4#%&4+ 2B *.% 1'(',%*(#>'*#2& 
#& (%354#&6 *.% (%<5#(%3 *%=*5(% ,%,2(+?  >('3($% 3II1$13#$B #- *.% 
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