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(&!P-4%.21DC8J!

!

!

/?@A)EC)X%2(:M/%.(*!S1_4!=P(-ee-!R%44(&(9!P-4%.219!EJ$J!
DDh?F@J)

!

!

/?@A)FC)].%%&!54-e%0!S1_4!=f(:-!P-4-*%9!P-4%.219!EJ$J!!>8FB8@J)

GA! GA' (B%8&U'*C%-B/C'(5?'&)0'/$)$%&*"-)'-+'
L-.U/-)&.'3$>C$>'C'

3/%! 2%'/1014156! ;:%0! )1.! 0-'-! -*[;(:('(1&!
_-:! S-:%0! 1&! '/%! 23&/")/HW&>$0' ?-0$.")/!
'%*/&([;%9! _/(*/! (&*4;0%:! '/%! M/1'15.-22%'.(*!
M.1*%::! -&0! K-3LB*$%' =">"-)! '/.1;5/! '/%!
0%L%41M2%&'! 1)! -451.('/2:! -&0! *-4*;4-'(1&!
:'.-'%5(%:!*-44%0!(*%B#*B%$'+%-3'?-*"-)hJ!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!
D!HYO&5%419!\J!=>?<A@J!Q&!b5%*'-';.(c!0%4!d$$!:%*141!-!P-4%.21T!
41! :*-.(*1! 0(! )1.&-*%! 0(! P-4-ee1! i;&5-.(&(9! (&! W(4-&%:%9! WJ9!
#-2(&&%*(9!7J9!P-.%4419!#J!g!+(ee19!WJ"J9!=-!*;.-!0(@9!H-4!S;''1!
-44-! "'1.(-J! $&0-5(&(! -.*/%1415(*/%! '.-! W%0(1%L1! %!
P1:'2%0(1%L19! (&!7%#C$-.-/"&' <->*3$0"$8&.$' @G! =MMJ! FBCAF@J!
\(.%&e%T!O44Y$&:%5&-!0%4!](54(1@9!_('/!S(S4(15.-M/6J!
8!3/(:!M-.-5.-M/!(:!%&'(.%46!_.(''%&!S6!,4%&-!P%ee(&(!-&0!7(L-!
"-**1J!
8 (Remondino, F. e El-Hakim, S. (2006). Image-based 3d 
modelling: a review. The Photogrammetric Record 21, (pp. 269-
291) e (Barazzetti L., Remondino F., Scaioni M., (2011). 



=>?<8@9!&J!< 5A'78$..&:';A'<$44")":'=A'(&##-:'!A ?&/%-

Ah!

Q&4(a%! '.-0('(1&-4! M/1'15.-22%'.(*!
'%*/&([;%:! '/-'! .%[;(.%! '/%! ;:%! 1)! -! *-4(S.-'%0!
*-2%.-! 1.! -! M/1'15.-22%'.(*! *-2%.-9! -&6!
*-2%.-!*-&!S%!;:%0!)1.!'/%!"\W9!)1.!_/(*/!1&46!-!
)%_! M-.-2%'%.:! -.%! .%[;(.%09! M.1L(0(&5! '1! '-a%!
1&46!-!2%-:;.%9!0%'%*'%0!0(.%*'46!1&!'/%!1S^%*'!1.!
(&! '/%! %&L(.1&2%&'9! '/-'! *-&! :%.L%! '1! 0(2%&:(1&!
'/%!M1(&':!*41;0J!

!

!

/?@A)GC)"*/%2%!)1.!5%&%.-'(&5!M/1'1!*4;:'%.:J)
 

/?@A)HC)#4;:'%.!1)!M/1'1:!=EJ$J!DDh?F@J)
!
3/%!5%&%.-4!_1.a)41_!(&L14L%:!*-M';.(&5!0-'-!

).12! -! M/1'15.-M/(*! :%'! *-44%0! #.B>*$%J! 3/%!
)(&0(&5:! _%.%! M4-*%0! -'! '/%! *%&'%.! 1)! -! :%4)C
*1&:'.;*'%0!M/1'15.-22%'.(*!'-S4%!(&!O?!)1.2-'9!
:;('-S4%! )1.! :*-&&(&5! 2%0(;2C:(e%0! )(&0:! '1!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!
Automated and accurate orientation of complex image 
sequences. International Archives of the Photogrammetry, 
Remote Sensing and Spatial Information Sciences, Volume 
XXXVIII-5/W16, online,  pp. 277-284). 

0%'%.2(&%!'/%!&;2S%.!1)!M1:%:!=;M!'1!-!2-`(2;2!
1)!DA!)1.!%-*/!:%'@J!

P/1'1:!_%.%! '-a%&! ;:(&5! -! #-&1&!,I"! <F??H!
+%)4%`! H(5('-4! #-2%.-! _('/! -! <hKBB! 22! 4%&:9!
%[;(MM%0! _('/! -! K-3L.$3$)*&%U' ?$*&.HXY"0$'
($3"#-)0B#*-%' =#WI"@! :%&:1.J! 3/%! 2-`(2;2!
.%:14;'(1&! 1)! '/%! *-2%.-! ;:%0! (:! hJ?!2%5-M(`%4:9!
%[;(L-4%&'! '1!F>DA`>AAh!M(`%4:J! $&! '/%!M/1'1! :%'!
-.%! M4-*%0! '/%! :[;-.%:! '/-'! _(44! S%! ;:%0! (&! '/%!
&%`'! :'-5%! )1.! M1(&':! *41;0! 0(2%&:(1&(&5! -&0!
)-*(4('-'%!'/%!2-'*/(&5!M/-:%J!

O&1'/%.!a%6!-:M%*'!_-:!'1!M%.)1.2!-!5110!:%'!
1)! :/1':! =-'! 4%-:'! >A! :/1':@9! '.%-'(&5
%&L(.1&2%&'-4! 4(5/'(&5! _('/! -! /1215%&%1;:!
0(:'.(S;'(1&!1)!4(5/'!1&!-44!:;.)-*%:9!'-a(&5!*-.%!'1!
:%'! '/%! $"I! S%'_%%&! <??KA??! '1! -L1(0! %`*%::(L%!
&1(:%k! (&! -00('(1&9! ('! /-:! S%%&! -''%2M'%0! &1'! '1!
*.%-'%! :/-01_:! 1'/%.! '/-&! '/%! 1&%! M.10;*%0! S6!
'/%!1S^%*'! (':%4)!;:(&5!-!'.(M10J!3/(:! (&('(-4!:'%M!(:!
*.;*(-4!'1!5%''(&5!M1(&'!*41;0:!1)!5110![;-4('6J!

!

!

/?@A)IC)P1(&'!*41;0:!=EJ$JJ!Ah>B<9!EJ$JJ!DDh?F9!EJ$J!>8FB8@J)
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AG! !

I&*%!'/%!(2-5%!.%M1:('1.6!(:!0%)(&%09!'/%!&%`'!
:'%M! *1&*%.&:! '/%! M.1*%::(&5! 1)! M/1'15.-M/(*!
0-'-! '/.1;5/! '/%! 1M%&! :1;.*%! :1)'_-.%' <U*C-)'
<C-*-/%&33$*%U',--.6-Y =PP3@ =W1;41&!g!R%ee(9!
>?<>@! -&0! '/%! ;:%! 1)! '/%! WB)0.$%' &0ZB>*3$)*'
&LL."#&*"-)J!

3/%! )(.:'! :'%M!_('/! '/%! R;&04%.! -MM4(*-'(1&! (:!
'1! (0%&'()6! '/%! *1221&! M1(&':! S%'_%%&! '/%!
0())%.%&'! =+$&*B%$>' 0$*$#*"-)@9! _/1:%! [;-4('6! (:! -!
a%6! *1&0('(1&! )1.! '/%! :;**%::);4! 1;'*12%! 1)! '/%!
M.1*%::J!3/-&a:!'1!'/(:!-;'12-'(*!1M%.-'(1&9!PP3!
:1)'_-.%!*-&!*-4*;4-'%!'/%!M1:('(1&!1)!'/%!*-2%.-!
(&! '/%! :M-*%! .%4-'(L%! '1! '/%! 1S^%*'! -&0! :'1.%! (':!
M-.-2%'%.:! S6! %4-S1.-'(&5! -! M1(&'! *41;09! S;'!
(&('(-446! 1&46! -! 41_! 0%&:('6! M1(&'! *41;0! =>L&%>$'
L-")*' #.-B0@J! 3/%! &%`'! :'%M! (:! '1! 2%.5%! '/%!
)%-';.%:T!1&*%!61;!%`'.-*'!'/%!/1214151;:!M1(&':!
(&! *1221&! S%'_%%&! '/%! L-.(1;:! (2-5%:9! '/%!
M.1*%::! 21L%:! )1._-.0! '1! '/%!3&*#C")/! :'%MJ! $&!
'/(:! _-69! 61;! /-L%! -! )(.:'! '/.%%C0(2%&:(1&-4!
.%M.%:%&'-'(1&! 1)! '/%! 1S^%*'9! ;:(&5! -&! -451.('/2!
*-44%0!"$\3!=(#&.$'2)8&%"&)*'5$&*B%$',%&)>+-%3@J!

3/%! :%*1&0! :'%M! (&L14L%:! '.-&:)%..(&5! '/%:%!
L-4;%:! ).12! R;&04%.! -MM4(*-'(1&! '1! '/%! PW7"! K!
#W7"! -MM4(*-'(1&9! _/(*/! -;'12-'(*-446! (&('(-'%:!
'/%! .%*15&('(1&! 1)!2-'*/(&5!S%'_%%&! '/%!M/1'1:9!
-&0!'/%!%&0!.%:;4'!_(44!S%!-!*41;0!1)!0%&:%!M1(&':!
=0$)>$' L-")*' #.-B0@! -! :%.(%:! 1)! '/.%%C0(2%&:(1&-4!
M1(&':!'/-'!*/-.-*'%.(e%!-&0!.%M.%:%&'!'/%!:*%&%J!
$&! '/%! *-:%! 1)! '/%! 1S^%*':! :';0(%0! '/%! &;2S%.! 1)!
L%.'(*%:! 1S'-(&%0! S6! 01(&5! '/(:! M.1*%0;.%! (:! -:!
)1441_:T!
o!! )1.! EJ$J! DDh?F! '/%! *41;0! *1&:(:':! 1)! <88A<>!

M1(&':kJ!!
o!! )1.! EJ$J! Ah>B<! '/%! *41;0! *1&:(:':! 1)! <88F>D!

M1(&':k!
o!! )1.! EJ$J! >8FB8! '/%! *41;0! *1&:(:':! 1)! <AD<hF!

M1(&':J!
3/%!&%`'!:'%M!*1&*%.&:! '/%!*144(2-'(1&!1)! '/%!

M1(&'! *41;0! -&0! (':! 1M'(2(e-'(1&9! %4(2(&-'(&5!

'/1:%!L%.'(*%:!'/-'!01!&1'!S%41&5!'1!'/%!:;.)-*%!1)!
'/%!1S^%*'J!!

3/(:!*-&!S%!01&%!'/.1;5/!'_1!).%%!1M%&!:1;.*%!
:1)'_-.%9! &-2%46! K.-B0K-3L&%$ %! ?$>C[&6''
=#(5&1&(9! #-44(%.(9! #1.:(&(9! H%44%M(-&%9! ]-&1L%44(9!
+-&e;54(-9! >??h@J! I&%! );&0-2%&'-4! -:M%*'! '/-'!
&%%0:! '1! S%! *1&:(0%.%0! (:! '/-'! '/%! M1(&'! *41;09!
S%*-;:%! 1)! '/%! 5%12%'.6! 1)! '/%! 1S^%*'9! 2-6! S%!
(&*12M4%'%J! 3/%! :14;'(1&! /%.%! (:! '1! */-&5%! '/%!
M1:('(1&! 1)! '/%! 1S^%*'! -&0! 5%'! -! :%*1&0! M1(&':!
*41;0J! 3/%! -4(5&2%&'! 1.! *144(2-'(1&! 1)! '/%! '_1!
M1(&'! *41;0:! (:! 01&%! _('/! '/%! K.B-0K-3L&%$'
:1)'_-.%A' 3/%! M.1*%0;.%! *1&:(:':! (&! (0%&'()6(&5!
:12%!M-(.:!1)!/1214151;:!M1(&':!=-'! 4%-:'!A@!-&0!
S6! 2%-&:! 1)! -! .1'1'.-&:4-'(1&! -&0! :*-4(&5!
1M%.-'(1&9!'/%!'_1!*41;0:!-.%!-4(5&%0J!

3/%! &%`'! M/-:%! *1&*%.&:! '/%! 5%&%.-'(1&! -&0!
1M'(2(e-'(1&!1)!'/%!M14651&-4!2%:/!2-0%!'/.1;5/!
'/%!W%:/i-S!:1)'_-.%!-&0!'/%!;:%!1)!<-">>-)'?$>C'
!$#-)>*%B#*"-)! -451.('/2! =p-e/0-&9! R14('/1! g!
X1MM%9! >??D@9! -441_(&5! '/%! :/-M%! 1)! '/%! 1.(5(&-4!
1S^%*'!'1!S%!.%-4(e%0J!

31!5%'!-!21.%!0%'-(4%0!2%:/9!_%!&%%0! '1!;:%!
'/%! (B60"8">"-)' (B%+&#$>\' .--L! *122-&09! _/(*/!
-441_:! 61;! '1! (&*.%-:%! 2%:/! L%.'(*%:! S6!
5%&%.-'(&5!-&!1M'(2(e%0!1&%J!$&!'/%!-MM4(*-'(1&!1)!
'/(:!M.1*%::!('!(:!&1'%0!'/-'!'/%!%4-S1.-'%0!2%:/%:!
1)! '/%! 1S^%*':! :';0(%0! M.%:%&'%0! -! '.(-&5;4-.!
:;.)-*%!*1&:(:'(&5!1)!-!*%.'-(&!&;2S%.!1)!L%.'(*%:!
-&0!)-*%:T!
•! '/%! M14651&-4! 210%4! EJ$J! DDh?F! *1&:(:':! 1)!

G<hAD!)-*%:!-&0!ABG>B!L%.'(*%:k!
•! '/%! M14651&-4! 210%4! EJ$J! Ah>B<! *1&:(:':! 1)!

A>?h8h>!)-*%:!-&0!><?AFG<!L%.'(*%:k!
•! 3/%! M14651&-4! 210%4! EJ$J! >8FB8! *1&:(:':! 1)!

8hG>D!)-*%:!-&0!ADGBD!L%.'(*%:J!!
3/%!M14651&-4!210%4! (:9!&1_9!;:-S4%! )1.! 4-'%.!

:'-5%:!GJ!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!
G!3/%!M-.-5.-M/!(:!%&'(.%46!_.(''%&!S6!+1:-4(-!W-5.1J!!

)

/?@A)JC)#144(2-'(&5!-&0!:*-4(&5!1)!M1(&'!*41;0:!=EJ$J!!Ah>B<@J!
!
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B?!

]A! ?-0$.")/:']^'L%")*")/'&)0'*$Y*B%")/'

W10%4(&5!1)! '/%!2(::(&5!M-.'!1)! '/%! )(&0:!_-:!
01&%! ;:(&5! '/%! +/(&1*%.1:! :1)'_-.%9! S6! EQ+R"!
210%4(&5J!

3/%! )(&0:! /-L%! -! 5%12%'.(*! 2-'.(`! '/-'! *-&!
*4%-.46! S%! '.-*%0! S6! :;.)-*%:! 1)! .%L14;'(1&9! S;'!
%`/(S('!'/%!(&%L('-S4%!(..%5;4-.('(%:!0;%!'1!2-&;-4!
.%-4(e-'(1&J!

$&! 1.0%.! '1! 1S'-(&! '/%! -&-46'(*-446! *1..%*'!
:;.)-*%9! :'%M:! /-0! '1! S%! '-a%&! (&! '/%! )1441_(&5!
M/-:%:T! 1&! '/%! 2%:/! 1)! '/%! 210%49! '/.%%! M1(&':!
_%.%!(0%&'()(%0!'/-'!_1;40!-441_!'1!(0%&'()6!:12%!
*(.*4%:! 46(&5! 1&! M-.-44%4! M4-&%:k! '/%! 210%4! /-:!
S%%&!:;S:%[;%&'46!.1'-'%0!:1!-:!'1! (0%&'()6!-&!YU!
:;MM1.'!M4-&%k! '/%! (&'%.M14-'(1&!1)! '/%!*%&'%.:!1)!
'/%!*(.*;2)%.%&*%:!-441_%0!'1!0%)(&%! '/%!L%.'(*-4!
-`(:! )1;&0!S6! */11:(&5! '/%!/6M1'/%'(*-4!1&%! '/-'!
/-0! '/%! :4(5/'%:'! M1::(S4%! 0%L(-'(1&! ).12! '/%!
*%&'%.:! 1)! '/%! *(.*;2)%.%&*%:k! '/%! (&:%.'(1&! 1)!
L%.'(*-4! :%*'(1&! M4-&%:! -441_%09! '/%.%)1.%9! '1!
%`'.-*'! 1&%! 1.! 21.%! :%*'(1&:! ;:-S4%! )1.! '/%!

*1&:'.;*'(1&! 1)! :;.)-*%:! 1)! .%L14;'(1&! 1.! '_1C
'.-*a:!:_%%M:J!

3/%!:%*'(1&:!%`'.-*'%0!_%.%!*12M-.%0! '1! '/%!
%`(:'(&5! 1&%:9! ;:(&5! '.-0('(1&-4! 2%'/10:! 1)!
-.*/-%1415(*-4! :;.L-69! )(&0(&59! (&! :12%! *-:%:9!
0(:*.%M-&*(%:! *1&:(0%.%0! 0%*(:(L%! )1.! '/%!
0%)(&('(1&!1)!'/%!)(&-4!21.M/14156J!

!

/?@A)BKC))#12M-.(:1&!S%'_%%&!'/%!:%*'(1&!1!'/%!'.-0('(1&-4!
:;.L-6!-&0!:%*'(1&:!1S'-(&%0!).12!M14651&-4!2%:/!=EJ$JJ!

Ah>B<@J)
!

!

)

)

)

/?@A)LT!,`'.-*'(1&!1)!'/%!:%*'(1&9!1L%.4-MM(&5!'/%!EQ+R"!210%4!_('/!'/%!M14651&!2%:/!1)!'/%!:M%*(2%&!-&0!^;`'-M1:('(1&!_('/!
'/%!M1.'(1&!1)!'/%!:;.)-*%!.%*1&:'.;*'(1&!=EJ$J!Ah>B<9!EJ$J!DDh?F9!EJ$J!>8FB8@J!

)
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B<! !

!

/?@A)BBT!P.%M-.-'1.6!:4(*(&5!'1!FH!M.(&'(&5!
!
3/%! .%4(-S(4('6! 1)! '/%! .%*1&:'.;*'(1&! _-:!

:;S:%[;%&'46! L%.()(%0! S6! :;M%.(2M1:(&5! '/%!
-&-46'(*-4! :;.)-*%! _('/! '/%! %`'.-M14-'%0! 2%:/!
).12! '/%! .%4(%)! M/-:%:9! 2%-:;.(&5! L%.6! 41_!
.%-0(&5:9!*1&:(0%.%0!-**%M'-S4%9!*1&:(0%.(&5!'/-'!
'/%! (0%-4! :;.)-*%9! *-4*;4-'%0! _('/! '/%! -S:14;'%!
M.%*(:(1&! 1)! -&-46'(*-4! 210%4(&59! *1;40! &%L%.! S%!
M%.)%*'46! :;M%.(2M1:-S4%! '1! '/%! :;.)-*%! 1)! '/%!
)(&0:9!(&!:12%!*-:%:!L%.6!(..%5;4-.J!

31! %`'.-*'! '/%! 2(::(&5! M-.'! ).12! '/%! *;''(&5!
:;.)-*%9! ('! _-:! M.%)%..%0! &1'! '1! 1M%.-'%! S6!
R114%-&! :;S'.-*'(1&! 1M%.-'(1&! S;'! S6! %`'.-*'(&5!
'/%! ).-*';.%! :;.)-*%! 1)! '/%! )(&09! ;:%0! -:! *;''(&5!
%4%2%&':!1)!'/%!.%*1&:'.;*'(1&!:;.)-*%:J!!

$'! /-:! S%%&! )1;&0! '/-'! '/(:! 2%'/10141569!
/1_%L%.!*12M4%`9!/-:!6(%40%0!S%''%.!.%:;4':!'/-&!
'/%!R114%-&!:;S'.-*'(1&!;:%0!(&!'/%!M.%L(1;:!M(41'!
M.1^%*'! )1.! '/%! -MM.1-*/! 1)! '/%! .%M%.'1(.%! -&0!
.%*1&:'.;*'(1&!210%4:J!

I&*%! '/%! 210%4(&5! M/-:%! (:! *12M4%'%09! '/%!
*.('%.(-!)1.!'/%!0())%.%&'!1;'M;'!M/-:%:!-.%!:%'T!FH!
M.(&'(&5!-&0!'%`';.(e-'(1&!1)!'/%!L(.';-4!210%4J!

3/%! FH! M.(&'(&5! M.1*%::! _-:! *-..(%0! 1;'!

'/.1;5/! '/%!1M'(2(e-'(1&!1)!M14651&-4!2%:/%:!1)!
'/%! )(&0:!-&0!'/%!2%:/!'.-&:)1.2-'(1&!1)!EQ+R"!
:;.)-*%:9! %`M1.'%0! (&! "3i! )1.2-'!
=(,$%$-["*-/%&LCU'")*$%+&#$'+-%3&*@!-&0!(2M1.'%0!
(&'1! '/%! #Q+O! :1)'_-.%! )1.! :%''(&5! :4(*(&5! -&0!
5%&%.-'(&5!'/%!]#10%!=W-(%''-!>?<A@J!

3/%!M.(&'%.!;:%0! (:!1)! '/%!H%4'-! '6M%9!-&0! '/%!
210%4:!_%.%!2-0%!(&!PiO!=<-.U.&#*"#'7#"0@J!

P.(&':! 1)! S1'/! '/%! .%M.10;*'(1&! 1)! '/%!
:M%*(2%&! -&0! '/%! 210%4! 1)! '/%! .%*1&:'.;*'%0!
M-.':! /-L%! S%%&! 2-0%9! :1! -:! '1! 2-a%! -! )(.:'!
L%.()(*-'(1&!1)!'/%(.!*1..%*'!-4(5&2%&'J!

O)'%.! '/%! M4-:'%.(&5! -&0! *141.(&5! M/-:%9! ('!
*1;40! S%! L%.()(%0! '/%! 2-'*/(&5! 1)! '/%!
.%*1&:'.;*'%0!M-.':!-&0!'/%!)(&0:J!
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