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JI 7A-5'A5-)$<-;. $%;A&;#+"*G;-&A(.

KI 2("**)#G)>+&#+'-;LB>;5-')B+B"A"

MH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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NH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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QH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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87#6(76#%&2#.3&-.70.1

RH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! !;&#A+)>A&."A&;#+;<+S
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WH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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XH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

0#>A-5'A5-)B+8."G)>
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#
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YH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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! [F>;*5A)+'".)-"+G);.)A-=\+ " ]+$ %̂_+&̀

=5. &>0%5*?%.3%7#@

JaH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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=5. &>0%5*?%.3%7#@

JJH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

e%/+&f+�n 73bMc
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! ,5#B".)#A"*+."A-&Z+,
b!"#$%&'($)*+c

! 3>>)#A&"*+."A-&Z+3
b#$%&'($)*+c

! ?;.;G-"P(= ? ! ?;.;G-"P(= ?

! W+';--)>P;#B)#')>
! Q+';--)>P;#B)#')>

! N+';--)>P;#B)#')> ! N+';--)>P;#B)#')>

JKH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! %;B)*+>)*)'A&;#
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! ?;.;G-"P(= 4 �n CMZM

H&#)"-+A-"#><;-."A&;#+F)AL))#+AL;+P*"#)>+&#+:K

JMH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



=5. &>0%5*?%.3%7#@

! ?;.;G-"P(=

JNH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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=5. &>0%5*?%.3%7#@

! ?;.;G-"P(=
! 8#+A()+'"*&F-"A)B+'">)+

! 9L;+'".)-">\+:+]+l+^8+_a`+"#B++:i+]+li+^C+_+A`
! [+P*"#)\+m+]+b#9/+Bc9

! 9()+(;.;G-"P(= &>+G&U)#+F=++Zi+]+?+Z

?+]+li+bC+n A#9oBc+l$J

JQH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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! ,5#B".)#A"*+."A-&Z+5

JRH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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! :-;T)'A&U)+".F&G5&A=

JWH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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! 3>>)#A&"*+."A-&Z+6

6787$9 57$)787&Z%

JXH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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JYH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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! %;B)*+>)*)'A&;#+b5/+6/+4c
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8(%1%*?#"9A

KaH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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KJH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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87#6(76#%&2#.3&-.70.1

KKH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! ,-;.+-)*"A&U)+A;+"F>;*5A)+'".)-">+"#B+>A-5'A5-)

7'"*)+;<+&5#g#;L#h
s5A*&)-+';--)>P;#B)#')>h
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! M+P"-"B&G.>
! 8#'-).)#A"*

! O*;F"*

! ?&)-"-'(&'"*

87#6(76#%&2#.3&-.70.1

KMH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



! 8#&A&"*&p"A&;#
JI 2(;;>)+AL;+#;# $P"#;-".&'+U&)L>+b( ) % c

B1(#%3%17")*82-

KNH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀



B1(#%3%17")*82-

KQH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! 8#&A&"*&p"A&;#
JI 2(;;>)+AL;+#;# $P"#;-".&'+U&)L>b ( ) % c
KI 9-&"#G5*"A)+&#*&)-+';--)>P;#B)#')>

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀



B1(#%3%17")*82-

KRH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! 8#&A&"*&p"A&;#
JI 2(;;>)+AL;+#;# $P"#;-".&'+U&)L>+b ( * ' c
KI 9-&"#G5*"A)+&#*&)-+';--)>P;#B)#')>

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀



B1(#%3%17")*82-

KWH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! 8#&A&"*&p"A&;#
JI 2(;;>)+AL;+#;# $P"#;-".&'+U&)L>+b ( * ' c
KI 9-&"#G5*"A)+&#*&)-+';--)>P;#B)#')>
MI t5#B*)+"BT5>A.)#A

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀



B1(#%3%17")*82-

KXH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! t5#B*)+"BT5>A.)#A
! 1;# $*&#)"-+-)<&#).)#A+;<+>A-5'A5-)+"#B+.;A&;#
! %&#&.&p)+-)P-;T)'A&;#)--;-\+++++++++,-

./01
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" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀



B1(#%3%17")*82-

KYH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! [F>;*5A)+'".)-"+-)G&>A-"A&;#

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

")) ]+#



B1(#%3%17")*82-

MaH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! [F>;*5A)+'".)-"+-)G&>A-"A&;#
JI ,&#B+K6$M6+';--)>P;#B)#')>

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

")) ]+#



B1(#%3%17")*82-

MJH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! [F>;*5A)+'".)-"+-)G&>A-"A&;#
JI ,&#B+K6$M6+';--)>P;#B)#')>

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

")) ]+#



B1(#%3%17")*82-

MKH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

")) ]+#

! [F>;*5A)+'".)-"+-)G&>A-"A&;#
JI ,&#B+K6$M6+';--)>P;#B)#')>
KI 7;*U)+:)->P)'A&U)$#$:;&#A+P-;F*).



B1(#%3%17")*82-

MMH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

! [F>;*5A)+'".)-"+-)G&>A-"A&;#
JI ,&#B+K6$M6+';--)>P;#B)#')>
KI 7;*U)+:)->P)'A&U)$#$:;&#A+P-;F*).

")) ]+$ii+%̂ii+_+&ii`
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MNH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"
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B1(#%3%17")*82-

MQH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! [F>;*5A)+'".)-"+-)G&>A-"A&;#
JI ,&#B+K6$M6+';--)>P;#B)#')>
KI 7;*U)+:)->P)'A&U)$#$:;&#A+P-;F*).
MI 9-&"#G5*"A)+#)L+P;&#A>

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

")) ]+$ii+%̂ii+_+&ii`



B1(#%3%17")*82-

MRH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! t5#B*)+"BT5>A.)#A +,-
./01

"0 2 03 4/ 5



B1(#%3%17")*82-

! s5A*&)-+<&*A)-&#G
! C).;U)+P;&#A>+L&A(+*"-G)+-)P-;T)'A&;#)--;-

H"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A" MW



B1(#%3%17")*82-

! s5A*&)-+<&*A)-&#G
! C).;U)+P;&#A>+L&A(+*"-G)+-)P-;T)'A&;#)--;-
! C).;U)+P;&#A>+"A+j&#<&#&A=k

H"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A" MX



B1(#%3%17")*82-

MYH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Correspondence Search Incremental ReconstructionImages Reconstruction

Initialization

Bundle AdjustmentTriangulation

Feature Extraction

Matching

Geometric Verification

Image Registration Outlier Filtering



B1(#%3%17")*82-

NaH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Correspondence Search Incremental ReconstructionImages Reconstruction

Initialization

Bundle AdjustmentTriangulation

Feature Extraction

Matching

Geometric Verification

Image Registration Outlier Filtering



B1(#%3%17")*82-

NJH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Correspondence Search Incremental ReconstructionImages Reconstruction

Initialization

Bundle AdjustmentTriangulation

Feature Extraction

Matching

Geometric Verification

Image Registration Outlier Filtering



B1(#%3%17")*82-

NKH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Correspondence Search Incremental ReconstructionImages Reconstruction

Initialization

Bundle AdjustmentTriangulation

Feature Extraction

Matching

Geometric Verification

Image Registration Outlier Filtering

8#*&)-o;5A*&)-+';--)>P;#B)#')>

e%/+&f

e%/+&f

e%/+&f

e%/+&f
e%/+&f

e%/+&f



B1(#%3%17")*82-

NMH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Correspondence Search Incremental ReconstructionImages Reconstruction

Initialization

Bundle AdjustmentTriangulation

Feature Extraction

Matching

Geometric Verification

Image Registration Outlier Filtering

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀



B1(#%3%17")*82-

NNH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Correspondence Search Incremental ReconstructionImages Reconstruction

Initialization

Bundle AdjustmentTriangulation

Feature Extraction

Matching

Geometric Verification

Image Registration Outlier Filtering

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

")) ]+$ii+%̂ii+_+&ii`



B1(#%3%17")*82-

NQH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Correspondence Search Incremental ReconstructionImages Reconstruction

Initialization

Bundle AdjustmentTriangulation

Feature Extraction

Matching

Geometric Verification

Image Registration Outlier Filtering

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

")) ]+$ii+%̂ii+_+&ii`



B1(#%3%17")*82-

NRH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Correspondence Search Incremental ReconstructionImages Reconstruction

Initialization

Bundle AdjustmentTriangulation

Feature Extraction

Matching

Geometric Verification

Image Registration Outlier Filtering
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B1(#%3%17")*82-

NWH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Correspondence Search Incremental ReconstructionImages Reconstruction

Initialization

Bundle AdjustmentTriangulation

Feature Extraction

Matching

Geometric Verification

Image Registration Outlier Filtering
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B1(#%3%17")*82-

NXH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



?).D")*82-

NYH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

8."G)

9L; $D&)L+O);.)A-=

e%/+&fMN

e%/+&fNQe%/+&fQR

e%/+&f 9:

e%/+&fKM

e%/+&fRW

e%/+&fJW

e%/+&fKW

e%/+&fKR

e%/+&f

e%/+&f

e%/+&f
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e%/+&f



?).D")*82-

JI 3>A&."A)+G*;F"*+-;A"A&;#>\++++++,-
6

7892 7978
:

2("AA)-T)"#B+O;U&#B5KaJM/+j3<<&'&)#A+"#B+C;F5>A+H"-G)$7'"*)+C;A"A&;#+[U)-"G&#Gk

QaH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

e%/+&fMN

e%/+&fNQe%/+&fQR

e%/+&f 9:

e%/+&fKM

e%/+&fRW

e%/+&fJW
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e%/+&fKR
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?).D")*82-

JI 3>A&."A)+G*;F"*+-;A"A&;#>\++,-
6

7892 7 978
:

,&*A)-+-)*"A&U)+-;A"A&;#>\+7892 7 978
: ; 0<

QJH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

e%/+&fMN

e%/+&fNQe%/+&fQR

e%/+&f 9:

e%/+&fKM

e%/+&fRW

e%/+&fJW

e%/+&fKW
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?).D")*82-

JI 3>A&."A)+"#B+<&*A)-+G*;F"*+-;A"A&;#>

KI 3>A&."A)+G*;F"*+A-"#>*"A&;#>\++,-
=

(892
=>?=@

=>?=@

QKH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

e%/+&fNQe%/+&fQR

e%/+&f 9:

e%/+&fRW

e%/+&fJW

e%/+&fKW

e%/+&fKR
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?).D")*82-

JI 3>A&."A)+"#B+<&*A)-+G*;F"*+-;A"A&;#>

KI 3>A&."A)+G*;F"*+A-"#>*"A&;#>\++,-
6

(892
=>? =@

=>? =@

,&*A)-+-)*"A&U)+A-"#>*"A&;#>\+(892
=>?=@

=>?=@

; A

QMH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

e%/+&fNQe%/+&fQR

e%/+&f 9:

e%/+&fRW

e%/+&fJW

e%/+&fKW

e%/+&fKR
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?).D")*82-

JI 3>A&."A)+"#B+<&*A)-+G*;F"*+-;A"A&;#>
KI 3>A&."A)+"#B+<&*A)-+G*;F"*+A-"#>*"A&;#>
MI 9-&"#G5*"A)+"#B+-)<&#)+L&A(+F5#B*)+"BT5>A.)#A

QNH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

")) ]+$ii+%̂ii+_+&ii`
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F0%#"#(A0(")*82-

QQH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



F0%#"#(A0(")*82-

JI ?&)-"-'(&'"*+'*5>A)-&#G+;<+>')#)+G-"P(

QRH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



F0%#"#(A0(")*82-

JI ?&)-"-'(&'"*+'*5>A)-&#G+;<+>')#)+G-"P(
KI C)';#>A-5'A+'*5>A)->+&#B)P)#B)#A*=

b5>&#G+&#'-).)#A"*+;-+G*;F"*+7<%c

QWH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



F0%#"#(A0(")*82-

JI ?&)-"-'(&'"*+'*5>A)-&#G+;<+>')#)+G-"P(
KI C)';#>A-5'A+'*5>A)->+&#B)P)#B)#A*=
MI %)-G)+'*5>A)->+5>&#G+>&.&*"-&A=+A-"#><;-."A&;#>

QXH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



87#6(76#%&2#.3&-.70.1

! 2;.P"-&>;#

QYH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

@+&A0B 6CC232+,3D%0EFG&,+GGH33F-.3D

8#'-).)#A"* $ uu u

O*;F"* u u u

?&)-"-'(&'"* uu $ $



87#6(76#%&2#.3&-.70.1

RaH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! !;&#A+)>A&."A&;#+;<+S
! 7A-5'A5-)+! &+

! 2".)-">+ " T

! S+<-;.+.;A&;#/+&I)I
! &."G)>+"A+B&<<)-)#A

U&)LP;&#A>
: J

: K

VJ

: M

VK
VM



4A"))%1$%'
2-;LB>;5-')B+6"A"

RJH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



G=H'

! d"A)-."-g>/+A&.)>A".P>/+<-".)>+bd9,>c

RKH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



G=H'

! 6)A)'A+P5-)+A-"#>*"A&;#+"A+&."G)+F;-B)-

d)="#B )A+"*I+KaJQ/+j,&Z&#G+d9,>\+6)A)'A&#G+8."G)+%"A'()>+'"5>)B+F=+d9,>+&#+8#A)-#)A+:(;A;>k
?)&#*=)A+"*I+KaJQ/+jC)';#>A-5'A&#G+A()+d;-*B+&#+7&Z+6"=>k

RMH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



4")0D#"70.1

! ,;'"*+*)#GA(+5#g#;L#
! 3V8,+&#"''5-"A)o.&>>&#G

! 8."G)+B&>A;-A&;#

RNH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



4")0D#"70.1

! 7)*<$'"*&F-"A&;#
! 9L; $U&)L+G);.)A-=+)>A&."A&;#/+)IGI

! 7A)L)#&5>)A+"*I+KaaX/+j[+.&#&."*+>;*5A&;#+<;-+-)*"A&U)+P;>)+L&A(+5#g#;L#+<;'"*+*)#GA(k

! l5g)*;U" )A+"*I+KaJQ/+j3<<&'&)#A+7;*5A&;#+A;+A()+3P&P;*"-O);.)A-=+<;-+C"B&"**=+6&>A;-A)B+2".)-">k

! [F>;*5A)+'".)-"+)>A&."A&;#
! :N:</+:N:<-/+)A'I

t5T#"g/+l5g)*;U" /+:"TB*")A+"*I

! :MIQ:
d5+KaJQ/+j:;>)+3>A&."A&;#+L&A(+0#g#;L#+,;'"*+H)#GA(k

! C)<&#).)#A+&#+F5#B*)+"BT5>A.)#A

RQH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

+,-
./01/0B

"0 2 03 4/ 5/ C



8(")%*"3D0$607@

! 8#()-)#A+>'"*)+".F&G5&A=+;<+7<%

RRH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

91#
: ((1#



8(")%*"3D0$607@

! 0>)+O:7+3V8,+A"G>+<;-+G);$-)G&>A-"A&;#

! 0>)+>)."#A&'>+A;+&#<)-+>'"*)
b)IGI/+P-&;-+;#+>&p)+;<+'"->/+A-))>/+P);P*)/+)A'Ic

RWH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



,@1"30(*.DI%(7'

! 7A"#B"-B+7<%<;-.5*"A&;#+;#*=+<;-+>A"A&'+;FT)'A>

RXH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



,@1"30(*.DI%(7'

! ,-;.+'-;LB>;5-')B+U&B);>
@()#G+)A+"*I+KaJQ/+j7P"->)+6=#".&'+M6+C)';#>A-5'A&;#+<-;.+0#>=#'(-;#&p)B+D&B);>k
!&+)A+"*I+KaJN/+jM6+C)';#>A-5'A&;#+;<+6=#".&'+9)ZA5-)>+&#+2-;LB>;5-')B+6"A"k

! ,-;.+'-;LB>;5-')B+&."G)>
@()#G+)A+"*I+KaJN/+j!;&#A+sFT)'A+2*">>+7)45)#'&#G+"#B+9-"T)'A;-=+9-&"#G5*"A&;#+b!s79ck

RYH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



J%9%7070C%*87#6(76#%'

! 7=..)A-&)>+&#+."#$."B)+>A-5'A5-)>

WaH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



J%9%7070C%*87#6(76#%'

WJH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"



J%9%7070C%*87#6(76#%'

WKH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! :-) $P-;')>>&#G
! C).;U)+&#';#>&>A)#A+>')#)+G-"P(+)BG)>

@"'(+)A+"*I+KaJa/+j6&>".F&G5"A&#G+U&>5"*+-)*"A&;#>+5>&#G+*;;P+';#>A-"&#A>k
d&*>;#+"#B+7#"U)*=KaJM/+j1)AL;-g+:-&#'&P*)>+<;-+7<%\+6&>".F&G5"A&#G+C)P)"A)B+7A-5'A5-)>+L&A(+H;'"*+2;#A)ZAk

! :;>A$P-;')>>&#G
! 8B)#A&<=+"#B+';--)'A+B5P*&'"A)+>A-5'A5-)>

?)&#*=)A+"*I+KaJN/+j2;--)'A&#G+<;-+65P*&'"A)+7')#)
7A-5'A5-)+&#+7P"->)+M6+C)';#>A-5'A&;#k



B))6301"70.1*4A"1$%

! 6"=$#&G(A+."A'(&#G+B&<<&'5*A+o+#;A+P;>>&F*)

WMH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

6"=

1&G(A



B))6301"70.1*4A"1$%

! H)U)-"G)+A-"#>&A&;#+&."G)>+B5-&#G+B5>g+o+B"L#

@(;5+)A+"*I+KaJR/+j3U"*5"A&#G+H;'"*+,)"A5-)>+<;-+6"=$1&G(A+%"A'(&#Gk
D)-B&))A+"*I+KaJQ/+j98H63\+[+9).P;-"**=+8#U"-&"#A+H)"-#)B+6)A)'A;-k
C"B)#;U&')A+"*I+KaJR/+j,-;.+65>g+9&**+6"L#\+%;B)*&#G+&#+A()+6"-gk

WNH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Image Database Sparse Model

SfM Clustering

Day

Night

Day/Night Clusters
Dense
Rec.

Dense ModelScene Graph



B1070")*>0%5*8%)%(70.1

WQH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Incremental Reconstruction

Initialization

Bundle AdjustmentTriangulation

Image Registration Outlier Filtering

v v

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

9-"B)$;<<\
! 9-&"#G5*"A&;#+"#G*)
! 15.I+';--)>P;#B)#')>



K%L7&M%'7*>0%5*8%)%(70.1

WRH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

v v v v v

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀
")) ]+#

Incremental Reconstruction

Initialization

Bundle AdjustmentTriangulation

Image Registration Outlier Filtering



K%L7&M%'7*>0%5*8%)%(70.1

WWH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! %"Z&.&p)+#5.F)-+;<+K6$M6+';--)>P;#B)#')>

7#"U)*=KaaX/+j7')#)+ -)';#>A-5'A&;#+"#B+U&>5"*&p"A&;#+<-;.+&#A)-#)A+P(;A;+';**)'A&;#>k
7'(E#F)-G)-+"#B+,-"(. KaJR/+j7A-5'A5-)$<-;. $%;A&;#+C)U&>&A)Bk

" ]+$ '̂ _+( ` ") ]+$) %̂)_+&)̀

")) ]+#



8(")"D0)07@

WXH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! sb1Mc+';.P*)Z&A=+&#+F5#B*)+"BT5>A.)#A

Incremental Reconstruction

Initialization

Bundle AdjustmentTriangulation

Image Registration Outlier Filtering

1

A



8(")"D0)07@

WYH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

! 3<<&'&)#A+F5#B*)+"BT5>A.)#A
,- ./#$%"<A)-+)"'(+'".)-"+-)G&>A-"A&;#
0- 1%/'$%"<A)-+.;B)*+G-;L>+F=+';#>A"#A+<"'A;-

! 8#)Z"'A+>A)P+"*G;-&A(.>+b:2Oc

! sb1c+';.P*)Z&A=
[G"-L"*+)A+"*I+KaJa/+jt5#B*)$[BT5>A.)#A+&#+A()+H"-G)k
d5+KaJM/+j9;L"-B>+H&#)"-$9&.)+8#'-).)#A"*+7A-5'A5-)$<-;. $%;A&;#k



:9%1*8.6#(%*;09%)01%*

XaH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"

Unstructured Images

Sparse Model

SfM
Dense Model

MVS

IJK@H"7L?M7-+30,G&-F3&20,7N2N+/2,+O
(AAP>\ooG&A(5FI';.o';*."P o';*."P



N6%'70.1'O

XJH"-G)$>'"*)+M6+%;B)*&#G+<-;.+2-;LB>;5-')B+6"A"


