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%"&’(I )&!(*+,((-

6.4!i 7"3i 3i(,4. (x) +%#!"8"9(: -,2(%4. $3) (-,4$;,!:
(" <%47’39-"!:. 6.4!i -,3.2i 3i(,4. (R) +%#!"8"9(: 7"(4.=i.
>2"3)4. +4,$*("-3,!i *-i(3.7. 7"3.7. 3i(,4"7. (c). ?’!2=i0
(" #%&4";,!!) +4,$*("-3,!i -,3.2.7. *-i(3.7. 3i(,4"7. (I).
@.#!"8.7% #%&4";,!!) I , )2, 7i*(.(: !"&i4 +i2*,3i-. A3) 2%;!%-
B% +i2*,3) q !" #%&4";,!!i +4.+’/,!%, /% i*!’C #!"8,!!) B3.&.-
!. d, )2, $%#-%3)C +4%,2(’-"(. D%B% -i$+%-i$!i 3D-2%%4$.!"(.
x = (x, y, z)T. E"2.7 8.!%7, +%#. 2"7,4. +4,$*("-3,!i )2 7"-
(4.=i +,4,(-%4,!!) Ti → SE(3), /% +,4,(-%499(: (%82’ #
4,"3:!%B% 2"$4’ - 2"$4 2"7,4.. R +4,$*("-3)C 7"(4.=i %&,4("!-
!), (%$i )2 ! (" !↑1 F =, <’!2=i0 +4%,2=i0 (" #-%4%(!%0 +4%,2=i0.
d↓ +4,$*("-3)C %&,4!,!i #!"8,!!) B3.&.!., (%7’ D (" D↓ -i$+%-
-i$"9(: 2"4("7 B3.&.!. (" %&,4!,!.7 2"4("7 B3.&.!..
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’#$%)

G.("!!) -.*%2%)2i*!%B% "!"3i#’ (" %+4"=9-"!!) 7"H.!%9
-i#’"3:!%0 i!<%47"=i0 *(%0(: B%*(4% -;, 7"D;, Hi*(: $,*)(.-
3i(:. I" $"!.D 7%7,!(, #" $%+%7%B%9 8.*3,!!.J $%*3i$;,!:,
2%7+’9(,4!.D "#i4"4,"3i#%-"!.D $,*)(2"7. 7,(%$i-, 2%;!.D #
)2.J +i$J%$.(: +i$ *-%0 +,-!i ’7%-. (" 8"*(.!" # )2.J C 4%#-
-.(2%7 +%+,4,$!iJ. >’8"*!i #"-$"!!) 2%7+’9(,4!%B% &"8,!!)
$,$"3i 8"*(iH, +%(4,&’9(: !, 3.H, 3%2"3i#"=i0 2"7,4., " D
+%&’$%-. (%8!%B% (4.-.7i4!%B% -i$%&4";,!!) !"-2%3.H!:%B%
*,4,$%-./". K,(%$. SLAM (Simultaneous Localization and Mappi-
ng) *("3. 2398%-.7. ’ *<,4i "-(%!%7!%0 !"-iB"=i0, 4%#H.4,!%0
4,"3:!%*(i (" =.<4%-%0 4,2%!*(4’2=i0. @%$!%8"*, #4%*("!!) 2i3:-
2%*(i $%*(’+!.J "3B%4.(7i- *(-%49C +4%&3,7’ -.&%4’ F !, -*i
7,(%$. C ’!i-,4*"3:!.7., i ,<,2(.-!i*(: 2%;!%B% #"3,;.(: -i$
2%!24,(!%B% (.+’ $"!.J. L, %*%&3.-% -";3.-% $3) 4%&%(. #
<%(%B4"<i8!.7. $"("*,("7., )2i 7%;’(: 7"(. #!"8!i -"4i"=i0
- ’7%-"J #D%72.. M(;,, #"$"8" %&N4’!(%-"!%B% +i$&%4’ SLAM-
7,(%$’ -i$+%-i$!% $% -3"*(.-%*(,D $"!.J C #&-8#$:)+;.

<,’=&-+2 3+6$i3>7))4 C 7,(%$. %$!%8"*!%0 3%2"3i#"=i0
(" +%&’$%-. 2"4(. (SLAM).

?*7327-+2 3+6$i3>7))4 -.*(’+"9(: "3B%4.(7. SLAM
$3) 4,2%!*(4’2=i0 *=,!. !" %*!%-i <%(%B4"<i8!%B% $"("*,(’.
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@7-# 4%&%(. +%3)B"C - "!"3i#i ,<,2(.-!%*(i 7,(%$i- SLAM
(" 0J +4"2(.8!%B% #"*(%*’-"!!) $3) (4:%J-.7i4!%0 4,2%!*(4’-
2=i0.
O"$"8i $%*3i$;,!!):

1) +4%-,*(. 23"*.<i2"=i9 7,(%$i- SLAM #" "4Ji(,2(’4!.7.
(" <’!2=i%!"3:!.7. %#!"2"7.;

2) -.#!"8.(. 2398%-i J"4"2(,4.*(.2., )2i -+3.-"9(: !" ,<,-
2(.-!i*(: SLAM - ’7%-"J *("(.8!%B% <%(%B4"<i8!%B% $"-
("*,(’;

3) %=i!.(. %&8.*39-"3:!’ *23"$!i*(: 7,(%$i-, *(iD2i*(: $%
H’7’ (" %*-i(3,!!);

4) 4,"3i#’-"(. (" -.2%!"(. +%4i-!)3:!.D "!"3i# 4,2%!*(4’2=i0
#" $%+%7%B%9 %&4"!.J 7,(%$i-, +4%"!"3i#’-"(. %(4.7"!i
4,#’3:("(..

"./012 1034i15.667
P 4%&%(i 4%#B3)$"9(:*) (" #"*(%*%-"!i 7,(%$. 3D-+4%,2(’-"!!)
!" %*!%-i SLAM, )2i +%$i3)9(:*) !" 23"*.8!i 7,(%$. (" 7,(%$.
7"H.!!%B% !"-8"!!), )2i, - *-%9 8,4B’, $i3)(:*) !" !,+4)7i ("
+4)7i.

Q,#’3:("(. 4%&%(. 7%;’(: &’(. #"*(%*%-"!i ’:

• -.&%4’ +4.$"(!%B% 7,(%$’ "!"3i#’ *=,!. $3) 4%&%(%(,J!i-
8!.J *.*(,7;

• <%47’-"!!i 3D-7%$,3,D $3) +%$"3:H%B% %+4"=9-"!!);
• $%+%-!,!iD 4,"3:!%*(i !" &"#i *("(.8!.J #%&4";,!:;
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• +i$B%(%-=i 7%$,3,D $3) *.7’3)=iD i -i#’"3i#"=i0.

Q%&%(" *23"$"C(:*) #i -*(’+’, 8%(.4:%J 4%#$i3i-, -.*!%-2’
i $%$"(2i-.



7

8&!9I: 1

*(*:I! I#(%;+<= *:>&8<$"I’

K%!%2’3)4!" 3D-4,2%!*(4’2=i) C +%B"!% %&’7%-3,!%9 #"-
$"8,9, )2’ 7%;!" 4%#-’)#"(. H3)J%7 +%C$!"!!) 4i#!.J 7,(%$i-
(" "3B%4.(7i- # ("2.J $.*=.+3i!, )2 2%7+’9(,4!.D #i4, 4%&%(%-
(,J!i2" (" 7"H.!!, !"-8"!!), !"4"#i 3.H, 2i3:2" 4%&i( 7%;’(:
&’(. +%-’)#"!i # =.7 %B3)$%7. @ $"!iD 4%&%(i "2=,!(’C(:*) ’-"B"
!" !"$"!!i -i$+%-i$!%0 ("2*%!%7i0 (" %+.*i 2%;!%B% # !"D-"-
;3.-iH.J "3B%4.(7i-, /%& $"(. -i$+%-i$!.D %B3)$, )2.D 7%;,
$%+%7%B(. +4"-.3:!% %&4"(. !"D&i3:H +i$J%$)/.D 7,(%$ $3)
+4%,2(i- (" $%*3i$;,!:.
R’- +4%-,$,!.D 2%7+3,2*!.D (" +%*3i$%-!.D %B3)$ $%*(’+!.J
26 "3B%4.(7i- (-2398"98. 7"H.!!, !"-8"!!)), +4%+4"=:%-"!"
4%#H.4,!" 23"*.<i2"=i), )2" -4"J%-’C -*i 7%!%2’3)4!i 8.*(%
-i#’"3:!i *.*(,7., /% *+4.)9(: +4%&3,7i 7%!%2’3)4!%0 3D-
4,2%!*(4’2=i0.
@ $"!iD 4%&%(i 4%#B3)!’(%:

1) E"2*%!%7i), 4%#4%&3,!" $3) %J%+3,!!) -*iJ 7%;3.-.J i*!’-
98.J +i$J%$i-, +%&’$%-"!" # ’4"J’-"!!)7 (4:%J 23"*.<i2"-
=iD (" -*iJ 7%;3.-.J 2%7&i!"=iD;

2) 26 7%!%2’3)4!.J "3B%4.(7i- SLAM, /% -2398"9(: 10 23"-
*.8!.J 7%!%2’3)4!.J (" 16 7,(%$i-, /% i!(,B4’9(: 7"-
H.!!, !"-8"!!). S%;,! 4%#B3)!’(.D 7,(%$ -2398"C *-%9
"3B%4.(7i8!’ *.*(,7"(.#"=i9, 7"(,7"(.8!i +4.!=.+. $3)
(.J "3B%4.(7i-, )2i -!,*3. i!!%-"=i0 ’ *-%0 <%47’39-"!-
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!), %*%&3.-% /%$% %=i!2. "&% %+(.7i#"=i0 2"4(. B3.&.!.,
%*2i3:2. =) 4%&%(" #%*,4,$;,!" !" 3D-4,2%!*(4’2=i0;

3) 11 24.(,4i0- $3) +4.D!)(() 4iH,!: /%$% -+4%-"$;,!!),
-.&%4’ "&% +4%,2(’-"!!) *.*(,7. 3D-4,2%!*(4’2=i0, # )2.J
$,-’)(: #"*(%*%-!i $% 23"*.8!.J *.*(,7, " $-" $%$"(2%-i
24.(,4i0 #"*(%*%-!i 3.H, $% +i$J%$i- 7"H.!!%B% !"-8"!-
!). L) i!<%47"=i) &’3" #i&4"!" $3) 2%;!%B% "3B%4.(7’,
24.(,4i0 !"*(’+!i: /i3:!i*(: 2"4(. (/i3:!" 8. 4%#4i$;,!"),
-.2%4.*("!i +i2*,3i (7,(%$ -.3’8,!!) i!<%47"=i0 +4% +i2*,-
3i), 7,(%$ %=i!2. (7,(%$ %=i!2. 2"4(. B3.&.!.), B3%&"3:!"
%+(.7i#"=i), 4,3%2"3i#"=i), #"7.2"!!) =.23’ (8. -2398"C
"3B%4.(7 24%2. %+(.7i#"=i0, 4,3%2"3i#"=i0 8. #"7.2"!!) =.-
23’), "4Ji(,2(’4" CNN (#"B"3:!%-i$%7" "4Ji(,2(’4" CNN,
/% -.2%4.*(%-’C(:*)) (" %*!%-!i #"-$"!!), $3) )2.J -.2%-
4.*(%-’-"3"*) CNN.

K,(" %(4.7"!!) 3D-B,%7,(4.8!%B% #%&4";,!!) *=,!. – =,
*23"$!, #"-$"!!), )2, 7%;!" -.2%!"(. #" $%+%7%B%9 2"7,4-
*,!*%4i-.
P 7.!’3%7’ $,)2i *’8"*!i *.*(,7. *(-%49-"3.*) # -.2%4.*("!-
!)7 *23"$!.J 7"*.-i- 2"7,4 (" ’*("!%-%2 %*-i(3,!!), +,4,-";!%
$3) #"*(%*’-"!!) -*,4,$.!i +4.7i/,!:. M$!"2 *:%B%$!i 4i#!i
+4.*(4%0 #"J%+3,!!) -"4i99(:*) -i$ $%4%B.J &"B"(%2"!"3:!.J ("
*(,4,%*.*(,7 $% $,H,-.J 7%!%2’3)4!.J $"(8.2i-. A"3i !"-,$,!%
2%4%(2.D %B3)$ 2i3:2%J *+%*%&i- --,$,!!), /% -.2%4.*(%-’9(:*)
$3) 3D-4,2%!*(4’2=i0.

1. >(,4,% ’*("!%-2..
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R"B"(%2"!"3:!i ’*("!%-2. *23"$"9(:*) # 7"*.-’ "&% !"&%-
4’ +"4!.J *(,4,%2"7,4, 4%#+%$i3,!.J ’ 2%!<iB’4"=i0, )2"
$%#-%3)C %$!%8"*!% #!i7"(. #%&4";,!!) %$!%B% D (%B% ;
%&’C2(". M$!"2 =i 2"7,4., )2 +4"-.3%, $%4%;8i #" 7%!%2’-
3)4!i *,!*%4. (" +%(4,&’9(: &i3:H.J #’*.3: $3) 2"3i&4’-"-
!!). S4i7 (%B%, =i *,!*%4. +%-.!!i %(4.7’-"(. #%&4";,!!)
# %$!"2%-.7 i!(,4-"3%7 8"*’, 8%B% 7%;!" $%*)B(. H3)J%7
*.!J4%!i#"=i0 -.(4.72. #" $%+%7%B%9 #%-!iH!:%B% *.B!"-
3’ #"+’*2’. T2 +4"-.3%, +i$(4.72" 2"3i&4%-"!%0 +%*(iD!%0
&"#%-%0 3i!i0 7i; $-%7" 2"7,4"7. -.7"B"C !"&"B"(% &i3:-
H, #’*.3:, !i; ’ -.+"$2’ # 7%!%2’3)4%7, i *(,4,%*.*(,7.
$,B4"$’9(: $% 7%!%2’3)4!.J, 2%3. &"#%-" 3i!i) !"&"B"(%
7,!H" #" -i$*("!: -i$ *=,!. $% 2"7,4.. M(;,, -%!. %&7,-
;,!i 4%&%(%9 - !,-,3.2.J +4.7i/,!!)J (" +4.7i/,!!)J.

2. @*,*+4)7%-"!i 2"7,4..
@.*%2%)2i*!.D -.&i4, #"-$)2. 0J H.4%2%7’ +%39 #%4’ (FOV).
I"$"9(: &i3:H, i!<%47"=i0, !i; #-.8"D!i 2"7,4., " %*%-
&3.-%*(i, )2i 7%;!" #!"D(. !" #%&4";,!!)J, #&,4iB"9(:*)
+4%()B%7 (4.-"3iH%B% 8"*’, /% $%+%7"B"C %(4.7’-"(. 8i-
(2i 3D-7%$,3i +,D#";i-. M$!"2 -*,*+4)7%-"!i 2"7,4. C
$%4%B.7., -.7"B"9(: #!"8!.J #’*.3: $3) !"3"H(’-"!!)
(" !,*’7i*!i # 7%&i3:!.7. +4.*(4%)7.. S4i7 (%B%, $,)2i
# =.J +4.*(4%0- +%*(’+%-% *2"!’9(: *=,!’ #" $%+%7%B%9
7,J"!i8!%B% %&,4("!!), (%7’ =i +4.*(4%0 +4.#!"8,!i $3)
4%&%(. - *("(.8!.J ’7%-"J i 7%;’(: !, +4"=9-"(. - $.!"7i-
8!.J *,4,$%-./"J. M$!iC9 # %*!%-!.J +4%&3,7, )2i 7"9(:
=i +4.*(4%0 $3) #"-$"!!) 3D-4,2%!*(4’2=i0, C -.!.2!,!!)
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*+%(-%4,!: ’ #%&4";,!!i, /% -.!.2"9(: -!"*3i$%2 4i-!%-
+4)7%2’(!%B% +4,$*("-3,!!), /% -.!.2"C, 2%3. %(4.7"!i
*<,4.8!i +i2*,3i, *+4%,2(%-"!i !" +3%/.!’, #!"8!% *+%(-%-
499(:*), /% 7%;, *+4.8.!.(. +%7.32. +4%B!%#’-"!!)
B3.&.!..

3. K%!%2’3)4!.D RGB-D.
RGB-D-*,!*%4. 7"9(: $%$"(2%-.D "2(.-!.D "&% +"*.-!.D
$"(8.2, )2.D $%#-%3)C *.*(,7i %(4.7’-"(. -.7i49-"!!)
B3.&.!. *,4,$%-./", +%-’)#"!%B% # 2%;!.7 +i2*,3,7 #%&4"-
;,!!), - 4,;.7i 4,"3:!%B% 8"*’. E"2i -.7i49-"!!) B3.-
&.!. $%+%7"B"9(: -.4iH.(. !,%$!%#!"8!i*(: B3.&.!. ("
7"*H("&’ 7%!%2’3)4!%0 4,2%!*(4’2=i0, %*2i3:2. 0J 7%;!"
-.2%4.*(%-’-"(. $3) %=i!2. B,%7,(4i0 *,4,$%-./". Li +4.-
*(4%0 7%;!" 23"*.<i2’-"(. )2 +"*.-!i "&% "2(.-!i. I"
-i$7i!’ -i$ *(,4,%*,!*%4i-, +"*.-!i RGB-D-2"7,4. #"#-.-
8"D 7"9(: +4%,2(%4 #"7i*(: $4’B%0 2"7,4., +4%,2(’98.
-i#,4’!%2 !" #%&4";,!!), /%& #!"D(. (%82., /% #&iB"9(:*).
RGB-D-2"7,4., /% -.2%4.*(%-’9(: i!<4"8,4-%!i +4%,2(%-
4., -i$%7i )2 "2(.-!i. >3i$ #"#!"8.(., /% "2(.-!i RGB-D-
2"7,4. 7%;’(: -.$"-"(. +%7.32%-i -.7i49-"!!) +i$ *%!)-
8!.7 *-i(3%7 8,4,# IU--.+4%7i!9-"!!) *%!)8!%B% *-i(3",
)2, +,4,-"!(";’C +4%,2(%4. O =iC0 +4.8.!. $,)2i RGB-D-
2"7,4. 7"9(: 2%7&i!"=i9 "2(.-!.J (" +"*.-!.J $"(8.2i-,
)2i "2(.-’9(:*) !,#"3,;!% -i$ (%B%, 8. #!"J%$)(:*) -%!.
+i$ *%!)8!.7 *-i(3%7, 8. !i, /% 7%;, #!"8!% #&i3:H.(.
-"4(i*(: =:%B% (.+’ +4.*(4%0-. V, %$!.7 +%H.4,!.7 %&7,-
;,!!)7 =.J *-i(3%-.J +4.*(4%0- C (,, /% -%!. !, 7%;’(:
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4,2%!*(4’9-"(. %&’C2(., 7,!Hi #" +4%,2(%-"!.D -i#,4’!%2.
4. K%!%2’3)4!.D RGB.

RGB-2"7,4. <i2*’9(: i!(,!*.-!i*(: +4.D!)(%B% *-i(3"
’ (4:%J 2"!"3"J: 8,4-%!%7’, #,3,!%7’ (" *.!:%7’. RGB-
+4.*(4%0 +4.#!"8,!i $3) 4%&%(. - 4i#!.J 2%!<iB’4"=i)J,
+%8.!"98. -i$ CCD-*,!*%4i-, /% %(4.7’9(: 2%;,! *.B!"3
- %24,7%7’ $"(8.2’, i #"2i!8’98. $"(8.2"7. !" %*!%-i
H"&3%!i- R"DC4", $, 2%3:%4%-i <i3:(4. 8,4B’9(:*) +,4,$
%$!.7 $"(8.2%7. K%!%2’3)4!i 2"7,4. -i$%7i (.7, /% #7,!-
H’9(: -+3.- +%7.3%2 2"3i&4’-"!!). @%!. !"D&i3:H 4%#-
+%-*9$;,!i, 7"9(: !.#:2’ -"4(i*(:, +4%*(i - 4%#B%4("!!i
(" $%*(’+!i - &i3:H%*(i +%4("(.-!.J +4.*(4%0-, /% --";"C-
(:*) #!"8!.7 *(.7’3%7, )2.D ’(4.7’C ’-"B’ $%*3i$!.2i-,
)2i #"#-.8"D -i$$"9(: +,4,-"B’ =:%7’ (.+’ -Ji$!.J $"!.J
$3) -.2%!"!!) #"-$"!: 4,2%!*(4’2=i0, +%-’)#"!.J i# SLAM.
E.7 !, 7,!H, =i -Ji$!i $"!i +%-’)#"!i # +%B"!% +4%&3,7%9,
%*2i3:2. 7%!%2’3)4!.D #i4 *(4";$"C -i$ !,-.#!"8,!%*(i
7"*H("&’, " 7,(%$., /% -.2%4.*(%-’9(:*) $3) $%*)B!,!!)
7,(. 3D-4,2%!*(4’2=i0, #"#-.8"D -.7"B"9(: &"B"(% %&8.-
*39-"3:!.J 4,*’4*i-.
W%8" 7%!%2’3)4!i RGB-2"7,4. 7"9(: $,)2i -";3.-i +4%-
&3,7. 8,4,# *-%9 &,#*,!*%4!’ +4.4%$’, /% !, $%#-%3)C
07 #"&,#+,8’-"(. +4)7i -.7i49-"!!) B3.&.!., -%!. +4%-
+%!’9(: !"D+4.-"&3.-iH.D !"&i4 +,4,-"B, %*%&3.-% $3)
!,-,3.2.J 4%&%(%(,J!i8!.J #"*(%*’-"!:. K%!%2’3)4!i RGB-
*,!*%4. 7"9(: !"D!.;8’ =i!’ *,4,$ ’*iJ $%*(’+!.J (.+i-
2"7,4, +4%*(i - 4%#B%4("!!i (" *’7i*!i 7"D;, # ’*i7" i*!’9-
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8.7. +%4("(.-!.7. +4.*(4%)7. (" +4%=,*%4"7., ("2.7. )2
%$!%+3"(!i 2%7+’9(,4. (SBC) (" +4%B4"7%-"!i +%3:%-.7.
3%Bi8!.7. 7"(4.=)7. (FPGA), /% 4%&.(: =,D *+%*i& --,$,-
!!) %*%&3.-% +4.-"&3.-.7 $3) $%*3i$!.2i-. >"7, (%7’ =,
$%*3i$;,!!) &’3% #%*,4,$;,!% !" 7%!%2’3)4!%7’ *+%*%&i
--,$,!!) RGB [3].
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8&!9I: 2

"&9,:I $* ",$&9< SLAM

2.1 &?6@A.667 SLAM

SLAM F =, (.+ "3B%4.(7i-, )2i $%#-%3)9(: +4.*(4%9 *(-%-
49-"(. 2"4(’ *-%B% %(%8,!!) (" (%8!% %4iC!(’-"(.*) !" =iD
2"4(i - 4,;.7i 4,"3:!%B% 8"*’ [1].
L, -";3.-" 7%;3.-i*(: $3) "-(%!%7!.J 4%&%(i- i *"7%2,4%-"-
!.J (4"!*+%4(!.J #"*%&i-, )2.7 !,%&Ji$!% &,#+,8!% D ,<,2(.-!%
%4iC!(’-"(.*) - !"-2%3.H!:%7’ *,4,$%-./i, "3, -%!. !, #"--
;$. 7%;’(: 7"(. $%*(’+ $% GPS "&% i!H.J #%-!iH!iJ *.B!"3i-
3%2"3i#"=i0.

2.1.1 @#-72#-1A)# 2+37$:

G4%&3,7’ SLAM 7%;!" *<%47’39-"(. )2 #"$"8’ D7%-i4!i-
*!%B% %=i!9-"!!), )2" +4"B!, -.#!"8.(. (4"C2(%4i9 +4.*(4%9 X
i 2"4(’ M ’ 7%7,!( 8"*’ t !" %*!%-i +%*3i$%-!%*(i *+%*(,4,;,!:
$"(8.2i- Z i 2,4’98.J -Ji$!.J $"!.J U[2]:

P (X,M |Z,U)

U = u1:t = {u1, u2, u3, ..., ut},

$, U )-3)C *%&%9 2,4’-"!!) 4%&%(%7 - 7%7,!( 8"*’ t.
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Z = z1:t = {z1, z2, z3, ..., zt},

$, Z )-3)C *%&%9 i!<%47"=i9 +4% !"-2%3.H!C *,4,$%-./,, /%
%B3)$"C(:*) 4%&%(%7 - 7%7,!( 8"*’ t.

M,

X = x1:t = {x1, x2, x3, ..., xt},

$, M )-3)C *%&%9 +%&’$%-"!’ 2"4(’, " X - %(4.7"!, 4%#("H’-"-
!!) 4%&%(" - 7%7,!( 8"*’ t.
E"2.7 8.!%7, $3) 4%#4"J’!2’ (4"C2(%4i0 4%&%(", 7%;!" -*,
#%&4"#.(. - ("2%7’ -.B3)$i:

p(x1:t, m|z1:t, u1:t)

Q.* 2.1. X4"<i8!" 7%$,3: D7%-i4!i*!%B% %=i!9-"!!) #!"J%$;,!-
!) (4",2(%4i0 "-(%!%7!%0 *.*(,7. (" 7"+. - 2%!24,(!.D 7%7,!(
8"*’, /% #"3,;"(: -i$ 2,4’-"!!) (" *+%*(,4,;,!.J $"!.J.
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2.2 B4@32CiD@Ei7 F./01iG SLAM

@4"J%-’98., /% 3D-4,2%!*(4’2=i) C %*!%-!%9 +4%&3,7%9
$3) 7,(%$i- 7%!%2’3)4!%B% SLAM, 23"*.<i2"=i) +i$J%$i- !"
%*!%-i %#!"2, #%-!iH!:%B% -.B3)$’ "&% Bi&4.$!.J +i$J%$i- !,
+i$J%$.(: $3) %J%+3,!!) ("2%B% H.4%2%B% *+,2(4’ 4iH,!: $3)
+%B"!% %&’7%-3,!%0 7%!%2’3)4!%0 #"$"8i. E"2.7 8.!%7, 4%#B3)-
!,7% ("2i $-i %*!%-!i 23"*.<i2"=i0: +4)7" (" !,+4)7", /i3:!"
(" 4%#4i$;,!".
M(;,, 7%!%2’3)4!i SLAM +%$i3)9(:*) !" $-i %*!%-!i 2"(,B%4i0,
#"3,;!% -i$ 2i3:2%*(i %#!"2, /% -.2%4.*(%-’9(:*) $3) #"-$"!:,
!,%&Ji$!.J $3) 3D-4,2%!*(4’2=i0. Q%#4i$;,!" (" /i3:!" 23"*.<i-
2"=i) C *+%*%&%7 0J 2"(,B%4.#"=i0. S4i7 (%B%, i!H" 23"*.<i2"=i)
#"3,;.(: -i$ !,%&Ji$!%*(i -.2%!"!!) +%+,4,$!:%0 %&4%&2. +,4,$
%(4.7"!!)7 <"2(.8!.J +"4"7,(4i- (" -.7i49-"!:. I,+4)7i
7,(%$. -.2%4.*(%-’9(: =,D 24%2 +%+,4,$!:%0 %&4%&2., )2.D
B,!,4’C +4%7i;!, +4,$*("-3,!!) H’7!.J -.7i49-"!:, /% +%-
(4,&’9(: %+(.7i#"=i0 +,4,$ %=i!2%9 B,%7,(4i0 (" 4’J’ 2"7,4..
I" -i$7i!’ -i$ =:%B%, +4)7i <%47’39-"!!) -.2%4.*(%-’9(:
i!<%47"=i9 +4% +i2*,3i &,#+%*,4,$!:%. S4i7 (%B%, #"-$)2. #!"-
8!.7 ’$%*2%!"3,!!)7 ’ 7"H.!!%7’ !"-8"!!i (" -4";"98.7
4,#’3:("("7, )2.J $%*)B3" =) !%-" 2"(,B%4i), $3) ("2*%!%7i0
&’3% --,$,!% !%-.D 2%7+%!,!(. E"2.7 8.!%7, 7. -*("!%-.3.
(4. 23"*.<i2"=i0, /% -.#!"8"9(: -i$+%-i$!’ ("2*%!%7i9 $3)
#"$"8i 7%!%2’3)4!%0 3D-4,2%!*(4’2=i0: +4)7" +4%(. !,+4)7%0,
/i3:!" +4%(. 4%#4i$;,!%0, " ("2%; 23"*.8!, +4%(. 7"H.!!%B%
!"-8"!!).
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• ?*42i B*+-1 )7B*4215 (Direct vs. Indirect). G4)7i
7,(%$. !, -.2%4.*(%-’9(: 24%2. +%+,4,$!:%0 %&4%&2., ("2i
)2 -.3’8,!!) %#!"2 "&% %+(.8!%B% +%(%2’, (%$i )2 !,+4)7i
7,(%$. -.2%4.*(%-’9(: =i 24%2. +%+,4,$!:%0 %&4%&2.;

• Ci$:)i B*+-1 *+D*i3>7)15 (Dense vs. Sparse). Vi3:!i
7,(%$. *(%*’9(:*) 7,(%$i-, /% -.2%4.*(%-’9(: -*9 "&%
&i3:H’ 8"*(.!’ i!<%47"=i0 +4% +i2*,3i #%&4";,!!), (%$i )2
4%#4i$;,!i *(%*’9(:*) 7,(%$i-, /% -.2%4.*(%-’9(: 3.H,
+i$7!%;.!’ -.&4"!%0 i!<%47"=i0 +4% +i2*,3i;

• !$#61A)i B*+-1 2#E1))+0+ )#"A#))4 (Classic vs.

Machine Learning). S3"*.8!i 7,(%$., )2i ("2%; !"#.-
-"9(: B,%7,(4.8!.7. 7,(%$"7., &"#’9(:*) !" B,%7,(4i0,
%$%7,(4i0 "&% D7%-i4!i*!.J +4%+%#.=i)J $3) #"+’*2’ -*:%B%
*-%B% 2%!-,C4". @%!. !, +%(4,&’9(: ;%$!.J 24%2i- !"-8"-
!!), (%7’ 0J !,%&Ji$!% !"3,;!.7 8.!%7 !"3"H(’-"(. ("
-i$2"3i&4’-"(. $3) <’!2=i%!’-"!!). O i!H%B% &%2’, 7,(%$.,
#"*!%-"!i !" !"-8"!!i, +4%$,7%!*(4’-"3. *-%9 +%(’;!i*(:
’ -.2%!"!!i #"-$"!: !.#:2%B% 4i-!) (-.3’8,!!) %#!"2, %=i!-
2" B3.&.!., %=i!2" +%#.) (" #"-$"!: -.*%2%B% 4i-!) (23"*.-
<i2"=i) (" *,7"!(.8!" *,B7,!("=i)). O =iC0 +4.8.!. &"B"(%
$%*3i$!.2i- #%*,4,$.3.*) !" 4%#4%&=i !,D4%!!.J 7,4,; $3)
+4%B!%#’-"!!) +%#., +4%B!%#’-"!!) B3.&.!., -.3’8,!!)
%#!"2 (" *,7"!(.8!%0 *,B7,!("=i0 (*,4,$ i!H.J), +%C$!’98.
0J # 23"*.8!.7. <4,D7-%42"7. $3) +i$-./,!!) 0J!:%0 (%-
8!%*(i, 7%;3.-%*(,D ’#"B"3:!,!!), *(iD2%*(i, 7%;3.-%*(,D
4%#’7i!!) *=,!. (%/% [3].
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2.3 B4@32A6i F./012

S3"*.8!i 7,(%$. 7%!%2’3)4!%B% SLAM, ("2%; -i$%7i )2
B,%7,(4.8!.D +i$Ji$, C +,4H%9 2"(,B%4iC9, /% 4%#B3)$"C(:*)
- =:%7’ $%*3i$;,!!i. Li 7,(%$. !"#.-"9(:*) B,%7,(4.8!.7.
+i$J%$"7., #"#-.8"D *+.4"98.*: !" B,%7,(4.8!’ i!<%47"=i9
$3) -.2%!"!!) 3D-4,2%!*(4’2=i0 (" #"+’*2’ -*iJ *-%0J 2%!-,-
C4i- SLAM. M$!"2, %*2i3:2. -i$!%-3,!!) B,%7,(4i0 *=,!. )2
4,2%!*(4’2=i0 C +%B"!% %&’7%-3,!%9 #"$"8,9, -,3.2" 4i#!%7"-
!i(!i*(: +4%+%#.=iD ("2%; 7%;, +%C$!’-"(. (4"$.=iD!i B,%7,-
(4.8!i 7,(%$. # i!H.7., -2398"98. D7%-i4!i*!i, %+(.7i#"=iD!i,
2%7+’9(,4!.D #i4, ,-4.*(.8!i 7,(%$. (%/%. E.7 !, 7,!H, ’ =iD
23"*.<i2"=i0 !, -2398,!% <%47’39-"!!), /% -.2%4.*(%-’9(:
7"H.!!, !"-8"!!), /% &’$, %&B%-%4,!% - !"*(’+!%7’ 4%#$i3i.
T2 #"#!"8"3. Y!B,3: (" i!., B,%7,(4i9 *=,!. 7%;!" %=i!.(. #"
$%+%7%B%9 D7%-i4!i*!%0 7%$,3i, )2" -.2%4.*(%-’C H’7!i -.7i-
49-"!!) Y i# #%&4";,!:, /% B,!,4’9(: %=i!2’ X $3) 3D-7%$,3i
(" -3"*!%B% 4’J’. E"2.7 8.!%7, #"$"8’ 3D-4,2%!*(4’2=i0 7%;!"
-.4iH.(. #" $%+%7%B%9 23"*.8!.J +i$J%$i- # $-%J +"4"$.B7:
!,+4)7%0 (" +4)7%0. P !,+4)7%7’ +i$J%$i -.7i49-"!!) 2"7,4.
+%+,4,$!:% %&4%&3)9(:*), /% $"C +4%7i;!, +4,$*("-3,!!), )2,
-.4iH’C 8"*(.!’ +4%&3,7.. Li +4%7i;!i %(4.7"!i #!"8,!!) +%-
(i7 -.2%4.*(%-’9(:*) )2 #"H’73,!i -Ji$!i $"!i $3) %=i!2. X.
P $4’BiD B4’+i, )2" !"#.-"C(:*) +4)7%9, *.*(,7. +4%+’*2"9(:
24%2 +%+,4,$!:%0 %&4%&2. (" &,#+%*,4,$!:% -.2%4.*(%-’9(: -.-
7i49-"!!), %(4.7"!i #i *+%*(,4,;,!:, )2 #"H’73,!i -Ji$!i $"!i
$3) %=i!2. X - D7%-i4!i*!iD 7%$,3i. L) 23"*.<i2"=i) ("2%;
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-.#!"8"C, )2 -.2%!’C(:*) %+(.7i#"=i), (%7’ +4)7i 7,(%$. %+(.-
7i#’9(: <%(%7,(4.8!i +%J.&2. (4i#!.=9 i!(,!*.-!%*(i +i2*,3i-),
%*2i3:2. +4)7i 7,(%$. %(4.7’9(: <%(%7,(4.8!i -.7i49-"!!).
I" +4%(.-"B’ =:%7’, !,+4)7i 7,(%$. %+(.7i#’9(: B,%7,(4.8!i
+%J.&2., %*2i3:2. +%+,4,$!) %&4%&2" %&8.*39C B,%7,(4.8!i
#!"8,!!) [3].

2.3.1 F7B*42i 27-+31

T2 #B"$’-"3%*) 4"!iH,, !,+4)7i 7,(%$. -.2%4.*(%-’9(:
24%2. +%+,4,$!:%0 %&4%&2. $3) -.3’8,!!) i!<%47"=i0 +4% -Ji$!’
+%*3i$%-!i*(: #%&4";,!: ’ -.B3)$i -i#’"3:!.J %#!"2, $,*24.-
+(%4i- "&% %+(.8!%B% +%(%2’. W%8", -%$!%8"*, 23"*.8!i !,+4)7i
*.*(,7. 7%;’(: &’(. 4%#4%&3,!i $3) -i$!%-3,!!) 4%#4i$;,!%B%
"&% /i3:!%B% *,4,$%-./" 3D-4,2%!*(4’2=i0. M$!" # !"D-";3.-i-
H.J 4%#4%&%2 SLAM !"3,;.(: $% =iC0 2"(,B%4i0, *.*(,7" ORB-
SLAM (" 00 !"*(’+!.2., )2" 7"C %$.! # !"D&i3:H -4";"98.J
+%2"#!.2i- =.(’-"!:.

<#’6i8@*%i "*.#83

Li 7,(%$. SLAM -.2%4.*(%-’9(: +i$7!%;.!’ i!<%47"=i0
+4% +i2*,3i, /%& -.2%!"(. *-%0 2%!*(.(’(.-!i +4%=,*., (%7’
-.Ji$ ("2%; C +i$7!%;.!%9 %8i2’-"!%0 4,2%!*(4’2=i0 +,D#";’,
/% - $,)2.J #"*(%*’-"!!)J, ("2.J )2 4%&%(%(,J!i2", $%*("(!:%
$3) -.2%!"!!) ("2.J #"-$"!:, )2 !"-iB"=i) 4%&%(i- "&% !"-i(:
4%#+i#!"-"!!) 7i*=:. E%7’ =i 7,(%$. C !,+4)7.7. 8,4,# 0J!i
+4%=,*. +%+,4,$!:%0 %&4%&2., $, !%-i #7i!!i, ("2i )2 %#!"2. ("
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0J +%3%;,!!), %&8.*399(:*) H3)J%7 +i$*("!%-2. i!<%47"=i0
+4% +i2*,3i, (%7’ 4,H(" +4%=,*i- -.2%!’9(:*) # -.2%4.*("!!)7
=.J !%-.J #!"8,!:.

MonoSLAM (2007). [3] G,4H" +%-!%=i!!" *.*(,7" 7%!%2’3)4-
!%B% SLAM, +4,$*("-3,!" A,-i*%!%7 ’ 2007 4%=i. G4"=9C !"
%*!%-i 4%#H.4,!%B% <i3:(4" S"37"!" (EKF), )2.D %$!%8"*!%
%=i!9C +%3%;,!!) 2"7,4. (" 3D-2"4(’ $%-2%3.H!iJ %4iC!(.4i- ’
4,;.7i 4,"3:!%B% 8"*’. @.2%4.*(%-’C "2(.-!, -i$*(,;,!!) -.*%-
2%)2i*!.J %#!"2 (Shi–Tomasi), %=i!2’ B3.&.!. 8,4,# Bi+%(,#. !"
!"+i-!,*2i!8,!!iD +4)7iD (" +%*(’+%-, ’(%8!,!!) $% B"’*i-*:2%B%
4%#+%$i3’. >.*(,7" i!i=i"3i#’C(:*) #" $%+%7%B%9 -i$%7%0 =i3i $3)
+%$%3"!!) !,%$!%#!"8!%*(i 7"*H("&’. M*!%-!.7 %&7,;,!!)7
C #4%*("!!) *23"$!%*(i # 4%#7i4%7 *=,!. (" 4%#4i$;,!i*(: 2"4(..

PTAM (2009). [3] [4] O"+4%+%!%-"!" S3)D!%7 i K944,C7 ’
2009 4%=i *.*(,7" Parallel Tracking and Mapping (PTAM) *("-
3" +,4H%9, /% 4%#$i3)C -i$*(,;,!!) (" 2"4(%B4"<’-"!!) !"
+"4"3,3:!i +%(%2.. G%(i2 -i$*(,;,!!) %=i!9C +%#’ 2"7,4., H’-
2"C -i$+%-i$!%*(i %#!"2 (" %!%-39C +%3%;,!!), (%$i )2 +%(i2
2"4(%B4"<’-"!!) -.2%!’C i!i=i"3i#"=i9, ’(%8!,!!) (" 4%#H.4,!-
!) 2"4(. 8,4,# +"2,(!’ %+(.7i#"=i9 7,(%$%7 Bundle Adjustment.

ORB-SLAM (2015). [3] [5] O"+4%+%!%-"!" K’4-Z("3,7 *.-
*(,7" ORB-SLAM &"#’C(:*) !" &"B"(%7"*H("&!.J %#!"2"J ORB,
/% #"*(%*%-’9(:*) $3) -i$*(,;,!!), 2"4(%B4"<’-"!!), 4,3%-
2"3i#"=i0 (" #"7.2"!!) =.23i-. K,(%$ C !,+4)7.7 i -.2%!’C
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+%+,4,$!9 %&4%&2’ #%&4";,!!) # -.3’8,!!)7 %#!"2 ORB ’
2398%-.J (%82"J. T2 i PTAM, -.2%4.*(%-’C Bundle Adjustment,
"3, %4iC!(’C(:*) !" +i$7!%;.!’ 2398%-.J 2"$4i- # J%4%H.7
+"4"3"2*%7 i 2i3:2i*(9 #&iBi-, /% 4%&.(: B3%&"3:!’ %+(.7i#"=i9
- 4,"3:!%7’ 8"*i 7%;3.-%9. ORB-SLAM $,7%!*(4’C -.*%2’
(%8!i*(: +4. #!.;,!.J %&8.*39-"3:!.J -.(4"("J.
P =:%7’ 7,(%$i %+(.7i#"=i) 2%4.B’-"!!) #-’)#2i- -.2%!’C(:*)
$3) 3D-3%2"=iD x𝜔,j = (x𝜔,j, y𝜔,j, z𝜔,j)T, " +%#. 2398%-%B% 2"$4’
Ti𝜔 %+(.7i#’9(:*) H3)J%7 7i!i7i#"=i0 +%7.32. +%-(%4!%0 +4%-
C2=i0 $3) (%8%2 xi,j, (%7’ +%7.32" $3) (%82. j ’ 2398%-%7’
2"$4i i *("!%-.(::

ei,j = xi,j ↑ 𝜀i(Ti𝜔,x𝜔,j), (2.1)

𝜀i(Ti𝜔,x𝜔,j) =

)︃

[︃[︃[︃]︃

fi,u
xi,j
zi,j

+ ci,u

fi,v
yi,j
zi,j

+ ci,v

⌊︃

⌋︃⌋︃⌋︃⌈︃
, (2.2)

)︃

[︃[︃[︃[︃[︃[︃]︃

xi,j

yi,j

zi,j

⌊︃

⌋︃⌋︃⌋︃⌋︃⌋︃⌋︃⌈︃
= Ri𝜔x𝜔,j + ti𝜔, (2.3)

$, 𝜀i F <’!2=i) +4%C2=i0, Ri𝜔 (" ti𝜔 F 2%7+%!,!(. %&,4("!!)
(" #*’-’ (4"!*<%47"=i0 Ti𝜔. G"4"7,(4. (fi,u, fi,v) (" (ci,u, ci,v) F
=, <%2’*!" -i$*("!: (" B%3%-!" (%82", +%-’)#"!i # 2"7,4%9 i.
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E"2.7 8.!%7, <’!2=i) -.(4"(, )2’ +%(4i&!% 7i!i7i#’-"(., 7"C
-.B3)$:

C =
⌉︃

i,j

Hh

{︃
eTi,j !

↑1
i,j ei,j

}︃
, (2.4)

$, Hh F 4%&"*(!" <’!2=i) -.(4"( X’&,4", " !i,j = 𝜗2
i,jI2↔2 F 2%-

-"4i"=iD!" 7"(4.=), +%-’)#"!" #i H2"3%9 $3) 2%;!%0 -.)-3,!%0
2398%-%0 (%82..

ORB-SLAM2 (2017). [3] [6] G4%$%-;’98. 4%#4%&2’ ORB-
SLAM, K’4-Z4("3 i E"4$%* +4,$*("-.3. ORB-SLAM2, )2.D
+i$(4.7’C 7%!%2’3)4!i, *(,4,% (" RGB-D *,!*%4.. >(,4,%+"4"-
7,(4. $%#-%3)9(: (%8!iH’ %=i!2’ B3.&.!. 8,4,# (4."!B’3)=i9
"&% B3.&.!’ # RGB-D. M*!%-!%9 !%-"=iC9 *("3% $%$"-"!!) %24,-
7%B% +%(%2’ $3) +%-!%B% Bundle Adjustment +i*3) #"7.2"!!)
=.23’, /% -.2%!’C(:*) +"4"3,3:!% # %*!%-!.7. +4%=,*"7.. >.-
*(,7" #&,4iB"C DBoW2 $3) 4,3%2"3i#"=i0 (" -.2%4.*(%-’C B4"<
2%--.$.7%*(i, #"&,#+,8’98. 7"*H("&%-"!i*(:. A3) %+(.7i#"=i0
#"*(%*%-’C(:*) "3B%4.(7 [,-,!&,4B"-K"42-"4$(" 8,4,# g2o, /%
$%#-%3)C !"3"H(%-’-"(. +%#’ 2"7,4., 3%2"3:!i 2398%-i 2"$4.
(" 2"4(’ - 4i#!.J +%(%2"J. P 4,#’3:("(i, ORB-SLAM2 +i$-./’C
(%8!i*(: 4,2%!*(4’2=i0 (" *("&i3:!i*(: ’ 4i#!.J 2%!<iB’4"=i)J
*,!*%4i-.
ORB-SLAM2 ("2%; i!(,B4’C 4,;.7 3%2"3i#"=i0, $, +%(%2. 3%-
2"3:!%B% -i$%&4";,!!) (" #"7.2"!!) =.23’ $,"2(.-’9(:*) $3)
-i$%7.J %&3"*(,D, )2/% !,7"C #!"8!.J -"4i"=iD ’ +,D#";i, /% $%-
#-%3)C $%-B%*(4%2%-’ (" 3,B2’ 3%2"3i#"=i9 (" <’!2=i%!"3:!i*(:.
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L,D 7,(%$ +%4i-!9-"3. # &"B"(:7" i*!’98.7. *(,4,%, RGB-D ("
7%!%2’3)4!.7. *.*(,7"7. (%B% 8"*’, +,4,-,4H’98. &i3:Hi*(:
i# !.J ’ !"&%4"J $"!.J EuRoC, TUM (" KITTI, $%-%$)8. *-%9
<’!2=i%!"3:!i*(: ’ -,3.2iD 4i#!%7"!i(!%*(i *,4,$%-./.

ORB-SLAM3 (2021). [3] [7] ORB-SLAM3, 4%#4%&3,!.D S"7-
+%*%7 (" i!., 4%#H.49C <’!2=i%!"3:!i*(: *-%0J +%+,4,$!.2i-,
+i$(4.7’98. -i#’"3:!i, -i#’"3:!%-i!,4=iD!i (" &"B"(%2"4(%-i *=,-
!"4i0 $3) 7%!%2’3)4!.J, *(,4,%- (" RGB-D 2"7,4, -2398!% #
7%$,3)7. 14.&’)8, %2%5. K,(%$ #"&,#+,8’C 8%(.4. 4i-!i "*%=i-
"=i0 $"!.J: 2%4%(2%-, *,4,$!:%-, $%-B%*(4%2%-’ (" 7i;2"4(%-’.
M*!%-!i !%-"=i0 -2398"9(: MAP-%=i!9-"!!), -$%*2%!"3,!, 4%#-
+i#!"-"!!) 7i*=:, "&*(4"2(!, +4,$*("-3,!!) 2"7,4. (" *.*(,7’
ATLAS $3) &"B"(%2"4(%-%B% SLAM. >.*(,7" 7"C (4. %*!%-!i
+%(%2.: -i$*(,;,!!) (3%2"3i#"=i) i -*("-2" 2398%-.J 2"$4i-),
3%2"3:!, 2"4(%B4"<’-"!!) ($%$"-"!!)/%8./,!!) (%8%2 (" 3%-
2"3:!, BA) i %&’C$!"!!) (-.)-3,!!) =.23i- i B3%&"3:!, BA).
ORB-SLAM3 $,7%!*(4’C -.*%2’ (%8!i*(: !" !"&%4"J EuRoC
i TUM-VI, J%8" 7"C %&7,;,!!) - ’7%-"J *3"&2%0 (,2*(’4. 8.
$%7i!’98.J %&,4("!:.

Ai1B%i "*.#83

L, <%47’39-"!!) +,4,-";!% %=i!9C 3D-B,%7,(4i9 # 4,B’-
3)4.#%-"!%B% +%3) %+(.8!%B% +%(%2’ "&% 4"#%7 # !.7, ("2.7
8.!%7 +%C$!’98. B,%7,(4.8!’ +%J.&2’ (-i$J.3,!!) -i$ +%3)
+%(%2’) # %(4.7"!.7 B,%7,(4.8!.7 "+4i%4!.7 (/% +%)*!9C(:*)
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B3"$2i*(9 +%3) +%(%2’), /% C +%H.4,!.7 )-./,7. T2 #B"$’-"-
3%*) -./,, =) 2"(,B%4i) 7%!%2’3)4!.J 7,(%$i- -.7"B"C -,3.2%0
2i3:2%*(i -Ji$!%0 i!<%47"=i0, -.2%4.*(%-’98. &i3:Hi*(: #!"8,!:
+i2*,3i-, $3) -.2%!"!!) *23"$%-.J +4%=,*i-. I"+4.23"$, /i3:!i
7%!%2’3)4!i 7,(%$. !, -.7"B"9(: -.3’8,!!) +i$7!%;.!. %#!"2,
%*2i3:2. -%!. +4"=99(: &,#+%*,4,$!:% !"$ ’*i7 -Ji$!.7 $"!.-
7.. E"2.7 8.!%7, =i 7,(%$. !, -.7"B"9(: $.*24,(!.J %#!"2,
"3, +%-’)#"!i #i #!"8!.7. %&8.*39-"3:!.7. -.(4"("7. 8,4,#
&i3:H’ 2i3:2i*(: $"!.J, )2i &’$’(: %&4%&3,!i. S4i7 (%B%, =) 2"-
(,B%4i) 7,(%$i- ("2%; --";"C(:*) !,+4)7%9, %*2i3:2. &i3:Hi*(:
#"3,;.(: -i$ i!<%47"=i0 +4% %+(.8!.D +%(i2, %(4.7"!%0 !" ,("+i
+%+,4,$!:%0 %&4%&2..

Valgaerts et al. (2011). [3] I, C +,4,-";!% SLAM-7,(%$%7,
$%$"!.D )2 +4.23"$. K,(%$ @"3B"4(*" #"+4%+%!’-"- -"4i"=iD-
!.D /i3:!.D +i$Ji$ $3) *+i3:!%0 %=i!2. ,+i+%3)4!%0 B,%7,(4i0 ("
%+(.8!%B% +%(%2’, 7i!i7i#’98. C$.!’ ,!,4B,(.8!’ <’!2=i9. P
7,;"J +%4i-!)3:!%B% $%*3i$;,!!) /i3:!.J i 4%#4i$;,!.J 7,(%-
$i- &’3% -*("!%-3,!%, /% /i3:!" %=i!2" +,4,-";"C ’ -.+"$2"J
!,$%*("(!:%0 3%2"3i#"=i0 %#!"2 "&% -.4%$;,!.J 2%!<iB’4"=iD.

2.3.2 ?*42i 27-+31

G4)7i 7,(%$. *(-%499(:*) $3) -i$!%-3,!!) B,%7,(4i0 *=,-
!. (" 4’J’ "B,!(" #" $%+%7%B%9 +4)7%0 i!<%47"=i0 +4% i!(,!-
*.-!i*(: +i2*,3i-, (%7’, !" -i$7i!’ -i$ !,+4)7.J 7,(%$i-, =i
<%47’39-"!!) !, +%(4,&’9(: ,("+i- +%+,4,$!:%0 %&4%&2., ("-
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2.J )2 -.3’8,!!) %#!"2 (/% *’((C-% #7,!H’C %&*)B i!<%47"=i0,
$%*(’+!%0 $3) *.*(,7. SLAM, #"%/"$;’98. %&8.*39-"3:!i 4,-
*’4*. (" *2%4%8’98. 8"*, J%8" D %&7,;’98. 2i!=,-’ /i3:!i*(:
3D-4,2%!*(4’2=i0). I" -i$7i!’ -i$ =:%B%, +4)7.D +i$Ji$ +4"=9C #
2%;!.7 #!"8,!!)7 i!(,!*.-!%*(i +i2*,3) !" #%&4";,!!i "&% +4.-
!"D7!i # &i3:Hi*(9 # !.J, (%7’ 2i!=,-" )2i*(: 3D-4,2%!*(4’2=i0
#"#-.8"D -./", !i; ’ !,+4)7.J +i$J%$i-. M$!"2 +4)7i <%47’-
39-"!!) *+.4"9(:*) !" +4.+’/,!!) +4% *("3i*(: )*24"-%*(i,
)2, -*("!%-39C, /% )*24"-i*(: !"$ +%3%;,!!)7 %&’C2(" +%-.!!"
&’(. %$!"2%-%9 +i$ 4i#!.7. 2’("7.. I" ;"3:, =, !, #"-;$. ("2,
(%7’ -i$%7%, /% =i <%47’39-"!!) !, +4"=99(: ’ *=,!"J, )2i
-i$%&4";"9(: 4%#7.(() 4’J’, 4’J%7i %&’C2(. "&% !,3"7&,4(%-i
+%-,4J!i.
L9 2"(,B%4i9 7,(%$i- ("2%; 7%;!" 4%#$i3.(. #"3,;!% -i$ 2i!-
=,-%0 /i3:!%*(i 3D-2"4(., (%7’ i*!’9(: /i3:!i (" 4%#4i$;,!i
<%47’39-"!!). E4. !"D4,+4,#,!("(.-!iHi 7%!%2’3)4!i *.*(,7.
-*iJ 8"*i- !"3,;"(: $% 2"(,B%4i0 DTAM, LSD-SLAM (" DSO.
>3i$ #"#!"8.(., /% J%8" DSO &’3" +4,$*("-3,!" !,/%$"-!%, -%-
!" +4.-,4!’3" ’-"B’ &"B"(:%J $%*3i$!.2i-, %(4.7"-H. -4";"98i
&"3. =.(’-"!!).

<#’6i8@*%i "*.#83

L,D 23"* 7,(%$i- 7i!i7i#’C <%(%7,(4.8!’ +%J.&2’ &,# B,%-
7,(4.8!.J "+4i%4!.J +4.+’/,!: 8. +%+,4,$!:%0 %&4%&2.. O"-$)-
2. -.2%4.*("!!9 +%+i2*,3:!%0 %&,4!,!%0 B3.&.!. +4)7i 7,(%$.
!, +%(4,&’9(: -.%24,73,!!) (%8%2, /% #"&,#+,8’C $,("3:!iH,
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B,%7,(4.8!, +4,$*("-3,!!) *=,!., -2398"98. 24"0 (" *3"&-
2i -"4i"=i0 i!(,!*.-!%*(i. @%!. *(iD2i $% !.#:2%(,2*(’4%-"!.J
+%-,4J%!: i 2%!(’4i-. I" -i$7i!’ -i$ 7,(%$i- # "+4i%4!.7. B,%-
7,(4.8!.7. %&7,;,!!)7., )2i 7%;’(: -!%*.(. #7i/,!!) ("
%&7,;’-"(. 7"*H("&, +4)7i 4%#4i$;,!i 7,(%$. VO #"#-.8"D
+4"=99(: ’ 2%-#!%7’ -i2!i "2(.-!.J 2398%-.J 2"$4i-, 7"4Bi-
!"3i#’98. $"3,2i (%82.. L, 7%;, %&7,;’-"(. -.2%4.*("!!)
+%-(%4!.J *+%*(,4,;,!:. I"(%7i*(: 4%#4i$;,!i +4)7i VSLAM-
*.*(,7. &’$’9(: +%*(iD!i 2"4(., $, 2398%-i 2"$4. +%-’)#"!i
*+i3:!.7. *+%*(,4,;,!!)7. - 8"*i.

DSM (2020). [3] [11] >.*(,7" +4)7%B% 4%#4i$;,!%B% SLAM,
#"+4%+%!%-"!" O’&i#"44,(%9 (" i!., &"#’C(:*) !" DSO, "3, 4%#-
H.4,!" $% +%-!%=i!!%B% VSLAM. M*!%-!" 7,(" F #7,!H,!!)
$4,D<’ (" +%24"/,!!) (%8!%*(i #" 4"J’!%2 +%-(%4!.J *+%*(,4,-
;,!: *=,!.. I" -i$7i!’ -i$ LDSO, DSM *(-%49C +%*(iD!’ 2"4(’
&,# -.2%4.*("!!) B4"<" +%# 8. 4,3%2"3i#"=i0, -.2%4.*(%-’9-
8. <%(%7,(4.8!, <%47’39-"!!). S398%-.7. C -i2!% *+i3:!%0
-.$.7%*(i 3%2"3:!%0 2"4(. (LMCW), <%(%7,(4.8!" %&4%&2"
+%-(%4!.J (%8%2, t-4%#+%$i3 )2 <’!2=i) -+3.-’ (" +%+i2*,3:!,
’+4"-3i!!) -.2.$"7.. >.*(,7" -2398"C <4%!(,!$ $3) %=i!2.
+%#. 2"7,4. (" &,2,!$, )2.D -.2%!’C PBA # -.$"3,!!)7 -.2.$i-
(" ’*’!,!!)7 $’&39-"!:. Q,#’3:("(. +%2"#"3. +,4,-"B’ DSM
!"$ i!H.7. +4)7.7. (" !,+4)7.7. 7,(%$"7. !" EuRoC #"--
$)2. *(4"(,Bi0 # 3–4 *+i3:!% -.$.7.7. 2398%-.7. 2"$4"7. ("
t-4%#+%$i3’ $3) 7%$,39-"!!) <%(%7,(4.8!%0 +%J.&2..
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Ai1B%i "*.#83

L) 2"(,B%4i) +i$J%$i- SLAM 23"*.<i2’C(:*) )2 /i3:!"
8,4,# 0J!9 J"4"2(,4.*(.2’ -.2%4.*("!!) -*iC0 "&% &i3:H%0 8"-
*(.!. -Ji$!%0 i!<%47"=i0 $3) -.2%!"!!) 4,2%!*(4’2=i0. S4i7
(%B%, -%!. 23"*.<i2’9(:*) )2 +4)7i 7,(%$. 8,4,# -i$*’(!i*(:
,("+i- +%+,4,$!:%0 %&4%&2., (%7’ -Ji$!, #%&4";,!!) &,#+%*,-
4,$!:% -.2%4.*(%-’C(:*) $3) %(4.7"!!) B,%7,(4i0 *,4,$%-./".
L, <%47’39-"!!) #"#-.8"D #"*(%*%-’C <%(%7,(4.8!’ +%J.&2’
(" B,%7,(4.8!i "+4i%4!i #!"8,!!) $3) %=i!2. /i3:!%0 "&% !"-
+i-/i3:!%0 B,%7,(4i0, %*2i3:2. -%!. &,#+%*,4,$!:% +4"=99(: #
i!<%47"=iC9 +4% i!(,!*.-!i*(: +i2*,3i-.

Stühmer et al. (2010). [3] \(97,4, X’7B%3:$ i S4,7,4* #"-
+4%+%!’-"3. -"4i"=iD!’ *.*(,7’ +4)7%0 /i3:!%0 4,2%!*(4’2=i0
B3.&.!. # 2i3:2%J #%&4";,!: ’ 4,"3:!%7’ 8"*i. K,(%$ &"#’C(:*)
!" 7i!i7i#"=i0 ,!,4B,(.8!%0 <’!2=i0, /% -2398"C <%(%7,(4.8!’
’#B%$;,!i*(: (" #B3"$;’-"!!).
G,4,-"B%9 &"B"(%-.$%-%0 4,2%!*(4’2=i0 C 7%;3.-i*(: -.2%4.-
*("!!) 4i#!.J 4"2’4*i- $3) +%24"/,!!) %=i!2. - +,4,24.(.J
%&3"*()J *=,!., -2398"98. i!<%47"=i9 # #%&4";,!:, $, %&’C2(
-.$!% +%-!i*(9. A%$"(2%-%, 7,(%$ +i$-./’C *+i--i$!%H,!!) *.-
B!"3/H’7, /% C 2%4.*!.7 +4. 4%&%(i # #"H’73,!.7. -i$,% #
-,&-2"7,4 "&% 7%&i3:!.J +4.*(4%0-. X3.&.!" %=i!9C(:*) !, -
4,"3:!%7’ 8"*i, " !" %*!%-i +%(%8!%B% 2"$4’ (" N !"D&3.;8.J
2398%-.J 2"$4i-, /% #7,!H’C -+3.- H’7’. >.*(,7" -&’$%-"!"
- PTAM i -.2%4.*(%-’C D%B% 7%$’3: -i$*(,;,!!) $3) #&,4iB"!-
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!) 2398%-.J 2"$4i- (" ’(%8!,!!) )2 +%#. 2"7,4., ("2 i B3.&.!..

DTAM (2011). [3] [8] I:92%7& (" i!. #"+4%+%!’-"3. +4)7.D
/i3:!.D 7,(%$, %4iC!(%-"!.D !" +%&’$%-’ (%8!%0 3D-7%$,3i *=,-
!. H3)J%7 /i3:!%B% (" *’&+i2*,3:!%B% -i$*(,;,!!) 2%;!%B%
+i2*,3). DTAM 4,"3i#’C %=i!2’ +%3%;,!!) 2"7,4. H3)J%7 7i-
!i7i#"=i0 ,!,4Bi0, /% -2398"C <%(%7,(4.8!’ +%J.&2’ (" +4%-
*(%4%-’ 4,B’3)4.#"=i9, $, %*("!!) #"$"C(:*) 8,4,# #-";,!’
!%47’ X’&,4" B4"$iC!(" %&,4!,!%0 2"4(. B3.&.!.. G%&’$%-"!.D
<%(%7,(4.8!.D %&’C7 -.(4"( $.*24,(.#’C(:*), " 7i!i7i#"=i)
-.2%!’C(:*) - $’"3:!iD <%47i, %(4.7"!iD 8,4,# +,4,(-%4,!!)
[,;"!$4"–?4,!H,3). S"4(" B3.&.!. -.()B’C(:*) i(,4"(.-!%
$3) 2%;!%B% +i2*,3) # %+%4!%B% 2"$4’. I!i=i"3i#"=i) -.2%!’C(:*)
#" $%+%7%B%9 PTAM, +i*3) 8%B% DTAM +,4,J%$.(: !" -3"*!.D
/i3:!.D 2%!-,C4. I%-.D 2398%-.D 2"$4 $%$"C(:*), 2%3. !,$%-
*("(!:% +%-,4J!,-%0 i!<%47"=i0 - +%(%8!%7’ +4%B!%#i. O4,H(%9,
+%3%;,!!) 2"7,4. -.#!"8"C(:*) H3)J%7 +%H’2’ ("2.J +"4"7,-
(4i- 4’J’, #" )2.J *.!(,(.8!, #%&4";,!!) !"D&i3:H -i$+%-i$"C
+%(%8!%7’ 2"$4’.

REMODE (2014). [3] [9] Gi==%3i, ?%4*(,4 (" >2"4"7’=="
#"+4%+%!’-"3. REMODE F +4)7.D 7,(%$ %=i!2. /i3:!%0 2"4(.
B3.&.!. # -.2%4.*("!!)7 &"C*i-*:2%B% +i$J%$’ (" 4,B’3)4.#%-"-
!%0 %+(.7i#"=i0. X3.&.!" 2%;!%B% +i2*,3) %=i!9C(:*) !,#"3,;!%
)2 +"4"7,(4.8!" 7%$,3:, )2" %!%-39C(:*) +4. !%-.J *+%*(,4,-
;,!!)J. I" -i$7i!’ -i$ DTAM, REMODE -.2%4.*(%-’C %=i!2’
!,-.#!"8,!%*(i $3) %+’23%B% <%47’39-"!!), /% #7,!H’C -+3.-
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H’7’. E4i"!B’3)=i) -.2%!’C(:*) 7i; %+%4!.7 (" +%(%8!.7 2"-
$4"7., " #B3"$;’-"!!) #"&,#+,8’C(:*) 7i!i7i#"=iC9 ,!,4Bi0 #
4,B’3)4.#"=iC9 !" %*!%-i #-";,!%0 !%47. X’&,4". REMODE
-.2%4.*(%-’C +%(i2 -i$*(,;,!!), !"(J!,!!.D %$%7,(4.8!%9 *.-
*(,7%9 SVO, -.2%4.*(%-’98. <%47’39-"!!) -.4i-!9-"!!)
#%&4";,!!) $3) %=i!2. +%#., "3, +4"=998. 3.H, # i!<%47"=i-
C9 +4% i!(,!*.-!i*(: +i2*,3i-. Gi*3) =:%B% +%(i2 -i$%&4";,!!)
(4i"!B’39C B3.&.!’, -.2%4.*(%-’98. 2%;,! 2"$4 (" %+%4!.D
-.B3)$, ("2.7 8.!%7 B3.&.!" 2%;!%B% +i2*,3) <%47’39C(:*)
)2 +"4"7,(4.8!" 7%$,3:, %&8.*3,!" )2 &"C*i-*:2" #"$"8" %=i!9-
-"!!), /% -2398"C 4,B’3)4.#"(%4 !" %*!%-i B4"$iC!(!%0 !%47.
X’&,4" B4"$iC!(", ("2.7 8.!%7, 4iH,!!) $%*)B"C(:*) i(,4"(.-!%
H3)J%7 7i!i7i#"=i0, -.2%4.*(%-’98. +,4-.!!%-$’"3:!’ <%47’-
39-"!!) (" (,J!i2’ B4"$iC!(!%B% *+’*2’-+i$D%7’.

LSD-SLAM (2014). [3] [10] Y!B,3: (" i!. #"+4%+%!’-"3. 7%!%-
2’3)4!’ SLAM-*.*(,7’ ’ 4,"3:!%7’ 8"*i # 3D-4,2%!*(4’2=iC9,
/% -.2%4.*(%-’C !"+i-/i3:!, +4,$*("-3,!!), $, B3.&.!" %=i-
!9C(:*) 3.H, - %&3"*()J i# -.*%2.7. B4"$iC!("7.. >.*(,7"
&"#’C(:*) !" +4)7%7’ -.4i-!9-"!!i #%&4";,!: (" <i3:(4"=i0
B3.&.!., &’$’C B3%&"3:!’ 2"4(’ )2 B4"< +%# # 2398%-.J 2"-
$4i-, $%+’*2"98. 7"*H("&!i #7i!. (" 2%4,2=i9 $4,D<’. A3)
-.)-3,!!) =.23i- -.2%4.*(%-’C FAB-MAP F 7,(%$, /% +4"=9C
3.H, #" #%-!iH!i7 -.B3)$%7, &,# #"3,;!%*(i -i$ 4,#’3:("(i-
+,4,$!:%B% 2i!=). @!,*2. 7,(%$’ LSD-SLAM +%3)B"9(: ’ +4)-
7%7’ 7,(%$i $3) -.2%!"!!) -.4i-!9-"!!) $-%J 2398%-.J 2"$4i-
!" 𝜔 → sim(3) (" D7%-i4!i*!% ’#B%$;,!%7’ -2398,!!i H’7%-%0



29

!,-.#!"8,!%*(i %=i!,!%0 B3.&.!. ’ -i$*(,;,!!). I%-, -.4i-!9-"-
!!) #%&4";,!: -.2%!’C(:*) H3)J%7 7i!i7i#"=i0 <%(%7,(4.8!%0
+%J.&2. #" 7,(%$%7 X"’*"–I:9(%!":

E(T) =
⌉︃

i

(Iref(qi)↑ I (𝜔 (qi, D
↓

ref(qi),T)))2 , (2.5)

$, I F #%&4";,!!), D↓ F %&,4!,!" 2"4(" B3.&.!. $3) 2%;!%B%
+i2*,3), qi F (%82" #%&4";,!!), 𝜔 F 3D +4%C2(.-!" $,<%47%-
-"!" <’!2=i), " T F +%3%;,!!) 2"7,4.. G%-!.D 7,(%$ -.7"B"C
-i$*(,;,!!), %=i!2. 2"4(. B3.&.!. (" i!i=i"3i#"=i0 2"4(.. K%-
$’3: -i$*(,;,!!) &,#+,4,4-!% %=i!9C +%3%;,!!) (-,4$%B% (i3"
!" +%(%8!%7’ 2398%-%7’ 2"$4i, (%7’ -i$!%*!, +%3%;,!!) 4%#-
4"J%-’C(:*) H3)J%7 7i!i7i#"=i0 !%47"3i#%-"!%0 #" $.*+,4*iC9
<%(%7,(4.8!%0 +%J.&2.:

min
T→SE(3)

⌉︃

p→!Di

⟨⟨⟨⟨⟨
r2q(q,Tij)

𝜗2
rq(q,Tij)

⟨⟨⟨⟨⟨
𝜛

, (2.6)

$, r2q (" 𝜗2
rq F <%(%7,(4.8!.D #"3.H%2 (" D%B% $.*+,4*i) -i$+%-

-i$!%. E"2%;, $3) $%$"-"!!) 2398%-%B% 2"$4’ $% 2"4(., !"D-
&3.;8i 2398%-i 2"$4. #!"J%$)(:*), " 4,&4" %=i!99(:*) #" $%-
+%7%B%9 SE(3), (%7’ 7i!i7i#"=i) -.2%!’C(:*) #" 4i-!)!!)7:

min
T→SE(3)

⌉︃

q→!D↓
i

⟨⟨⟨⟨⟨
r2q(q,Tij)

𝜗2
rq(q,Tij)

+
r2d(q,Tij)

𝜗2
rd
(q,Tij)

⟨⟨⟨⟨⟨
𝜛

. (2.7)

Gi$*’7%-’98., ’ LSD-SLAM +%3%;,!!) 2"7,4. -.#!"8"C(:*)
-i$!%*!% +%(%8!%B% 2398%-%B% 2"$4’, " !%-i #%&4";,!!) -.2%4.-
*(%-’9(:*) $3) ’(%8!,!!) 2"4(. B3.&.!. H3)J%7 &"B"(%4"#%-.J
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%=i!%2 # 7"3%9 &"#%-%9 3i!iC9. Gi*3) #"-,4H,!!) ’(%8!,!!)
!%-.D 2398%-.D 2"$4 $%$"C(:*) $% B3%&"3:!%B% B4"<", /% #"-
&,#+,8’C %+(.7i#"=i9 2"4(..

2.4 "./012 F@H2660I0 6@GA@667

@ %*("!!i 4%2., -4"J%-’98. -4";"98.D 4%#-.(%2 H(’8!%B%
i!(,3,2(’, %*%&3.-% - B3.&%2%7’ !"-8"!!i, $%*3i$!.2. $%*3i$;’-
-"3. 7%;3.-i*(: 4%#H.4,!!) 23"*.8!.J 7,(%$i- SLAM H3)J%7
-+4%-"$;,!!) B3.&%2.J !,D4%!!.J 7,4,; $3) -.2%!"!!) 4i#!.J
#"-$"!:, ("2.J )2 #7,!H,!!) +%J.&2. %=i!2. B3.&.!., +%24"/,-
!!) )2%*(i 3D-4,2%!*(4’2=i0, +%24"/,!!) %=i!2. +%#. 2"7,4.,
+%24"/,!!) #"7.2"!!) =.23’, %=i!2" 7"*H("&’ (%/%.
M$!.7 i# B%3%-!.J !,$%3i2i- 7%!%2’3)4!.J 7,(%$i- C !,%$!%#!"-
8!i*(: 7"*H("&’, #’7%-3,!" -i$*’(!i*(9 +%8"(2%-%B% -.7i49-"-
!!) B3.&.!.. V%& 2%7+,!*’-"(. =,, 7,(%$. B3.&%2%B% !"-8"!!)
i!(,B4’9(:*) - SLAM-*.*(,7. $3) %=i!2. B3.&.!., 4’J’ 2"7,4.,
*,7"!(.2. (" %+(.8!%B% +%(%2’. A%*3i$;,!!) %J%+399(: #"7i!’
4’8!.J %#!"2 -.-8,!.7., -.2%4.*("!!) !,D4%!!.J 3D-’)-3,!:,
Bi&4.$!i 4iH,!!) # 23"*.8!.7. 2%7+%!,!("7. (" +%-!i*(9 !"-
-8’-"!i end-to-end SLAM-*.*(,7..
O"#-.8"D 7,(%$., #"*!%-"!i !" !"-8"!!i, -";8, +%)*!.(., i -%!.
#"#-.8"D 7"9(: (4’$!%/i +4. #"*(%*’-"!!i - !,-.$.7.J *,4,$%-
-./"J "&% # 4i#!.7. 2"3i&4’-"!!)7. 2"7,4.. M$!"2 -%!. -*,
/, C +,4*+,2(.-!.7 4iH,!!)7 $3) 7%!%2’3)4!%B% -i#’"3:!%B%
SLAM, %*%&3.-% - 8.*(% %&,4("3:!.J #"*(%*’-"!!)J, ’+%-i3:-
!,!%7’ 4’*i "&% 4’J"J &,# %&,4("!: +% 24,!"J (" ("!B";’, $,
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*.*(,7. SLAM 7%;’(: #i(2!’(.*) # +4%&3,7"7. i!i=i"3i#"=i0
"&% ’#"B"3:!,!!).

2.4.1 F7B*42i 27-+31

X3.&%2, !"-8"!!) *+4.)3% -.2%!"!!9 *.*(,7 3D-4,2%!*(4’2=i0
&"B"(:7" #"-$"!!)7., #!"8!% +%24"/’98. #"B"3:!’ +4%$’2(.--
!i*(: *.*(,7.. O"-$"!!) -"4i99(:*) -i$ +4%*(.J %=i!%2 +"4"7,-
(4i- $3) i!i=i"3i#"=i0 *.*(,7 SLAM $% #"7i!. =i3%B% 7%$’3) -
2%!-,C4i SLAM (!"+4.23"$, %=i!2" B3.&.!. "&% +%#.), "&% !"-i(:
!"$"!!) !%-.J 7%;3.-%*(,D *.*(,7i (!"+4.23"$, *,7"!(.8!"
*,B7,!("=i)). T2 !,+4)7i 7,(%$., $%*3i$;,!!) - =iD 2"(,B%-
4i0 -2398"9(: ,("+. +%+,4,$!:%0 %&4%&2. ’ *-%0J 4"72"J, ’
-.B3)$i -.3’8,!!) %#!"2 (" -.3’8,!!) %+(.8!%B% +%(%2’, /%
-.2%!’9(:*) )2 24%2., /% +,4,$’9(: +4%=,*"7 %=i!2. +%#. "&%
+4%B!%#’-"!!) B3.&.!., (%7’ )2i*(: 2i!=,-%0 3D-2"4(. &,#+%*,-
4,$!:% #"3,;.(: -i$ 2i3:2%*(i (" )2%*(i i!<%47"=i0, -.3’8,!%0
!" =:%7’ ,("+i +%+,4,$!:%0 %&4%&2..
G%$i&!% $% 23"*.8!.J 7,(%$i-, ML + !,+4)7i 7,(%$. 7%;’(:
-i$!%-39-"(. /i3:!i (" 4%#4i$;,!i 3D-2"4(. *,4,$%-./".

<#’6i8@*%i "*.#83

T2 i 23"*.8!i 7,(%$., 7,(%$. 7"H.!!%B% !"-8"!!) + !,-
+4)7i 7%;!" -!’(4iH!:% 23"*.<i2’-"(. )2 /i3:!i (" 4%#4i$;,!i
#"3,;!% -i$ /i3:!%*(i %(4.7"!%0 3D-4,2%!*(4’2=i0. Q%#4i$;,!i
7,(%$. 7"9(: +,4,-"B’ 4%&%(. # !,-,3.2%9 2i3:2i*(9 i!<%47"=i0.
M$!"2, -%$!%8"*, =, C %&7,;,!!)7 $3) %*("(%8!%0 4,2%!*(4’2=i0,
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%*2i3:2. $,)2" =i!!" i!<%47"=i) ("2%; 7%;, &’(. -.2398,-
!" !" ,("+"J -.&%4’ +i2*,3i- "&% -.3’8,!!) %#!"2, /% ("2%;
7%(.-’-"3% 4%#4%&2’ "4Ji(,2(’4 CNN, /% *+,=i"3i#’9(:*) !"
’/i3:!,!!i %(4.7"!%0 3D-2"4(., $%*)B"98. &"B"(%%&i=)98.J
4,#’3:("(i-, %(4.7’98. +4. =:%7’ +,4,-"B. +4%$’2(.-!%*(i 4%-
&%(. - 4%#4i$;,!iD +"4"$.B7i.

DynaSLAM (2018). [3] [13] R,*2%* (" i!. #"+4%+%!’-"3. *.*(,-
7’, +%&’$%-"!’ !" ORB-SLAM2 # i!(,B4"=iC9 CNN i &"B"(%-.$%-
-%0 B,%7,(4i0 $3) -.)-3,!!) (" *,B7,!("=i0 $.!"7i8!.J %&’C2(i-.
K,(%$ -.2%4.*(%-’C Mask R-CNN $3) +%+i2*,3:!%0 *,B7,!("-
=i0 -i$%7.J 4’J%7.J 23"*i- (!"+4.23"$, 39$,D, "-(%), " ("2%;
B,%7,(4.8!.D "!"3i# +"4"3"2*" $3) -.)-3,!!) !,4%#+i#!"!.J
%&’C2(i-. G%(i2 -i$*(,;,!!) &"#’C(:*) !" ORB-SLAM2 i -.2%!’C
*("!$"4(!i ,("+. 3%2"3i#"=i0. G%C$!"!!) CNN i B,%7,(4i0 $%-
#-%3)C (%8!% <i3:(4’-"(. $.!"7i8!i %&3"*(i, #7,!H’98. -+3.-
4’J%7.J %&’C2(i- !" SLAM. S4i7 (%B%, #"*(%*%-’C(:*) <%!%-,
#"+%-!,!!) *=,! #" +%+,4,$!i7. 2"$4"7., +i*3) 8%B% -i$*(,;,-
!!) (" -i$%&4";,!!) -.2%!’9(:*) 3.H, !" *("(.8!.J *,B7,!("J.

Steenbeek et al. (2022). [3] [14] Z-(%4. +4,$*("-.3. 7%$.<i-
2"=i9 ORB-SLAM2 $3) #"*(%*’-"!!) !" RG[Z - !"$#-.8"D!.J
’7%-"J, i!(,B4’98. CNN $3) 7"*H("&%-"!%0 (" ’/i3:!,!%0 4,-
2%!*(4’2=i0. @%!. +%C$!"3. ORB-SLAM2 # SIDE F "3B%4.(7%7
%=i!2. B3.&.!. # %$!%B% #%&4";,!!) F /% $%#-%3)C 2%7+,!*’-
-"(. -i$*’(!i*(: 7"*H("&’ (" /i3:!%*(i - %4.Bi!"3:!%7’ ORB-
SLAM2. RGB-2"$4. (" 4%#4i$;,!" B3.&.!" +,4,$"-"3.*: ’ CNN,
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)2" &’$’-"3" 7"*H("&%-"!’ /i3:!iH’ 2"4(’, #B%$%7 %&’C$!’-"!’
#" $%+%7%B%9 OctoMap. CNN &"#’-"3"*: !" ResNet-50 i# $,2%$,-
4%7 # &3%2"7. "+*,7+3i!B’; %=i!,!" B3.&.!" -.2%4.*(%-’-"3"*:
$3) 7"*H("&’-"!!) SLAM-2"4(.. W%8" +i$Ji$ #!"8!% ’/i3:!.-
2"4(’, )2i*(: #"3.H"3"*: !.;8%9 #" *(,4,%-7,(%$., i "-(%4. #"-
#!"8.3. %&7,;,!!) +4%$’2(.-!%*(i 8,4,# *3"&2, %&3"$!"!!) ("
+%(,!=i"3 $3) +%24"/,!: +4. -.2%4.*("!!i +%(’;!iH.J *.*(,7.

Sun et al. (2022). [3] Z-(%4. #"+4%+%!’-"3. 4%#H.4,!!) ORB-
SLAM i# -&’$%-"!.7 7%$’3,7 %=i!2. B3.&.!. !" &"#i DiverseDepth,
/% +4"=9C ’ $-%J 4,;.7"J: +,4H.D F +,4,$&"8"C -i$!%*!’ B3.-
&.!’ # %$!%B% #%&4";,!!) $3) +%24"/,!!) -i$*(,;,!!), $4’B.D
F ’(%8!9C 7"*H("&%-"!’ B3.&.!’ # -.2%4.*("!!)7 4%#4i$;,!%0
SLAM-2"4(. $3) /i3:!iH%B% 2"4(%B4"<’-"!!). Z4Ji(,2(’4"
7%$’39 F 2%$,4-$,2%$,4 !" %*!%-i ResNetXt-50 F &’3" !"-8,!"
!" +’)(. 4i#!.J !"&%4"J $"!.J $3) +%24"/,!!) ’#"B"3:!,!!).
O"-$)2. =:%7’ *.*(,7" $,7%!*(4’C -./’ (%8!i*(: +%#. (" B3.&.-
!., %*%&3.-% - ’7%-"J )2 +4.7i/,!!), ("2 i -i$24.(%B% +4%*(%4’.
G4%(,, +%+4. /i3:!iH’ 4,2%!*(4’2=i9 +%4i-!)!% # %4.Bi!"3:-
!.7 ORB-SLAM, 4,#’3:("( /, !, -i$+%-i$"C 4i-!9 +%-!%=i!!.J
/i3:!.J 7,(%$i-.

Lee et al. (2022). [3] Z-(%4. #"+4%+%!’-"3. 4%#H.4,!!) ORB-
SLAM, i!(,B4’98. B3.&%2’ !,D4%!!’ 7,4,;’ # 7%$’3)7. %=i!2.
3D-B,%7,(4i0 (" *,7"!(.8!%0 *,B7,!("=i0 $3) +i$-./,!!) (%8!%*(i
SLAM ’ #"$"8"J "-(%!%7!%B% 2,4’-"!!). >.*(,7" -.2%4.*(%-’C
ERFNet $3) -.$"3,!!) 4’J%7.J %&’C2(i- (" +%24"/,!!) 2’(%-.J
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%#!"2, " ("2%; *,B7,!(’C *=,!’ $3) (%8!iH%B% -i$%&4";,!!).
K%$’3i 3%2"3i#"=i0, 2"4(%B4"<’-"!!) (" *,B7,!("=i0 +4"=99(:
’#B%$;,!%: +,4H.D -.#!"8"C 2398%-i 2"$4., $4’B.D -.2%!’C (4i-
"!B’3)=i9 (" %=i!2’ 7"*H("&’, (4,(iD F *,7"!(.8!, %8./,!!)
2"4(.. M*%&3.-i*(9 +i$J%$’ C 2%4,2=i) 7"*H("&’ !" %*!%-i +3%-
/.!. #,73i (" *+,=i"3:!" <’!2=i) -(4"(, /% %24,7% H(4"<’C
+%7.32. (4"!*3)=i0 D %&,4("!!). >.*(,7" $,7%!*(4’C *(iD2i*(:
$% 4i#!.J ’7%- %*-i(3,!!) (" +%24"/,!’ )2i*(: 4,2%!*(4’2=i0.

SVR-Net (2023). [3] SVR-Net F *.*(,7" SLAM $3) -i#’"3:-
!.J i -i#’"3:!%-$"3,2%7i4!.J $"(8.2i-, )2" +%C$!’C 4,B4,*i9
!" %*!%-i %+%4!.J -,2(%4i- (SVR) $3) %=i!2. 3D-4%#("H’-"!!)
2398%-.J (%8%2. L, #"&,#+,8’C !"$iD!, -i$*(,;,!!) !"-i(: #"
*23"$!.J ’7%-, )2-%( +%B"!, %*-i(3,!!) 8. +,4,24.((). >.*(,7"
+i$(4.7’C %!3"D!-!"-8"!!), B4"<%-’ %+(.7i#"=i9 (" #"7.2"!!)
=.23’ $3) +i$-./,!!) (%8!%*(i D ’#B%$;,!%*(i 2"4(.. @%!"
#$"(!" *(-%49-"(. -.*%2%$,("3:!i 3D-2"4(. *23"$!.J *,4,$%-
-./ i# &"B"(%4i-!,-%9 (" !,4i-!%9 B,%7,(4iC9, #"3.H"98.*:
%&8.*39-"3:!% ,<,2(.-!%9 $3) 4%&%(. - 4,"3:!%7’ 8"*i.
S%4%(2% 2";’8., SVR-Net SLAM 4,"3i#’C *(4"(,Bi9 -i$ B4’&%B%
$% (%8!%B% $3) ,<,2(.-!%B% -i$*(,;,!!) (" /i3:!%B% B3%&"3:-
!%B% 2"4(%B4"<’-"!!). >.*(,7" *23"$"C(:*) # $-%J ,("+i-: *+%-
8"(2’ %=i!9C(:*) !,%&4%&3,!" +%#" (" 3%2"3:!" 2"4(" # +"4.
2"$4i- #" $%+%7%B%9 7,4,;i SVR, $, 2"4(" +4,$*("-3)C(:*)
)2 4%#4i$;,!i -%2*,3i #i #!"8,!!)7. TSDF. G%(i7 B3%&"3:!"
2"4(" 4%#H.49C(:*). I" $4’B%7’ ,("+i -.2%!’C(:*) #&i3:H,!!)
-.&i42. -%2*,3i-, ’(%8!,!!) +%#. (" 2"4(., i 3%2"3:!" 2"4(" i!(,-
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B4’C(:*) - B3%&"3:!’. K,4,;" SVR-Net, !"-8,!" !" ScanNet(V2),
+4.D7"C +"4’ RGB-#%&4";,!: i 2%%4$.!"(. -%2*,3i-, -.$"9-
8. 3%2"3:!’ 2"4(’, -i$!%*!’ +%#’ (" TSDF. @%!" &’$’C 2"4(.
%#!"2, +,4,(-%49C 0J ’ -%2*,3i, %=i!9C 2%4,3)=i0 7i; 2"$4"7.,
i(,4"(.-!% %!%-3998. +%#’ (" 2"4(’ H3)J%7 #i*("-3,!!) %#!"2
(" 2%4.B’-"!!) 2%%4$.!"(. I"4,H(i, SLAM-2%!-,C4 !" %*!%-
-i Kinect-Fusion 4%#H.49C B3%&"3:!’ 2"4(’, -.2%4.*(%-’98.
’(%8!,!i 3%2"3:!i $"!i.

Ai1B%i "*.#83

I,+4)7i 7,(%$. #"#-.8"D -.2%4.*(%-’9(: %+(.8!.D +%(i2
$3) +4%B!%#’-"!!) B3.&.!.. @"4(% #"#!"8.(., /% #"B"3:!%-i$%-
7.7 *23"$!.7 #"-$"!!)7 C J"4"2(,4.*(.2" +%J.&2. 4%#("H’-
-"!!) %&’C2(i- ’ *(4’2(’4i VO, $, 4%#7.(() 4’J’, +,4,24.(()
(" -"4i"=i0 (%82. #%4’ 7%;’(: *+%(-%4.(. =i %=i!2.. O%24,7",
,<,2(.-!i*(: +4)7.J 7,(%$i- #"#-.8"D #"3,;.(: -i$ +4.+’/,!:
+4% 7"3.D 4’J (" *("3i*(: #%-!iH!:%B% -.B3)$’, /% *("!%-.(:
%&7,;,!!) $3) #"&,#+,8,!!) *(iD2%*(i $% 7i!3.-%*(i *=,!., /%
#7,!H’C 0J!9 #"*(%*%-!i*(:. I,/%$"-!% %=i!2" %+(.8!%B% +%-
(%2’ #" $%+%7%B%9 7"H.!!%B% !"-8"!!), )2’ 7%;!" %+.*"(.
)2 2%7&i!"=i9 ;%4*(2%B% +%(%2’ (" !,%&7,;,!%B% +%(%2’, /%
%+.*’C #"B"3:!.D 4’J %&’C2(", $%*)B3" !"D*’8"*!iH%B% 4i-!)
+4%$’2(.-!%*(i, $,7%!*(4’98. 8’$%-.D 4i-,!: (%8!%*(i, *(iD-
2%*(i (" ’#"B"3:!,!!), *("98. 8’$%-.7 4iH,!!)7, %*%&3.-% -
*23"$!.J ’7%-"J, ("2.J )2 +%-,4J!i &,# (,2*(’4, 4%#7.(() 4’J’
(" -,3.2i +,4,24.(().
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DeepV2D (2020). [3] [15] DeepV2D F =, !"*24i#!" *.*(,7",
#"+4%+%!%-"!" Ei$%7 (" A,!B%7, )2" 8,4B’C 7%$’3i B3.&.!. ("
4’J’ $3) *+i3:!%B% +4%B!%#’-"!!) 2"4(. B3.&.!. (" +%#. 2"7,-
4.. K%$’3: 4’J’ -.2%4.*(%-’C %=i!2. B3.&.!. $3) ’(%8!,!!)
+%#., " 7%$’3: B3.&.!. +%23"$"C(:*) !" 4’J $3) %&8.*3,!-
!) B3.&.!., /% $%#-%3)C (%8!’ *(4’2(’4’ # 4’J’ - !"*24i#!%
$.<,4,!=iD%-"!iD "4Ji(,2(’4i. K%$’3: B3.&.!. *(-%49C %&’C7
-.(4"( i# -.-8,!.J %#!"2 #" $%+%7%B%9 2D-,2*(4"2(%4", #-%-
4%(!%B% +4%,2(’-"!!) (" 3D-*(,4,%’#B%$;,!!). K%$’3: 4’J’
+4%B!%#’C #&’4,!!) +%#. 8,4,# #"3.H2%-.D +%(i2 7i; %#!"2"7.,
-.2%4.*(%-’98. "4Ji(,2(’4’ # i!i=i"3i#"=iC9, -.3’8,!!)7 %#!"2,
+i$4"J’!2%7 +%7.32. (" %+(.7i#"=iC9 8,4,# X"’*"-I:9(%!".
W%8 DeepV2D +,4,-";!% %4iC!(%-"!.D !" B3.&.!’, D%B% 7%;!"
"$"+(’-"(. $3) SLAM, +,4,(-%4998. %+(.8!.D +%(i2 &,#+%*,-
4,$!:% - 4’J 2"7,4.. @";3.-%, /% *.*(,7" -2398"C Flow-SE3
F B,%7,(4.8!% %&7,;,!’ 7%$,3: %=i!2. 4’J’, )2" +%24"/’C
(%8!i*(: +%-(%4!%B% +4%,2(’-"!!) +%4i-!)!% # +%+,4,$!i7. 7,-
(%$"7., )2 DeMoN (" DeepTAM.

DROID-SLAM (2021). [3] [16] DROID-SLAM F =, *.*(,7" !"
%*!%-i B3.&%2%B% !"-8"!!), /% -.2%!’C 4,2’4,!(!i i(,4"(.-!i
%!%-3,!!) +%# 2"7,4. (" 2"4( B3.&.!. 8,4,# 7%$’3: 2%4,2=i0
/i3:!.J #-’)#2i-. @%!" &"#’C(:*) !" "4Ji(,2(’4i RAFT i -.2%4.-
*(%-’C GRU-&3%2 $3) <%47’-"!!) 83,!" 2%4,2=i0, %!%-3998.
!, %+(.8!.D +%(i2, " &,#+%*,4,$!:% B3.&.!’ D +%#’. >.*(,7" 7"C
<4%!(,!$ ($%$"-"!!) 2"$4i-, -.&i4 2398%-.J, 3%2"3:!" %+(.-
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7i#"=i)) (" &,2,!$ (B3%&"3:!" %+(.7i#"=i) i*(%4.8!.J 2"$4i-).
DROID-SLAM +i$(4.7’C 7%!%2’3)4!.D, RGB-D i *(,4,%-Ji$,
$%*)B"98. -.*%2.J 4,#’3:("(i- !" !"&%4"J TartanAir, EuRoC,
TUM-RGB-D i ETH3D-SLAM, +,4,-,4H’98. &i3:Hi*(: 23"*.-
8!.J i -.-8,!.J 7,(%$i-. M*!%-!, %&7,;,!!) F -.*%2, *+%;.-
-"!!) +"7’)(i GPU ($% 24 XR).

SDF-SLAM (2022). [3] SLAM-*.*(,7", #"*!%-"!" !" ORB-
SLAM, )2" 4,"3i#’C !%-.D 7,(%$ -.3’8,!!) %#!"2 i /i3:!’
*,7"!(.8!’ 7,4,;’ $3) %=i!2. B3.&.!., -J%$)8. $% 2"(,B%4i0
/i3:!.J +i$J%$i-. I" -i$7i!’ -i$ ORB-SLAM, /% #"&,#+,8’C
3.H, 4%#4i$;,!’ 2"4(’ &,# *,7"!(.2., SDF-SLAM +%C$!’C +%#.
2"7,4. # B3.&.!%9 (" *,7"!(.8!.7. 7i(2"7. $3) *(-%4,!!)
(4.-.7i4!%0 *,7"!(.8!%0 4,2%!*(4’2=i0.
>.*(,7" *23"$"C(:*) # (4:%J %*!%-!.J 7%$’3i-:

1) FPFDCNN F -.3’8"C (" #i*("-3)C %#!"2. # +"4. 2"$4i-,
<%47’98. $,*24.+(%4.;

2) SDFCNN F %$!%8"*!% -.2%!’C +4%B!%# B3.&.!. (" *,7"!-
(.8!’ *,B7,!("=i9 # RGB-#%&4";,!:;

3) SLAM-7%$’3: F %+(.7i#’C J7"4’ (%8%2 !" %*!%-i %=i!,!%0
B3.&.!., *,7"!(.2. (" +%#..

NeRF-SLAM (2022). [3] [17] P 2022 4%=i &’3% +4,$*("-3,!%
NeRF-SLAM F 7%!%2’3)4!’ *.*(,7’ 4,2%!*(4’2=i0 *=,! ’ +4.-
7i/,!!i, /% +%C$!’C +i$Ji$ Neural Radiance Fields (NeRF) i#
DROID-SLAM )2 7%$’3,7 -i$*(,;,!!).
NeRF-SLAM *23"$"C(:*) # (4:%J 2%7+%!,!(i-: <4%!(,!$’, +%-
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&’$%-"!%B% !" %*!%-i DROID-SLAM, /% %=i!9C +%#. 2"7,4. ("
B,!,4’C 4%#4i$;,!i 3D-J7"4. (%8%2 i# 2%-#!%B% -i2!" 2398%-.J
2"$4i-; 7%$’3) !%47"3,D, /% +4%B!%#’C +%-,4J!,-i !%47"3i #
!,)-!%B% +4,$*("-3,!!); (" &,2,!$’, )2.D -.2%!’C B3%&"3:!’
%+(.7i#"=i9 *=,!.. M=i!9-"!!) -i$&’-"C(:*) H3)J%7 %&8.*3,!-
!) %+(.8!%B% +%(%2’ 7i; 2"$4"7. #" $%+%7%B%9 #B%4(2%-%B%
GRU, +i*3) 8%B% -.4iH’C(:*) #"$"8" Bundle Adjustment ’ <%4-
7i 3i!iD!%B% 4i-!)!!) !"D7,!H.J 2-"$4"(i- i# -.2%4.*("!!)7
i!-,4*!.J 2"4( B3.&.!.. M(4.7"!i 2"4(. (" +%#. -.2%4.*(%-’-
9(:*) $3) %+(.7i#"=i0 +"4"7,(4i- +%3) -.+4%7i!9-"!!) *=,!..
G%(i2 -i$*(,;,!!) +%*(iD!% 7i!i7i#’C +%7.32’ +,4,+4%C2=i0 -
"2(.-!%7’ -i2!i 2398%-.J 2"$4i-, (%$i )2 &,2,!$ ’(%8!9C -*i
+%+,4,$!i 2398%-i 2"$4..

2.4.2 ?*42i 27-+31

@ %*("!!i 4%2. 7"H.!!, !"-8"!!) *("3% +,4*+,2(.-!.7
!"+4)72%7 $3) $%*3i$;,!: 7%!%2’3)4!%0 3D-4,2%!*(4’2=i0, B%-
3%-!.7 8.!%7 #"-$)2. *-%0D #$"(!%*(i 4%&.(. -!,*%2 ’ -.4i-
H,!!) -i$%7.J %&7,;,!: 7%!%2’3)4!.J *.*(,7, ("2.J )2 !,%-
$!%#!"8!i*(: 7"*H("&’, 4%#7.(() 4’J’, +%-,4J!i &,# (,2*(’4.
(" +%-(%49-"!i -i#,4’!2., *,4,$ i!H%B%. M$!.7. # !"D&i3:H.J
+4%&3,7 $3) 23"*.8!.J +4)7.J *.*(,7 C 0J!) *.3:!" #"3,;!i*(:
-i$ J%4%H%0 i!i=i"3i#"=i0, +4.+’/,!!) +4% *("3i*(: )*24"-%*(i,
+4%$’2(.-!i*(: - ’7%-"J !.#:2%0 %*-i(3,!%*(i (" #$"(!i*(: $%
’#"B"3:!,!!) - !,-.$.7.J *,4,$%-./"J. @i$+%-i$!%, #" %*("!!C
$,*)(.3i(() $%*3i$!.2. #4%&.3. =i2"-.D -!,*%2 ’ +%$%3"!!) =.J
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+4%&3,7, -&’$%-’98. "4Ji(,2(’4. !,D4%!!.J 7,4,; ’ 23"*.8!i
+4%+%#.=i0 SLAM, +i$-./’98. +4%$’2(.-!i*(: i, - &i3:H%*(i
-.+"$2i-, +4%$,7%!*(4’-"3. +,4,-"B’ !"$ *-%07. 23"*.8!.7.
-,4*i)7..
K,(%$. ML + Direct, )2 i 4,H(" 2"(,B%4iD ("2*%!%7i0, 7%;!"
4%#$i3.(. !" /i3:!i (" 4%#4i$;,!i, #"3,;!% -i$ /i3:!%*(i -i$-
!%-3,!%0 3D-4,2%!*(4’2=i0. A-" !"D4,+4,#,!("(.-!iHi +i$J%$.
7"H.!!%B% !"-8"!!) !"3,;"(: $% =iC0 2"(,B%4i0: CNN-SLAM
(" CodeSLAM, )2i #!"8!%9 7i4%9 *+4.)9(: 4%#-.(2’ *’8"*!.J
(,J!%3%BiD, #"&,#+,8’98. -4";"98i +%2"#!.2. =.(’-"!!), +4%-
+%!’98. $%*3i$!.2"7 $-" =i2"-i H3)J.: i!(,B4"=i9 *,7"!(.8!%0
*,B7,!("=i0 (" -.2%4.*("!!) "4Ji(,2(’4 2%$,4"-$,2%$,4" -i$+%-
-i$!%.

<#’6i8@*%i "*.#83

P =:%7’ 4%#$i3i +4,$*("-3,!i !"D’*+iH!iHi i!(,B4"=i0 7"-
H.!!%B% !"-8"!!), -.2%!"!i !"$ *.*(,7%9 DSO (" -$%*2%!"3,!i
-,4*i0, $, i!(,B4"=i) !,D4%!!.J 7,4,; &’3" -.2%!"!" $3) +%24"-
/,!!) )2%*(i 0J!:%0 2"4(., -i$*(,;,!!), 7%;3.-%*(,D ’#"B"3:-
!,!!) (" +%$%3"!!) 0J!iJ -i$%7.J 4,;.7i- -i$7%-., ("2.J )2
+%4’H,!!) +4.+’/,!: )*24"-%*(i, 4%#7.(() 4’J’, +%-(%49-"!i
(,2*(’4. (" i!Hi.

CNN-DVO (2020). [3] [12] P 2020 4%=i U,!B (" i!. +4,$*("-.3.
CNN-DVO F +,4H.D +4)7.D <4,D7-%42, /% +%-!i*(9 i!(,B4’C
+4%B!%#’-"!!) B3.&.!. -i$ CNN ’ 2%7+%!,!(. i!i=i"3i#"=i0, -i$-
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*(,;,!!) (" %+(.7i#"=i0 SLAM. @.2%4.*(%-’98. Monodepth2
)2 +4,$.2(%4 B3.&.!., *.*(,7" -2398"C B3.&.!’ )2 "+4i%4 $3)
i!i=i"3i#"=i0, +4.B!i8,!!) 7"*H("&!%B% $4,D<’, *("&i3i#"=i0 3%-
2"3:!%B% BA (" 2%4,2(!%B% #"7.2"!!) =.23i- i# -i$!%-3,!!)7
7"*H("&’.
K,(%$ +%C$!’C B4’&, -i$*(,;,!!) # ’(%8!,!!)7 2"4(., !"(J!,!-
!.D LDSO, (" -.2%!’C *+i3:!’ %+(.7i#"=i9 -*iJ +"4"7,(4i-
(+%#. SE(3), %&,4!,!%0 B3.&.!., "<i!!%0 7%$,3i). @.&i4 (%8%2
-$%*2%!"3,!% #"-$)2. 7’3:(.H"4%-%7’ "!"3i#’ B4"$iC!(i-, /%
7i!i7i#’C 23"*(,4.#"=i9, +i$-./’98. *("&i3:!i*(: %=i!2. +%#
+4. -,3.2.J &"#%-.J 3i!i)J. >(4’2(’4" B4"<" +%#. -.2%4.-
*(%-’C ORB-%#!"2. (" BoW $3) -.&%4’ 2398%-.J 2"$4i-, #
’4"J’-"!!)7 7"4Bi!"3i#"=i0 (" #"&,#+,8,!!) #"7.2"!!) =.23’.
M=i!9-"!!) +%#. -.2%!’C(:*) # B4’&%B% "+4i%4’, +i*3) 8%B%
B3.&.!" ’(%8!9C(:*) %+(.7i#"=iC9 +% ,+i+%3)4!iD 3i!i0 8,4,#
i(,4"=i0 X"’*"–I:9(%!".

Ai1B%i "*.#83

T2 i 23"*.8!i 7,(%$. SLAM, /i3:!i <%47’39-"!!) 7"H.!-
!%B% !"-8"!!) 7%;!" 23"*.<i2’-"(. )2 /i3:!i (" 4%#4i$;,!i
#"3,;!% -i$ 4%#4i$;,!%*(i 2i!=,-%0 4,2%!*(4’2=i0. P =iD 2"(,B%-
4i0 $,)2i "-(%4. #"+4%+%!’-"3. +%24"/.(. %=i!2’ +%#., %=i!2’
B3.&.!. (" %&.$-", "&% !"-i(: %=i!.(. $,)2i +"4"7,(4., ("2i )2
7"*H("&!i 2%,<i=iC!(. "&% ’7%-. i!i=i"3i#"=i0. S4i7 (%B%, )2
+%2"#"!% - +%+,4,$!:%7’ 4%#$i3i, i*!’C 7%;3.-i*(: !"-8"!!)
7,4,; $3) ’/i3:!,!!) -.-%$’ 2"4(. 23"*.8!.J *.*(,7 SLAM;
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("2.7 8.!%7, 23"*.8!i 4%#4i$;,!i 7,(%$. &’3. $%$"!i $% =i-
C0 2"(,B%4i0 # 0J ’/i3:!,!.7. -,4*i)7. 7"H.!!%B% !"-8"!!).
Ri3:Hi*(: +4)7.J +i$J%$i- 7"H.!!%B% !"-8"!!) !"3,;"(: $%
2"(,B%4i0 /i3:!.J #"-$)2. 8’$%-.7 4,#’3:("("7, )2.J 7"H.!!,
!"-8"!!) $%*)B3% - ’/i3:!,!!i *-%0J 3D-4,2%!*(4’2=iD.

CNN-SLAM (2017). [3] [18] O"+4%+%!%-"!% *.*(,7’, /% +%C$-
!’C B3.&%2, #B%4(2%-, +4%B!%#’-"!!) B3.&.!. # +4)7.7 +i$J%-
$%7 LSD-SLAM $3) 7%!%2’3)4!%0 4,2%!*(4’2=i0 # "&*%39(!.7
7"*H("&%7. X3.&.!", +,4,$&"8,!" CNN, *3’;.(: "+4i%4!%9
i!<%47"=iC9 $3) 2%;!%B% 2398%-%B% 2"$4’, $%+%7"B"98. ’!.-
2!’(. !,%$!%#!"8!%*(i 7"*H("&’ (" +4%&3,7 +4. 8.*(% %&,4-
("3:!%7’ 4’*i 2"7,4.. Z4Ji(,2(’4" CNN &"#’C(:*) !" ResNet-50,
7%$.<i2%-"!%7’ $3) B,!,4"=i0 2"4(. B3.&.!. 8,4,# "+*,7+3i!-
B%-i #"3.H2%-i &3%2.. Q,#’3:("( ’(%8!9C(:*) /i3:!.7 +4)7.7
SLAM, /% #"&,#+,8’C (%8!’ (4"C2(%4i9 (" 7"*H("&%-"!’ 3D-
4,2%!*(4’2=i9.

DeepTAM (2018). [3] [19] >.*(,7" DeepTAM U;%’ (" i!. #"*!%-
-"!" !" DTAM, "3, +,4,%*7.*3,!" )2 #"$"8" B3.&%2%B% !"-8"!!)
# $-%7" CNN: $3) -i$*(,;,!!) (" 2"4(%B4"<’-"!!). M*!%-!i
-!,*2. -2398"9(: 7,4,;’ -i$*(,;,!!) # i!24,7,!(!%9 %=i!2%9
+%#. #" $%+%7%B%9 Bi+%(,#, /% -.4i-!9C +%(%8!, #%&4";,!!) #
2398%-.7 2"$4%7 (i# B3.&.!%9 (" 2%3:%4%7), (" 7,4,;’ 2"4-
(%B4"<’-"!!), )2" +%C$!’C %=i!2’ B3.&.!. # -Ji$!.7 #%&4";,-
!!)7, -.2%4.*(%-’98. *(4"(,Bi9 -i$ B4’&%B% $% (%8!%B%. A3)
-i$*(,;,!!) -.2%4.*(%-’9(:*) (4. 7,4,;i # 4i#!%9 4%#$i3:!%9
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#$"(!i*(9, /% +4%B!%#’9(: %+(.8!.D +%(i2 i +%*3i$%-!% %!%-39-
9(: +%#’. M*("(%8!" +%#" C 4,#’3:("(%7 7!%;,!!) i!24,7,!(!.J
#7i!, " 7,(%$ -’#:2%0 *7’B. #"*(%*%-’C(:*) $3) ’(%8!,!!) 2"4(.
B3.&.!..

DeepFusion (2019). [3] >.*(,7" *+4)7%-"!" !" %(4.7"!!)
/i3:!.J 7"*H("&%-"!.J 2"4( B3.&.!. (" +%#. - 4,"3:!%7’ 8"*i
# 7%!%2’3)4!%B% SLAM, +%C$!’98. ORB-SLAM2 # +4%B!%#"-
7. B3.&.!. (" 00 B4"$iC!(i- -i$ CNN ’ D7%-i4!i*!iD *(4’2(’4i.
G4%B!%#%-"!i B4"$iC!(. -.*(’+"9(: )2 %&7,;,!!) $3) *’*i-
$!iJ +i2*,3i-, #"&,#+,8’98. B3%&"3:!’ ’#B%$;,!i*(:, (%$i )2
+4%B!%#%-"!i !,-.#!"8,!%*(i (*,4,$!C D $.*+,4*i) !" +i2*,3:)
$%+%7"B"9(: #3.((9 $"!.J. X3.&.!" %+(.7i#’C(:*) %24,7% $3)
2%;!%B% 2398%-%B% 2"$4’ # ’4"J’-"!!)7 !%-.J B,%7,(4.8!.J
%&7,;,!:. @"4(i*(:!" <’!2=i) -4"J%-’C +i2*,3:!i -(4"(. ("
+"4!i %&7,;,!!) !" %*!%-i B4"$iC!(i-. Z4Ji(,2(’4" &"#’C(:*) !"
7%$.<i2%-"!iD U-Net, /% +4%B!%#’C 3%B"4.<7i8!’ B3.&.!’ (" 00
B4"$iC!(. 4"#%7 # -i$+%-i$!.7. !,-.#!"8,!%*()7., #"&,#+,8’98.
7"*H("&!’ i!-"4i"!(!i*(: (" +i$-./,!’ (%8!i*(: 4,2%!*(4’2=i0.
P <%47’39-"!!) &’3% -2398,!% +%-’)#"!’ # =.7 !,-.#!"8,!i*(:
$3) %&’C$!"!!) -.-%$’ CNN # %=i!2"7. 7%!%2’3)4!%0 *.*(,7.
SLAM $3) 2%;!%B% +i2*,3) - 2%;!%7’ # #%&4";,!: 3%B"4.<7i-
8!%0 B3.&.!. (" B4"$iC!(", /% &’3% -.2%!"!% H3)J%7 !"-8"!!)
7,4,;i +4%B!%#’-"(. *,4,$!C #!"8,!!) (" $.*+,4*i9 H3)J%7
!"-8"!!) 7,4,;i !" !"&%4i $"!.J SceneNet RGB-D, -.2%4.*(%-
-’98. <’!2=i9 7"2*.7"3:!%0 +4"-$%+%$i&!%*(i.



43

CodeSLAM (2018). [3] [20] >.*(,7" CodeSLAM R3%H" ("
i!. #"+4%+%!’-"3" 2%7+"2(!,, "3, /i3:!, +4,$*("-3,!!) B,%7,-
(4i0 *=,!. ’ -.B3)$i 2%$’ F !,-,3.2%B% !"&%4’ +"4"7,(4i-, /%
*+i3:!% # i!(,!*.-!%*()7. #%&4";,!!) $%#-%3)C 4,2%!*(4’9-"(.
2"4(’ B3.&.!.: D = D(I, c). I$,) +%3)B"C - (%7’, /% i!(,!*.--
!%*(i -;, !,*’(: &i3:Hi*(: i!<%47"=i0, (%7’ 2%$ #&,4iB"C 3.H,
(,, /% !, $%*(’+!, !"+4)7’. Z4Ji(,2(’4" -.2%4.*(%-’C U-Net
)2 %*!%-’ $3) -.()B!,!!) %#!"2, $"3i #"*(%*%-’C(:*) "-(%,!2%-
$,4 # -"4i"=iD!.7 -’#:2.7 7i*=,7 $3) 2%$’-"!!) - 2%7+"2(!.D
B"’**i-*:2.D 2%$. K,4,;" ("2%; %=i!9C *,4,$!9 B3.&.!’ (" 00
!,-.#!"8,!i*(: !" 2i3:2%J 4i-!)J.
CodeSLAM 4,"3i#’C SLAM-<4,D7-%42 !" %*!%-i N-2"$4%-%B%
SFM, $, +%#. (" 2%$. %+(.7i#’9(:*) *+i3:!% 8,4,# <%(%7,-
(4.8!i D B,%7,(4.8!i -(4"(., # %!%-3,!!)7 #" "3B%4.(7%7 X"’-
*"–I:9(%!". >.*(,7" 4,"3i#%-"!" #" +4.!=.+%7 PTAM: 8,4B’-"-
!!) -i$*(,;,!!) (" -i$%&4";,!!), i!i=i"3i#"=i) $-%7" 2"$4"7.,
+%$"3:H, $%$"-"!!) 2398%-.J 2"$4i- i B3%&"3:!" %+(.7i#"=i).
O"-$)2. ("2%7’ +i$J%$’ CodeSLAM $,7%!*(4’C +i$-./,!’ (%-
8!i*(: i *(iD2i*(:, #%24,7" +4. H-.$2.J "&% 8.*(% %&,4("3:!.J
4’J"J, +,4,-,4H’98. +%+,4,$!i 7,(%$. !" !"&%4i $"!.J EuRoC.

DeepFactors (2020). [3] [21] >.*(,7" DeepFactors, #"+4%+%-
!%-"!" U"4!%-*:2.7 (" i!., C D7%-i4!i*!.7 SLAM-<4,D7-%42%7,
/% +%C$!’C 23"*.8!i +4)7i 7,(%$. # -.-8,!.7. "+4i%4!.7.
+4,$*("-3,!!)7. B3.&.!. - *(4’2(’4i <"2(%4-B4"<". @%!" &"-
#’C(:*) !" CodeSLAM, "3, --%$.(: !%-.D *,4-,4 -i$%&4";,!!)
(" <%47’39-"!!) #"$"8i )2 &"B"(%-.$%-%B% bundle adjustment.
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DeepFactors -.2%4.*(%-’C (4. (.+. <"2(%4i-: <%(%7,(4.8!.D
(i!(,!*.-!i*(:), +,4,+4%C2=i0 (-i$*("!: $% %8i2’-"!%B% +%3%;,!-
!) %4iC!(.4") (" B,%7,(4.8!.D (4%#&i;!i*(: 2"4( B3.&.!.), /%
$%#-%3)C (%8!iH, 4,2%!*(4’9-"(. *=,!. !"-i(: ’ &,#(,2*(’4!.J
$i3)!2"J.

X3.&.!" +4,$*("-3,!" 2%7+"2(!.7 2%$%7, %(4.7"!.7 -"-
4i"=iD!.7 "-(%,!2%$,4%7 (VAE) # 7%$.<i2%-"!.7 U-Net, )2.D
-.()B’C %#!"2. (" +4%B!%#’C B3.&.!’ 4"#%7 # !,-.#!"8,!i*(9.
M+(.7i#"=i) -i$&’-"C(:*) #" $%+%7%B%9 3%B"4.<7i8!%0 -(4"(.
["+3"*" (" L1 $3) 2%!(4%39 -i$!%-3,!%0 B3.&.!.. >.*(,7" %4iC!-
(%-"!" !" +4%$’2(.-!i*(: ’ 4,"3:!%7’ 8"*i #" 4"J’!%2 GPGPU
(" C *(iD2%9 $% 3%2"3:!.J 7i!i7’7i- #"-$)2. &"B"(%<"2(%4!%7’
&"8,!!9 *=,!..

2.5 ’2360GD2

K,(%$. 7"H.!!%B% !"-8"!!), %*%&3.-% #B%4(2%-i !,D4%!!i
7,4,;i, &’3. H.4%2% i!(,B4%-"!i - 4i#!i 23"*.8!i +4%+%#.=i0 $3)
+%$%3"!!) +4%&3,7 (" 7%$"3:!%*(,D !,-$"8, -.)-3,!.J ’ 2%;!iD
2"(,B%4i0 ("2*%!%7i0. >3i$ #"#!"8.(., /% &"B"(% $%*3i$!.2i- --"-
;"9(:, /% 23"*.8!i B,%7,(4.8!i +i$J%$. -*, /, +,4,-,4H’9(:
7,(%$. 7"H.!!%B% !"-8"!!) /%$% )2%*(i 4,2%!*(4’2=i0 "&% -i$-
*(,;,!!).
M$!"2, )2 +4%"!"3i#%-"!%, $%*3i$!.2. 7"H.!!%B% !"-8"!!) !"-
7"B"3.*) +%$%3"(. =9 +4%&3,7’, 4%#4%&3)98. (" -+4%-"$;’98.
!%-i "&% &i3:H +4%*’!’(i "4Ji(,2(’4. CNN, (4,!’98. 0J !" !%-.J
(" *23"$!iH.J !"&%4"J $"!.J $3) +%24"/,!!) +4%=,*’ !"-8"!!).
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O i!H%B% &%2’, )2 +%2"#"!% - &"B"(:%J # -./,#B"$"!.J *.*(,7,
CNN 7%;!" #"*(%*%-’-"(. !, 3.H, $3) -i$!%-3,!!) B3.&.!.
*=,!. "&% +%#. 2"7,4., "3, D ,<,2(.-!% -.2%4.*(%-’-"(. $3)
’/i3:!,!!) 2"4( B3.&.!., %=i!2. +"4"7,(4i- i!i=i"3i#"=i0, -.-
2%!"!!) ,("+i- +%+,4,$!:%0 %&4%&2., ("2.J )2 -.3’8,!!) %#!"2
"&% %=i!2" %+(.8!%B% +%(%2’, -.2%!"!!) $%$"(2%-.J #"-$"!:,
("2.J )2 *,7"!(.8!" *,B7,!("=i) (%/%. E"2.7 8.!%7, # 4i#!.J
(%8%2 #%4’, CNN 7%;, +%#.(.-!% -!,*(. *-iD -23"$ ’ SLAM.
W"4"2(,4.*(.2. ’*iJ 7,(%$i- 7%;!" #!"D(. ’ ("&3.=)J 3.1-3.8
[A%$"(%2 Z i R].
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8&!9I: 3

)8*B$<+(* 8,*:I!*JI- SLAM

OBi$!% # !"-,$,!%9 -./, i!<%47"=iC9, 7%;,7% -.#!"8.(.,
$, 24"/, -.2%4.*(%-’-"(. 7,(%$. SLAM:

3.1 B4@32A6i F./012

MonoSLAM:

• >=,!. # -.*%2%9 *(4’2(’4!i*(9: !")-!i*(: 8i(2.J B4"!,D,
2’(i-, (,2*(’4%-"!.J +%-,4J%!:.

• I,-,3.2i "&% 2%!(4%3:%-"!i +4%*(%4.: #"24.(i 2i7!"(. "&%
3"&%4"(%4i0.

• G%-i3:!.D "&% *("&i3:!.D 4’J 2"7,4.: EKF 8’(3.-.D $%
H-.$2.J +,4,7i/,!: "&% 4%#7.(().

• @i$*’(!i*(: $.!"7i8!.J %&’C2(i-: *=,!" +%-.!!" &’(. *("(.-
8!%9.

• I.#:2" 4%#$i3:!" #$"(!i*(: #%&4";,!!): 7,(%$ *(-%49-"-*)
+i$ QVGA "&% VGA (320×240, 640×480).

• M&7,;,!" 2i3:2i*(: %#!"2: 8,4,# %&7,;,!!) EKF 2i3:2i*(:
"2(.-!.J <i8 #"#-.8"D !, +,4,-./’C 100.

PTAM (Parallel Tracking and Mapping):

• A%&4, %*-i(3,!i *=,!. # $%*("(!:%9 2i3:2i*(9 -i#’"3:!.J
%#!"2: +4"=9C !"D24"/, +4. !")-!%*(i 2’(i-, 24"0-, (,2*-
(’4%-"!.J %&’C2(i-.
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• >("&i3:!.D 4’J 2"7,4.: 7,(%$ %4iC!(%-"!.D !" 4’8!,, +%-
*(’+%-, +,4,7i/,!!) 2"7,4..

• K"3.D "&% *,4,$!iD 7"*H("& *=,!.: %+(.7"3:!.D $3) #"-
24.(.J indoor-*=,! # %&7,;,!.7 +4%*(%4%7.

• K%!%2’3)4!, -i$,% # -.*%2%9 8"*(%(%9 2"$4i-: #"&,#+,8’C
(%8!, -i$*(,;,!!) #" 4"J’!%2 /i3:!%*(i 2"$4i-.

• I.#:2" H-.$2i*(: *=,!. "&% -i$*’(!i*(: $.!"7i2.: !, +4.-
#!"8,!.D $3) 4%&%(. # 4’J%7.7. %&’C2("7..

ORB-SLAM

• >=,!. # !"*.8,!%9 (,2*(’4%9: -,3.2" 2i3:2i*(: 8i(2.J
%#!"2 (24"0, 2’(., %&’C2(.) $3) $,(,2(%4" ORB.

• >("&i3:!, %*-i(3,!!) (" J%4%H" %*-i(3,!i*(:: $,(,2(%4 ORB
7,!H *(iD2.D $% #7i!. )*24"-%*(i "&% (i!,D.

• >("(.8!, *,4,$%-./,: 7,(%$ !, *+4"-3)C(:*) # $.!"7i8!.-
7. %&’C2("7. ’ *=,!i.

• G%-i3:!, "&% 2%!(4%3:%-"!, +,4,7i/,!!) 2"7,4.: #"!"$(%
H-.$2.D 4’J 7%;, +4.#-,*(. $% -(4"(. (4,2i!B’.

• K%!%2’3)4!i "&% *(,4,%-!"3"H(’-"!!): &"#%-" -,4*i) ORB-
SLAM +i$(4.7’C )2 %$!%2"7,4!’, ("2 i *(,4,%-2%!<iB’4"=i0.

• >,4,$!i (" -,3.2i indoor-*=,!.: $%&4, 7"*H("&’C(:*), +i$-
(4.7’C loop closure (" B3%&"3:!’ %+(.7i#"=i9.

ORB-SLAM2

• >=,!. # +%7i4!%9 "&% &"B"(%9 (,2*(’4%9: ORB-$,*24.+(%4.
#"&,#+,8’9(: ,<,2(.-!, -i$*(,;,!!) 2398%-.J (%8%2.

• >(,4,% "&% RGB-D 2"7,4.: !" -i$7i!’ -i$ ORB-SLAM, $4’B"
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-,4*i) +i$(4.7’C $%$"(2%-i $;,4,3" B3.&.!..
• >,4,$!i (" -,3.2i *=,!.: 7,(%$ 7"*H("&’C(:*) (" 7i*(.(:

4%#-.!,!’ B3%&"3:!’ %+(.7i#"=i9 # +,(3,-.7 #"7.2"!!)7.
• G%*(iD!, %*-i(3,!!): ORB-%#!"2. 7,!H *(iD2i $% *.3:!.J

#7i! )*24"-%*(i.
• >("(.8!i *=,!.: ORB-SLAM2 !, 4%#4"J%-"!.D !" $.!"7i8!,

*,4,$%-./,.
• O&"3"!*%-"!" (4"C2(%4i) 2"7,4.: 4"+(%-i "&% #"!"$(% H-.$-

2i 4’J. 7%;’(: +4.#-,*(. $% -(4"(. (4,2i!B’.

ORB-SLAM3

• >=,!. # $%*("(!:%9 2i3:2i*(9 -i#’"3:!.J %#!"2: $,(,2(%4
ORB +%(4,&’C -.4";,!.J 2’(i-, 24"0- (" (,2*(’4.

• R’$:-)2, !"3"H(’-"!!) 2"7,4.: +i$(4.7’9(:*) 7%!%2’-
3)4!i, *(,4,%, RGB-D (" 7’3:(.2"7,4!i *.*(,7..

• O7iH"!i "&% -,3.2i +4%*(%4.: 7,(%$ +i$(4.7’C )2 3%2"3:!i
4,2%!*(4’2=i0, ("2 i -,3.2%7"*H("&!i 2"4(. # loop closure.

• >("&i3:!, %*-i(3,!!): ,<,2(.-!i*(: ORB-$,(,2(%4" #7,!-
H’C(:*) +4. *.3:!.J +,4,+"$"J %*-i(3,!!).

• @.2%4.*("!!) IMU (i!,4=iD!.J $"!.J): $%#-%3)C +%24"-
/.(. *(iD2i*(: (4,2i!B’ ’ 4"#i H-.$2.J 4’Ji- 2"7,4. "&%
*3"&2%0 (,2*(’4..

• M&’C2(. # 7i!i7"3:!%9 $.!"7i2%9: )2 i +%+,4,$!.2., !,
+4.*(%*%-"!.D $% "2(.-!%0 $.!"7i2. ’ *=,!i.

Stühmer et al.

• >=,!. # -,3.2%9 2i3:2i*(9 B3.&.!. (" <"2(’4: 7,(%$ #"-
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*!%-"!.D !" /i3:!%7’ +4)7%7’ ’#B%$;,!!i, /% -.7"B"C
$%*("(!:%0 2i3:2%*(i #7i! ’ )*24"-%*(i 7i; 2"$4"7..

• A%&4, %*-i(3,!i indoor-*=,!.: !"D24"/, +4"=9C - 2%!(4%-
3:%-"!.J ’7%-"J, $, 7%;!" ’!.2!’(. +,4,*-i(i- "&% (i!,D.

• G%*(’+%-, +,4,7i/,!!) 2"7,4.: -,3.2i 7i;2"$4%-i #7i/,!-
!) +%Bi4H’9(: /i3:!, ’#B%$;,!!).

• M$!%(.+!, "&% B3"$2, *,4,$%-./,: 7,(%$ !, %&7,;’C(:*)
2398%-.7. (%82"7., (%7’ +4"=9C !"-i(: ("7, $, 7"3%
2’(%-.J %#!"2.

• K%!%2’3)4!i -i$,%+%*3i$%-!%*(i: "3B%4.(7 4%#4"J%-"!.D
!" %$!%%2i !"3"H(’-"!!).

DTAM

• >=,!. # $%*("(!:%9 <"2(’4!i*(9: 7,(%$ &’$’C /i3:!’ 2"4-
(’, (%; !"-i(: *3"&2% (,2*(’4%-"!i $i3)!2. 7%;!" 4,2%!-
*(4’9-"(., %$!"2 $3) *("&i3:!%B% (4,2i!B’ &";"!" !")--
!i*(: (,2*(’4.

• >("&i3:!, %*-i(3,!!): )*24"-i +,4,+"$. 7i; 2"$4"7. 7%-
;’(: +%4’H.(. <%(%7,(4.8!, ’#B%$;,!!).

• I,-,3.2i indoor-+4%*(%4.: !"D24"/, +4"=9C - #"24.(.J
2%!(4%3:%-"!.J *,4,$%-./"J (2i7!"(., 3"&%4"(%4i0).

• G3"-!.D 4’J 2"7,4.: -,3.2i 7i;2"$4%-i #7i/,!!) ’*23"-
$!99(: <%(%7,(4.8!’ %+(.7i#"=i9.

• K%!%2’3)4!, -i$,%: DTAM +4.#!"8,!.D $3) %$!%%2.J 2"-
7,4 # !,+,4,4-!%9 +%$"8,9 #%&4";,!:.

REMODE



50

• >=,!. # +%7i4!%9 (,2*(’4%-"!i*(9: J%8" REMODE !, #"-
3,;.(: -i$ 2398%-.J (%8%2, !")-!i*(: (,2*(’4. +%24"/’C
*("&i3:!i*(: 4,2%!*(4’2=i0.

• K%!%2’3)4!" 2"7,4" # -i$%7%9 (4"C2(%4iC9: REMODE
+%(4,&’C -i$%7%0 +%#.=i0 2"7,4. $3) %=i!2. B3.&.!..

• G%*(iD!, "&% *("&i3:!, %*-i(3,!!): <%(%7,(4.8!" 7%$,3:
+,4,$&"8"C, /% )*24"-i*(: +i2*,3i- !, #7i!9C(:*) *’((C-%
7i; 2"$4"7..

• Indoor-*=,!.: +,4,-";!% #"*(%*%-’C(:*) ’ #"24.(.J +4%*(%-
4"J # %&7,;,!%9 $.!"7i2%9.

• G3"-!i +,4,7i/,!!): "3B%4.(7 -.7"B"C ’#B%$;,!!) 7i;
2i3:2%7" 2"$4"7., (%7’ -,3.2i #7i/,!!) #7,!H’9(: )2i*(:.

LSD-SLAM

• >=,!. # $%&4, -.4";,!.7. B4"$iC!("7. )*24"-%*(i: #"7i*(:
2398%-.J (%8%2 7,(%$ -.2%4.*(%-’C -,3.2i %&3"*(i # -.*%-
2.7. B4"$iC!("7., (%7’ +i$J%$.(: $3) *=,! i# <"2(’4!.7.
+%-,4J!)7..

• K%!%2’3)4!, -i$,% # -.*%2%9 8"*(%(%9 2"$4i-: $3) )2i*!%0
%=i!2. B3.&.!. +%(4i&,! +3"-!.D i +%*(’+%-.D 4’J 2"7,4..

• Indoor-+4%*(%4. # +%7i4!%9 *23"$!i*(9: 7,(%$ %*%&3.-%
,<,2(.-!.D $3) 4,2%!*(4’2=iD i!(,4’C4i- # +%*(iD!.7 %*-i-
(3,!!)7.

• G%7i4!" $.!"7i2" *=,!.: LSD-SLAM 8’(3.-.D $% 4’J%7.J
%&’C2(i-, )2i 7%;’(: -+3.-"(. !" %=i!2’ B3.&.!..

• @.*%2" 4%#$i3:!" #$"(!i*(: #%&4";,!:: +4)7, ’#B%$;,!!)
-.B4"C -i$ &i3:H%0 2i3:2%*(i +i2*,3i- # -.4";,!.7. #7i!"7.
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i!(,!*.-!%*(i.

DSM

• >=,!. # +%7i(!.7. B4"$iC!("7. i!(,!*.-!%*(i: DSM (Direct
Sparse Mapping) -.2%4.*(%-’C +4)7, ’#B%$;,!!) !" 4i-!i
%24,7.J +i2*,3i- # -.*%2%9 i!<%47"=iD!i*(9, /% $%#-%3)C
+4"=9-"(. - ’7%-"J, $, 23"*.8!i 2398%-i (%82. -";2%
#!"D(..

• S%!(4%3:%-"!i indoor-’7%-.: !"D24"/, +i$J%$.(: $3) +4.-
7i/,!: #i *("&i3:!.7 %*-i(3,!!)7 (" !,-,3.2%9 2i3:2i*(9
$.!"7i2..

• K%!%2’3)4!, -i$,% # +%*(’+%-.7 4’J%7 2"7,4.: -";3.-%
#"&,#+,8.(. +3"-!i #7i!. (%82. %B3)$’ $3) 2%4,2(!%B%
’#B%$;,!!) +i2*,3i-.

• @.*%2" 4%#$i3:!" #$"(!i*(: #%&4";,!:: &i3:H" 2i3:2i*(:
i!<%47"=iD!.J +i2*,3i- $%#-%3)C (%8!iH, %=i!9-"(. B3.&.-
!’.

• >=,!. &,# 4i#2.J %*-i(39-"3:!.J #7i!: DSM C 8’(3.-.7 $%
<%(%7,(4.8!.J -i$J.3,!:.

3.2 "./012 F@H2660I0 6@GA@667

DynaSLAM

• >=,!. # $.!"7i8!.7. %&’C2("7.: DynaSLAM ,<,2(.-!%
-.$i3)C 4’J%7i %&’C2(. - 2"$4i, #"-$)2. 8%7’ 7%;, +4"=9-
-"(. - *,4,$%-./"J i# 39$:7., (4"!*+%4(%7, "&% i!H.7.
4’J%7.7. ,3,7,!("7..
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• Indoor (" outdoor *,4,$%-./": "3B%4.(7 +4.$"(!.D $3) -.-
2%4.*("!!) )2 ’ +4.7i/,!!)J, ("2 i !" -i$24.(%7’ +%-i(4i.

• K%!%2’3)4!i, *(,4,% "&% RGB-D 2"7,4.: 7,(%$ +i$(4.7’C
4i#!i (.+. -Ji$!.J $"!.J, /% $%#-%3)C "$"+("=i9 $% $%*(’-
+!%B% %&3"$!"!!).

• G%7i4!" "&% -.*%2" 4%#$i3:!" #$"(!i*(: #%&4";,!:: $3)
2%4,2(!%B% *,B7,!(’-"!!) %&’C2(i- (" (%8!%B% (4,2i!B’ &"-
;"!% -.2%4.*(%-’-"(. #%&4";,!!) J%4%H%0 )2%*(i.

• >("&i3:!, %*-i(3,!!): J%8" DynaSLAM i -2398"C - *,&,
7%$’3: B3.&.!., <%(%7,(4.8!" ’#B%$;,!i*(: -+3.-"C !"
)2i*(: 4,#’3:("(i-.

Steenbeek et al.

• >=,!. #i *(4’2(’4%-"!.7. +4%*(%4"7.: 7,(%$ %4iC!(%-"!.D
!" -i$!%*!% +,4,$&"8’-"!i *,4,$%-./", !"+4.23"$, 2i7!"(.
"&% 2%4.$%4., $, 7%;!" #4%&.(. B,%7,(4.8!i +4.+’/,!!).

• K%!%2’3)4!i RGB #%&4";,!!): -.2%4.*(%-’C 3.H, 2%3i4!i
#%&4";,!!) &,# +%(4,&. - $%$"(2%-.J *,!*%4"J.

• M&7,;,!" $.!"7i2": J%8" 7,(%$ +,4,$&"8"C %=i!2’ 4’J’,
%*!%-!" 4,2%!*(4’2=i) -.7"B"C +,4,-";!% *("(.8!%0 *=,!..

• I")-!i*(: !,D4%!!%0 %=i!2. *(4’2(’4.: +i$J%$.(: $3) #"$"8,
$, -";3.-" B3%&"3:!" 4,2%!*(4’2=i) +4.7i/,!: # %=i!2%9
-#"C7!%B% 4%#7i/,!!) *(i!, +i$3%B. (%/%.

• Gi$-./,!" %*-i(3,!i*(: *=,!.: $3) 2%4,2(!%0 4%&%(. !,D4%-
7,4,;,-.J 7%$’3i- +%(4i&!% )2i*!, #%&4";,!!) &,# *.3:!%-
B% H’7’ "&% (,7!.J #%!.



53

Sun et al.

• >=,!. # 8i(2%9 B3.&.!!%9 *(4’2(’4%9: 7,(%$ +%23"$"-
C(:*) !" (%8!’ 4,B4,*i9 B3.&.!. #" $%+%7%B%9 B3.&%2%0
!,D4%!!%0 7,4,;i, (%7’ 24"/, +4"=9C ’ *,4,$%-./"J i#
$%&4, -.4";,!%9 (4.-.7i4!%9 B,%7,(4iC9.

• K%!%2’3)4!i "&% *(,4,% RGB-2"$4.: 7,(%$ 7%;, +4"=9-
-"(. # %$!.7 "&% 2i3:2%7" -.$"7. -Ji$!.J $"!.J, %$!"2
!"D24"/i 4,#’3:("(. $%*)B"9(:*) +4. -.2%4.*("!!i +%*3i-
$%-!%*(,D.

• Indoor- i outdoor-*=,!.: ’!i-,4*"3:!i*(: "4Ji(,2(’4. $%-
#-%3)C +4"=9-"(. )2 ’ #"24.(.J +4.7i/,!!)J, ("2 i !"
-i$24.(%7’ +4%*(%4i.

• @.*%2" 4%#$i3:!" #$"(!i*(: #%&4";,!:: !,D4%7,4,;" +%(4,-
&’C $,("3:!%B% #%&4";,!!) $3) )2i*!%0 %=i!2. B3.&.!..

• S%!(4%3:%-"!i ’7%-. %*-i(3,!!): J%8" 7%$,3: 7%;, &’(.
!"-8,!" !" #7i!!%7’ *-i(3i, 4i#2i (i!i "&% &3.*2. -*, /,
7%;’(: *(-%49-"(. "4(,<"2(. - 4,2%!*(4’2=i0.

Lee et al.

• >=,!. # -.*%2%9 -"4i"(.-!i*(9 *(4’2(’4.: 7,(%$ +%&’$%-
-"!.D !" -.2%4.*("!!i B3.&%2.J #B%4(2%-.J 7,4,; $3)
%=i!2. B3.&.!. (" 4’J’, (%7’ $%&4, "$"+(’C(:*) $% *=,! i#
4i#!.7. B,%7,(4.8!.7. %*%&3.-%*()7..

• K%!%2’3)4!i #%&4";,!!): %4iC!(%-"!.D !" *.(’"=i0, $, $%-
*(’+!" 3.H, %$!" 2"7,4", /% #7,!H’C -.7%B. $% "+"4"(!%-
B% #"&,#+,8,!!).

• >("&i3:!" %*-i(3,!i*(: i 8i(2i*(: 2"$4i-: )2i*(: 4,2%!*(4’-
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2=i0 #!"8!% +%24"/’C(:*) +4. -i$*’(!%*(i *.3:!%B% H’7’,
4%#7.(() (" "4(,<"2(i- ’ #%&4";,!!)J.

• M&’C2(. # 7’)2.7. B4"$iC!("7. (,2*(’4: 7,(%$ 24"/, *+4"--
3)C(:*) # (,2*(’4!% *3"&2.7. %&3"*()7., !i; (4"$.=iD!i
SLAM-*.*(,7., #"-$)2. 2%!(,2*(!iD %&4%&=i !,D4%7,4,-
;,9.

• @.2%4.*("!!) - "-(%!%7!.J *.*(,7"J "&% AR/VR: +i$J%-
$.(: $3) *=,!"4i0-, $, -";3.-" /i3:!" 4,2%!*(4’2=i) +4%-
*(%4’ &,# -.*%2%0 (%8!%*(i (4,2i!B’.

SVR-Net

• >=,!. # -.4";,!%9 *(4’2(’4!%9 B,%7,(4iC9: 7,(%$ *+,=i-
"3i#’C(:*) !" 4,2%!*(4’2=i0 (4.-.7i4!.J *=,! i# 8i(2.7.
7,;"7. (" 2%!(’4"7., #%24,7" 2i7!"(, 2%4.$%4i- "&% %<i-
*!.J +4.7i/,!:.

• I")-!i*(: -i$,%+%*3i$%-!%*(,D: +4"=9C !"D24"/, # 2i3:-
2%7" +%*3i$%-!.7. #%&4";,!!)7., /% $%#-%3)C 7,4,;i
-4"J%-’-"(. 8"*%-’ +%*3i$%-!i*(: $3) 24"/%0 4,2%!*(4’-
2=i0.

• >,4,$%-./" # %&7,;,!%9 $.!"7i2%9: J%8" 7,(%$ 7"C $,)2’
*(iD2i*(: $% 4’J’ - *=,!i, -i! ,<,2(.-!iH, <’!2=i%!’C -
*("(.8!.J "&% 7"3%$.!"7i8!.J ’7%-"J.

• @.*%2" 4%#$i3:!" #$"(!i*(: i )2i*(: #%&4";,!:: )2i*!, %*-i-
(3,!!) i $,("3i#"=i) +%24"/’9(: #$"(!i*(: 7,4,;i $% -i$-
(-%4,!!) B3.&.!. (" <%47. %&’C2(i-.

• M4iC!("=i) !" indoor-*,4,$%-./": &i3:Hi*(: (4,!’-"3:!.J
$"!.J $3) SVR-Net *<%47%-"!% !" %*!%-i -!’(4iH!iJ +4.-
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7i/,!:.

DeepV2D

• >=,!. # B3.&%2%9 *(4’2(’4!%9 i!<%47"=iC9: 7,(%$ %&’C$!’C
B3.&.!’ (" +%#.=i9 2"7,4. 8,4,# 4,2’4,!(!’ %+(.7i#"=i9,
/% 4%&.(: D%B% %*%&3.-% ,<,2(.-!.7 $3) *23"$!.J (4.-.-
7i4!.J *=,! i# B3.&%2.7. +,4*+,2(.-"7..

• @i$,%+%*3i$%-!%*(i # 7%!%2’3)4!%0 "&% *(,4,% 2"7,4.: +%-
(4,&’C 2i3:2%J 2"$4i- $3) %&’C$!"!!) -Ji$!%0 i!<%47"=i0 ("
+%24"/,!!) (%8!%*(i.

• Indoor (" outdoor *=,!.: ’!i-,4*"3:!i*(: "4Ji(,2(’4. $%#-%-
3)C #"*(%*’-"!!) - H.4%2%7’ *+,2(4i *,4,$%-./.

• >("&i3:!i ’7%-. #D%72.: 7,(%$ 8’(3.-.D $% *.3:!%B% H’7’,
(i!,D "&% !"$7i4!%B% %*-i(3,!!).

• @.*%2" )2i*(: #%&4";,!:: 7,4,;" $,7%!*(4’C 24"/’ 4,-
2%!*(4’2=i9 +4. -.*%2iD 4%#$i3:!iD #$"(!%*(i (" 8i(2.J
(,2*(’4"J.

DROID-SLAM

• K%!%2’3)4!, "&% *(,4,%--i$,%: 7,(%$ +4"=9C )2 # %$!.7,
("2 i # 2i3:2%7" #%&4";,!!)7., $.!"7i8!% %!%-3998. +%#’
2"7,4. (" 2"4(’.

• >=,!. # &"B"(%9 B,%7,(4.8!%9 i!<%47"=iC9: $%&4, <’!-
2=i%!’C ’ *,4,$%-./"J i# 8i(2% -.#!"8,!.7. %&’C2("7.,
+%-,4J!)7., B3.&.!"7..

• @.*%2" (%8!i*(: +4. 2%4%(2.J i *,4,$!iJ (4"C2(%4i)J: #"--
$)2. i!(,B4"=i0 (4,2i!B’ (" 4,2%!*(4’2=i0 ’ C$.!’ !,D4%!!’
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"4Ji(,2(’4’.
• @i$!%*!" *(iD2i*(: $% $.!"7i2. *=,!.: B3.&%2i %*%&3.-%-

*(i $%#-%3)9(: 8"*(2%-% 2%7+,!*’-"(. !")-!i*(: 4’J%7.J
%&’C2(i-.

• O"*(%*’-"!!) - "-(%!%7!iD !"-iB"=i0 (" AR/VR: 7,(%$ #"-
&,#+,8’C /i3:!’ 2"4(’ i (%8!, 3%2"3i#’-"!!) - 4,;.7i
4,"3:!%B% 8"*’.

SDF-SLAM

• >=,!. # 8i(2% -.4";,!%9 +%-,4J!,-%9 B,%7,(4iC9: 7,(%$
-.2%4.*(%-’C Signed Distance Function (SDF) $3) +4,$*("--
3,!!) 2"4(., /% $%#-%3)C $%*)B(. -.*%2%0 $,("3i#"=i0 +%-
-,4J%!:.

• Vi3:!" 4,2%!*(4’2=i) -!’(4iH!iJ *,4,$%-./: %*%&3.-% ,<,-
2(.-!.D ’ 2i7!"("J, 2%4.$%4"J "&% i!H.J *(4’2(’4%-"!.J
+4%*(%4"J.

• G%*(iD!" +%$"8" RGB #%&4";,!:: 7,(%$ N4’!(’C(:*) !" <%-
(%7,(4.8!iD -i$+%-i$!%*(i 2"$4i- (" %&’C7!iD 4,2%!*(4’2=i0.

• >("&i3:!.D 4’J 2"7,4.: #"&,#+,8’C (%8!iH, %!%-3,!!) 2"4-
(. (" 3%2"3i#"=i0.

• K%$,3i # +%7i4!.7 %*-i(3,!!)7 i (,2*(’4"7.: <%(%7,(4.-
8!.D error C 8’(3.-.7 $% H’7’, #7i!. %*-i(3,!!) (" -i$&3.-
*2i-.

NeRF-SLAM

• >=,!. # &"B"(%9 (,2*(’4%9 (" %*-i(3,!!)7: 7,(%$ &"#’C-
(:*) !" Neural Radiance Fields (NeRF), /% $%#-%3)C <%(%-
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4,"3i*(.8!’ 4,2%!*(4’2=i9 3.H, #" ’7%-. 4i#!%7"!i(!%B%
%*-i(3,!!) (" $,("3:!%B% -.B3)$’ *=,!..

• K%!%2’3)4!i "&% *(,4,% -i$,%+%*3i$%-!%*(i: +i$(4.7’C(:*)
-.2%4.*("!!) %24,7.J 2"$4i- "&% 2%4%(2.J +%*3i$%-!%*(,D
# 4i#!.J (%8%2 #%4’.

• G3"-!.D, $%&4, +%24.(.D 4’J 2"7,4.: $3) )2i*!%B% !"-8"!-
!) NeRF !,%&Ji$!, +,4,24.(() 7i; 2"$4"7. # $%*("(!:%9
2i3:2i*(9 4"2’4*i-.

• >("(.8!i *=,!.: &’$:-)2.D 4’J %&’C2(i- ’ *=,!i -.23.2"C
$,B4"$"=i9 )2%*(i 4,2%!*(4’2=i0.

• >,4,$%-./" # %&7,;,!.7 7"*H("&%7: #"*(%*%-’C(:*) +,4,-
-";!% $3) 7"3.J $% *,4,$!iJ indoor *=,!.

Rosinol et al.

• >23"$!i -!’(4iH!i *=,!.: 7,(%$ "$"+(%-"!.D $3) 4%&%(. ’
-,3.2.J indoor-+4%*(%4"J # &"B"(:7" +4.7i/,!!)7., 4i-!)-
7. "&% +,4,+3"!’-"!!)7.

• @.2%4.*("!!) &"B"(:%J *,!*%4i-: +i$(4.7’C 2%7&i!"=i9 RGB,
B3.&.!., IMU F %*%&3.-% ,<,2(.-!.D ’ -.+"$2"J, $, $%-
*(’+!i $"!i # 2i3:2%J $;,4,3.

• O"*(%*’-"!!) ’ &"B"(%2"7,4!.J *.*(,7"J: +i$J%$.(: $3)
*=,!"4i0- # 2i3:2%7" 2"7,4"7. "&% "B,!("7. (multi-agent
SLAM).

• G%(4,&" - %&’C2(!%-%4iC!(%-"!iD 2"4(i: +i$(4.7’C *,7"!(.-
8!’ 4,2%!*(4’2=i9 # -.%24,73,!!)7 %&’C2(i- ’ *=,!i.

• I!(,B4"=i) - 4,"3:!i *.*(,7.: *’7i*!.D # ROS2 (" %+(.7i#%-
-"!.D $3) +4"2(.8!%B% -.2%4.*("!!) - 7%&i3:!iD 4%&%(%-
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(,J!i=i.

CNN-SLAM

• >=,!. # 7"3%-.4";,!%9 B3.&.!%9: -.2%4.*("!!) #B%4(2%-
-.J !,D4%!!.J 7,4,; (CNN) $%#-%3)C %=i!9-"(. B3.&.!’
!"-i(: ’ *3"&% (,2*(’4%-"!.J "&% !,*(4’2(’4%-"!.J 4,Bi%-
!"J.

• K%!%2’3)4!i +%*3i$%-!%*(i: CNN-SLAM 2%7+,!*’C -i$*’-
(!i*(: *(,4,%i!<%47"=i0 #" 4"J’!%2 +%+,4,$!:% !"-8,!.J
7%$,3,D B3.&.!..

• Indoor-*,4,$%-./": 7,(%$ &’- 4%#4%&3,!.D $3) 2i7!"(, 2%-
4.$%4i-, %<i*i- F *,4,$%-./ i# +,4,$&"8’-"!%9 B,%7,(4iC9.

• G3"-!.D 4’J 2"7,4.: #"&,#+,8’C )2i*!iH, +%C$!"!!) 2"$4i-
i ’#B%$;,!!) 2"4(..

• S"7,4. # !.#:2%9 "&% #7i!!%9 4%#$i3:!%9 #$"(!i*(9: !,D-
4%7,4,;,-.D 2%7+%!,!( $%#-%3)C 8"*(2%-% 2%7+,!*’-"(.
%&7,;,!’ )2i*(: #%&4";,!!).

DeepTAM

• >("(.8!i *=,!. # +%7i4!%9 (,2*(’4%9: DeepTAM $%&4,
*+4"-3)C(:*) - ’7%-"J *,4,$!:%0 !"*.8,!%*(i %#!"2"7., +%-
C$!’98. B3.&.!!, %=i!9-"!!) (" (4,2i!B.

• K%!%2’3)4!i "&% *(,4,% -i$,%+%*3i$%-!%*(i: *.*(,7" +i$(4.-
7’C )2 %$.!%8!’, ("2 i +"4’ 2"7,4 $3) +%24"/,!!) %=i!2.
B3.&.!..

• Indoor-%(%8,!!): %4iC!(%-"!" !" +4.7i/,!!), 2-"4(.4.,
%<i*. F i# 8i(2% -.4";,!.7. B,%7,(4.8!.7. *(4’2(’4"7..
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• G3"-!.D 4’J 2"7,4.: !,%&Ji$!.D $3) +%*3i$%-!%0 3%2"3i#"-
=i0 (" (%8!%B% %!%-3,!!) 2"4(..

• G%(4,&" ’ /i3:!iD 2"4(i: 7,(%$ !"$"C /i3:!’ 4,2%!*(4’-
2=i9, /% C 2%4.*!.7 $3) #"$"8 4%&%(%(,J!i2., AR/VR
(%/%.

DeepFusion

• >,4,$%-./" # -.*%2%9 -"4i"(.-!i*(9 *(4’2(’4.: 7,(%$
$%&4, +4"=9C )2 ’ *(4’2(’4%-"!.J (+4.7i/,!!)), ("2 i -
7,!H *(4’2(’4%-"!.J (-’3.=i) *=,!"J.

• G%(4,&" ’ /i3:!iD 3D-4,2%!*(4’2=i0: DeepFusion <%2’*’C-
(:*) !" <9#i0 2"$4i- # &"B"(:%J (%8%2 #%4’ $3) +%&’$%-.
-.*%2%)2i*!%0 *=,!..

• G%*3i$%-!%*(i # 7%!%2"7,4. "&% *(,4,%: +i$(4.7’C 4i#!i
4,;.7. --,$,!!) $"!.J, #%24,7" B3.&.!’ # RGB-D "&%
%=i!2’ B3.&.!. 8,4,# !,D4%7,4,;’.

• >("&i3:!.D 4’J 2"7,4.: #"&,#+,8’C 24"/’ "2’7’3)=i9 i!-
<%47"=i0 ’ -%2*,3:!iD *i(=i.

• >=,!. &,# *’((C-.J $.!"7i8!.J %&’C2(i-: $.!"7i2" 7%;,
+4.#-%$.(. $% !"2%+.8,!!) "4(,<"2(i- ’ 7%$,3i *=,!..

CodeSLAM

• >=,!. # -,3.2%9 -"4i"(.-!i*(9 *(4’2(’4.: CodeSLAM #$"-
(,! -i$!%-39-"(. /i3:!’ 2"4(’ !"-i(: ’ *23"$!.J *=,!"J
#"-$)2. -.2%4.*("!!9 2%7+"2(!%B% 3"(,!(!%B% 2%$’.

• @.2%4.*("!!) (i3:2. 7%!%2"7,4.: 7,(%$ 4%#4%&3,!% $3) 4%-
&%(. &,# B3.&.!!.J *,!*%4i- "&% *(,4,%, /% #!.;’C "+"4"(!i
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-.7%B..
• I")-!i*(: %&7,;,!%B% %&8.*39-"3:!%B% 4,*’4*’: 8,4,# ,<,-

2(.-!, +4,$*("-3,!!) B3.&.!. ’ -.B3)$i -,2(%4’ 2%$’, +i$-
J%$.(: $3) -&’$%-"!.J *.*(,7.

• >("&i3:!.D 4’J 2"7,4.: +%*3i$%-!" (" +,4,$&"8’-"!" (4"C-
2(%4i) +%24"/’C )2i*(: %=i!2..

• >=,!. &,# $.!"7i2.: 7,(%$ !, "$"+(%-"!.D $% *=,! # 4’J%-
7.7. %&’C2("7. "&% 39$:7..

DeepFactors

• >=,!. # !"*.8,!%9 B,%7,(4iC9: 7,(%$ ,<,2(.-!.D ’ *,4,$%-
-./"J i# -.4"#!.7. *(4’2(’4"7. (" (,2*(’4"7., #%24,7" -
#"24.(.J +4.7i/,!!)J "&% (,J!i8!.J i!(,4’C4"J.

• K%!%2’3)4!i +%*3i$%-!%*(i: !, +%(4,&’C *(,4,% "&% RGB-
D 2"7,4 F 4,2%!*(4’2=i) &"#’C(:*) !" %=i!=i B3.&.!. #"
$%+%7%B%9 !,D4%7,4,;i.

• G%(4,&" ’ B!’82%7’ &"3"!*i 7i; (4"$.=iD!%9 B4"<%-%9
%+(.7i#"=iC9 (" B3.&.!!.7 !"-8"!!)7: DeepFactors 2%7&i-
!’C %+(.7i#"=i9 <"2(%4-B4"<’ # B3.&%2.7. +4,$*("-3,!-
!)7. $3) B3.&.!..

• G3"-!.D "&% 2-"#i*("&i3:!.D 4’J 2"7,4.: $%#-%3)C (%8!%
!"2%+.8’-"(. <"2(%4., /% -+3.-"9(: !" 7%$,3:.

• @i$*’(!i*(: $.!"7i8!.J %&’C2(i- ’ *=,!i: )2 i i!Hi 7,(%$.
!" %*!%-i &"B"(%-.$%-%0 %+(.7i#"=i0, DeepFactors +4.+’*2"C
*("(.8!i*(: %(%8,!!).

CNN-DVO



61

• K%!%- "&% RGB -i$,%+%*3i$%-!%*(i: CNN-DVO 4%#4"J%-"-
!.D !" -.2%4.*("!!) 7%!%2’3)4!.J 2"$4i-, # )2.J !,D4%-
7,4,;" +%+,4,$!:% %=i!9C 2"4(’ B3.&.!..

• >=,!. # -.4";,!%9 B3.&.!!%9 *(4’2(’4%9: 8i(2" +,4*+,-
2(.-", B3.&.!" (" (,2*(’4" $%+%7"B"9(: ’ 4,2%!*(4’2=i0.

• >("&i3:!.D, +,4,$&"8’-"!.D 4’J 2"7,4.: %*2i3:2. 7,(%$
-2398"C +4)7, #i*("-3,!!) i!(,!*.-!%*(i +i2*,3i-, 4i#2i
#7i/,!!) #7,!H’9(: (%8!i*(:.

• >("(.8!, *,4,$%-./,: 4’J%7i %&’C2(. !,B"(.-!% -+3.-"9(:
!" +4)7’ -i#’"3:!’ %$%7,(4i9.

• M&7,;,!" %*-i(39-"3:!" -"4i"(.-!i*(:: *.3:!i #7i!. %*-i-
(3,!!) 7%;’(: #!.;’-"(. (%8!i*(: DVO-2%7+%!,!(..



62

8&!9I: 4

8,B&(#$8%BJI-

I"$"!.D +,-!.D !"&i4 2"$4i- (16 H(.):

Q.*.3.1. A4’B.D (" $-"!"$=)(.D 2"$4. -i$+%-i$!%. S"7,4"
4’J"C(:*) +% -i3:!iD 24’B%+%$i&!iD (4",2(%4i0.

OBi$!% # 0J!i7. J"4"2(,4.*(.2"7. (- +4.7i/,!!i, *,4,$!) 2i3:-
2i*(: $,("3,D) (" +"4"7,(4"7. 2%;!%B% 4%#B3)!’(%B% 7,(%$",
)2i -.#!"8"9(:, 8. +i$J%$.(: +,-!.D # !.J $3) !"H%B% !"&%4’,
&’3. %&4"!i 23"*.8!.D +4)7.D !"+i--/i3:!.D 7,(%$ LSD-SLAM
(" 23"*.8!.D !,+4)7.D 4%#4i$;,!.D 7,(%$ ORB-SLAM2 )2 %$.!
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# !"D24"/.J (" %$.! # *3"&H.J -.&%4i- $3) 3D-4,2%!*(4’2=i0
$"!.J #%&4";,!:, -i$+%-i$!%.
A"!.D -.&i4 &’3% #4%&3,!% 8,4,# !"*(’+!i +4.8.!. (!" %*!%-i
("2%; 4%#+.*"!.J ’ +%+,4,$!:%7’ 4%#$i3i J"4"2(,4.*(.2):
LSD-SLAM %+4"=:%-’C &,#+%*,4,$!:% 4i-!i )*24"-%*(i +i2*,3i- ’
2"$4"J, /% %#!"8"C, /% D%7’ !, +%(4i&!" !")-!i*(: 8i(2.J <i8
(!"+4.23"$, 2’(i-, 24"0-), )2i 8"*(% -i$*’(!i !" &i3.J *(i!"J "&%
’ *3"&2% (,2*(’4%-"!.J $i3)!2"J. L, 4%&.(: LSD-SLAM *(iD2i-
H.7 $% 7"3%(,2*(’4%-"!.J "&% “+%4%;!iJ” *=,! ’ +4.7i/,!!i.
I"(%7i*(:, ORB-SLAM2 +4"=9C $%&4, (i3:2. +4. !")-!%*(i
$%*("(!:%0 2i3:2%*(i ORB-%#!"2. A"!.D !"&i4 2"$4i- 7"9(:
-,3.2i %$!%4i$!i %&3"*(i F <%!., *(i!., !,*(4’2(’4%-"!i $i3)!-
2., /% +4.#-%$.(: $% +%B"!%0 $,(,2=i0 %24,7.J <i8, " %(;, F
!,-$"8i - (4,2i!B’ "&% +"$i!!9 SLAM +i*3) $,2i3:2%J 2"$4i-.
ORB-SLAM2 7%;, +4"=9-"(. (i3:2. #" ’7%-. *.3:!%B% 4’8!%B%
(9!i!B’ (!.#:2i +%4%B. <i8), "3, =, !, B"4"!(’-"(.7, 4,#’3:("-
(’.
O4%&3,!i 7i!i7"3:!i #7i!. (" -.2%4.*("!i +’&3i8!% $%*(’+!i 4,-
+%#.(%4i0 %+.*"!.J ’ 4%&%(i 7,(%$i-. Q,"3i#"=i) &’3" -.2%!"!" !"
4%&%8iD *("!=i0 Ubuntu 14.04 - IDE Visual Studio Code. X%3%-!"
#7i!" - 2%$i +%3)B"C ’ -i$2398,!!i -i$%&4";,!!) +%#.=i0 2"7,4.
- +,-!%7’ 2"$4i, $3) #4’8!iH%B% -i$%&4";,!!) 4,2%!*(4’2=iD
*=,!..
Q,#’3:("( 4%&%(.:
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Q.*. 3.2-3. Q,#’3:("(. 4,2%!*(4’2=i0 #" $%+%7%B%9 LSD-SLAM i
ORB-SLAM2. G,4H.D 4,#’3:("( !, #"<i2*’-"- 2’( (" i!H’

*(i!’, $4’B.D -.)-.-*) #"!"$(% H’7!.7 8,4,# 2"$4. #
7i!i7"3:!%9 2i3:2i*(9 $,("3,D.
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’<#(&’B<

@ 4%&%(i #4%&3,!% !"*(’+!,:

1. Q%#B3)!’(% *’8"*!i 7,(%$. -i#’"3:!%B% SLAM, #%24,7" )2
23"*.8!i (!" %*!%-i %#!"2 "&% +i2*,3i-), ("2 i #"*!%-"!i !"
7,(%$"J 7"H.!!%B% !"-8"!!).

2. >.*(,7"(.#%-"!% 7,(%$. #" 24.(,4i)7. /i3:!%*(i 2"4(.
(sparse/dense), (.+’ %&4%&2. (direct/indirect), " ("2%; #"
’8"*(9 B3.&.!!%B% !"-8"!!) (classical/ML-based).

3. G4%"!"3i#%-"!% ’7%-. ,<,2(.-!%B% -.2%4.*("!!) 2%;!%B%
# 7,(%$i-, 0J +,4,-"B. (" !,$%3i2. +4. #"*(%*’-"!!i $%
4,"3:!.J $"!.J.

4. O"+4%+%!%-"!% 4,2%7,!$"=i0 /%$% -.&%4’ 7,(%$’ 4,2%!-
*(4’2=i0 3D-*=,!. #"3,;!% -i$ (.+’ $"!.J, *23"$!%*(i *=,!.
(" %&8.*39-"3:!.J 4,*’4*i-.

5. M&4"!% $-" 2%!(4"*(!i 7,(%$. (LSD-SLAM, ORB-SLAM2)
$3) +%$"3:H%B% +%4i-!)3:!%B% "!"3i#’ !" %*!%-i !"$"!%B%
$"("*,(’ <%(%B4"<iD.

6. @.#!"8,!%, /% LSD-SLAM C ,<,2(.-!.7 -"4i"!(%7 $3)
$"!%B% -.+"$2’ #"-$)2. *(iD2%*(i $% *3"&2% (,2*(’4%-"!.J
*=,! (" 7%;3.-%*(i 4%&%(. # %&7,;,!%9 2i3:2i*(9 2"$4i-.
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9&9*$&B A

Method Tracking

method

Map

density

Pixels

used

Estimation

MonoSLAM

(2007)

Feature-
based

Sparse Shi
Tomasi

EKF

PTAM

(2007)

Feature-
based

Sparse Hi. grad. BA

ORB-

SLAM

(2015)

Feature-
based

Sparse Hi. grad. Local BA

ORB-

SLAM2

(2017)

Feature-
based

Sparse Hi. grad. Local BA

ORB-

SLAM3

(2021)

Feature-
based

Sparse Hi. grad. Local BA

Stühmer et

al. (2010)

Direct Dense Hi. grad. Cost volume
refinement

DTAM

(2011)

Direct Dense Hi. grad. Cost volume
refinement

REMODE

(2014)

Direct Dense Hi. grad. Bayesian esti-
mation

LSD-SLAM

(2014)

Direct Semi-
dense

Edgelets Pose graph
optimization

DSM (2020) Direct Sparse Hi. grad. GPGO

;*B.. 4.1. G*1*&2#1’$2’&* &.*$’5-’: SLAM-3#2,"i0 3D->1,#&270*--? (1
5*$2’-*).
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Method Global opti-

mization

Relocali-

zation

Loop closure

MonoSLAM

(2007)

- - -

PTAM

(2007)

+ + -

ORB-

SLAM

(2015)

+ + +

ORB-

SLAM2

(2017)

+ + +

ORB-

SLAM3

(2021)

+ + +

Stühmer et

al. (2010)

+ + -

DTAM

(2011)

+ + -

REMODE

(2014)

- - -

LSD-SLAM

(2014)

+ - +

DSM (2020) + - -

;*B.. 4.2. G*1*&2#1’$2’&* &.*$’5-’: SLAM-3#2,"i0 3D->1,#&270*--? (2
5*$2’-*).
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9&9*$&B K

Method Tracking

method

Map

density

Pixels used Estimation

DynaSLAM

(2018)

Feature-
based

Sparse Hi.grad. Local BA

Steenbeek et

al. (2022)

Feature-
based

Sparse Hi.grad. BA

Sun et al.

(2022)

Feature-
based

Sparse Hi.grad. BA

Lee et al.

(2022)

Feature-
based

Sparse Hi.grad. BA

SVR-Net

(2023)

Feature-
based

Sparse Learned
features

Optimal
match
recurrent
network

DeepV2D

(2020)

Optical flow,
Feature-
based

Dense Learned
features

3D Stereo
matching over
cost volumes

DROID-

SLAM (2021)

Optical flow Dense Learned
features,
Between
keyframes
edges

BA

SDF-SLAM

(2022)

Feature-
based

Dense Learned
features and
descriptors

BA

;*B.. 4.3. G*1*&2#1’$2’&* SLAM-3#2,"i0 3*E’--,<, -*05*--? 3D-
>1,#&270*--? 1 (1 5*$2’-*)
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NeRF-SLAM

(2022)

Optical-flow Dense Learned
features,
Between
keyframes
edges

BA, Radiance
field optimi-
zation

Rosinol et al.

(2023)

Optical-flow Dense Learned
features,
Between
keyframes
edges

BA, Probabili-
stic volumetric
fusion

CNN-SLAM

(2017)

Direct Semi-
dense

Hi.grad. Pose Graph
optimization

DeepTAM

(2018)

Direct, Opti-
cal flow

Dense Hi. grad. Cost volume
refinement

DeepFusion

(2019)

Direct Semi-
dense

Hi. grad. Opt.
framework

CodeSLAM

(2018)

Direct Dense Hi. grad. BA

DeepFactors

(2020)

Direct Dense Hi. grad. Multiview BA

CNN-DVO

(2020)

Direct Sparse Hi. grad.,
Dynamic
up- and
downsampling

BA

;*B.. 4.4. G*1*&2#1’$2’&* SLAM-3#2,"i0 3*E’--,<, -*05*--? 3D-
>1,#&270*--? 1 (2 5*$2’-*)
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Method CNN archi-

tecture

CNN’s main estimation

tasks

DynaSLAM

(2018)

Mask R-CNN Instance segmentaton

Steenbeek et

al. (2022)

ResNet-50, Enc.-
dec.

Scale, Depth map densify

Sun et al.

(2022)

ResNetXt-50,
Enc.-dec.

Scale, Relative depth, Depth

Lee et al.

(2022)

Enc.-dec. Scale, Semantic segmentati-
on, Feature refinement

SVR-Net

(2023)

ScanNet Local map, Relative pose,
TSDF values

DeepV2D

(2020)

Hourglass Resi-
dual Flow, Enc.-
dec.

Depth, Pose, 3D stereo
matching

DROID-

SLAM (2021)

Residual blocks Feature extraction, Optical
flow, Estate estimation

SDF-SLAM

(2022)

Enc.-dec. Feature and descriptor
extraction, Semantic
segmentation

NeRF-SLAM

(2022)

Residual blocks,
Neural Radiance
Fields

Feature extraction, Optical
flow, Estate estimation

Rosinol et al.

(2023)

Residual blocks Feature extraction, Optical
flow, Estate estimation

CNN-SLAM

(2017)

ResNet-50, FCN Depth, Semantic segmentati-
on

DeepTAM

(2018)

Enc.-dec. Pose hypotheses, Optical
flow, Depth, Depth refi-
nement

;*B.. 4.5. G*1*&2#1’$2’&* SLAM-3#2,"i0 3*E’--,<, -*05*--? 3D-
>1,#&270*--? 2 (1 5*$2’-*)
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DeepFusion

(2019)

U-Net Log-depth gradients and
uncertainties, Scale

CodeSLAM

(2018)

U-Net, Variati-
onal Enc.-dec.

Code, Compact depth

DeepFactors

(2020)

U-Net, Variati-
onal Enc.-dec.

Code, Compact depth,
Uncertainty

CNN-DVO

(2020)

U-Net, Enc.-dec. Depth

;*B.. 4.6. G*1*&2#1’$2’&* SLAM-3#2,"i0 3*E’--,<, -*05*--? 3D-
>1,#&270*--? 2 (2 5*$2’-*)

Method Global opti-

mization

Relocali-

zation

Loop closure

DynaSLAM

(2018)

+ + +

Steenbeek et

al. (2022)

+ + +

Sun et al.

(2022)

+ + +

Lee et al.

(2022)

+ + +

SVR-Net

(2023)

+ - -

DeepV2D

(2020)

+ - -

DROID-

SLAM (2021)

+ - +

SDF-SLAM

(2022)

+ + +

;*B.. 4.7. G*1*&2#1’$2’&* SLAM-3#2,"i0 3*E’--,<, -*05*--? 3D-
>1,#&270*--? 3 (1 5*$2’-*)
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NeRF-SLAM

(2022)

+ - +

Rosinol et al.

(2023)

+ - +

CNN-SLAM

(2017)

+ - +

DeepTAM

(2018)

+ + -

DeepFusion

(2019)

+ - -

CodeSLAM

(2018)

+ - -

DeepFactors

(2020)

+ + +

CNN-DVO

(2020)

+ - +

;*B.. 4.8. G*1*&2#1’$2’&* SLAM-3#2,"i0 3*E’--,<, -*05*--? 3D-
>1,#&270*--? 3 (2 5*$2’-*)
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9&9*$&B ’

Q,+%#.(%4i0 %&%J -.2%4.*("!.J 7,(%$i-:
https://github.com/oleksandrkuzmychov/lsd_slam_dip/tree/master
https://github.com/oleksandrkuzmychov/ORB_SLAM2_dip


