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IBFREAE
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e ORB-SLAM2ESHELE w550
B ORB-SLAMZERSHFE 1BERERTE
) RAEELE
B ORB-SLAM2ZEESIEST - [ARERIE

k= O EERYES

Doc1:l like programming,you like too.

: Doc?2:l also like robots.
* 24 RiFSHER (Bag-of-Words, BoW) ?

it
i

\|

AREERERTEAESAE (Natural
Language Processing, NLP) Ff{EEt&Z4,
EEan—MEEMLAWER T T LA BEEXE,
WEMRMA—LXBRERHFEENNE, 5
EMuLERERERIZIERIIHNEERSEAX

n III ,
" Iikeu ,
" programming” ,
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1
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NRSLAMEZEIIEFIEEREAESARIRE
T, W EEMEERRKEERER
UEBES; HESLAMEEET —MRX
ROERS, EFRTERESRINERS
AIEEKEY, BHEAFEN:

B Image-to-image matching
B Image-to-map matching

B Map-to-map matching
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B ORB-SLAMZ[RIES T

B ORB-SLAMZERSfRIE

B ORB-SLAM2LESIET

FHIEHZEE
Extract ORB

v

SKAE & UMV Rk

AL
=4#E=S[ElhEn)
ZE 7
ORB-SLAMRZ FHELR

TRACKING

SEblE)iEhay

Track Local Map

HEHIaH

Map Initialization
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IEEREHE

M5
oEFIIRI
UERA

1B FRERAE
FEREESAE
EiEI N5

HT A BENIHE

New KeyFrame Decision

ES L

KeyFrame
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B ORB-SLAMZ[RIES T

B ORB-SLAMZERSfRIE

B ORB-SLAM2LESIET

i

KeyFrame

;Eﬁ;mﬂ}ﬂi )‘k

KeyFrame Insertion
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AL
=4#E=S[ElhEn)
ZE 7
ORB-SLAMRZ FHELR

LOCAL MAPPING

SEEdS s

FIE: WKSLAMARSE

lESEEA
oEFIIRI
N EiR7

B RS
BEBEE LR
EiEI N5

SEIESEL S

Local KeyFrames Culling

CurrentKeyFrame
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e
B ORB-SLAMRZEEEiE T Fit7 57

EClES 4
CurrentKeyFrame
LOOP CLOSING
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B ORB-SLAM2EIESHT

B ORB-SLAMZERSfFIE

B ORB-SLAM2LESIET

TUM Dataset
KITTI

EuRoC

Camera Sensor Data

SKAS &

WU T ARt

Examples

Monocular

Monocular

{mono/Stereo/RGB-D) —

/camera/image_raw
[camera/left/image raw
/camera/right/image raw
/camera/rgh/image_raw
[/camera/depth_registered/image raw

ROS Topic

Vocabulary
(ORBvoc.txt.tar.gz)

—5Stereo

atereo, s, L

RGB-D

—> GUI

r- ‘.'..5_—>: _map

- - 557 pose

N\

y

ORB-SLAM iz EE ST A4

F9E: MmSLAMER S

F-3 e

HEmMERDO

System #E

System.co

Syst=m h

IR

Map 2
MapPoint 2
Frame #£

KeyFrame #

Map.cc
MapPomt.cc
Frame.cc

EeyFrame.co

Maph
MapPomth
Frames h

KevFrame h

ER:FEET

MzpDrawer #
FrameDrawer #E

Viewer 2

MapDrawer.cc
FrameDirawer oo

Viewer oo

MapDrawer h
FrameDrawerh

Viewsrh

AL

Inttizlizer 2

Inttial izer.cc

Initializerh

AR EEC

EeyFrameDatabass 3

EeyFrameDatabazse oo

EeyFrameDatabazeh

OREVocabulary h

ORB fFEAME

ORBextractor 2

OFRBmatcher 2

OFRBextractor.cc

OFBmatcher.cc

" ORBextractorh

ORBmatcherh

PnP 3R 28

PnPsolver 2

PnPzolver.co

PnPzolverh

Sm3 SRR

Sim3Solver #E

Sm3Selver oo

Sim3Solverh

ik

Optimizer 2

Optimizer.cc

Optimizerh

HriEtATl RS

Converter.co

Converterh

3E4iE

Trackmg cc
Local Mapping cc

LoopClosmg.cc

Trackmg h
LocalMapping h

LoopClozsmg. h
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B ORB-SLAM2EIESHT
B ORB-SLAMZBERGfRIE

B ORB-SLAM2LESIET

SystemZ 28N ORB-SLAM 4%/ Bl
TRE#EN, ExamplesX{$XhFREHITE
BImain() HEERSBIE—1NSystemEhY
MR,
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SKAE & AU Ml HHhRst

Examples

System

TrackStereo()
TrackRGBD()

Systemz&

FIE: WKSLAMARSE

e 3

FrameDrawer=

LoopClosing %

> LoopClosing.Run()

Viewer=% 1 Viewer.Run

GrablmageStereo()
GrablmageRGBD()
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A " '

MapPoint 'I MapPoint ll
- €~ -

-
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Map. MapPoint, FrameflKeyFrame3§

EEIREISEREIN4 M2 Map, MapPoint, FramefllKeyFrameZ[@RIXR2EHEERN, SMEZBEERARXEHEES.

BIMERSRBANEIR (Image) FREIU—MIRAYFrame, STEREEPRSIEHRN. 1SMERE. =AKEESLIE, S/ Frameff@FiFZ/MapPoint, BidXERMTEESE, 18
FAERN—LFramelfitHiREIKeyFrame, FRIREFrame@&iIMapPointth EBE I T=aiiiFiE SR JIKeyFrameffiiMapPoint, fiKeyFrameffiMapPoint&Eidi#t—EaIFiEER

JaMapHfiMapPoint, iX&MapPointflKeyFrameitE{3pk 7 /MMap,
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SKAE & AU Ml HHhRst

Initializer
o3

FindHomography()

Initializer &

> FindFundamental()

Initializet) 7} '
G
> ReconstructH() |

ComputeH21()

CheckHomography()

ComputeF21()

CheckFundamental()

SVD::compute()

CheckRT()

DecomposeE()

ReconstructF()

CheckRT()

Initializerzg

BFNEHRGB-DREMAHMEERS T, MRBHEMEIIMNX. mH
B SLAMRSibEIIaLLERSE S, FRIABIEISERE T — M€ J/Initializer3,

FIE: WKSLAMARSE

Triangulate()

cv::SVD::compute()
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KeyFr%rjn;]%itiabase e \TLL 2
B ORB-SLAM2EIEDHT Feis PR %

B ORB-SLAMZERSfFIE

B ORB-SLAM2LESIET

KeyFrameDatabase £ &

DetectRelocalizationCandidates() | M H T # gL

DetectLoopCandidates() AR E BN Rl

KeyFrameDatabase3s

ARIERAIERSTH, ELBIEENNA3ES, XBH
KeyFrameDatabaseZ5i 2R LIMELEHEER.

46/72 BMAETE : www.xiihoo.com



(M=ERASLAMSI: ORARSSLE)  KRE AT BhRAE FIE: WKSLAMARSE

9.1 ORB-SLAM2R/ %

B ORB-SLAM2EIESHT

B ORB-SLAMZ/RfBfFIE ORBextractor>:

B ORB-SLAM2Z4E5iEfT operator) Jizsis i,

SearchForTnangulatlon
\
o earchBy8|m3

ORBextractorfJORBmatcherzé

ORBextractorfllORBmatcher 4 333 RO RB4S{EIRAVFIORBYSIEICHE, H
SE{EOpenCVHhE X FORBISEIZAVFNFCACAYEIR, RATIXEORB-SLAMAYE
ERTHBSLAMB ARECIRER, E5 T ORBIFIEZINFIORBYSIEITAAYEE
Im«
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-
B ORB-SLAM2JEEESH RANSACH%

Refi
B ORB-SLAMR2iERBHRIE

PnPSOlver__;pE?'c‘f_._ _ - k1 a2lChoose, control points() .

B ORB-SLAM2ZEEEETT

compute”barycehtnc coordlnates() |

S compute L 6x10()
EPNPH3 /) compute pose()
compute rho()

find_betas_approx_1() | find betas approx 2() | find betas approx_ 3()

gauss_newton() gauss_newton() gauss_newton()

compute R and () compute R and () compute R and ()

PnPsolverz

fEORB-SLAMMAEERANSAC+EPnPHYA TR ER
PnPaIR, B{F3iEiliiEEPnPsolver3,
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SimBSoI_ver FromCameraTolmage()
B ORB-SLAM2EIESHT Pt R 2L

m  ORB-SLAM2jRRSfRIE = T
o 1 Lomputesims() 7=
m ORB-SLAM2ZL%.5im(T 1 1\ o

Checklnliers()

Sim3Solvert - Centroid and relative coordinates

: Compute M matrix

: Compute N matrix

. Eigenvector of the highest eigenvalue
: Rotate set 2

: Scale

: Translation

: Transformation

Sim34} ComputeSim3()

Sim3Solverzg

TERZIER, MISNFIETRMRENS, SitEETMEENS a6
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B ORB-SLAM2FIESH

B ORB-SLAMZERSfFIE

B ORB-SLAM2LESIET

PoseOptimization()

> OptimizeSim3()

LFIMIRIEEL: PoseOptimization()
FRREEEMEML: OptimizeSim3()

BEBBAfl{t: LocalBundleAdjustment()

OptimizerZs &Y™ LscalBundieAdjustment() |-~

OptimizeEssentialGraph()

¥
!

GlobalBundleAdjustemnt() > BundleAdjustment()

Optimizersg

2EBAl{L (f@1EhR) : OptimizeEssentialGraph()

2FBAl{t (55ZhR) : GlobalBundleAdjustemnt()
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RFR3NMELEBEREE. BEFEEEEMATEE
BRI S RIS ETracking®, LocalMapping3

#lLoopClosing#zH,
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WAL, ORBitE -
Monocularlnitialization() “1 Initializerz&

.} Stereplpitialization(). | 1.,
A TrackWithMotionModel()
inqsk > | GrablmageStereo(] ' '
TraCkmgx - 0 TrackReferenceKeyFrame()
SmbirageRGRLN) Relocalization()

X TrackLocalMap()

Tracking 2

(Fomeamertanet)
(WPt (P

CreateNewMapPoints()
LocalMapping3s

LocalBundleAdjustment()

LoopClosingZ¢ K, , . 1o . Detectloop() |, ,. .
ComputeSim3() [«

LoopClosing2&

s RunGlobalBundleAdjustment()
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9.1

ORB-SLAM2J %

ORB-SLAM2EIESH
ORB-SLAM 2 BREfRIE

ORB-SLAM2ZL % 51517

SKAE & UMV Rk

@ ORB-SLAM2ES%:

SFOE: WIESLAMARSE

_ . @ LEMIRI (C++11, Pangolin,
@ ORB SLAMZQZE%\_/_— o FiEED

51T

® ORB-SLAMEZIET

g++ -v

#Z2EPangoliniA Rk

sudo apt install libgl1-mesa-dev
sudo apt install libglew-dev
sudo apt install cmake
#TREPangolinj&3

git clone https://github.com/stevenlovegrove/Pangolin.git
L TIESSES

cd Pangolin

mkdir build

cd build

cmake ..

cmake --build .

#ROS melodicB&2H#T0penCV3.2.0, HFTMBLE, RABESENT
pkg-config opencv --modversion
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#Z2%EEigen3

HGI B RIS R G HAEigen3.3.4

sudo mv -f /usr/include/eigen3 /usr/include/eigen3.default.bak
# T EigeniErg

git clone https://gitlab.com/libeigen/eigen.git

#HIEAIE D

cd eigen

git checkout 3.2.10

HURIELEE

mkdir build

cd build

cmake ..

sudo make install

#iGeigen3/EigenfENE| L—REZR

sudo cp -rf /usr/local/include/eigen3/Eigen /usr/local/include/
#i%eigen3FEigeniE I ZEl/usr/include/Z

sudo cp -rf /usr/local/include/eigen3 /usr/include/

sudo cp -rf /usr/local/include/Eigen /usr/include/
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B ORB-SLAM2EIESHT

B ORB-SLAM2;EROARISE
@ ORB-SLAM2%3E

B ORB-SLAM2ZE5iElT @ ORB-SLAM2BESIETT
® ORB-SLAMREZIEIT

@ WIFIFS

#T#0RB_SLAM2EFI ORB_SLAM2 V2
git clone https://github.com/raulmur/ORB_SLAMZ2.git ORB_SLAM2 =N

#RTEORB_SLAM2EHS

cd ORB _SLAM2
chmod +x build.sh

/build.sh OpenCV_LIBS

EIGEN3_LIBS | /.
o Pangolin_LIBRARIES | //
B AR il AR SIER '

ORB_SLAM2/RiZEA7H20RB_ SLAMRIZE/ATHR?
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SBIR: MHSLAMARSE

@ L& (C++11, Pangolin, OpenCV. Eigen)

T

mono_tum
mono_kitti Mono
mono_euroc MonoAR
stereo_kitti Stereo
stereo_euroc RGBD
rgbd _tum

2%

libDBoW2.50 | . "|"Examples/Monocular/*.cc

: Examples/Stereo/*.cc
libg20.50 |~ Examples/RGB-D/*.cc Examples/ROS
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B ORB-SLAM2EIESHT

B ORB-SLAM2JERBARIE
@ ORB-SLAM2%Z:

B ORB-SLAM2Z2: 5551 @ ORB-SLAMR2ES&E4T
® ORB-SLAMTEEEST

cd ORB_SLAM2
#ZHATHAITI M mono_tum, [FR NHE—AKETE RS
./Examples/Monocular/mono_tum Vocabulary/ORBvoc.txt Examples/Monocular/TUM1.yaml ../rgbd_dataset freiburg1 xyz

Activeins ) Tarminal = - 017 o Ao

*
- ;

NN NNl W

ENEREN

54/72 ORB_SLAM2EZIE( TR IR E: www.xiihoo.com



(M=ERASLAMSI: ORARSSLE)  KRE AT BhRAE HIE: WHSLAMARSE

9.1 ORB-SLAM2J/ %

B ORB-SLAM2EIESHT

B ORB-SLAM2JERBARIE
@ ORB-SLAM2Zz4:
B ORB-SLAM2ZESi5(T messd | @ ORB-SLAM2ELEEIT
® ORB-SLAM27EZIZST )

@ 5B CHILAITRER
@ ZRECCRREGETE
® IREEXAIEEN Y
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E ORB-SLAM

9.1 ORB-SLAM2E] ORB-SLAM2

L ORB-SLAM3

WIS 2N 1T Josy s b e 30 B
ORB-SLAM3gYi5ta
Non-active Map
Active Map T m ZHBEWE] (multi-map)
\‘ P = R =

RIBSAEEEENEEG
BEMNESS

ATLASH#5Cartographerfgsubmap#l IR
B B SREE (visual-inertial)
IMUB 5 £ TERESS
IAINIMUZSRAIBAAL IS FEUER B 1F

TSVACEZ - IMUJLJE

R BATLAL & T

PR 5 B 3 272
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Multi Mazps
Mono IMU

“TOSS E \er!, 3
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ROVIO Shi
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9.1 ORB-SLAM2RH %
9.2 LSD-SLAME %

9.3 SVOH %
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Engel J , Schps T, Cremers D . LSD-SLAM: Large-scale direct monocular SLAM[J]. 2014.

|

LSD-SLAMEHA?
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B LSD-SLAMEESHT LE;D%%L AM R ZHELE
B LSD-SLAMiFRSHESE

B LSD-SLAMZESIRT

RIMCERIRE

()fr—l\’/ O’,"
Rt

(b)Y EEIRE

. 2 . . . 2
mlnzne :manH —a(TeP H
Tr & ; A D ( 1)

RIMUEEIRE:
e=1 \[p]1-1,[p]

min z (e’ =min z (7, [P} 1~ LIx(T o P I} B RERARIE RS AR BN ERA?
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R e N
. (640x480@30Hz)
B LSD-SLAMREIBSHT LES%-ISLAMgé}E*E;JE
m LSD-SLAMERDARSE m
B LSD-SLAMZESEST m REfEL

B BE

B HRSHER

RN PN

"i. 480x480@40Hz)

RIS B 31 Hh

B RIHELR SLRRGFUER X
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: : It . Isd_slam/debug
_ ROS Topic SR Teaie L

A ,:"lmage SR |ive_s|am R STUPI': lsd_slam/pose
B LSD-SLAMIRIEDHT /camera_info

Isd_slam_viewer

B LSD-SLAMIERSHRE]

i

Dataset s %
files dataset_slam ROS Topic

Callbratlon_me Isd_slam/liveframes

B LSD-SLAMZESIRTT

i Isd_slam/keyframes
i Isd_slam/graph

LSD-SLAM{ABHEZE
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B LSD-SLAM/EIESHT

B LSD-SLAMIERSHRE]

B LSD-SLAMZESIRT

NEIMNAENRES

main()

SlamSystem ¢

—

SlamSystem
| s b 2

[
[
[
RNy
("SE3Tracker £ |
[
[
[
[
[

KeyFrameGraph 3% ]
DepthMap 2%

SE3Trackers&

TrackingReference 3 ]

TrackingReference ]

TrackableKeyFrameSearch ¢ ]
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B LSD-SLAM/EIESHT
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@ LSD-SLAMZE

B [SD-SLAMLEEIRT ) @ LSD-SLAMBEZIET
® LSD-SLAMTELIET

https://github.com/tum-vision/Isd_slam/blob/master/README.md
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B LSD-SLAM/EIESHT

B LSD-SLAMIBRGfRIE

@ LSD-SLAMZ%

B [SD-SLAMZEESIET ) @ LSD-SLAMEZ=1T

® LSD-SLAMZEZIEST

#f=xdataset_slam#ZE]
rosrun Isd_slam_core dataset slam files:=<files> hz:=<hz> calib:=<calibration_file>
#[BEIviewer B/

rosrun Isd_slam_viewer viewer
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9.2 LSD-SLAME %

B LSD-SLAM/EIESHT

B [SD-SLAMIERS R
@ LSD-SLAMZzE

B [SD-SLAMZZESIE/T ) - @ LSD-SLAMBELE(T
® LSD-SLAMZEZIEST

#3nhlive_slamzEE]

rosrun Isd_slam_core live_slam /image:=<yourstreamtopic> /camera_info:=<yourcamera_infotopic>

#2EviewerE~

rosrun Isd_slam_viewer viewer

66/72 RS RIE TR AR, LSD-SLAMAERRAIA B AIROSHAE S KA LI TR E T+ B AR, R4 TE: www.xiihoo.com



(M=ERASLAMSI: ORARSSLE)  KRE AT BhRAE HIE: WHSLAMARSE

REHE

9.1 ORB-SLAM2RH %
9.2 LSD-SLAME %

9.3 SVOH %

67/72 BAETE: www.xiihoo.com



(M=ERASLAMSI: ORARSSLE)  KRE AT BhRAE HIE: WHSLAMARSE

9.3 SVOH %

Forster C, Pizzoli M , Davide Scaramuzza* . SVO: Fast semi-direct monocular visual odometry[C]// IEEE International Conference on Robotics & Automation. IEEE, 2014.
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