BENOPYCCKUN TOCYOAPCTBEHHbLI YHUBEPCUTET
dakynbTeT NpPUKIagHoOU MaTteMaTUKM U MHPOPMaTUKK
Kadpeaopa MHOronpoLeccopHbIX CUCTEM U CETEU

PASPABOTKA AITTOPUTMOB HABUT'ALLIW BITTIA

dunnomHaga paboTa
MaxxutHbIX IBaH

Hay4HbI pykoBoaUTEND!
KoHgpaTteeBa Onbra
MwuxawnnoBHa



Ilesp

VlccnepoBaTb BO3MOXHOCTb NPUMEHEHNA KaMepbl
OPOHa ANngd onpeaeneHns TeKyLlero
MECTONONOXEHUSA

PeweHune 3agaym HaBuraumm 6ecnmuiaoTHOro
rnetarteribHOro annaparta B ycrnoBusax otcytcTeus (PS
curHana



IlocTaHoBKa 3aauu

J

L L

[TpoaHanmM3anpoBaTb anrOPUTMbl KOMIMbIOTEPHOIO
3peHus

MccnepgoBaTb MeToabl nocTpoeHus 30 kapTbl
MECTHOCTMU

[loaroToBmUTb AaHHbIE U NnpoBECTU 3KCNepmnMeHTbl

PaspaboTaTb 1 peannsoBaTtb NPUNOXEHUE,
pelwlaroLlee 3agadvy nosmunoHnposaHuna bINJ1A Ha
jD kapTe mecTHOCTU



Metobl ocTpoeHus 30 KapThl

[ Structure From Motion
(SFM)

[ Simultaneous
Localization and
Mapping (SLAM)

input feature image cameras Bundle
images extraction matching estimation Adjustment

* loop

inputdata landmark data state state&  odometry
extraction association estimation landmarks changes
update

triangulate reconstruction




OcobOag Touka

CBoucrBa:

1. YHuKanbHOCTb
/. KomnakTHOCTb
J. YctonumBoCTb K:

1 [loBoporty

1 MacwTabupoBaHuto

d Caosury

d  U3meHeHuo apkocTu
3 B B

input feature image cameras triangulate Bundle

. . . . . reconstruction
images extraction ~ matching  estimation Adjustment




CoriocraBijieHHe JECKPUIITOPOB

[leckpunTop:

1 [pencraBnseT Ko4YeBYO TOYKY B y40OOHOM ANnsi CpaBHEHUSA BUOE
1 [losBonsieT BBECTU OTHOLLEHWE paBEHCTBA A9 U300paXkeHnmn

[Mpu conocTaBneHnn AecKpMNTOPOB HAaXoaATCA Napbl N300paKeHUn, Ha
KOTOpPbIX NPeAcTaBneHbl O4HU U Te e 00beKTbl B pearibHOM MUpe

input feature image cameras triangulate Bundle
images extraction ~ matching  estimation Adjustment

reconstruction



@~
3D-Model*,

Asiroputm Bundle Adjustment

N3 cncTeMbl HENMHEVHBIX YpaBHEHW HaxoamT 3D
KOOPAWHATbI K/TH0UEeBbIX TOYEK B MPOCTPaHC

Bundle
images extraction ~ matching  estimation Adjustment

input feature image cameras

triangulate reconstruction
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reconstruction

input . féature  .image-  cameras triangulate
images - éxtraction . matching * estimation
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Adjustment




PaszpaboTaHHOE IPUJIOKEHUE

BoinonHaeT npouecc Structure From Motion

J
J
J

Co3ganne/OTKpbITUE NMPOEKTa
[lpocMOTp gaTaceTa npoeKkTa
[TocTpoeHue 3D mogenun no Habopy
CHUMKOB

Buayanunsauymsa noctpoeHHoU Moaenu
[lonck cHuMKa Ha 30 moaenu



Pa3zpaboTaHHOE IPUJIOKEHUE

[ BON ) Options

Setting the options

IMAGES LOCATION: /Users/Drapegnik/project

ry/out/

NUMBER OF IMAGES: 126 General Reconstruction

[ XOX ]
Active project info
C=
PROJECT NAME: quarry
B OUTPUT LOCATION: /Users/D
PROJECT LOCATION: /Users/D
IMG_1155.JPG
@
>

&
‘3%‘ Press 'A' key to show/hide the axis.

Number of threads 4 E 7 All images were made with
the same camera

Initialize cameras with prior intrinsics
(if file is provided)

Extracting features

if unchecked, the app attempts to use

Descriptor Type:  SIFT E EXIF data as prior estimation
Focal length
B Principal points
Batchifg featies Intrinsics Aspect Ratio

B‘ to optimize: Skew
Radial distortion
Tangential distortion

Matching Strategy: ~ Cascade Hashing

Cancel | [N

HaW/eHHbIE TOUKUA
II0/ICBEYEHBI



ma SLAM

[Ipumep pabOTHI AJITOPUT

YAS
» \ T %
ik \ Je
1. To3uuunsa 2. ObHoBNeHne aaHHbIX 3. ObHOBNEHME No3nLnmn
nony4yeHHasa Yepes 06 opueHTmnpax Ha OCHOBE JaHHbIX C
OAOMETPULO CEHCOopoB

input data landmark
extraction

data association

state estimation

* update

state & landmarks ~ 0dometry

changes

loop



Rohot Operating System (ROS)

dpenmMBOpPK ANt NPOrpamMmmmMpoBaHUS
poboToB

estimate &
update
Webcam publish messages

real-time camera

initial camera N
pOSes

@reconstruct'on 3]
search




KanunbpoBka kamephl

1 B ¥) 1:36PM %t

= 3
&

Parallels Shared ~ 11e8-b8c6-001ca248612f parallels@parallels-vn:~$ rosrun image_view ima
process[rosout-1]: started with p ge_view image:=/cv_camera/inage_raw
1d [4875] [ INFO] [15216 .386165938]: Using transport
started core service [/rosout] raw"
] Acparallels@parallels-vm:~$ []

parallels@parallels-vn:~$ rosrun cv_camera cv_camera_node
[ INFO] [1521663897. ng default calibration URL

u
[ INFO] [1521663897.06886 : camera calibration URL: file:///home/parallels/. .
ros/canera_info/canera.yanl
[ INFO] [1521663897.069015445]: Unable to open camera calibration file [/home/pa Ka M e bl
rallels/.ros/camera_info/camera.yanl] File "/opt/ros/kinetic/lib/python2.7/dist-packages/canera_calibration/camera_c .

alibrator.py”, line 89, in run
Lle " /opt/ros/kinetic/lib/python2.7/dist-packages/canera_calibration/canera_c
cparallelsgparallels-vm:~s alibrator.py”, line 164, in handle_monocular
S aton canera.sh <type 'exceptions.AttributeError'>: 'NoneType' object has no attribute 'sleep’
allelsgparalle S sh camera.sh File "/opt/ros/kinetic/lib/python2.7/dist-packages/canera_calibration/calibrat
[ INFO] [1521663979.560396277]: camera calibration URL: file:///home/parallels/d .py", line 744, in handle_msg D
a

PD o

rapegnik_camera.yanl
Jopt/ros/kinetic/lib/python2.7/dist-packages/camera_calibration/calibrat

dokycHoe
paccTosiHue
7 d  Yron HaknoHa
e Q  TMpuHyMnmaneHas
J

0 display neType' object has no attribute ‘remap’

e 5t I@BBPLLH pped from another thread

|

p_size =
p_size
p_size

a]
¥
i

'@

TOYKa
KoadpdoumumeHTsl
NCKaXKEHUS




SLAM +ROS + WEBCAM + SEM

Ubuntu Desktop s B ® o 35Pm &%

- | parallels@parallels-vm: « B [CDFollow Camera
JORB_SLAM2/

S sh camera.sh [show Points

: camera calibration URL: file:///home/parallels/p [TIshow KeyFrames
dImerds

[iocalization Mode

S aton . Reset
$ sh cam h

[1521676272.197623917]: camera calibration URL: file:///home/parallels/p

1

AM2 /0!

ORB Extractor Pa
Number of Features

Minimum Fast Threshold: 7
buffer with requ attributes not available. Using available framebuffer. ay visual ar
.New Map created with 154 points




3aknyeHue

J

J

L

[MpoaHanuanpoBaHbl anropuTMbl KOMMbloTepHOro 3peHns SIFT,
SURF, ORB
NccnepoBaHbl MeToabl nocTpoeHus 3D kapTbl MecTHocTU SLAM m

SFM

Pa3paboTaHo NpUroxXeHme:

A noctpoeHue 3D kapTbl MECTHOCTU NO HAOOPY CHUMKOB
[ MOWUCK NOJSIoXKeHUd 3a4aHHOro CHUMKa Ha KapTe
HacTtpoeHa u npoaHanuanposaHa Robot Operating System

OemoHcTtpauus SLAM + ROS + Webcam + SFM



