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Ubuntu PCZHHFL5D A1

AKFa1—R)T7IZLYELDT-OIZ...

1. ROSZEAVAL—IL
http://wiki.ros.org/kinetic/Installation/Ubuntu  %Desktop-Full}# 42

2. WMWEBLRI7AILERA D A—K

mydesk.bag (453MB)

https://www.dropbox.com/s/sn0w59sg81bhzm9/mydesk.bag?dl=0

save_pcd.cpp

https://github.com/kanezaki/ssii2016 tutorial/blob/master/save pcd.cpp
convertpcd2ply.cpp

https://github.com/kanezaki/ssii2016 tutorial/blob/master/convertpcd2ply.cpp

milk.pcd

https://github.com/PointCloudLibrary/pcl/blob/master/test/milk.pcd?raw=true
milk_cartoon_all_small_clorox.pcd
https://github.com/PointCloudLibrary/pcl/blob/master/test/milk cartoon all small clorox.pcd?raw=true
correspondence_grouping.cpp

https://github.com/kanezaki/ssii2016 tutorial/blob/master/correspondence grouping.cpp



http://wiki.ros.org/kinetic/Installation/Ubuntu
https://www.dropbox.com/s/sn0w59sg81bhzm9/mydesk.bag?dl=0
https://github.com/kanezaki/ssii2016_tutorial/blob/master/save_pcd.cpp
https://github.com/kanezaki/ssii2016_tutorial/blob/master/convertpcd2ply.cpp
https://github.com/PointCloudLibrary/pcl/blob/master/test/milk.pcd?raw=true
https://github.com/PointCloudLibrary/pcl/blob/master/test/milk_cartoon_all_small_clorox.pcd?raw=true
https://github.com/kanezaki/ssii2016_tutorial/blob/master/correspondence_grouping.cpp
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3D Selective Search [Kanezaki+, 2015]

https://github.com/kanezaki/selective search 3d



https://github.com/kanezaki/selective_search_3d
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DynamicFusion: Reconstruction and Tracking of Non-rigid Scenes in Real-Time.
R. Newcombe, D. Fox, and S. Seitz, CVPR 2015 Best Paper

E:/

Live RGBD Video Live Model Output
Warped Model with Motion Field Trails

https://www.youtube.com/watch?v=ileZekcc IM
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SERZEHI2) SLAM

ElasticFusion: Dense SLAM Without A Pose Graph. T. Whelan, S. Leutenegger, B.
Glocker, R. F. Salas-Moreno, and A. Davison, Robotics: Science and Systems (RSS), 2015.

Stairs dataset (Real-time)

8B

https:/mwww.youtube.com/watch?v=-dz_VauPjEU
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Structured Indoor Modeling. S. Ikehata, H. Yan, and Y. Furukawa, ICCV 2015 (oral)

apartment | apartment 2 apartment 3 office 1 office 2

https://www.youtube.com/watch?v=RZU8w3uvenU
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holoportation: virtual 3D teleportation in real-time (Microsoft Research)

http#ﬁnérvideo.vo.msecnd.net/gal eries/264043/3/264043-000001.jpg

https://www.youtube.com/watch?v=7d5906cfaMO
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3D Model Retrieval Using Probability Density-Based Shape
Descriptors. C. B. Akgiil, B. Sankur, Y. Yemez, and F. Schmitt, PAMI, 2009
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Spherical Harmonic Representations

Kazhdan, M., Funkhouser, T., & Rusinkiewicz, S. Rotation
invariant spherical harmonic representation of 3D shape
descriptors. In Proceedings of the Eurographics/ACM SIGGRAPH
symposium on Geometry processing (pp. 156-164), 2003.
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3DETILIEZE S hitp://3d.csie.ntu.edu.tw/~dynamic/

Light Field Descriptor

Ding-Yun Chen, Xiao-Pei Tian, Yu-Te Shen and Ming Ouhyoung, "On Visual Similarity
Based 3D Model Retrieval", Computer Graphics Forum (EUROGRAPHICS'03), Vol. 22,

No. 3, pp. 223-232, Sept. 2003.


http://3d.csie.ntu.edu.tw/~dynamic/
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3D Shape Histograms &

Ankerst, M., Kastenmiiller, G., Kriegel, H. P., & Seidl, T. (1999, January). 3D shape histograms

for similarity search and classification in spatial databases. In Advances in Spatial

Databases (pp. 207-226), 1999.
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2-D points spin-image

AB AB

« ERNTSLR—X

2-D points spin-image

AB

AB

Spin Image @9\

Johnson, Andrew E., and Martial Hebert. "Using spin P

images for efficient object recognition in cluttered 3D
scenes." Pattern Analysis and Machine Intelligence,
IEEE Transactions on 21.5 (1999): 433-449.
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3D = D3

e ERNTSLAR—X
p?
o:
Py
= (p: xn)- N,
g=(n-p)/||p;

6 =arctan((nx(p/xn)-n.),n-n.)

ﬂ Point Feature Histogram

R. B. Rusu, N. Blodow, Z. C. Marton, and M. Beetz,
“Aligning point cloud views using persistent feature
histograms,” in Proc. Int. Conf. Intelligent Robots and
Systems (IROS), 2008.
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p() ERANT S LEES,
9 SPFH(p)
a = (p: X n) N
#=(n-p)/|pi TE 20Nk
’ = 3
@ =arctan((nx(p;/ xn)-n.),n-n.) Nt RO
FPFH Fast Point Feature Histogram
FPFH(p) =
R. B. Rusu, N. Blodow, and M. Beetz, “Fast point SPFH(p) +

feature histograms (FPFH) for 3-D registration,” in
Proc. Int. Conf. Robotics and Automation (ICRA),

K
£ SPRH(p)
2009. K=o
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s g e (@Global%iFPFH (Extended FPFH)
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AN . DERMT DL Ne O
4 N N 9 er o Opa
S R3O
O P,
~~~~~~ o
~~~~~~ . Vp ] Viewpoint Feature Histogram

’.
S
-

@ extended FPFH component

Viewpoint component / /

3

" Mumber of histogram bins

VFH Viewpoint Feature Histogram

R. B. Rusu, G. Bradski, R. Thibaux, and J. Hsu, “Fast 3-
D recognition and pose using the viewpoint feature
histogram,” in Proc. Int. Conf. Intelligent Robots and
Systems (IROS), 2010.

entage of points falling in each bin
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(3) Shape Distribution

CVFH ciustered viewpoint Feature Histogram Component (SDC) Z&tH
LTERRNSLMEL.

A. Aldoma, N. Blodow, D. Gossow, S. Gedikli, R. Rusu, VEH&BE#ET 3

M. Vincze, and G. Bradski, “CAD-model recognition

and 6 DOF pose estimation using 3D cues,” in Proc. VEH > LSDC

ICCV workshop on 3dRR, 2011 CVFH
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Oriented, Unique and Repeatable
OUR-CVFH

Clustered Viewpoint Feature Histogram

OUR-CVFH

A. Aldoma, F. Tombari, R. Rusu, and M. Vincze, “OUR-CVFH - ¢

Oriented, Unique and Repeatable Clustered Viewpoint Feature VEH | g £ SGURE |
Histogram for Object Recognition and 6DOF Pose Estimation”, ngﬁ
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http://www.ros.org/news/2011/02/ros-3d-contest-the-results.html

ROS 3D Contest http://wiki.ros.org/openni/Contests/ROS%203D

Overall:

1st Place ($3000): Customizable Buttons

2nd Place ($2000): Quadrotor Altitude and Obstacle Avoidance

3rd Place ($1000): Humanoid Teleoperation

4th Place ($500): Person Tracking and Reconstruction from a Mobile Base with a 7 DOF Manipulator

Most Useful:

1st Place ($2000): RGBD-6D-SLAM

2nd Place ($1000): Automatic Calibration of Extrinsic Parameters

ICRA2011

Best Vision Paper: Sparse Distance
Learning for Object Recognition
Combining RGB and Depth Information

Kevin Lai, Liefeng Bo, Xiaofeng Ren, and Dieter Fox
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http://www.ros.org/news/2011/02/ros-3d-contest-the-results.html
http://wiki.ros.org/openni/Contests/ROS 3D
http://www.ros.org/wiki/openni/Contests/ROS 3D/Customizable Buttons
http://www.ros.org/wiki/openni/Contests/ROS 3D/Quadrotor Altitude Control and Obstacle Avoidance
http://www.ros.org/wiki/openni/Contests/ROS 3D/Humanoid Teleoperation
http://www.ros.org/wiki/openni/Contests/ROS 3D/Person Tracking and Reconstruction from a Mobile Base with a 7 DOF Manipulator
http://www.ros.org/wiki/openni/Contests/ROS 3D/RGBD-6D-SLAM
http://www.ros.org/wiki/openni/Contests/ROS 3D/Automatic Calibration of Extrinsic Parameters
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TLFE—HINT21—Tav (1/2) @D

Multimodal templates for real-time detection of | 7"
texture-less objects in heavily cluttered scenes

Stefan Hinterstoisser, Stefan Holzer, Cedric Cagniart, Slobodan llic, e
Kurt Konolige, Nassir Navab, and Vincent Lepetit. ;cef ICCV, 2011.

THORF YL RAEMARERETH0I
;T < REAMKOERCGER THES

correct detection rate [%4]

— | can parse a VGA

o= LI E =BT

TimEAn | ] image with over

_oor || 3000 templates

—= | with about 10 fps
- - > - - : on the CPU

3 r
avg # of false positives per image
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TILFE—HARILTa—32(2/2)

MMSS: Multi-modal Sharable and Specific Feature:-
Learning for RGB-D Object Recognition

Vision

Anran Wang, Jianfei Cai, Jiwen Lu, and Tat-Jen Cham.

IEEE ICCV, 2015.
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Combining color and shape descriptors for 3D
model retrieval. Pasqualotto et al., Signal Processing:

Image Communication 28.6, 2013.

Quantization level

luminance (L)

hue angle (h,)

1

D W e WD

L <10
10 < L < 98
10 < L < 98
10 < L < 98
10 < L < 98

L > 98

v
—-0,35 <6 <1.4
1,4 <6 <1,92

1,92 < 0 < 3,42 mEEREE
3,42 < 0 < 5,93

Quantization level: 1

Color Spin Image
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Unique signatures of histograms for local surface
description [Tombari et al., ECCV2010]
* SHOTEZRF
— TIFTIVRRAF —R1Z3DR B R0 iR F
— PCLICHZEESNTLS
EREDYDBATELEE 8x2x2 25 F B e

R DERA I Ibn, & —

ROERAIMn, OFBcost; = ny my 7 (2/2)
DERNT S Ls

A combined texture-shape descriptor for _ 7K\

enhanced 3D feature matching > &K—j) ~)

[Tombari et al., ICIP2011] ““‘
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The Partial View Heat Kernel Descriptor for 3D ©)
TEE=TR

Object Representation [Brandao et al., ICRA2014] &
— Heat Kernel Signature (HKS) ECihF%.
Partial ViewZZ T —A D ECik [[] (F1Z¥E3RL 1=,
+TORXAFvLEE

T

cf.) Heat Kernel Signature (HKS)
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Learning Similarities for Rigid and Non-Rigid
Object Detection [Kanezaki et al., 3DV2014]
— QAPIZKBT STy F U ICAWSEEUETIID
FEFETREL
— RGBDEGZAW-RIAMEREEATIETILD
JERAMAREZHR—NGEIL—LT—U TS,

(a) Initial correspondences (b) Selected correspondences (c) Selected correspondences false positive
true positive false positive
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C |3 shaenctcs stanfordeds ' http://shapenet.cs.stanford.edu/

1

S APEFRET

Update: we are organizing a large-scale 3D shape retrieval contest as part of the Eurographics 2016 3D Object Retrieval Workshop. More
information available at http-//www shapenet org/shrec16

airplane,aeroplane,plane
an aircraft that has a fixed wing and is powered by propellers or jets; 'the flight was delayed due to trouble with the airplane’
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3dwarehouse.sketchup.com/model.html?id=

& 3D Warehouse

X-wing

Other Models You Might Like

Jdwarehouse sketchup.com/warehouse/ getpubliccontent?contentld=a 186068 1-559e-4bdf-b9af-6542

!

07d4bc696c2bafe808edd44356

Upload Model

Sign In

’C/_\ |'~|v_'| Download

Uploaded
Last Modified

Share <> Embed

alsomar |iniciativa ..,

Our Terms of Use
have been updated.
Chedk 'em out.

= B

542 5984910&fn=x-wing.skp
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« SketchUpZA ™ >HA—KkLT https://www.sketchup.com/ja/download

o FIFEAHO—KLI=3DETIL (x-wing.skp) ZFA<

=/ x—wing — SketchUp Make 2016
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T7AIL>THORR—L>3DETIL #ERL
o T7AILDIEFEIXIOBIT7AIL(*.0b))1ZFEA TIHYRAR—FT 5 (x-wing.obj)

1 G¥lzers¥. ¥Downloads¥:-wing

BT

EFIINAELOAR—

= x-wing — SketchUp Make 2016 N E|
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« MeshLabZx# o> AO—KLT http://meshlab.sourceforge.net/
o FIFETHRAR—FLI=ETIL(X-wing.obj) #F>v7&kOv T4 5

€ MeshLab_64bit v1.3.3 - [Project_1]
& File Edit Filters Render

BRI EIo] [ B o1 B PeL.LIolE:
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« OBJ77AJ)L(x-wing.obj) T —F/\wrZETHWTRS

TB m (vertex)

A REER
TIARTF VR —
ERARTRIL

| (face)
ERER —

W

# Alias OB.J Model File

# Exported from SketchlUp, (o) 2000-2012 Trimble Mavigation Limited

# File units = meters

mtllib x—wingmtl T 7 ILIT7AIL 4
g Meshl « wing! Model

Lsemtl _Chalk_

v BEATO2 2 48864 -4 62216

vt 306437 65001 1

vn 0851 0454004 -5 00661 e—014
v B 5A53T 2 48864 -4 64307

vt 380005 65 0011]

vn 088003 0454004 —0139383

v BEEE322 250871 -4 64115

vt 385206 65927

vh 07990465 05878 —01 26556

v BEERAT2 250871 -4 62216

vt 310236 65927

vn 080300605878 —362843a—014
f1//12/2/2(3/3/3 4/4/4

v 5.5?602m

BERERERS/TIRAFYEFREES/TAREENINLES

X-wing.mtl

O OTAZT £ A00T o OFAaD
vt 381787 704035

wh 0838344 0309025 -0148777
wt 385005 713287

vt 306437 713287

fE/5/5 67676 2/7/21/8/1

wBEBE15Z 244400 -4 62216
wt 301857 740644

#
## Alias OB.) Material File

# Exported from SketchlUp (o) 2000-2012 Trimble Mavigation Limited

newmtl _Chalk_

ka 0000000 0000000 0 .000000
kd 0905304 0805882 05925490
Ks 0330000 0330000 0330000

newmtl _Concrete_rough_

ka Q000000 Q000000 0 .000300
kd 0658824 0862745 0647050
kg 0330000 0330000 0330000

newmtl _Tomato_

Ka 0000000 0000000 O 000000
ko 1 000000 03838235 027343
Ka 0330000 0330000 0330000

newmtl _Charcoal_

Ka 0000000 0000000 O 000000
ko 0137255 0137255 0137255
Ka 0330000 0330000 0330000

newmtl _Glass_Blue _Tint_

Ka 0000000 0000000 O 000000
kd 0035284 0686275 0945008
Ka 0330000 0330000 0330000
d 040000
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« OBJ77AJ)L(x-wing.obj) T —F/\wrZETHWTRS

TB m (vertex)

A REER
TIARTF VR —
ERARTRIL

m| (face)
ERER ——

W

# Alias OB.J Model File

# Exported from SketchlUp, (o) 2000-2012 Trimble Mavigation Limited

# File units = meters

mtllib x—wingmtl T 7 ILIT7AIL 4
g Meshl « wing! Model

Lsemtl _Chalk_

v BEATO2 2 48864 -4 62216

vt 306437 65001 1

vn 0851 0454004 -5 00661 e—014
v B 5A53T 2 48864 -4 64307

vt 380005 65 0011]

vn 088003 0454004 —0139383

v BEEE322 250871 -4 64115

vt 385206 65927

vh 07990465 05878 —01 26556

v BEERAT2 250871 -4 62216

vt 310236 65927

vn 080300605878 —362843a—014
f1//12/2/2(3/3/3 4/4/4

v 5.5?602m

BERERERS/TIRAFYEFREES/TAREENINLES

Aya(GRY3ay):
HIZTORAFhBELNS

= 2 (Point Cloud) :
RIZBIFHRNA DTS

X-wing.mtl

O OTAZT £ A00T o OFAaD
vt 381787 704035

wh 0838344 0309025 -0148777
wt 385005 713287

vt 306437 713287

fE/5/5 67676 2/7/21/8/1

wBEBE15Z 244400 -4 62216
wt 301857 740644

#
## Alias OB Material File

# Exported from SketchlUp (o) 2000-201 2 Trimble Mavigation Limited

newmtl _Chalk_

ka 0000000 0000000 0 000000
kd 0909304 0805882 05925490
Ke 0330000 0330000 0330000

newmtl _Concrete_rough_

ka Q000000 Q000000 0 .000300
kd 0658824 0862745 0647050
ke 0330000 0330000 0330000

newmtl _Tomato_

Ka 0000000 Q000000 0 000000
ko 1 000000 0388235 027343
Ka 0330000 0330000 0330000

newmtl _Charcoal_

Ka 0000000 Q000000 0 000000
ko 0137255 0137255 0137255
Ka 0330000 0330000 0330000

newmtl _Glass_Blue _Tint_

Ka 0000000 Q000000 0 000000
ko 00352584 0686275 05945008
Ka 0330000 0330000 0330000
d 040000
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IDETILERAHO—KLTRS
« m# (Point Cloud) 74—<YhIPCLTRAWGNS.pcdI7AILEM AT v —

# .PCD v0.7 - Point Cloud Data file format
VERSION 0.7

FIELDS xy z rgb

SIZE4444

TYPEFFFF

COUNT1111

WIDTH 640

HEIGHT 480
VIEWPOINT0001000
POINTS 307200

DATA ascii

0.93773 0.33763 0 4.2108e+06
0.90805 0.35641 0 4.2108e+06
0.819150.32 0 4.2108e+06
0.971920.278 0 4.2108e+06
0.944 0.29474 0 4.2108e+06
0.98111 0.24247 0 4.2108e+06
0.93655 0.26143 0 4.2108e+06
0.91631 0.27442 0 4.2108e+06
0.81921 0.29315 0 4.2108e+06
0.90701 0.24109 0 4.2108e+06
0.832390.23398 0 4.2108e+06
0.991850.2116 0 4.2108e+06
0.89264 0.21174 0 4.2108e+06
0.85082 0.21212 0 4.2108e+06
0.81044 0.32222 0 4.2108e+06
0.74459 0.32192 0 4.2108e+06

SEASCIRRIZ/NT 38D 5
D T.BINARYRZEEST
{f2&L
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1. ROSZEAVAR—ILT B

2. KinectE[{&% &R T<9 5 ASUS XtionTHOKTY

3. KinectR#HZHEET S

4. Kinectm##R%ET S

5. RIFELI=KinectR B %HET 5
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Fig
1. ROSEAVAM—ILT D

http://wiki.ros.orq/l§|\ineticllnstallation/Ubuntu ZENTHAHAEBYIZONIE KLY,

# kineticlXROSMD/\—< 3> D& Fil,
# N\N—230 DY R—NERIZSES http://www.ros.org/reps/rep-0003.html

$ sudo sh -c 'echo "deb http://packages.ros.org/ros/ubuntu $(Isb_release -sc) main" >
/etc/apt/sources.list.d/ros-latest.list'
$ sudo apt-key adv --keyserver hkp://ha.pool.sks-keyservers.net:80 --recv-key 0xBO1FA116
$ sudo apt-get update
$ sudo apt-get install ros-kinetic-desktop-full
$ sudo rosdep init
$ rosdep update
$ echo "source /opt/ros/kinetic/setup.bash” >> ~/.bashrc
S $ source ~/.bashrc y
bashrelZW g3 DEEE =BV AK, F—3F LT ST
$ source /opt/ros/kinetic/setup.bash #E{TTnIELLY,



http://wiki.ros.org/kinetic/Installation/Ubuntu
http://www.ros.org/reps/rep-0003.html
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Fig
1. ROSEAVAM—ILT D

Kinectk 54 /3\%S5v T LTI-ROS/\vh—TH A AN—ILT B,

[ | SN — v ]
KERIE (EOpenNIAMEEIE T L= 2 A, TBEICITEIAVELVERR,

[ $ sudo apt-get install ros-kinetic-freenect-launch j
# SR

Ubuntu/\yr—2 R 1&E-(NA72) ROSINY T —D A1 (oA —iN—)

XtionZHFLNDAIFTHEL

[ $ sudo apt-get install ros-kinetic-openni2-launch j
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KinectZ{EL T, T—2 DY AAZEBIRT B,

[ $ roslaunch freenect_launch freenect.launch ]
XtionZHFELDHIFXIHES
[ $ roslaunch openni2_launch openni2.launch ]

NEEDFEFREL T, ADE—IFIL (7428 or 37) %<,
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2. KinectE[{#%&R KT 5

Kine( ZOFa—kJ)ZILTIEERIZEE-THAT—2EBELET,

[ $rd [ $ roscore j

MEL T, BIDE—2FIL (D42 or 3T)ZEHLT,

Xtion [ $ rosbag play mydesk.bag -I j

$ rd £ L<IE$ rosbag -h

NEEDFEFREL T, ADE—IFIL (7428 or 37) %<,

mydesk.bag (453MB) —  https://www.dropbox.com/s/sn0w59sg81bhzm9/mydesk.bag?dl=0


https://www.dropbox.com/s/sn0w59sg81bhzm9/mydesk.bag?dl=0
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HLWWA—ZF)LT. ROSrEVHETERT B,

[ $ rostopic list

F=EZEHT—EBDOROSKE vy Hpublishanl TLNDZ & FE

ﬂﬂ»jg-%é

[ $ rostopic hz /camera/rgb/image_color

rostopic list
Jcamera/debayer fparameter_descriptions
Jcamera/debayer /parameter_updates
Jcamera/depth/camera_info
Jcamera/depthfdisparity
Jcamera/depthfimage
Jcamera/depth/image_raw

Jcamera/depth/image_rect
Jcamera/depth/image_rect_raw

Jcamera/depth/points
Jcamera/depth_rectify_depth/parameter_descriptions
Jcamera/depth_rectify_depth/parameter_updates
Jcamera/depth_registered/camera_info

rostopic hz fcamera/rgb/image_color
subscribed to [fcamerafrgb/image_color]
average rate: 30.038

min: ©.829s max: 0.037s std dev:

average rate: 30.056

min: 8.027s max: 0.0838s std dev:

average rate: 30.034

min: 9.027s max: 0.038s std dev:

average rate: 30.009

min: 9.027s max: 0.840s std dev:

0.00191s

0.00240s

0.00242s

0.00238s

window:

window:

window:

window:
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Fig
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HLWWA—ZF)LT. ROSrEVHETERT B,

¥ : Xtion+openni2.launch%
BEVLDAIE. H5—EBRDROS
FEYOH
/camera/rgb/image_raw

DT, LL'F. image_colord

9 R Timage _rawlZHEHAE AT
Q== A

7

[ $ rostopic list

S J

7‘:}:2lzfﬁ%—@@i@ROSI~I:°“J775“puins)9/ WA EFHERT D,

[ $ rostopic hz /camera/rgb/image_color /

rostopic list
Jcamera/debayer fparameter_descriptions
Jcamera/debayer/parameter_updates rostopic hz /fcamera/rgb/image_color
Jcamera/depth/camera_info subscribed to [/camera/rgb/image_color]
Jcamera/depth/disparity average F?tE:
Jcamera/depthfimage min:

Jcamera/depth_registered/camera_info

Jcamera/depth/image_raw average r?te:
Jcamera/depth/image_rect min:
Jcamera/depth/image_rect_raw average r?te:
Jcamera/depth/points min:
Jcamera/depth_rectify_depth/parameter_descriptions average r?te:
Jcamera/depth_rectify_depth/parameter_updates min:

30.038
0.029s max: 0.037s std dev: 0.80191s window:
30.056
0.027s max: 0.038s std dev: 0.082405 window:
30.034
0.027s max: 0.038s std dev: 0.80242s window:
30.009
0.027s max: 0.040s std dev: 0.08238s5 window:
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N5—EBRERTYT Do

[ $ rosrun image_view image_view image:=/camera/rgb/image_color j

TIRERERTT %,

[ $ rosrun image_view image_view image:=/camera/depth/image_raw j
# rosrung X

rosrun </ \wHr—U8> <EfFI77AIILE> <avURSAU518>

FEELE/\T—C0HhORTI7ZFAINERITLTNSET,)
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EDa75/4E—23ary—ILDizz 28T 5,

[ $ rosrun rviz rviz j




AIST

$ rosrun rviz rviz

(™) Interact | 787 Move Camera

I Displays

¥ i Global Options
Fixed Frame
Background Color
Frame Rate

¥ v Global Status: Ok
v Fixed Frame

> © Grid

¥ ¥ pointCloud2

» « Status: Ok

- Topic

Selectable

Style

Size (Pixels)

Alpha

Decay Time

Position Transformer

Color Transformer

Queue Size

3 ml

=
)
=

e RICIEEI~1 1,

{7 Select ocus Camera == Measure

camera_depth_frame
M 48; 48; 48
30

oK
=
=

/camera/depth_registered/points
&

Points

4. Style% & 5, Pointsf= &2,

| I |

Style
Rendering mode,

Add
(© Time

10

Reset

ROS Time: |1461228398.69

2. AddZ=V)v o9 5,
PointCloud2%:&iR 9 5.,

order of computational complexity.

ROS Elapsed: |183.68 wall Time:

~ 2DNavGoal @ PublishPoint df =,

1. Fixed FrameZ & %,
camera_depth_frameZi &,

3. TopicZiE 5,

/camera/depth_registered/pointsh\7E,

wall Elapsed: |183.69

W ) 1746 %

@ Views B

Type: | Orbit (rviz) = Zero

¥ Current View  Orbik (rviz)
Near Clip... 0.01
Target Fra... <Fixed Frame>
Distance 7.744
Yaw 3.60858
Pitch 0.105398
» Focal Point  0;0;0

Save Remove Rename
x
] Experimental

4fps
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B9 TROS/\vH —U% 1B,

$ mkdir ~/ros
$ export ROS_PACKAGE_PATH=~/ros:$ROS PACKAGE_PATH

ZOFBET~IrosTALIRILLTDT4LIM)HBROSD/NNRIZINH S,

$ cd ~/ros
$ roscreate-pkg save_pcd pcl_ros cv_bridge
$ cd save_pcd

~/ros/save_pcd&EWLNVSTAL UMM TES, Chbisave_ped/Svir—2 DR,

# roscreate-pkgt& X
roscreate-pkg <EEZD/N\vr—8> <IKETHZN\VT—H>
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4. Kl n ectﬁﬁiﬁﬁ#% _, minimum required (VERSION 2.4.6)

Lude (SENV{ROS ROOT}/core/rosbuild/rosbuild.cmake)

Options are

CMakeLists.txtIZTFEEND—X&xMZA 5,

e od W W W W

rosbuild_add_executable(save pcd save pcd.cpp)

rosbuild init()

#set the default path for ( : 'bin" directory

(EXECUTABLE_OUTPUT_PATH ${PROJECT_SOURCE_DIR}/bin)

t the default path for built libraries to the "lib" directory
t (LIBRARY_ OUTPUT_PATH ${PROJECT_SOURCE_DIR}/lib)

CALMALT, [
.IEICISbU-_lI: EL cutable(save_pcd save pcd.cpp)
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#include <ros/ros.h=

#include <cv_bridge/cv_bridge.h>
#include <opencv2/highgui/highgui.hpp>
#include <pcl ros/iofpcd io.h=>

#include <sensor msgs/image encodings.h>

class SavePCD {

private:
ros::NodeHandle nh;
ros::Subscriber subl, sub2;
pcl::PointCloud<pcl: :PointXYZRGB> input_cloud;
int save count;

4. Kinect ABHZHRET S

5ub1 = _nh. subscrlbe E ‘/camera/rgb/image_color", 1, &SavePCD::image_cb, this);
RDS_INFD ("Listening for incoming data on topic /camera/rgb/image_color ..." );

_sub2 = _nh.subscribe ("/camera/depth_registered/points"”, 1, &SavePCD::points_cb, this);
ROS_INFO ("Listening for incoming data on topic /camera/depth_registered/points ..." };

~SavePCD() {}

//* get points
Save_pCd-Cpp€E< o Void-po;n‘ts I-:bt const sensor_msgs::PointCloud2ConstPtr& cloud ){

if ({cloud->width * cloud-=height) == @)

-F HE h\ B 9\\ rb > D - I: L/—C <1-£é l’ \ o pc{?f:‘::;ROSMsg (*cloud, input_cloud);

~l/ //* sh img and save color img + point cl

V01d image _bt cor::,t sensor msgs Inage(onstFtr& nsg i

htt S:// |thUb.Com kanezakl/ss”zolG tu bridge: :CvImagePtr cv_ptr = cv_bridge::toCvCopy(msg);
torial/blob/master/save_pcd.cpp (v vt cotor ing = cv_ptr-inage;

::imshow( "color image”, color img );
riwaitKey(10);

((input_cloud.width * input_cloud.height)
return;

'y ave
std::stringstream filenamel;

filenamel =< save count << ".png";

cv:iiimwrite( filenamel.str(), color_img );

std::cout =< filenamel.str() =< " saved." =< std::endl;
std::stringstream filename2;

filename? << save_count << ".pcd”;
pcl::io::savePCDFileBinary( filename2.str(), input_cloud
std::cout =< filename2.str() << " saved." << std::endl;
save count++;

usleep( 300000 );

}:

int main( int argc, char** argv }{
ros::init(argc,argv, "save_pcd”);
SavePCD spcd;

ros::spin();

return(@);



https://github.com/kanezaki/ssii2016_tutorial/blob/master/save_pcd.cpp
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sma J

IbinZAILF LLTFIZsave pcdELNVSERITI7AILNTEDS,
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Fig
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[ $ rosrun save_pcd save pcd j
HHLIE
[ $ ./bin/save_pcd j

rosrun save_pcd save_pcd
INFO] [1461229852.848525452]: Listening for incoming data on topic fcamera/rgb/image_color ...
INFO] [1461229852.858923396]: Listening for incoming data on topic /fcamera/depth_registered/points ...

.png saved.
.pcd saved.
.png saved.
.pcd saved.
.png saved.
.pcd saved.

E{% (.png) EmEE (pcd) AL UM TAL IR IZRTFENGR TS D T,
[FAH(Z Ctrl+C LTIESHTLZE0Y,
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F )&
7 :KineticCIXTEZITHAREHY !

$ sudo aptitude install pcl-tools

; C Tlusr/bin/ LT 1Zpcl_viewerFE M A%
5. BREL=Kinect ABHZRHET S

$ pcl_viewer 0.pcd

@ S @ pCD viewer

T —EALT
5 F—F Y &
BHERHEITND,

HELLMELNS (ML) 1
W,
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PCD774I)L% (%
CMakeLists.txtICTEEND—XZFMZ 5,

45U PLY D7 A ILIZT B

[ rosbuild_add_executable(convertpcd2ply convertpchpIy.cpp)]

F{T [ $ make

$ rosrun save_pcd convertpcd2ply 0.pcd 0.ply

convertpcd2ply.cppZiE<.
TiEEhndorao—kLtl
=&y,

|
https://github.com/kaneza
ki/ssii2016 tutorial/blob/m
aster/convertpcd2ply.cpp

eshLab TA U R—h o> RBRTHIROFF



https://github.com/kanezaki/ssii2016_tutorial/blob/master/convertpcd2ply.cpp

BEOFa—KrJT7IL

2. Point Cloud Library (PCL)D{ELG
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UbuntuTPCLD A Ak—IL

e ROSZ#EHT . PCLIEIFAV AR —ILLTHEW=LVAIZZHE DS,

[$ sudo add-apt-repository ppa:v-launchpad-jochen-sprickerhof-de/pcl

$ sudo apt-get update
$ sudo apt-get install libpcl-all

e PCLZEY—XMBbauNAJLLTELM=LAIXIHE L,

$ git clone https://github.com/PointCloudLibrary/pcl
$ cd pcl; mkdir build; cd build

$ cmake ..

$ make

O

%

http://pointclouds.org/downloads/linux.html



http://pointclouds.org/downloads/linux.html
https://github.com/PointCloudLibrary/pcl
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PCLOAXYAM+DFa—k~)7IL

http://pointclouds.org/documentation/tutorials/
« Basic Usage

 Advanced Usage

« Applications

. Featgres ShEIEINZPO>THET,
« Filtering /

e |/O Recognition 4

>

Title: The PCL Recognition API

« Keypoints

« KdTree
 Octree
 Range Images
« Recognition

Author: Tommaso Cavallan, Federico Tombari
Compatibility: = PCL 1.6

This tutorial aims at explaining how te perform 3D Object Recognition based on the pel_recognition module.

s Implicit Shape Model

Title: Implicit Shape Model

° Reglstra‘tlon Author: Sergey Ushakov
Compatibility: = PCL 1.7
® Sam ple CO nsensus In this tutorial we will learn how the Implicit Shape Model algorithm works and how to use it for finding objects centers.
 Segmentation
° Surface Title: Hypothesis Verification for 3D Object Recognition

Author: Daniele De Gregorio, Federico Tombar

¢ Visualization Ml Compatibily: > PCL 1.7
hi This tutorial aims at explaining how to do 3D object recognition in clutter by verifying model hypotheses in cluttered and heavily occluded

L] G P U 3D scenes.



http://pointclouds.org/documentation/tutorials/
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PCLOAXYAM+DFa—k~)7IL

http://pointclouds.org/documentation/tutorials/correspondence

orrespondence-grouping
3D Object Recognition based on Correspondence Grouping

V—UNoREDYFEE, R RIRRICIYVERT S,



http://pointclouds.org/documentation/tutorials/correspondence_grouping.php#correspondence-grouping

AIST

3D Object Recognition based on Correspondence Grouping

F &
1. BODOROSINYS—I%ESD

correspondence_grouping&E L\ & D/ \wr—I%F k5,

$ cd ~/ros
$ roscreate-pkg correspondence_grouping pcl_ros
$ cd correspondence_grouping

CMakeLists.txtIZ TFEENXZEMA B,

find_package(PCL 1.7 REQUIRED)
rosbuild_add_executable(correspondence_grouping correspondence_grouping.cpp)

target_link_libraries(correspondence_grouping ${PCL_LIBRARIES})

E) AIICROSZH{FEHIEKTHOKTT,
ZDEEIPCLAXFa—RN)7ILR—FSF(ZLTLESLY,
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3D Object Recognition based on Correspondence Grouping
FIE

2. BEBIFAIVESoO—FT S

 REITAIL ~

* milk.pcd
https://github.com/PointCloudLibrary/pcl/blob/master/test/milk.pcd?raw=true

* milk_cartoon_all small clorox.pcd
https://github.com/PointCloudLibrary/pcl/blob/master/test/milk cartoon all small clorox.pcd?raw=true

e J—Xa—k ™

« correspondence_grouping.cpp
http://pointclouds.org/documentation/tutorials/ downloads/correspondence qrouping.cpp

N\ J



https://github.com/PointCloudLibrary/pcl/blob/master/test/milk.pcd?raw=true
https://github.com/PointCloudLibrary/pcl/blob/master/test/milk_cartoon_all_small_clorox.pcd?raw=true
http://pointclouds.org/documentation/tutorials/_downloads/correspondence_grouping.cpp
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3D Object Recognition based on Correspondence Grouping
FIE

3. Bko&OA—FZEELTIV/IMIL

#include <pcl/features/board.h>

-#include <pcl/filters/uniform_sampling.h>

+#include <pcl/filters/voxel_grid.h>

#include <pcl/recognition/cg/hough_3d.h>

#include <pcl/recognition/cg/geometric_consistency.h>

- pcl::UniformSampling<PointType> uniform_sampling;
+ pcl::VoxelGrid<PointType> uniform_sampling;
uniform_sampling.setinputCloud (model);
- uniform_sampling.setRadiusSearch (model_ss_);
+ uniform_sampling.setLeafSize (model_ss_,model_ss_,model_ss );
uniform_sampling.filter (*model_keypoints);
std::cout << "Model total points: " << model->size () << "; Selected Keypoints: " << model_keypoints->size () << std::endl;

uniform_sampling.setinputCloud (scene);
- uniform_sampling.setRadiusSearch (scene_ss );
+ uniform_sampling.setLeafSize (scene_ss_,scene_ss_,scene_ss_);
uniform_sampling.filter (*scene_keypoints);
std::cout << "Scene total points: " << scene->size () << "; Selected Keypoints: " << scene_keypoints->size () << std::endl;

& 1E & A Dcorrespondence_grouping.cppl&lst b—

https://github.com/kanezaki/ssii2016 tutorial/blob/master/correspondence grouping.cpp



https://github.com/kanezaki/ssii2016_tutorial/blob/master/correspondence_grouping.cpp
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3D Object Recognition based on Correspondence Grouping
FIE

4. AT

$ rosrun correspondence_grouping correspondence_grouping milk.pcd ¥
milk_cartoon_all_small_clorox.pcd -k -c

HAHLE

[ $ ./bin/correspondence_grouping milk.pcd milk_cartoon_all_small_clorox.pcd -k -c j
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3D Object Recognition based on Correspondence Grouping
WMBABEDRE

=¥ EBRAVMVETE F—RAUMaE TRYVTHE RITEER R PSRBT
o.o. :o &?&'& :: :o {90 o.c. °
e o0 @ <o T e0®0 o ° 50 I
7L e® %, éﬁggﬁ e® %, '@ o %o
K eeo o gpts oo o @o@ :
sl St Sl s -
®e0 o wwz o0 o o@ -
. : &
= i oD .
e R °°°?,
e P N OXNo
H I TOYS LOELE Uniform Sampling SHOT FLANN Houir: 3D

Geometric Consistency (GC)
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3D Object Recognition based on Correspondence Grouping
AOA—F@DEHRBA Q7 EESAET,)

1621TH ~

pcl::
pcl::
pcl::
pcl::
pcl::
pcl::
pcl::
pcl::

PointCloud<PointType>::Ptr model (new pcl::PointCloud<PointType> ());
PointCloud<PointType>::Ptr model keypoints (new pcl::PointCloud<PointType> ());
PointCloud<PointType>::Ptr scene (new pcl::PointCloud<PointType> ());
PointCloud<PointType>::Ptr scene_keypoints (new pcl::PointCloud<PointType> ());
PointCloud<NormalType>::Ptr model _normals (new pcl::PointCloud<NormalType> ());
PointCloud<NormalType>::Ptr scene normals (new pcl::PointCloud<NormalType> ());
PointCloud<DescriptorType>::Ptr model descriptors (new pcl::PointCloud<DescriptorType> ());
PointCloud<DescriptorType>::Ptr scene_descriptors (new pcl::PointCloud<DescriptorType> ());

ETIIL(BRERRYIE) E9—2 RIR) DRELALA,
BAERBEEE, F—RAULRE, ERRINL. TRIVTED
IARTDT—RZRBRATE>TWS,

B4 T Epcl:PointXYZRGBAZ ., SE8FEH 5,
CNYV—AA—FRNTHEEIF161TH ~ (TEL)
typedef pcl::PointXYZRGBA PointType;

typedef pcl::Normal NormalType;

typedef pcl::ReferenceFrame RFType;
typedef pcl::SHOT352 DescriptorType;
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Il
/[ Compute Normals
Il

pcl::NormalEstimationOMP<PointType, NormalType> norm_est;
norm_est.setKSearch (10);

norm_est.setinputCloud (model);

norm_est.compute (*model_normals);

norm_est.setlnputCloud (scene);
norm_est.compute (*scene_normals);

ERRIMLDEFE,
BICHZRTERBFLEBLEISEB O REIIINAWRE,
SEIETRIVVITZDHEDI-HIZBE,



AIST

3D Object Recognition based on Correspondence Grouping
Y —ROA—FDERA (AT RESATZT )

225fTH~

I

/[ Downsample Clouds to Extract keypoints
Il

pcl::VoxelGrid<PointType> uniform_sampling;
uniform_sampling.setinputCloud (model);
uniform_sampling.setLeafSize (model_ss ,model_ss ,model_ss );
uniform_sampling.filter (*model_keypoints);

std::cout << "Model total points: " << model->size () << "; Selected Keypoints: " << model_keypoints-
>size () << std::endl;

uniform_sampling.setinputCloud (scene);
uniform_sampling.setLeafSize (scene_ss_,scene_ss_,scene_ss );
uniform_sampling.filter (*scene_keypoints);

std::cout << "Scene total points: " << scene->size () << "; Selected Keypoints: " << scene_keypoints-
>size () << std::endl;

F—RA DB A,
SEIFBMIZHERIBICE D YT T L-mfid T —RAVbREET S,
(B2EBVPAETF—RAUMAE T 5745, F2EAIFISSEMNPCLIZEEIN TS, )
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/l

/[ Compute Descriptor for keypoints

/l

pcl::SHOTEstimationOMP<PointType, NormalType, DescriptorType> descr_est;
descr_est.setRadiusSearch (descr_rad );

descr_est.setlnputCloud (model_keypoints);
descr_est.setinputNormals (model_normals);
descr_est.setSearchSurface (model);
descr_est.compute (*model_descriptors);

descr_est.setlnputCloud (scene_keypoints);
descr_est.setinputNormals (scene_normals);
descr_est.setSearchSurface (scene);
descr_est.compute (*scene_descriptors);

EX—RAVEEDYDTRY)TEDHE,
S [EIESHOTEE R FEHET B,
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I

/' Find Model-Scene Correspondences with KdTree
Il

pcl::CorrespondencesPtr model _scene_corrs (new pcl::Correspondences ());

pcl::KdTreeFLANN<DescriptorType> match_search;
match_search.setlnputCloud (model_descriptors);

/I For each scene keypoint descriptor, find nearest neighbor into the model keypoints descriptor cloud
and add it to the correspondences vector.

for (size_ti = 0; i < scene_descriptors->size (); ++i)
{
std::vector<int> neigh_indices (1);
std::vector<float> neigh_sqr_dists (1);

(&)
FLANNIZ KA TRITEERIZKY .. ISR ESEZ5E5,
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Il
/I Actual Clustering
Il

std::vector<Eigen::Matrix4f, Eigen::aligned allocator<Eigen::Matrix4f> > rototranslations;
std:.vector<pcl:..Correspondences> clustered_corrs;

I/l Using Hough3D
if (use_hough )

{
I

/I Compute (Keypoints) Reference Frames only for Hough
I

)

DRV TICKYERDYEDREEETH. LEEODFENERD,)

Hough; F. Tombari and L. Di Stefano: “Object recognition in 3D scenes with occlusions and clutter
by Hough voting”, 4th Pacific-Rim Symposium on Image and Video Technology, 2010.

GC: H. Chen and B. Bhanu: “3D free-form object recognition in range images using local
surface patches”, Pattern Recognition Letters, vol. 28, no. 10, pp. 1252-1262, 2007.
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The CloudViewer
http://pointclouds.org/documentation/tutorials/cloud viewer.php



http://pointclouds.org/documentation/tutorials/cloud_viewer.php
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1 _LSD-SLAM Ubuntu 16.04 Tl
hitp-//vision-in-tum-de/researchivslamfisdslam BEENSEIMNT,
httns://github.com/tum-vision/lsd—slam Ubuntu 14.04TlZ

J-Engel T-Sehops; D-Cremers FKEENFEREFATT .

2. ProjectinSeg
http://campar.in.tum.de/Chair/ProjectinSeg
K. Tateno , F. Tombari, N. Navab
When 2.5D is not enough: Simultaneous Reconstruction, Segmentation and
Recognition on dense SLAM
IEEE International Conference on Robotics and Automation (ICRA), 2016

RGB-D {%E]\jjtb dense SLAM%L/tih\b't’g)‘/T /a/tnm\néﬂzé‘fﬁ-ao
XK NFSNTHA—RTIEET A T—23VFT


http://vision.in.tum.de/research/vslam/lsdslam
https://github.com/tum-vision/lsd_slam
http://campar.in.tum.de/Chair/ProjectInSeg
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(2) ProjectinSeqg

K. Tateno , F. Tombari, N. Navab

When 2.5D is not enough: Simultaneous Reconstruction, Segmentation and
Recognition on dense SLAM

IEEE International Conference on Robotics and Automation (ICRA), 2016
http://campar.in.tum.de/Chair/ProjectinSeg

1. V—AOEHra—k
[ $ wget http://campar.in.tum.de/personal/tateno/IROS2015/InSeg.zip ]

$ unzip InSeg.zip

2. a2\ 1)L

$ mkdir InSeg/buildLinux/
$ cd InSeg/buildLinux/

$ cmake ..

$ make

3. E1T

$ cd InSegTest
$ ../../bin/InSegTest



http://campar.in.tum.de/Chair/ProjectInSeg
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(2) ProjectinSeqg

K. Tateno , F. Tombari, N. Navab

When 2.5D is not enough: Simultaneous Reconstruction, Segmentation and
Recognition on dense SLAM

IEEE International Conference on Robotics and Automation (ICRA), 2016
http://campar.in.tum.de/Chair/ProjectinSe

AlE® g /B iR EsemM® X ¥ X

FrameIndex 356:
-0.49934 0.300009 -0.81281 -282.534
-0.335199 0.798189 0.500543  788.827
0.798942 0.522386 -0.298001 -1669.02
0 0 0 1
FrameIndex 357:
-0.512205 0.30198 -0.804027 -260.41
-0.326624 0.797324 0.507542 807.146
0.794335 0.522573 -0.309755 -1713.36
0] 0 0 1
FrameIndex 358:
-0.520242 0.300435 -0.799433 -246.26
-0.329472 0.793012 .512434 836.416
0.78791 0.529974 -0.313569 -1753.4
0 0 0 1
FrameIndex 359:
-0.531494 0.291246 -0.795422 -221.807
-0.336121 0.789427 .513649 861.878
0.777523 0.540352 -0.321678 -1776.39
0 0 0
FrameIndex 360:

1s
/ Makefile cmake install.cmake map.ply



http://campar.in.tum.de/Chair/ProjectInSeg
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Kinect Fusion
https://msdn.microsoft.com/en-us/library/dn188670.aspx

DR XY (ZRTEER) 9 HKinect for WindowsD AR 7T,

Ubuntu+PCLTOEIEIN R (201645 IR )
OpenNIHR—MMET DFE D, Kinect VI TIIEIM A oT=HS,
XtionTIXEIL V=,

CUDAZ A ARb—JLE. FTEEDESYPCLEZEY—AMBHaV/N\(MILLTHERA,

O\ JL

$ git clone https://github.com/PointCloudLibrary/pcl

$ cd pcl; mkdir build; cd build

$ cmake -DCMAKE_BUILD_TYPE=Release .. -DWITH_CUDA=ON -DBUILD_GPU=0ON
$ make

=17
[ $ ./bin/pcl_kinfu_app j



https://msdn.microsoft.com/en-us/library/dn188670.aspx
https://github.com/PointCloudLibrary/pcl
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4000

T

l 1200

object label 10

512 filters of
stride 1

160 filters of

stride 2

48 filters of
stride 2

.....

f.13
fanas|
: H

T

3D voxel input

SDMARB D =B

3D ShapeNets: A Deep Representation for Volumetric Shapes
Z. Wu, S. Song, A. Khosla, F. Yu, L. Zhang, X. Tang, and J. Xiao. In CVPR 2015.

13

N AX] FRI IMINSITTIL ™
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151,128 3D CAD models belonging to 660 unique object categories %

30x 30 x 30DRIEILT—RIZEHL T, Deep Learning TEE,
Light Field descriptor [Chen et al. 2003], Spherical Harmonic descriptor [Kazhdan et al. 2003]
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3DYARRRF D =T ENA]
« FLUR=KREL
ex.) SUN 3D [J. Xiao et al. 2013], SUN RGB-D [s. song et al. 2015]
TA—T 53—V 0 & TIIEKRBET 2 VAR E,
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Figure 3. Space coverage. Top view of the reconstruction results
to illustrate the typical 3D space covered by four different datasets
at the same physical scale (meters). (a) RGB-D Object dataset
‘ | g e ? [13]: multiple views of a small object; (b) Berkeley 3-D Object

‘ A{m b PR ot lml [11]: one view of a scene; (c) NYU Depth [20]: one corner of a

room; (d) Ours: a full apartment including bedroom, living room,

[1: I ] [11] NYU [20] SUN3D (ours) kitchen, and bathroom.
J. Xiao, A. Owens, and A. Torralba. SUN3D: A Database of Big Spaces Reconstructed using SfM and Object Labels. ICCV 2013.
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3DYARRRF D =T ENA]
« FLUR=KREL
ex.) SUN 3D [J. Xiao et al. 2013], SUN RGB-D [s. song et al. 2015]
TA—T 5=V & TIIEKRBET—2 VBB E,

Ed

CADETILEDAIT—4 RGBDt Y TCigrgELI-ET—4

Choose a faxonomy.

plane

Shapenet [Chang+, 2015]
http://shapenet.cs.stanford.edu/

SUN3D [Xiao+, 2013] Large Dataset of Object Scans

[Choi+, 2015]
[recruited 70 m



http://shapenet.cs.stanford.edu/
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« FLUF=KHRIEL
eX.) SUN 3D [J. Xiao et al. 2013], SUN RGB-D [s. Song et al. 2015]
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Learning Analysis-by-Synthesis for 6D Pose Estimation in RGB-D Images
A. Krull, E. Brachmann, F. Michel, M. Y. Yang, S. Gumhold, and C. Rother, in ICCV, 2015.
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Semantic Pose using Deep Networks Trained on Synthetic RGB-D

Jeremie Papon and Markus Schoeler, in ICCV, 2015.
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fhiz$...

Render for CNN: Viewpoint Estimation
in Images Using CNNs Trained with

Rendered 3D Model Views. H. Su, C. R.
Qi, Y. Li, and L. J. Guibas, in ICCV, 2015.

' Qg (—> Viewioints | Viewi)oints

¥ > Render Convolutional Neural Network

{;..ms \ | i

3D Models Synthesmed Images Real Images

Trammg Image Synthesis and Training _ Testing

o RARAUTH—FKMDshapenetZ {5 FH
http://shapenet.cs.stanford.edu/

o 1EZHDHASEE6, 0, P)EHNT S
CNNZZEE

* PASCAL3D+THIFIRH & EBHTERE
Z &

;D ExFTEN A

Learning Deep Object Detectors from 3D
Models. X. Peng, B. Sun, K. Ali, and K.
Saenko, in ICCV, 2015.

3D WarehouseD3DETILZ{E A
https://3dwarehouse.sketchup.com/

object texture, color, 3D pose, 3D shape,
background scene texture and colorZz & X
synthetic variancelZd& > TinvarianceZ 15

etc.
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https://3dwarehouse.sketchup.com/
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