0OS16: TJETEI/‘I'\T/I’ DX ET—ATEONTa TR
Dik - TENEE - SLSAIFE~

AEFEZAVEORY bFES—S3>

2022/09/06
RRIEXRF wlG&HF




Ry MFEAS—S g Il

A. Kanezaki, J. Nitta, and Y. Sasaki. GOSELO: Goal-Directed Obstacle and Self-Location Map for Robot Navigation
using Reactive Neural Networks. IEEE Robotics and Automation Letters (RA-L), Vol.3, Issue 2, pp.696-703, 2018.
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® A*IEZR [Hart+, 1968]
B 51O NSEDILE
B 1 —URSTo v IR ZEEA
B SR OROMMRIESNTULD

K AAAMDOXNSE. A AXER [HEE: Wikipedia]
B OSTEDE ) —RnDIAMMDEE :

f(n) = g(n) + h(n)

Starth'S5nE THEIRX KT Tnh'5GoalEZ TOHFEIX
) EHRIEEH

Xh(n) = 0CHAIRARTEIC—ER
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® Probabilistic Roadmaps (PRM) [Kavraki+, 1996]
mH> T IOR—-X
B (1) ERHMSSAHACEZ (IE<EA) B>TU>TUL
B (2) REOEZEHEICKID T Y B
B (3) Roadmap (FJ=7T) TRk
B (4) AXEREZEDODIT S ITERTZIL IV A LAZBERIT D

‘. [ 2 -
L R

[H8E: Wikipedia]
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® Rapidly-exploring Random Tree (RRT) [LaValle, 1998]
[LaValle&Kuffner, 2001]

m 5> T ONR—-X

B (1) ZEANSSAALCRZE (—RET) B>TJUZoU

B (2) TORNSTmEIEL — R7ZEIR

B (3) (2Q)DES(1)DRDAMEICHDIEBHEA IZRZHT/ — KRB
B (4) starth'5goal X THEN D JEhFR CTTreeTThk

m (5) $/— R&EWLS T Z & TPathz il

Xstart&Egoal ZXRBIGEIRLU TR ZMIE UL TCWLW BEEDD

(Bi-Directional RRT, Bi-RRT)

bt

[LaValle, 1998]
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B RBENYMA
B B EHETEDRKE
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B etc.

® gﬁ'ﬂ:"u‘jj ) } \Z F'léfd)ﬁﬁ{% D. Gandhi, L. Pinto, A. Gupta. Learning to Fly by

B 2B )R AE ) Crashing. In IEEE/RS) IROS, 2017.
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Asako Kanezaki, Jirou Nitta, and Yoko Sasaki. GOSELO: Goal-Directed Obstacle and

Self-Location Map for Robot Navigation using Reactive Neural Networks. IEEE
Robotics and Automation Letters (RA-L), Vol.3, Issue 2, pp.696-703, 2018.

® 2DHINZEFRE U TCCNNICAD L. BEIANESHEZLELLTENT D,
o AR CHENT — A ZEIRICER LT,

Output:
probability

environment map

'S”‘ >§* 2 g

Input: candidate
sub-regions of the map directions
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Ryo Yonetani, Tatsunori Taniai, Mohammadamin Barekatain, Mai Nishimura, and Asako
Kanezaki. Path Planning using Neural A* Search. International Conference on

Machine Learning (ICML), pp. 12029-12039, 2021.

n)=gmn)+hn
yTEArESLmpsy, D = 9@ +h(®)

g(n)ZiEk T 2 IR MEAZZCNNTEE I D

A*D_J — BRI Z RS UERIE

RIRIRICIRST . & hDMINT —FZFEITDET
E bONESRK DIRRIEETEI G ] HE(C |

(3) Update the encoder via back-propagation

Problem instance Encoder Guidance map Differentiable A* module

I (i u TR

(1) Produce guidance map (2) Perform A* search iterations

(a) Input Neural A*
(b) Input Human trajectory Neural A*
Search history Ground-truthpath  Neural A*'s path
)
Loss
> L
Backtrack
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® PRM-RL [Faust+, ICRA’18]
B Global Planner:
PRM CH#F &1 IH]
B Local Planner:
nR{ L F & CHEIENE

INDOOR NAVIGATION ?RM-RL

BELOW: LIDAR DATA, ROBOT'S INPU
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® R -RRT [Chiang+, RA-L'19]

— 1. [E=EY)EhE#ELocal Plannerds@{t=3

2. [EEYZZEUCRLE G IEEZRRDFESE

3. TOMTEMEZIERRENE USERRTOBY > T U >

~HH#g : RRTZIJILIUX s~

> (1) ZEEMSSAMLCRZEZSTUT0
(2) 2O BSREIRV. — RZER

= (3) (2)DOm=h5(1)DRDFA M Dbk E

IRz — REUTEN

(4) starth5goal ETHEMN D Iz 5TreeThk

(5) R — RZ&il> T Z & TPathZzift
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Kei Ota, Yoko Sasaki, Devesh K. Jha, Yusuke Yoshiyasu, and Asako Kanezaki. Efficient
Exploration in Constrained Environments with Goal-Oriented Reference Path.
IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS), 2020.

® GOSELO (FAFEAI®) Z=i#isR L CTWaypointsZz /] - N
o e o o H> T )LzhERUP

® WaypointsZz3ITED . RDITENIZ R DHITHE Z @ b FE T D ‘TL'”S'V—UP

o HWLEZHDIRIC. Waypoints(TADESUVEIRENCINZ S ’

ZZHIG RIEEHE A EER 2B (L FIET R
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Keisuke Okumura, Ryo Yonetani, Mai Nishimura, and Asako Kanezaki. CTRMs: Learning to
Construct Cooperative Timed Roadmaps for Multi-agent Path Planning in Continuous
Spaces. Int. Joint Conf. on Autonomous Agents & Multiagent Systems (AAMAS), 2022.

Offline Trainin
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1. GOSELO [Kanezaki+, RA-L'18]
RIS TBIOHE D ZREFE T EMD”

2. Neural A* [Yonetani+, ICML'21]
RIsa T HD— B ZREFE C'ESTHUR D"

3. PRM-RL [Faust+, ICRA'18]
xisa B CORBERICFE X "tHAHAEHED”

4. RL-RRT [Chiang+, RA-L'19]
fersa T E (OREH(EFEZ "FIHT D"

5. Efficient Exploration [Ota+, IROS'20]
RIgsTEZ R EREFE (" FIRAT D

6. CTRMs [Okumura+, AAMAS'22]
SJIVFI—>2 1> MMEESTHE + REFES

BUL\FZzEFINeORY b
-- generated by Midjourney
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® Point-goal navigation: d—JLEENS5Z 5N3

[Wijmans+, ICLR20]

® Image-goal navigation: d—JLOEEN S5 X 5N 3
[Chaplot+, CVPR'20] [Zhu+, ICRA’17]

® Room-goal navigation: Jd—JL=8E (HFE) ""5X5n3

[Wu+, ICCV'19]

® Object-goal navigation: J=J)L=¥& (BFE) I"5X5N3D

[Anderson+, 2018] [Batra+, 2020] [Ramakrishnan+, CVPR'22]

® Audio-goal navigation: d—JL=8EZFE9

[Chen+, CVPR’21] [Chen+, ECCV’20]

cf.) Visual Exploration: #XRSI XD (H/)\—&B

H

DI~ =% 5T4ih)

[Ramakrishnan+, ECCV’'20] [Liu & Okatani, CVPR'22]
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® Matterport3D

https://niessner.qgithub
.io/Matterport/

® Replica

https://github.com/facebookr
esearch/Replica-Dataset

® Gibson

http://gibsonenv.sta
nford.edu/database/

etc.



https://niessner.github.io/Matterport/
https://github.com/facebookresearch/Replica-Dataset
http://gibsonenv.stanford.edu/database/
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» Habitat- Lab https://github.com/facebookresearch/habitat-lab



https://github.com/facebookresearch/habitat-lab
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» AIZTHOR https://ai2thor.allenai.org/

@33’)

Physics Object Manipulation State Changes
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Raphael Druon, Yusuke Yoshiyasu, Asako Kanezaki, and Alassane Watt. Visual Object
Search by Learning Spatial Context. IEEE Robotics and Automation Letters (RA-L),

Vol.5, Issue 2, pp. 1279-1286, 2020.

® HIRTIT TR, EHHEMNS
DOYFEERERZE T U R
FXrU. EVMAERET )LD
K& DWord2VeddB{E %=
zcuk UfzContext Gridz
AT B ET,

® RAWNAZ BIRFRBIEETR
ObjNavFEZIR_RELUZ,

(a) YOLO output

(b) Context grid (16 x 16)

Preprocessing

-

RGB Frame

YOLO

Target word

"Bread"

N\

~

Resnet50

(Pretrained)

Bounding box

Word2Vec

IContext
Grid

A

(Pretrained)

/

FC

512

Conv2d Conva2d

Ix3 5x5 .

8 filters 16 Em;ﬁ‘:'"g
filters
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Rui Fukushima, Kei Ota, Asako Kanezaki, Yoko Sasaki, and Yusuke Yoshiyasu. Object
Memory Transformer for Object Goal Navigation. IEEE International Conference on
Robotics and Automation (ICRA), 2022.

Feature Extractor Object-Scene Memory Transformer Controller
o= Spn e : B
£
: —® (i Add & Norm pE I_—,
9, . [ Feed Forward J -

- Network L[] HEN

Scene v, ( ) /_l__\ i “Rotate Right”

\ J [ Feed Forward | .
Visual Features : e — [ Multi-Head ]
Detected objects . M {) — R

W = {wl,w:z, W‘3}

|Add&-N¢rm e — 1
|_Add & Norm 4

Multi-Head
¢ Attention Multi-Head
Attention
— A

| \_

.

Wy

Target object
Wy (“Laptop”)
ﬁ T,

91 Object Grid Object Semantics Encoder fonc Decoder fye,
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