3rd Place Solution to NAVER LABS
Mapping & Localization Challenge 2020: Outdoor Track

MIZCl &t Robotics and Computer Vision(RCV) HTt

A2, delE, 2], 2|31

SR k" = [H ol 3m| p ]
REDY o
= SEJONG an';::sn‘f Sejong RCV




IVisuaI Mapping & Localization

=

~
~~

& -
Huyy - &
uwy HIE MOy B
yuaas
2928
w 4Bz
*
(EFi ] W NsZEua ue
gMgael X
ol LRt
E2} TRt chir
) A
W e
PR E]
1y
e, = EEES Ry
s, i 101 BURIE
b A y (] usYLY
b wgy
e
A pEaRs # 8o
s Fojupe EELERE S OpAE AR
PRE2Z O os LT FHE
w oAx|
U
*
- Agdaa 268

suwgy X AECHOLD SRl
T s¥aY - =
3889/ [ Fpzsaa
wgton
® Al -
teEeas HEHR2MZ
u
W= DE L] 2
9% A-,\"i\\‘
I - 2 yua
LR
L] s
fera1gx) B8
- (L0
eI AN sjee|as

LEREL]

o{@io]
e

At

~1\%
LEE
B ey
"
S828
. eeiyy
EEETS

soud

L]
Mgyt

OROIARFXIY



IVisuaI Mapping & Localization

&, N TG U7 fawwy
Huuy - » %%*" A
By Ao &L Y e )
yiSan % PR BES|
2928 (L.
" ABzsUR S8R
LR " 2 g L w
NEEEUR 2 - 653
Mg ENYY s
" Faus Hedde =
M . = eeuy
E2 TR cheia o
) aAnat &
" ELL]
Mya e "

"
Ao
us

101 BURE
- Wy

A prADe " sz
2xzEoE Ym0t e

INE 122 1026 (L FREY
- X

L]
NEyyLet

-
- A2
AIB SR Ciet e

(L]

s3ue 1y o ':4
Naey 3 2
. BESUD
- ety

PEETFERTE

T ELE

-
ELER CE TR
1 w

REEE

L
tef2ictx B8

- (L0
sierelas)
o{@io]
e

OROIARFXIY

sfolE @0




IVisuaI Mapping & Localization

-
Huyd = éu
Fuwy HIB OISt
h
1328 e
EMgas
T
2xwy T8
oy o
& ey, S
ydas )8
7 "
g, = AmomeE
I@’v-, 1Y
< us
h
LN
FATEOIE |

*XE122

L]
MEHyLiet

=
- AR 253
EELELE]

= qED
HerEEn
=
HEHSRUZ

] ] s
2 | =
L] s
fera1gx) B8
- W
lizg  BHUNNAN slerRIas

(R

LEREL]

OROIARFXIY

mTEES




I NAVER LABS Mapping & Localization Challenge

NAVER LABS
Mapping & Localization
Challenge
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NAVER LABS Mapping & Localization Challenge
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Place Recognition Pose Estimation

Global Descriptor

NN Search
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Place Recognition
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Place Recognition

Global : : . > For
pescriptor  NETVLAD : CNN architecture for weakly supervised place recognition 14,19
Image Convolutional Neural Network NetVLAD layer
N A T idm
o soft-assignment _______ " VLAD
i ; Ef:;’:;‘;zl > SoR-max ; num’laLI?zatiun : e

e e e e s -  —
1:4. } :

. _\;_ intra- I

WxHxD map interpreted as normalization :
MxD lacal dEEClip{ﬂl’E x \

(a) Mobile phone query (b) Retrieved image of same place

[1] NetVLAD: CNN architecture for weakly supervised place recognition
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Place Recognition

Global NetVLAD : CNN architecture for weakly supervised place recognition

Descriptor

recall@10

recall@5

recall@1

0.5m/2.0°

1.0m/5.0° 96.404 97.83 97.88
5.0m/10.0° 100.0 100.0 100.0
0.5m/2.0° 32.08 36.64 39.88
1.0m/5.0° 86.6 89.11 90.16
5.0m/10.0° 100.0 100.0 100.0

[1] NetVLAD: CNN architecture for weakly supervised place recognition



—

Place Recognition

SuperPoint & SuperGlue
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Detector & Descriptor SuperGIue

Deep Front-End Deep Middle-End Matcher

[2] SuperPoint: Self-Supervised Interest Point Detection and Description
[3] SuperGlue: Learning Feature Matching with Graph Neural Networks




I Place Recognition : Result
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I Place Recognition : Result
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Pose Estimation

Place Recognition

Global Descriptor

©

NN Search

Global Descriptor Re-ranking
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Pose Estimation
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Pose Estimation

PnP
algorithm

SolvePnP : Estimate the orientation of a 3D object in a 2D image

Camera
coordinate
system

SolvePNP

[4] Opencv - Real Time pose estimation of a textured object
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Pose Estimation

I Pose Estimation
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Pose Estimation

zlgzrithm SolvePnP : Estimate the orientation of a 3D object in a 2D image

Dataset Metric recall@1 Dataset Metric recall@1
0.5m /2.0 0.5m /2.0
1.0m /5.0 96.404 1.0m/5.0° 100.0
5.0m/10.0° 100.0 5.0/10.0° 100.0
0.5m /2.0 32.08 0.5m /2.0 98.71
1.0m /5.0 86.6 1.0m/5.0° 99.51
5.0m/10.0° 100.0 5.0/10.0° 100.0

PnP LI2|ES S5HM I8t Poses 0.5m O|LHOIA 99%2] MSS LiEHS
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Visual Odometry
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I Visual Odometry
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Visual Odometry
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Conclusion

Dataset 0.5m/2.0° 1.0m/5.0° 5.0m/10.0°

Our 44.00% 58.00% 68.00%

ok
Baseline 24.00% 42.00% 52.00%
Our 82.00% 86.00% 92.00%

ool
Baseline 30.00% 54.00% 72.00%

*Baseline : R2D2(tuned) + NetVLAD
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Thank you for attention
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Jiwon Kim, TaeJoo Kim, Yujin Hwang, Yukyung Choi
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jwkim, yjhwang, tjkim, ykchoi@rcv.sejong.ac.kr GitHUb

Visit to our GitHub! : https://github.com/sejong-rcv/SejongRCV-Outdoor
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