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Computer Visual & Autonomous 3D/HD

: Deep
5G Brainless Vision / Sensor-fusion

Robot Robotics Reinforcement

Learning

3D Vision Localization Driving Mapping

CREATING NEW CONNECTIONS

BY ADVANCING TECHNOLOGY

NAVER LABS is an R&D subsidiary of NAVER responsible for future technology. Its world class researchers in
Korea and Europe create new connections between people, machines, spaces and information by advancing
technology in Al, robotics, autonomous driving, 3D/HD mapping and AR.



connect NAVER to PHYSICAL WORLD

High performance sensors, Al, robots, and autonomous driving technologies are approaching
a critical point of popularization, tearing down the barrier between physical and virtual spaces.

Even with the continuation of NAVER's core business of connecting information and services,
its aspects, channels and even methods will be rapidly redefined.
As such, our current endeavor is putting forward the core technologies
and differentiated platforms, and developing/procuring them.
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Mobile

Augmented Reality
Indoor space
Sidewalk

On-road
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1st Step, Mapping
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Machine Readable Localization Path Planning
3D/HD Map
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Roadmap
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Seamless 3D/HD Spatial Data
(indoor, outdoor & on-road)

O
“ R

Autonomous & Intelligent
Machine Platform

Natural Human-machine
Interaction



M1

Indoor 3D/HD Mapping Robot







M1 & COMET

<M1/M1X> <COMET>






Visual Localization

Finding location by image
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Map Cloud — AROUND Platform

Action ! 1 Sensor Information
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No Laser Scanner

2017 2018 2019

Cheap LiDAR No LiDAR

AROUND B AROUND G AROUND C
Book Delivery Robot Guide Robot with AR Navigation Café Delivery Robot



Deep ReinfQ

Superior autonom@
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Indoor Sidewalk
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Proprioceptive actuator - Paradigm shift







I 2z, NAVER LABS

QK

MIT Mini-Cheetah
Workshop eiros 2020
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Precise Localization Global Route Planning Perception

More precise localization More effective route planning Advance prediction of key recognition
achieved via HD maps in complex city centers objects using HD map data
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$F2AR 7|4t 3D/HD Of
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2D road layout data

True orthophoto
generation

QB” I %‘ Machine readable feature

Feature
extraction

Point cloud data
registration

3D road layout data
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Perception
Camera / RADAR / LIDAR / HD Map / Sensor Fusion




Full Spectrum of Autonomous Driving
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Autonomous Everywhere, Everything, Everyday

Indoor Autonomous Quadruped Robot = On-road Autonomous
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A-CITY

Autonomous Everywhere Everything Everyday
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Cloud Robotics

Al for Robotics Natural HRI
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5G Brainless Robot

Technology that lets the cloud act as the robot’s brain

NAVER

CLOUD
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(Mobile Edge Computing)
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(Motor Control Unit)



Whole Brain

86.06 + 8.12 B neurons
1508.91 £299.14 g 8461 + 9.83 B non-neur
170.68 + 13.86 B cells

099 nonneurineurons Cerebral cortex (GM+WM)

123293 +23368¢
7718+ 7.72Bcells

16.34 £ 2.17 B neurons
60.84 + 7.02 B non-neur
3.76 non-newhewons

81.8% of brain mass

19.0% of brain neurons

A o §\¢ Cerebellum
SR Y 15402+ 19.29¢

& Ak 85.08 + 6.92 B cells

| 69.03 + 6.65 Bnewons

Rest of brain
11766 + 45.42 g
842+ 1.50Bcells

0.69 £ 0.12 Bneurons
7.73+ 1.45 Bnon-new
11.35 non-neur/neurons

7.8% of brain mass
0.8% of brain neurons

16.04 £ 2.17 Bnonnew
0.23 non-neur/newons

10.3% of brain mass

www.suzanaherculanohou zel.com/lab
modified from Azevedo et al., J Comp Neuw ol (2009)




Advantages of the 5G brainless robot

The primer for the popularization of service robots

Cloud-based Connect externally to H|gh-perf°rmance'

. . high-performance processing power hiah-precision control
Multi-robot simultaneous control REdUCE pOWEI' consumptlon regagdles':s’ of robot’s physical size
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Big Data Processing

Edge Cloud
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A Set of Technological Convergence Bidg.




Pilot Test for HRI

(Human Robot Interaction)
@ GreenFactory
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Intimate 0.45m

Personal 1.2m

Social 3.5m

Public
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Autonomous Delivery Robot
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No LiDAR — H|H 7 [Hl =]

HW/SW 2l
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AROUND zero

Applications

Delivery, Security, Guidance, etc.

DRL & HRI based Agent
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Mobility

Pick & place




AMBIDEX

A robotic arm with mechanisms analogous to a human arm Axis1 Motor1
\//Q //
// /

Unique Cable-Driven Mechanisms

7 degrees of freedom, much like the human arm

Innovative mechanism to increase strength and power in all joints Motor 2
Light but Strong
Joints lighter and more flexible than the human arm
Safe even while operating with speed and precision
%

Axis 6 .
- s Motor 3
Weight: 2.63 kg \D \
Based on drive part for one arm; 6.8 kg including body / Axis 3

Speed: max. 7 m/s
Load: max. 3 kg
Motor 4,5,6,7

Axis 4

Axis 5
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Physical Intelligence
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NAVER LABS Haptic Device 1.0

Human Scale Device
7 Degrees of Freedom
Bilateral Teleoperation

Hierarchical Control

1:1Task Space Mapping




Bilateral Teleoperation
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Control

Bilateral Operation

Feedback

<Haptic Device> <AMBIDEX>

Reference for Task Learning
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Bilateral Teleoperated
Haptic Device
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(Real-world Interface Data)
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