10.1. LiDAR sensor

[0 Localization completion of LiDAR sensor core parts (TRL 7)

Lidar Sensor Core Technology
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10.1. LiDAR sensor

[1 Line-up

— Autonomous Vehicle / ADAS —

ADAS / Industrial (Safety, Security, Robot)

Model VL-R16 Model VL-R330 Model VL-L1

No. of Channels 16 Channels No. of Channels 1 Channel No. of Channels 1 Channel

Light Source Eg:—rg:fety Class 1 Light Source lggf(insr:fety Class 1 Light Source IZ?/S—%I:fety Class 1
HFOV & Resolution 145° /0.125° HFOV & Resolution 330° /0.25° HFOV & Resolution -

VFOV & Resolution 9.6°/0.6° VFOV & Resolution - VFOV & Resolution -

Scanning Frequency 30Hz(Max) Scanning Frequency 15Hz(Max) PRF 40Khz

Model VL-R2

No. of Channels 2 Channels

Light Source Eg:g?fety Class 1
HFOV & Resolution 120° / 0.25°
VFOV & Resolution 3°/3°

Scanning Frequency | 15Hz(Max)

Detection Range

Up to 150m (Max)

Detection Range

Up to 100m (Max)

Detection Range

Up to 200m (Max)

Detection Range

Up to 100m (Max)

Operating

Operating

Operating

Operating

- A0 ase A0 - are 40C ~ 85C
Temperature 40C - 85C Temperature 40C - 85C Temperature 40°C - 85C Temperature

Input Voltage 10~32V DC Input Voltage 10~32V DC Input Voltage 10~32V DC Input Voltage 10~32V DC
Dimension(mm) 127(W) x 90(D) x 78(H) Dimension(mm) 66(W) x 78 (H) Dimension(mm) 54(W) x 54(D) x 38(H) Dimension(mm) 102(W) x 65(D) x 57(H)

Field of Application

ADAS, Autonomous
Vehicle(Level 2, Level 3)

Field of Application

Safety, SLAM, Drone,
Robot

Field of Application

Safety, SLAM, Drone,
Robot

Field of Application

ADAS, Safety, SLAM,
Drone, Robot
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10.1. LiDAR sensor

O Introduction : 16ch Scanning LiDAR o - QPHESENG carhav

= Development of LiDAR sensors that provide distance and
space information on target objects and structures in front
of driving environment

= Development of 3D LiDAR Sensors for Autonomous Vehicles
and Industrial Applications

= Low Price Realization through Localization of Core Parts

-LD/ APD / BLDC motor / Signal Processing IC,

Object Recognition IC e g CP LEHEe . - carnavi

Laser source: 905nm PLD

Distance Range: to 100m

FOV: 145°(H) x 10°(V)

Angular resolution: 0.125°(H) x 0.625°(V)
Range Precision: < 10cm

Frame rate: 30Hz

Ingress Protection: IP67

Object Recognition
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10.1. LiDAR sensor

[ Introduction : 4ch Scanning LiDAR

= Applied to [Platform Screen Door System|

cami .L0m
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Applied to [Platform Screen Door System|
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10.1. LiDAR sensor

[0 LiDAR sensor Manufacturing facility

= Simplifies and underpriced structures using a single light source
= Application of domestic technology from optical design to signal processing technology (95%)

= Completed production line establishment and secured reliability

@ SMT LINE

S

=
-

S

=
1

T
=
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= |ogistics route

(Raw material & Complete product)

“=> Worker Movement Path

Temperature:: 21°C = 1°C
Humidity : 50% £ 3%
CLASS 1,000

Capacity

ETCS (226 Point Criterion)
- 1hr : 292Board

- 8hrs : 2,336Board (46,720 board/month)
- 16hrs : 4,672Board (93,440 board/month)

- 24hrs : 7,000Board

(140,000 board/month, 1,680,000 board/year)

(o] i mﬂmT
N
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= 2 14 e 32| (FPGAZIEH

= ZHF|01A] Z-8 ASIC(FGPA+CORTEX M3)
* Laserdiode 7-57|=
* Lidar 53} BLDC 2F

* 905nm BPF

i I ]
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10.1. LiDAR sensor

[0 Road map

PoC
Development

16Ch 145° Scanning
Autonomous vehicle, ADAS

1550nm Scanning LiDAR
Autonomous vehicle, Marine LiDAR

* PoC : Proof of Concept

Product
Launching

4Ch 90° Scanning 2Ch 120° Scanning 1Ch LRF 1Ch 330° Scanning 4Ch 120° Scanning
ADAS, Robot ADAS, Robot ADAS, Robot, Safety ADAS, Robot, Safety ADAS, AGV, Safety

! é l l l >

2020.12 2021.5 2021.6 2021.9 2021.11 2022.12
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10.1. LiDAR sensor

[0 Development of technology

MEMS Mirror

Micro Electro Mechanical Systems

-

VCSEL

Vertical-Cavity Surface-Emitting Lasers

m——
Self-sweeping
Laser
TR M, — HCO Mirrer
- oy,
N S Mechanical
= Spring

Layers of
Semiconductor
Materal

1550nm Laser Module
1550nm Laser Module for LiDAR

TR

cahavi.on
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10.2. V2X / IoT

[1 Line-up

cami .L0m

OBU (On Board Unit)

= DSRC based OBU in WAVE & ITS-G5

= Compliant with USDOT J2945/1, IEEE802.11p,
1609.x,J2735

= Support LTE (cat.4 / rel.10)

RSU (Road Side Unit)

= DSRC based RSU in C-ITS
= Compliant with USDOT RSE v4.1,
IEEE802.11p, 1609.x, 2735
= Support LTE (cat.4 / rel.10) = We support development for
enabling WAVE standard software
on hardware of customer.

Software 3 service

Software Tool

@‘@; ano3o1D
e

= V2X performance measurement tool = Display V2X services on smart phone
= RSSI, PER (Distance, time), Mark on a map = Support on WAVE & ITS-G5

Confidential
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10.2. V2X / IoT

“From “V2X” to “IoT” for vehicle, move for leading ICT field”

2015 2016 2017 2018 2019 2020 2021

< <
&Q)&Q Qq)e&
foo QQQ
CW100 CW200 CW300K1 CW300K2 CW500ref CWR10 CW500N1 CXC-1 CXC-25K
V2X Genl V2X Gen2
= DSRC based V2X . .
- DSRC Only V2X Genl-hybid = V2X with Al Platform

-DSRC/C-V2X, LTE/5G
-nVIDIA Xavier, Camera I/F, Giga-Ethernet
- Model: CWRS10, CXC-1,CXC-2SK

- Model: CW100, CW200, CW300K1
= DSRC + LTE Collaboration V2X

o - DSRC + Legacy LTE
= MR - Model: CW300K2. CW500Series

IoT & 5G

. \' .-- i v - .. g
4 ' 7 : @ K 7 ' - =  Smart-Factory wireless gateway
< " |INTERNET @ - WIFI6, BLE (With V2X)
: @ o THINGS S | - for AGV, AMR, Mobility

- ._ | @ ' - SNP-S1
i Zar% e

- ,,-“"""“*- ™
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10.2. V2X / IoT

Cooperative-Automated driving Roadway System

= June, 2015 ~ July, 2020

= Role : V2X communication device part

(LTE+WAVE Hybrid)
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Development of European ETSI message set
compliant V2X system & application based on ITS-G5

= July, 2016 ~ Aug, 2019
= Role: V2X communication device part
(ITS-G5 based on IEEE802.11p)

ETSI Wq .
4

Development ot European V2X (ITS-G5)

message set

compilant Collaboration Project
V2X system and

applications
based on ITS—G5

FHY VIX BY A2Y
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10.2. V2X / IoT

V2X communication system application for central control and vehicle Industrial WLAN wireless device & management system (Smart

control of autonomous car factory)

= Target : KIA motors Slovakia plant = Wireless device development for information exchange and data processing of mobility,
» RSU and OBU installation inside the plant (DSRC 4 channels applied) AGV, AMR, etc.

= Wireless(DSRC) connection through the entire line (V2I, 12V, 121) = Management tool development for device condition diagnosis and check

= Video streaming of front view camera from vehicle using DSRC = WiFi6 dualization implementation

= Hand-over technology for I2] communication = Roaming function between V2X device and WiFi6 of Mobility

= Monitoring S/W Tool
Communication Part H H_
uuuuu %
ad ‘ (GPS L1/12, Glonass, Beidu)

calnavilo —
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10.3. DCU

% Sensor: Camera, LiDAR, Radar

[0 Roadmap
= Front & Rear Camera module
Sensor fusion DCU Al based marine DCU module
DCU with LTE DCU with V2X
For security & Disaster For Marine

= Front Camera module = Al based DVR module = Al based Automotive(L3) DCU
= Sensor fusion DCU = Al based Sensor fusion DCU For Automotive
= DCU with WiFi = DCU for unmanned vehicles
= Industrial PoC = For Robots & Drones
platform Industrial Marine Automotive

calnavi Confidential 30



10.3. DCU

O Camera module

— Front Camera — 4 Front & Rear Camera — DVR

Al-based front camera can recognize lanes, Al-based front and rear cameras can recognize )
] o ] Al-based surrounding camera enables All
vehicles, and traffic lights, and can implement lanes, vehicles, traffic lights and rear obstacles, L L .
) ] ) i directions monitoring around the vehicle, and
various functions with a simple structure and can implement driving and parking ) )
] _ can recognize obstacles around the vehicle.
= Traffic Light Recognition assistance functions.

= Traffic Light Recognition

= All directions (360°) Collision Warning
= Lane Departure Warning System

= Forward Vehicle Start

= Forward Collision Warning = Traffic Light Recognition

= Lane Departure Warning System = Forward Collision Warning

= Forward Vehicle Start = Lane Departure Warning System

= Al-based object recognition (Vehicle, Pedestrian) = Forward Vehicle Start

= Parking assistance system

" Rear video support = Al-based object recognition (Vehicle, Pedestrian,

= Al-based object recognition (Vehicle, Pedestrian, two-wheeled vehicle, facilities)

two-wheeled vehicle)

calnavi.on Confidential -



10.3. DCU

O Sensor Fusion DCU

Sensor Fusion(Camera+LiDAR) DCU ¢

Sensor fusion DCU can recognize objects based

on deep learning using Cameras and Lidars.

= Deep learning object (vehicle, person) recognition
= Physical object size awareness

= Object status (distance, speed) information
recognition

= Matching Video and point cloud

canavi.on

Multi-LiDAR DCU

The multi-Lidar DCU can recognize the
surrounding situation by matching the point
cloud output from multiple Lidar sensors.

= Object recognition in all directions (360°)
= Physical object size awareness

= Object status (distance, speed) information
recognition

= Matching point cloud

Confidential

Sensor Fusion(Cam+LiDAR+Radar) DCU

‘Comer LIDAR.

Sensor fusion DCU provides information for
autonomous driving (L3) by accurately
recognizing the surrounding environment by
integrating Cameras, Lidars, and Radars.

= Matching front image and point cloud
= Create side and rear point clouds
= High detection distance/recognition accuracy

= Alignment of rear image and point cloud

32




10.3. DCU

O DCU w/ Network
- DCUwithWiFi  |—

— DCU with LTE —

Real-time monitoring is possible by recognizing
the surrounding environment using various
sensors and interlocking with the control
system using wireless communication (WiFi).

= Sensor fusion (Camera + Lidar)

* Indoor environment monitoring

= For Indoor Robot

= Indoor control system

ca‘f,ﬁ.av i .L0m

Real-time monitoring is possible by

recognizing the surrounding environment
using various sensors and interlocking with
the control system using wireless
communication (LTE).

= Sensor fusion (Camera + Lidar)
* Qutdoor environment monitoring
= For Outdoor Robot

= Qutdoor control system

Confidential

— DCU with V2X E—

Camera object 914] Bl K.
A AR F=

\ 4

DCU (A A, A0S VX

object A % FH L

Real-time monitoring is possible by
recognizing the surrounding environment
using various sensors and interlocking with
the control system using wireless
communication (V2X).

= Sensor fusion (Camera + Lidar + Radar)
= Vehicle condition monitoring

= Linkable with RSU

= For Autonomous Vehicle

= Traffic situation control system
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10.4. Marine-safety

[0 Marine navigation (based on S-57) O Maritime unmanned vessel technology

= Emergency distress signal transmission function

= Entry and departure report function

= Route search function (reflection of location
information of islands, water depth, facilities, farms,
dangerous goods)

= Warnings and alarms when operating in dangerous

and prohibited areas

= Dangerous attitude automatic alarm transmission

function

ca n aVi .com Confidential

Accurate recognition of facilities and obstacles in narrow
waterways and berths

Longer detection distance than land (0.3km ~ 1km)

Applicable to autonomous ships and collision avoidance
Securing visibility in sea fog or at night

Automatic recognition of objects

Multiple LIDAR/RADAR combinations are possible depending on

the vessel size and purpose



10.4. Marine-safety

[0 e-Navigation service

= Constructing a new system by adding

services to fishing vessels and coastal

= Electronic navigation chart and marine

10X standard

= Route plan establishment

cami .L0m

small vessels to IMO's e-Navigation concept

safety information display conforming to S-

[ Distress location transmitter

= Sailor's position transmitter (radio
sensitivity, fall detection, position
detection, distress signal, seawater
detection, impact/input, etc.)

= Sailor’s distress location receiver
(communication detection, location
detection, signal detection, ship location,

distress signal, etc.)

Confidential

[0 NVR for small vessel

oV
vHEYYy  1PGam

= Real-time video check through mobile
device

= Self impact sensor and location recording

= Save record for video camera

= AIS information record, which is the
information of nearby sailing vessels

= Save voyage records
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10.5. Dashcam/ETCS

Supply exclusive Dashcam to Mercedes-Benz

Korea, Strength in B2B market and PIO business

Supply exclusive ETCS to Mercedes-Benz Korea,

Developing next-generation ETCS

-

@ Starview S (MBK exclusive)

< Exclusive Dashcam to Mercedes—Benz
< Sony Exmor R STARVIS Sensor
< Front Full HD + Rear Full HD 2Ch
’ < Forward Vehicle Start Alert

< Dual Save

< Format Free

< Low Voltage Block

< Voice Guidance System

< Audio Recording

< PC Viewer Support

& External GPS Support (Standard)

@® VG-Legend (B2B and Aftermarket)

< Sony Exmor R STARVIS Sensor
Front/Rear Full HD 2Ch

Forward Vehicle Start Alert

Lane Departure Warning System
Forward Collision Warning System
Dual Save

Format Free

Low Voltage Block

< Voice Guidance System

< Audio Recording

< PC Viewer Support

<& External GPS Support (Option)

QOO OOO QO

~N

ETCS

O

Model

MBH-1000

MBH-2000S

Applied
Vehicle

Benz

Benz

Date of
Cert.

2016.04

2018.04

Type

RF

RF

T
canavi..on
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Customer

\ Mercedes-Benz

The hest or nothing.

cHeri= No.1

SE|IAE T}
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