CONNECTED AUTONOMOUS YARD TRUCK

CAYT System Product Introduction
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Our system enables the coexistence of human personnel
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Simultaneous Contoiner
The CAYT system is a ‘Connected Autonomous Yard Truck’ and an ‘Integrated Operations System' that Control Transportation
Capacity of the Efficiency
FMS System Over 30%
autonomously transports containers by connecting with port terminal equipment and systems. Addressing 100 Units Improvement

the shortage of yard truck drivers, the CAYT system supplements the workforce, enabling both manned
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" Global Standard, Certification, Preventing Port Accidents, ( Improving Container
Intellectual Property Rights Establishing Digital Transportation Efficiency and
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Digital Infrastructure
Technology for Automation Port
establishment

CAYT and Operation
Technology for Port-Specific

FMS System Technology for
Automation Port establishment

*Level 4: Fully autonomous driving technology for key functions(cognition, control, power, etc.) in terms of hardware/software that does
not require driver attention within a certain range
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System Diagram
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Digital Infra

Fleet Management System

Diesel Yard Trucks.

Using lithium-ion batteries with performance/power
limitations at low temperatures as the energy storage
for electric yard trucks.

Deficiency in Port
Standard System

Various companies and relevant organizations are in
the process of demonstrating technologies on car-
only roads, urban roads, etc.

Companies like Tesla are currently in the process

of commercializing Level 3 autonomous driving
technology, and they are also developing technology
for the commmercialization of Level 4.

Deficiency in Port

Standard System
Areas outside of automated zones experience safety
accidents due to inadequate safety facilities.

Absence of standardized integration system between
equipment and systems within the port, resulting in
limited benefits of digitization and automation.

( AGV, AHT(YT) )

TEAMS by TBA Co. improves operational efficiency by
exploring routes to prevent deadlock and collision of
AGVs.

AHT scheduler by NAVIS Co. provides sub-second
responsiveness, supports hundreds of CHEs, and
reduces idle travel time by 10%.

discharging in cold port environments (down to -35°C),
and suitable for industries requiring high output in a
short time.

Port-Specific Autonomous
Cooperative Driving

Development of a port-specific autonomous
cooperative driving cargo transport equipment by
integrating existing autonomous driving and logistics
transportation technology.

Building operational scenarios tailored to diverse
environments as a cornerstone for commercialization.

Establishing Port Safety
& Standardization

Safety systems such as Smart CCTV and UWB are
introduced in the port to reduce safety accidents.

Realization of port standardization by developing
V2X message sets exclusively for ports and verifying
services.

( AICBM, Digital Twin )

Improve transport productivity by leveraging AICBM
(Al 10T, Cloud, Bigdata, Mobile) based operational and
control technologies.

Reallization of unmanned cargo transportation during
nighttime through loT-Al-based digital twin and a 24~
hour technical support system.
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Main System Main System

SUM LTD.
Sensor Fusion & Control Algoritm

Develop a sensor system and recognition - judgment - control technology minimizing blind spots in complex yard sections, and control
algorithm that reflects the dynamic characteristics of yard trucks to implement precise driving of CAYT.

Connected Autonomous Yard Truck (CAYT)

A yard truck that autonomously transports container cargo within the port, integrating with other equipment and systems.

Electric Drive Motor

Power pack for electric
propulsion system.

» Maximum output: 200 kW
» Auxiliary drive motor: 20 kW

Electric Battery
An electric battery consisting of oxides that is highly safe, and suitable for
industries requiring high safety and high output within a short timeframe.
» Operating voltage: DC 360~672V
e B bW
[N NN NN P Capacity: 576V, 240Ah, 138.2kWh
%E » Fast charging in 20-30 minutes
[EENENOEROE ) No performance degradation during charging and
discharging in cold port environments (down to -35°C).

Chassis & 5th wheel lifting system
For reduced vibration during

operation, it incorporates a rear-wheel
4 drive axle and an independent multi-

stage suspension for the fifth wheel.

The dual structure has been replaced

with a high-strength single structure,

achieving a 25% weight reduction.

>mous Yard Truck

- Maximum speed of 50 km/h
- Cargo transfer capacity of up to 80 tons
- Capability to travel over 150 km on a single charge

CAYT Driving Controller

ESCU (Electric Steering Control Unit)

The ESCU precisely

(,, controls the movement of
the steering wheel using

i an electric motor.
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Autonomous Sub Controller

Controls CAYTs acceleration
| deceleration [ steering
device according tothe
recognition and judgment
of the upper controller.

| Control

A4

BCU(Brake Control Unit)

Lever structures or chain
mechanisms are applied
to existing brake systems
to optimally control
deceleration.

ACU(Accelerator Control Unit)

Use signalls from the
existing Accelerator
Position Sensor to control
signal strength or output.

CAYT Sensor and Control System

GPS

Precise positioning of CAYT by receiving signals from GPS

satellites (GNSsINS)

) Horizontal Position Accuracy :
Standalone 1.2m / SBAS 0.6m / DGPS 0.4m

P RTK-INS : 0.6cm + 0.5ppm

b Heading Accuracy(Dual Antenna) : 0.3deg / 1.5deg (w/oRTK, w/ RTK)

~

LiDAR

A high-resolution 3D digital lidar
that measures objects and
distances and digitizes shapes.
» 64 channels

» Range:50m~200m
-I! » FOV:180deg
» Vertical FOV: 45deg

- dynamic characte

_and safe lane
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Front Camera
Front obstacle recognition
(vehicle, Pedestrian etc) and lane
cognitive auxiliary cognitive
assistants.
) FOV : 60deg (Horizontal)
) Frame Rate : 6OFPS
) Pixels:1920 x 1080

AVM
Precise in-lane driving using
cameras installed on all
sides of the vehicle and
their corresponding images.
) FOV:360deg
» Frame Rate : 30FPS
) Pixels : HDMI (HD)
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Searching for objects in

close proximity to the vehicle
to ensure a safe distance
during driving and stopping.

» 12 Sensor 1ECU

» Range 015-55m

» Frequency Band :43~60sz

RADAR

Utilizing detailed attribute
information of 40 objects in
the forward direction using a
short-range radar system.

> Vertical FOV : 45deg

» Range:60-150 m

» Frequency Band: 77GHz

=
AGX Orin 64GB Industrial PC (Nuvo-9080GC)

. Autonomous driving GPU computing edge Al plat-

' . perception and control form for autonomous driving
"ll |||||'\‘ embedded system system's perception, decision-

~ ) CPU: 6-core Arm?® making, control operations.
. Cortex®-A78AE » MLS-STD-810G
» GPU:1024-core Ampere, » Vibration Prevention Kit
with 32 Tensor b Pixels : HDMI (HD)
J

fffffffffffffff Autonomous Dr|V|ng Control Algorithm  --------------;

Developing a truck
-trailer model
considering CAYT's

-ristics for accurate

following along the
designated path.

Yard Truck-TrcuIer Control algorlthms tailored to the
Accurate Path Following working and driving conditions

A control
algorithm that
considers driving

the port.

scenarios and the
characteristics of

Forward/Side/Rear Perception
Processing Algorithms

Algorithms for
recognizing

and processing
information
coming through
sensor systems
and smart CCTV




Main System
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V2X Digital Infrastructure

Installing vehicle-to-everything (V2X) digital infrastructure such as communication equipment and smart CCTV to support the
operation of CAYT within the port. Utilizing deep learning-based image analysis technology to gather and analyze various information
from intersections, providing this data to on-site systems.

1. Congestion mitigation and accident prevention using RSU, OBU, smart CCTV

» Reduce congestion by transmitting congestion information to the control system using deep learning-based object analysis
using artificial intelligence of smart CCTV

b In the event of dangerous situations such as possible collisions (vehicle-vehicle, vehicle-worker) at the intersection, information
is communicated to the vehicle terminal (OBU) to prevent accidents

.Warning.

===
Vehicle Operation Status — Vehicle Operation Status
Information (V2I) — Information (V2I)
— [T
l V2X Server Control System
Warning Warning
Emergency Response Vehicles Incoming Vehicles

) ADAS . ADAS .
Hazard Hazard
o Information o
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Risk g Information )¢
) Detection -
- R N Vehicle Information N Vehicle Information
Service ColEsien Service Collection
OBU Process

OBU Process :
Hazard unit ECU DGPS Hazard Unit U GRS
Cgr?\tr?'vcjlrfi)gction Positiony Cgrﬁr?\(ﬁﬁgction sition
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OBU is only involved in the communications department and does not include ( < .............................
the service handling department, so it is not involved in the service. Wired Fiber Network Communication Wireless Wave Communication

2. Warning and Assistance Services

) Collecting real-time information on unexpected events such as accidents, breakdowns, obstacles, as well as abrupt stops and
rapid decelerations, and transmitting warning messages to nearby CAYTs and the control system.

» Providing driving information of maintenance and emergency vehicles to the surrounding vehicles to prioritize their movement.

Service Contents V2x Standard Message

( Collision Avoidance BSM, PVD BSM, PVD,TIM Porthole Warning ) 0
( Lane departure warning BSM, PVD
| Safe Road
Intersection collision . Manage
C prevention Operation -mer?t

Traffic Work
Manage Manage

Location-based vehicle
data collection
-ment -ment

Notification of arrival at the
destination for stevedoring
Precise stop position
movement

Connecting CCTVin
an unexpected situation

Main System

CAYT Fleet Management System

An operation control system that supports and manages the optimal driving of CAYT by integrating with “various systems within port.
(*Terminal Operating System (TOS), Integrated Control System, Simulation System, etc.)

Crane Control System

Simulation System

Integrated Control System

Terminal Operating System

CAYT Fleet Management System (FMS)

-
FMS Server FMS Client (GUI)
| Monitoring & Control |
Road &Path Routing Manager
Manager Optimal route calculation . e ¥
Definition and management Smart Agent based on real-time yard s ifee e S
of yard layout based on status and vehicle location — E ey __ﬁ-_-.ﬂ_!
high-precision maps. information. = =
)
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AYT Manager Order Manager Crane Manager
Manage vehicle location Managing vehicle-specific Manage to link information
and status, and handle work orders in conjunction with the crane control
vehicle-specific interface with the terminal operating system.
processing. system.
J
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Jop Process Management Management CAYT Status Explore Optimal Driving Route TOS Linkage

@ Send destination arrival
a ‘and job completion

D Order Send —
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Terminal Fleet Management
Operation System Systern

(@ send destination arrival
‘-;‘ ‘and job completion

2 Send task received

i = | =

) Setting the optimal » Monitor CAYT's operational P Assigning optimal driving » Managing cargo
sequence of operations status, vehicle status, routes that take into operations in coordination
based on priority and remaining batteries, etc. account road conditions with TOS(Terminal
delivering real-time » Manual control of CAYT's based on the destination Operation Systems).
commands to CAYT. work situation. of the container cargo.

Exception Handling

Control System
linkage Simulation

Port Facilities Linkage Operation Monitoring

1Arives 2 Afterarriving atQC,  3.Loading and unloading
PPRIng

m - . |
D onQc the correct armerr | ——
andoffset information onQC GPS information 5 - - —
> | I I = =

» Simultaneous control of » Development of simulation » Realtime high speed

» Coordinating CAYT's
over 100 CAYTs with real- technology that simulates decision making realized

precise positioning and

parking by integrating it time location and route CAYT behavior similarly. through Al big data analysis,
with large-scale handling display. » Use for proactive perfor- considering traffic flow, in
equipment. (GPS, CPS) mance validation. the event of emergencies.
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ANTICIPATED BENEFITS
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» Through CAYT, we ensure business continuity and
achieve fully automated port operations with
competitive pricing.

» Utilizing Fourth Industrial Revolution technologies such
as loT, digital infrastructure, and artificial intelligence,
we realize customer satisfaction through user-centric
services for external users.

» Address the issue of manpower supply and demand
resulting from the reluctance to engage in field work,
and transition from a labor-intensive industry to a
technology-intensive one.

» A worker-friendly solution that replaces the shortage
of yard truck drivers with CAYT to realize a work system
where manned and unmanned yard trucks coexist and
improve the quality of work.

» By establishing operational policies that permit
autonomous driving in situations where safety is
assured for stevedoring operations and on-site workers,
we achieve a secure port.

» To prevent safety incidents by utilizing Al perception
and analysis technology to respond to and improve
unforeseen sudden situations.

Securing global
competitiveness
in ports

Safety accident
prevention of
workers

ANTICIPATED BENEFITS

Improve
operational
efficiency

Sustainable and
Eco-friendly
future

» Enhancing operational punctuality by integrating
internal and external systems within the port using
Fourth Industrial Revolution technologies.

b Increase productivity by replacing the fatigue-intensive
tasks avoided by manned yard trucks with CAYTs and
distributing them flexibly.

» By maintaining the existing facilities of the port and
establishing a working system where both manned
and unmanned yard trucks coexist, we achieve the
sustainability of the port.

P Through real-time data and artificial intelligence-driven
smart route planning and efficient driving patterns,
unnecessary fuel consumption is reduced, minimizing
environmental impact.

P By replacing fossil fuels in conventional diesel yard
trucks with electric energy, we reduce the emission of
harmful substances in the atmosphere and maximize
energy efficiency.

P CAYT electric battery's long lifespan makes maintenance
easy and prevents environmental pollution that occurs
during the recycling process of lead-acid batteries.
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