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CL-EP: Intelligent Connected Vehicle

Environmental Perception Training Lab

The Intelligent Connected Vehicle Environmental Perception Training Lab is a state-of-the-art
facility designed for the teaching and research of environmental perception technologies in
intelligent connected vehicles. This lab offers an ideal setting for students and researchers to delve
into how vehicles can perceive their surroundings, a key technology for achieving autonomous
driving capabilities.
Lab Features:

1. Diverse Sensor Technologies:
Equipped with a variety of sensors, including but not limited to millimeter-wave radar, cameras,
LiDAR (Light Detection and Ranging), and Ultrasonic Sensors. These sensors replicate the
components of modern vehicle environmental perception systems, providing students with
comprehensive insights and hands-on experience in environmental perception technologies.
2. Integrated Training Benches:
The lab houses smart sensor training benches, including 3D car models, allowing students to test
and optimize sensor configurations and sensor data fusion techniques in a simulated real-vehicle
environment.
3. Practice-Oriented Learning Environment:
Emphasizing hands-on operation and practical application, the lab enables students to deepen
their understanding of theoretical knowledge and enhance their problem-solving skills through
actual practice.
4. Interdisciplinary Learning Platform:
Suitable not only for automotive engineering students but also for those in electronic engineering,
computer science, and artificial intelligence, encouraging interdisciplinary cooperation and

innovation.
5. Cutting-Edge Technology Research and Development:
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Supports students and researchers in projects involving the research and development of frontier
technologies, such as the development of autonomous driving algorithms, sensor optimization,
and data processing and fusion techniques.
Lab Objectives:
e  Skill Development: Cultivate practical skills and innovative capabilities in the field of
environmental perception for intelligent connected vehicles.
e Theory-Practice Integration: Strengthen the ability of students to apply theoretical
knowledge to solve real-world problems.
e Interdisciplinary Collaboration: Promote communication and collaboration among
students with different academic backgrounds, inspiring new ideas and solutions.
e Exploration of Advanced Technologies: Encourage students and researchers to explore and
experiment with the latest environmental perception technologies and applications.
Through learning and research in the Intelligent Connected Vehicle Environmental Perception
Training Lab, participants will master key technologies and applications in the field of
environmental perception for intelligent connected vehicles, laying a solid foundation for their

future careers in intelligent transportation systems and autonomous driving technology.
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CL-EP-001: Mentor - Panoramic intelligent perception and

autonomous driving training system bench-3D car model type

I. Training Bench Overview

The Intelligent Sensor Assembly and Debugging Training Bench is designed to provide
comprehensive support for theoretical education, skills training, and capability assessment.
Integrating millimeter-wave radar, Ultrasonic Sensor, LiDAR, cameras, and a combined navigation
system, it aims to offer a practical platform. Through the integrated application of these advanced
technologies, it achieves educational objectives such as explaining the principles of intelligent
sensing technology, presenting architecture, installing components, troubleshooting functional
faults, and conducting data analysis and performance evaluation. The bench is equipped with a full
set of sensor equipment, professional software, and necessary auxiliary modules to cover a wide
range of needs from basic teaching to advanced application research.

Il. Detailed Configuration of the Training Bench

1. Core Construction of the Training Bench

The core of this training bench is a car model made using 3D printing technology, with dimensions
not less than 1504mmx680mmx348mm. Designed to simulate the environment of a real
autonomous vehicle, it supports the installation of five key sensors: millimeter-wave radar,
Ultrasonic Sensor, LiDAR, cameras, and combined navigation. Sensors are installed in positions
relative to a real vehicle to ensure the authenticity and accuracy of the training effect. Additionally,
the bench is equipped with four simulated wheels to mimic the movement of a real vehicle,
allowing precise control over the wheels through sensor data feedback combined with the
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computations of autonomous driving software, including starting and stopping to simulate and
practice obstacle avoidance capabilities in varying environments.

2. LiDAR Configuration Analysis and Specifications

The LiDAR unit, a core sensor of the autonomous driving technology training bench, possesses
advanced features:

e 360-degree Detection Capability: Ensures no blind spots with a 360-degree horizontal view
and a vertical view of no less than 30 degrees for three-dimensional spatial detection
adapted to various terrains and conditions.

e High-precision Distance Measurement: Achieves a distance measurement range of over
50 meters with accuracy within +10cm, and no less than 16 measurement channels for
high-density, high-precision spatial resolution.

e Efficient Data Communication: Equipped with a 100Mbps Ethernet interface for real-time
output of comprehensive data including distance, rotation angle, and reflectivity for
efficient data exchange and processing.

e Extreme Environment Adaptability: Operates within a wide temperature range from -20°
Cto 85° C, meeting operational needs in harsh conditions with a working voltage range
of 9-32V for excellent power adaptability.

e High-level Protection: Achieves at least an IP67 protection rating, ensuring normal
operation in dusty and water-immersed environments.

The introduction of this LiDAR unit provides the training bench with precise spatial positioning and
obstacle detection capabilities, essential for understanding and practicing the integration of
autonomous driving sensors, data processing, and application.

3. Millimeter-wave Radar Technical Specifications and Performance Analysis

As part of the advanced autonomous driving sensing system, the millimeter-wave radar unit
features key technical parameters and performance characteristics:

e Frequency Range: Operates in the 76GHz to 77GHz band, using high-frequency millimeter
waves for accurate distance and speed detection, suitable for complex autonomous
driving scenarios.

e Detection Capability: Covers a detection distance from 0.2 meters to 250 meters, ensuring
objects at near and far distances can be detected.

e Distance Measurement Resolution and Accuracy: Offers high precision with a far-distance
measurement resolution of I 1.79 meters and a near-distance resolution of 3 0.39
meters, combined with distance accuracy of 3-0.40 meters at far distances and 30.10
meters at close ranges.

e Speed Detection: Wide speed detection range from -400km/h to +200km/h, supporting
speed measurement for approaching or receding targets with a speed resolution of
0.37km/h at far distances and 0.43km/h at close ranges, and a speed accuracy of £0.1
km/h.

e Target Recognition Capability: Capable of identifying various target types, including
approaching or receding targets, stationary targets, and dynamic targets crossing in front,
providing comprehensive environmental information for autonomous driving systems.

e Data Output Interface: Offers CAN/CANFD interfaces, outputting information including but
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not limited to target ID, distance, speed, and radar cross-section (RCS) for efficient data
communication.

e Environmental Adaptability: Wide operating temperature range from -40° C to 85° C,
adapting to extreme climate conditions with a working voltage of 9-16V, compatible with
various vehicle power systems.

e Protection Level: Achieves or exceeds IP67 level, ensuring normal operation in dusty and
temporarily submerged environments, enhancing device reliability and durability.

The introduction of this millimeter-wave radar unit significantly enhances the perception capability
of the autonomous driving system, providing solid technical support for achieving safe and precise

autonomous driving.
4. Ultrasonic Sensor Technical Specifications and Performance Overview

Designed for the autonomous driving training bench, the Ultrasonic Sensor system demonstrates
professional technical specifications and performance features:

e Range Measurement Capability: Offers a range measurement capability from 130mm to
5000mm, with a minimum blind zone reaching 13cm, ensuring objects at close distances
can be accurately detected.

e Beam Angle Adjustment: The beam angle is adjustable between 10 degrees and 60
degrees, providing flexible detection angle adjustment capabilities to meet different
scenario detection needs.

e Environmental Adaptability: The working temperature range of the processing board and
probe is from -40° C to 85° C, ensuring stable operation under extreme climate
conditions.

e High Precision Measurement: Near-distance measurement accuracy is 5mm, and far-
distance measurement accuracy reaches 0.5% of the detection distance, providing a
reliable guarantee for precise obstacle avoidance and distance measurement.

e Power Requirements: Supports a working power supply of +12V to +24V, with a working
current of less than 200mA, ensuring stable operation under various power environments.

e Application Scenarios: The Ultrasonic Sensor system is particularly suitable for close-range
obstacle detection and avoidance in scenarios such as parking and low-speed driving for
autonomous vehicles, enhancing the safety and reliability of the autonomous driving
system.

Integrating this Ultrasonic Sensor system, the training bench can provide real-time, accurate close-
range object detection capabilities, offering strong technical support for the teaching and research

of autonomous driving technology.
5. High-definition Camera Technical Specifications and Performance Details

The high-definition camera unit equipped for the autonomous driving training bench is specially
designed to meet the high precision requirements of the autonomous driving system for visual
information, featuring professional specifications and performance characteristics:
e Image Sensor Specifications: Utilizes an IMX291 sensor, equipped with a 1/2.8 inch size
lens, ensuring high-quality image capture under various lighting conditions.
e Interface Type: Equipped with a USB3.0 interface for high-speed data transmission,
ensuring real-time, lag-free transmission of image data to the processing unit.
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e  Maximum Effective Pixels: Provides a hardware resolution of up to 2 million pixels, with a
resolution reaching 1920(H) X 1080(V), offering clear, detailed visual information for
autonomous driving algorithms.

e Image Format and Frame Rate: Supports MJPEG and YUV2 (YUVY) output formats, capable
of capturing video at up to 50 frames per second at 1920 X 1080p resolution, meeting high
dynamic clarity requirements.

e Detection Target Types: Capable of recognizing and processing image information of
various target types, including vehicles, pedestrians, traffic signs, and traffic lights,
providing reliable data support for autonomous driving decisions in complex environments.

The introduction of this high-definition camera unit significantly enhances the visual information
processing capabilities of the autonomous driving training bench, offering strong visual perception
support for the teaching, development, and testing of autonomous driving technology. Through
high-precision image capture and processing, it ensures learners can deeply understand and
master the application and processing mechanisms of visual information in autonomous driving
systems.

6. Combined Navigation System Specifications

The combined navigation system utilizes high-precision GNSS and IMU technologies, providing a
comprehensive and accurate positioning and navigation solution:
e System Composition and Positioning Technology
o Navigation Technology Integration: Integrates high-precision GNSS and IMU
technologies to achieve composite navigation positioning, enhancing the
accuracy and stability of positioning.
e IMU Measurement Dimensions and Range
o Measurement Dimensions: Includes three-dimensional acceleration, three-
dimensional angular velocity, and three-dimensional magnetic field
measurements, capturing motion states in all directions.
o Range Selectivity:
= Acceleration: Optional ranges include =+ 2g, =+ 4g, = 8g, = 16g,
meeting precise measurement needs under different dynamic
environments.
= Angular Velocity: Optional ranges include 250° /s, =500° /s, £
1000° /s, £2000° /s, ensuring measurement accuracy under rapid
motion conditions.
= Attitude Angles: The range for the X and Zaxesis 3180° , and for the Y
axis, itis £90° , ensuring a full range of attitude capture without dead
angles.
e  System Stability and Accuracy
o Stability:
= Acceleration Stability: 0.01g, ensuring data accuracy under changing
environments.
= Angular Velocity Stability: 0.05° /s, ensuring precise measurement
under high-speed motion conditions.

o Attitude Measurement Stability: Up to 0.01° , providing reliable data support for
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precision operations.

e  GNSS Performance Indicators
o Supported Satellite Systems: Extensively supports multiple satellite navigation
systems including BDS, GPS, GLONASS, Galileo, QZSS, and SBAS, ensuring high
coverage and reliability worldwide.
o Single Point Positioning Accuracy:
= Horizontal Positioning Accuracy: <1.5m (RMS),
= Elevation Positioning Accuracy: <3.0m (RMS), meeting most precision
positioning needs.
o RTK Positioning Accuracy:
=  Horizontal: <8.0mm + 1ppm (RMS),
= Elevation: <15mm + 1ppm (RMS), providing solutions for applications
requiring high precision.
e Interfaces and Accessories
o Communication Interface: Supports the RS-232 interface, ensuring efficient,
stable communication with other devices.
o Supporting Equipment: Includes a set of combined navigation hosts, 2 high-
precision satellite antennas, and necessary connecting cables, offering
convenience for plug-and-play.

7. Computing Unit Specifications

The computing unit uses high-performance hardware configurations to meet advanced computing
needs:

e Central Processing Unit (CPU): Equipped with a processor with no less than six cores and
twelve threads, a base frequency of no less than 2.9GHz, and at least 12MB of third-level
cache, ensuring powerful processing capabilities.

e  Graphics Processing Unit (GPU): Equipped with a GPU with a memory frequency of no less
than 1590MHz and at least 4GB of DDR6 memory, supporting intense graphic processing
needs.

e System Memory: Fitted with no less than 8GB of LPDDR4x 2666MHz high-speed memory,
ensuring smooth multitasking capabilities.

e Storage Solution: Built-in with no less than 250GB of solid-state drive (SSD), providing fast
and stable data access performance.

The professional specifications of the combined navigation system and computing unit are
designed to offer users an efficient, reliable navigation, and computing platform, suitable for
various high-end application scenarios, including autonomous driving, drone navigation, and robot
control.
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lll. System Functional Features

IV. Device System Consistency

The device adopts a unified operating system architecture, ensuring that all measurement and
debugging training software runs under the Linux operating system environment. This measure
aims to enhance the system's consistency and stability, ensuring software compatibility and
efficiency to meet various teaching and training needs.

V. LiDAR System Configuration and Functionality

The LiDAR section integrates advanced configurations and multifunctionality, aiming to enhance
the technical depth and practicality of teaching and training through fine parameter adjustments
and data processing:

e Parameter Configuration and Data Reception: Users can configure key parameters of the
LiDAR through dedicated upper computer software, including network settings, time
synchronization, and motor control parameters. The software supports the reception of
LiDAR data streams and visualizes point cloud data to intuitively present environmental
information.

e External Parameter Calibration: Provides flexible calibration tools, allowing users to adjust
the LiDAR's spatial positioning parameters (X, Y, Z axis positions) and attitude parameters
(pitch angle, heading angle, roll angle) through the software interface, ensuring the
accuracy and consistency of measurement data.

e  Perception Algorithm Application: Integrates LIiDAR perception algorithm widgets,
allowing users to adjust detection range, filtering thresholds, and segmentation
parameters, achieving advanced point cloud processing and obstacle recognition. This
feature not only enhances understanding of LiDAR technology but also precisely measures
the actual distance between obstacles and the device.

o Safety Area Setting: Allows users to set specific safety areas, with the system automatically
recognizing obstacles within that area and marking them, enhancing safety management
during the training process.

e Data Source Flexibility: Supports various data input sources, including real-time LiDAR data,
pre-recorded data packets, and point cloud data output from simulation training benches,
providing rich training resources and flexible teaching schemes.

e Software Support: Provides LiDAR configuration software specially designed for the Linux
environment, ensuring high compatibility and stable operation, meeting professional
teaching and research needs.

Through its highly integrated configuration and functional design, this LiDAR system section aims
to provide users with a comprehensive, efficient teaching and training platform, deeply exploring
the application and development of LiDAR technology.
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VI. Camera Module Functionality Detailed

Camera Module Configuration and Application

e Internal Parameter Calibration: The camera module is equipped with professional
calibration software tools for performing internal parameter calibration operations,
generating corresponding calibration files. This process ensures precise correction of
camera distortion, improving image quality. Calibration files can be loaded and switched
according to different application needs to observe and optimize the distortion correction
effect of the camera.

e Algorithm Support: The camera module supports a series of advanced image processing
and target recognition algorithms, including but not limited to the YOLO target recognition
algorithm, lane-keeping algorithm based on Regions of Interest (ROI), deep learning-
driven lane line recognition algorithm, and monocular distance measurement algorithm.
The support of these algorithms provides a wide range of application scenarios for training,
from basic target recognition to complex scene analysis.

e Functional Training and Data Source Management: The camera module design supports
loading different recognition algorithms, with the user interface (Ul) dynamically
displaying corresponding recognition functions based on the selected algorithm, allowing
users to choose and replace different projects according to training needs. The module
can process various data source inputs, including real-time camera data streams, pre-
recorded data packets, video images, and output images generated in conjunction with
decision-making and planning simulation benches, enhancing the interactivity and
practicality of the training.

The design and functionality of this camera module aim to provide a highly flexible, feature-rich
training platform for autonomous driving, machine vision teaching, and research. Through
advanced algorithm integration and data management capabilities, it supports training in vision
processing skills from basic to advanced levels.

VII. Millimeter-wave Radar Module Functionality Description

Millimeter-wave Radar System Integration and Application

e User Interface: The millimeter-wave radar module is equipped with an intuitive and user-
friendly interface, allowing operators to modify radar parameters in real-time and instantly
observe the adjustment effects. This design aims to simplify the radar configuration
process, improving training efficiency and debugging experience.

e Obstacle Recognition and Data Display: The module has high-precision obstacle
recognition capability, accurately capturing and displaying key data information, such as
distance, speed, and position, for both static and dynamic objects. This functionality
provides a practical platform for understanding and applying millimeter-wave radar
technology.

e Parameter Calibration and Image Display: The millimeter-wave radar system supports
precise calibration of external parameters, including setting the radar's X and Y coordinate
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values and adjusting and optimizing the accuracy of radar detection. After the calibration
process, the system can display images of millimeter-wave radar detection, allowing users
to see the position changes of obstacles relative to the radar coordinate origin intuitively.
Additionally, by setting Regions of Interest (ROI) parameters, the system can filter
detection results according to set needs, further enhancing the flexibility and applicability
of recognition tasks.
The design and implementation of the millimeter-wave radar module focus on providing a highly
interactive and practical learning platform. Through a user-friendly interface, high-precision
obstacle recognition, and flexible parameter calibration and image display functions, it supports
users in deeply understanding and mastering the core applications and debugging skills of
millimeter-wave radar technology.

VIIl.Ultrasonic Sensor System Functional Details

Ultrasonic Sensor Technology Application

e Command-driven Data Acquisition: The Ultrasonic Sensor module is designed as a
command-driven data collection system, able to return data for the corresponding
detection mode based on the sent instructions. This feature emphasizes the system's
flexibility and responsiveness, enabling it to adapt to varying training needs.

o Detection Mode Demonstration: The system supports multiple detection modes, each
capable of displaying its specific detection precision and range. This characteristic not only
makes the Ultrasonic Sensor module a multifunctional teaching tool but also provides rich
experimental materials for learners to experience and understand the performance and
effects of Ultrasonic Sensor in different application scenarios.

The configuration of the Ultrasonic Sensor system aims to provide an efficient, practical learning
platform. Through command-driven operation modes and diversified detection mode
demonstrations, it offers learners the opportunity to deeply explore the application of Ultrasonic
Sensor technology. This system design considers the convenience of user operations and meeting
different detection needs during the training process, thus ensuring the efficient achievement of
teaching and training objectives.

IX. Combined Inertial Navigation System (INS/GNSS) Configuration

Explanation

Combined Inertial Navigation System Functionality and Application
e Navigation System Calibration: The combined inertial navigation system supports a
comprehensive system calibration process, including initial alignment, navigation mode
configuration, axis setting, and port output data configuration. This process ensures the
system's precise calibration, improving the accuracy and reliability of navigation data. The
system can receive and process comprehensive navigation information, supporting real-
time reading of GNSS satellite data and inertial navigation system attitude data, allowing
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users to set, analyze, and correct positioning errors to optimize positioning accuracy.

e RTK Differential Positioning Functionality: The device integrates high-precision Real-Time
Kinematic (RTK) differential positioning functionality, providing principles and practical
application of the RTK differential positioning system for teaching and training. Equipped
with dual RTK antennas, it supports high-precision orientation and position calibration
training, enabling learners to deeply understand the working principles of RTK technology
and its application in precise positioning.

The design of the combined inertial navigation system aims to provide a highly integrated and
feature-rich training tool. Through real-time data processing and high-precision positioning
technology, it supports a wide range of teaching and research activities. The system emphasizes
control and optimization of navigation data accuracy and the practical application ability of
advanced positioning technologies like RTK, thus offering users a practical, efficient learning and
experimental platform.

X. Perception Fusion Technology Implementation Details

Perception Fusion System Integration and Display

e Perception Fusion Functionality Implementation: The device is equipped with advanced
perception fusion technology, capable of efficiently integrating LiDAR and camera data.
Through precise joint calibration of these two sensors, the device can merge and process
data from different perception sources to produce more accurate and comprehensive
environmental perception results.

e Result Output and Display: The data results after perception fusion are intuitively
displayed on the user interface, providing users with real-time, fused environmental
perception information. This visualization not only enhances the user's understanding of
data fusion effects but also facilitates monitoring and evaluating the performance of the
perception system.

The application of perception fusion technology aims to provide a comprehensive performance-
enhanced environmental perception solution by combining the high-precision distance
measurement capability of LIDAR with the rich visual information of cameras. This technology
emphasizes the complementary advantages of multi-sensor data, achieving an all-around, multi-
dimensional perception of the environment, thus significantly enhancing the perception accuracy
and reliability of autonomous driving and intelligent systems.

XIl. Sensor and Decision Planning Simulation Bench Linkage

Functionality

Linkage Functionality Implementation and Application
e Linkage Functionality Overview: The device design supports efficient linkage between the
sensor bench and the decision planning simulation bench, creating a highly integrated

teaching and experimental environment through this interaction. This linkage mechanism
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allows the sensor bench to directly use the sensor data provided by the decision planning
simulation bench as the input data source for algorithm software.

e Data Processing and Display: In linkage mode, the device can comprehensively process
environmental data from the decision planning simulation bench and then intuitively
display the algorithm processing's output results. This functionality greatly facilitates the
observation and analysis of different perception and decision algorithms' effects,
enhancing the teaching's intuitiveness and interactivity.

e Teaching and Experimental Application: Through the linkage functionality, teachers and
learners can more deeply understand the application of sensor data in autonomous
driving and intelligent decision-making, including data collection, processing, and
algorithm optimization key technologies. At the same time, this functionality also provides
researchers with an experimental platform for developing and testing new perception
fusion and decision planning algorithms.

The linkage functionality of the sensor and decision planning simulation benches aims to provide
a comprehensive teaching and research tool. Through real-time data interaction and algorithm
result display, it promotes learners' understanding of key technologies and algorithms in
autonomous driving systems. This functionality's design considers user operation convenience and
experimental process efficiency, ensuring widespread application and effectiveness in teaching and
research on autonomous driving technology.

CL-EP-002: Mentor - Panoramic intelligent perception and

autonomous driving training system bench-panel type
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I. Training Bench Overview

This training bench is designed as a highly integrated control and display platform, equipped with
an advanced autonomous driving sensor system. The bench is outfitted with millimeter-wave radar,
Ultrasonic Sensor, LiDAR (Light Detection and Ranging), high-definition cameras, and precise
combined navigation systems (including GNSS and IMU), all embedded within a professional
operating panel. The panel also details the working principles and technical specifications of each
sensor, facilitating theoretical teaching and data analysis. Sensors such as LiDAR and cameras are
located at the top of the bench to simulate their height placement in real vehicles, while millimeter-
wave radar, Ultrasonic Sensor, and combined navigation systems are installed on the front panel
for easy static demonstrations and functional displays. The design of the bench aims to deepen
students' understanding of the core technologies of autonomous driving, from principles to
practical applications. The forefront of the bench includes a large interactive display for real-time
sensor data and simulation results, enhancing students' comprehension of the perception
environment and decision-making process of autonomous driving vehicles. Additionally, the bench
is equipped with multifunctional interfaces and systems, supporting connections to external
devices and linkage with other simulation benches, providing a comprehensive teaching and
research environment for autonomous driving systems. Whether for demonstrations, teaching, or
R&D, this training bench is an ideal comprehensive training equipment, meeting the educational
needs of the current and future autonomous driving technology field.

Il. Detailed Training Bench Configuration

1. LiDAR Configuration Analysis and Specifications

The LiDAR unit is one of the core sensors of the autonomous driving technology training bench,
featuring the following advanced characteristics:

1) Full-range Detection Capability: Offers a 360-degree horizontal view for no blind spot full-
range detection; the vertical view is not less than 30 degrees, providing three-dimensional
spatial detection capability to adapt to different terrains and environmental conditions.

2) High-precision Distance Measurement: The measuring range reaches more than 50 meters,
with distance accuracy controlled within £10cm, and at least 16 measuring channels,
ensuring high-density, high-precision spatial resolution.

3) Efficient Data Communication: Equipped with a 100Mbps Ethernet interface, it outputs
rich data in real-time, including distance, rotation angle, and reflectivity, supporting
efficient data exchange and processing.

4) Extreme Environment Adaptability: Works across a broad temperature range from -20° C
to 85° C, meeting operational needs in harsh environments; the working voltage range is
9-32V, providing good power adaptability.

5) High-level Protection: Achieves no less than IP67 protection level, ensuring the device's
normal operation in dusty and water-immersed environments.

6) The introduction of this LiDAR unit provides the training bench with precise spatial
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positioning and obstacle detection capabilities, fundamental for understanding and
practicing the integration of autonomous driving sensors, data processing, and application.

8. Millimeter-wave Radar Technical Specifications and Performance Analysis

As part of the advanced autonomous driving sensing system, the millimeter-wave radar unit
possesses key technical parameters and performance characteristics:

1) Frequency Range: Operates in the 76GHz to 77GHz band, utilizing high-frequency
millimeter waves for accurate distance and speed detection, suitable for complex
autonomous driving scenarios.

2) Detection Capability: The detection distance covers a range from 0.2 meters to 250 meters,
ensuring that objects at both near and far distances can be detected.

3) Distance Measurement Resolution and Accuracy: Offers high precision with a far-distance
measurement resolution of & 1.79 meters and a near-distance resolution of = 0.39
meters, combined with distance accuracy of 0.40 meters at far distances and +0.10
meters at close ranges, providing high-precision distance information.

4) Speed Detection: Wide speed detection range from -400km/h to +200km/h, supporting
speed measurement for approaching or receding targets, with speed resolution at far
distances of 0.37km/h and at close distances of 0.43km/h, and speed accuracy reaching
+0.1 km/h.

5) Target Recognition Capability: Capable of identifying various target types, including targets
moving away or towards, stationary targets, and dynamic targets crossing in front,
providing comprehensive peripheral environmental information for autonomous driving
systems.

6) Data Output Interface: Offers CAN/CANFD interfaces, outputting information including but
not limited to target ID, distance, speed, and radar cross-section (RCS), supporting efficient
data communication.

7) Environmental Adaptability: Wide working temperature range from -40° C to 85° C,
adapting to extreme climate conditions, with a working voltage of 9-16V, compatible with
various vehicle power systems.

8) Protection Level: Achieves or exceeds IP67 level, ensuring normal operation in dusty and
temporarily submerged environments, enhancing device reliability and durability.

9) Theintroduction of this millimeter-wave radar unit significantly enhances the autonomous
driving system's perception capability, providing solid technical support for achieving safe,

precise autonomous driving.
9. Ultrasonic Sensor Technical Specifications and Performance Overview

Designed for the autonomous driving training bench, the Ultrasonic Sensor system showcases the
following professional technical specifications and performance features:

1) Range Measurement Capability: Offers a range from 130mm to 5000mm, with a minimum
blind zone reaching 13cm, ensuring accurate detection of objects at close distances.

2) Beam Angle Adjustment: The beam angle is adjustable between 10 degrees and 60
degrees, providing flexible detection angle adjustment capability to meet different
scenario detection needs.

3) Environmental Adaptability: The working temperature range of the processing board and




4)

5)

6)

7)

probe is from -40° C to 85° C, ensuring stable operation under extreme climate
conditions.

High Precision Measurement: Near-distance measurement accuracy is 5mm, and far-
distance measurement accuracy reaches 0.5% of the detection distance, providing a
reliable guarantee for precise obstacle avoidance and distance measurement.

Power Requirements: Supports a working power supply of +12V to +24V, with a working
current of less than 200mA, ensuring stable operation under various power environments.
Application Scenarios: The Ultrasonic Sensor system is particularly suitable for close-range
obstacle detection and avoidance in scenarios such as parking and low-speed driving for
autonomous vehicles, enhancing the safety and reliability of the autonomous driving
system.

Integrating this Ultrasonic Sensor system, the training bench can provide real-time,
accurate close-range object detection capabilities, offering strong technical support for
the teaching and research of autonomous driving technology.

10. High-definition Camera Technical Specifications and Performance Details

The high-definition camera unit equipped for the autonomous driving training bench is specially

designed to meet the high precision requirements of the autonomous driving system for visual

information, featuring the following professional specifications and performance characteristics:

1)

2)

3)

4)

5)

6)

Image Sensor Specifications: Utilizes an IMX291 sensor, equipped with a 1/2.8 inch size
lens, ensuring high-quality image capture under various lighting conditions.

Interface Type: Equipped with a USB3.0 interface for high-speed data transmission,
ensuring real-time, lag-free transmission of image data to the processing unit.

Maximum Effective Pixels: Provides a hardware resolution of up to 2 million pixels, with a
resolution reaching 1920(H) X 1080(V), offering clear, detailed visual information for
autonomous driving algorithms.

Image Format and Frame Rate: Supports MJPEG and YUV2 (YUVY) output formats, capable
of capturing video at up to 50 frames per second at 1920 X 1080p resolution, meeting high
dynamic clarity requirements.

Detection Target Types: Capable of recognizing and processing image information of
various target types, including vehicles, pedestrians, traffic signs, and traffic lights,
providing reliable data support for autonomous driving decisions in complex environments.
The introduction of this high-definition camera unit significantly enhances the visual
information processing capabilities of the autonomous driving training bench, offering
strong visual perception support for the teaching, development, and testing of
autonomous driving technology. Through high-precision image capture and processing, it
ensures learners can deeply understand and master the application and processing
mechanisms of visual information in autonomous driving systems.

11. Combined Navigation System Specifications

The combined navigation system utilizes high-precision GNSS and IMU technologies, providing a

comprehensive and accurate positioning and navigation solution:

1)

System Composition and Positioning Technology
o Navigation technology integration: Integrates high-precision GNSS and IMU

el MALURI EQUIPMENT (M) SDN. BHD.
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technologies to achieve composite navigation positioning, enhancing the
accuracy and stability of positioning.
2) IMU Measurement Dimensions and Range
o Measurement dimensions: Includes three-dimensional acceleration, three-
dimensional angular velocity, and three-dimensional magnetic field
measurements, capturing motion states in all directions.
o Range selectivity:
= Acceleration: Optional ranges include =+ 2g, £ 4g, + 8g, =+ 16g,
meeting precise measurement needs under different dynamic
environments.
= Angular velocity: Optional ranges include £250° /s, =500° /s, *+
1000° /s, =2000° /s, ensuring measurement accuracy under rapid
motion conditions.
=  Attitude angles: The range for the X and Z axesis £180° , and for the Y
axis, itis +90° , ensuring a full range of attitude capture without dead
angles.
3) System Stability and Accuracy
o Stability:
=  Acceleration stability is 0.01g, ensuring data accuracy under changing
environments.
= Angular velocity stability is 0.05° /s, ensuring precise measurement
under high-speed motion conditions.
o Attitude measurement stability: Up to 0.01° , providing reliable data support for
precision operations.
4) GNSS Performance Indicators
o Supported satellite systems: Extensively supports multiple satellite navigation
systems including BDS, GPS, GLONASS, Galileo, QZSS, and SBAS, ensuring high
coverage and reliability worldwide.
o Single point positioning accuracy:
= Horizontal positioning accuracy reaches <<1.5m (RMS),
= Elevation positioning accuracy reaches < 3.0m (RMS), meeting most
precision positioning needs.
o RTK positioning accuracy:
= Horizontal: <8.0mm + 1ppm (RMS),
= Elevation: <15mm + 1ppm (RMS), providing solutions for applications
requiring high precision.
5) Interfaces and Accessories
o Communication interface: Supports the RS-232 interface, ensuring efficient,
stable communication with other devices.
o Supporting equipment: Includes a set of combined navigation hosts, 2 high-
precision satellite antennas, and necessary connecting cables, offering
convenience for plug-and-play.
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12. Computing Unit Specifications

The computing unit uses high-performance hardware configurations to meet advanced computing
needs:

1) Central Processing Unit (CPU): Equipped with a processor with no less than six cores and
twelve threads, a base frequency of no less than 2.9GHz, and at least 12MB of third-level
cache, ensuring powerful processing capabilities.

2) Graphics Processing Unit (GPU): Equipped with a GPU with a memory frequency of no less
than 1590MHz and at least 4GB of DDR6 memory, supporting intense graphic processing
needs.

3) System Memory: Fitted with no less than 8GB of LPDDR4x 2666 MHz high-speed memory,
ensuring smooth multitasking capabilities.

4) Storage Solution: Built-in with no less than 250GB of solid-state drive (SSD), providing fast
and stable data access performance.

5) The professional specifications of the combined navigation system and computing unit are
designed to offer users an efficient, reliable navigation and computing platform, suitable
for various high-end application scenarios, including autonomous driving, drone

navigation, and robot control.

lll. System Functional Features

1. Device System Consistency

The device adopts a unified operating system architecture, ensuring that all measurement and
debugging training software runs under the Linux operating system environment. This measure
aims to enhance the system's consistency and stability, ensuring software compatibility and
efficiency to meet various teaching and training needs.

13. LiDAR System Configuration and Functionality

The LiDAR section integrates advanced configurations and multifunctionality, aiming to enhance
the technical depth and practicality of teaching and training through fine parameter adjustments
and data processing:

1) Parameter Configuration and Data Reception: Users can configure key parameters of the
LiDAR through dedicated upper computer software, including network settings, time
synchronization, and motor control parameters. The software supports the reception of
LiDAR data streams and visualizes point cloud data to intuitively present environmental
information.

2) External Parameter Calibration: Provides flexible calibration tools, allowing users to adjust
the LiDAR's spatial positioning parameters (X, Y, Z axis positions) and attitude parameters
(pitch angle, heading angle, roll angle), ensuring the accuracy and consistency of
measurement data.

3) Perception Algorithm Application: Integrates LiDAR perception algorithm widgets,
allowing users to adjust detection range, filtering thresholds, and segmentation
parameters, achieving advanced point cloud processing and obstacle recognition. This
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feature not only enhances understanding of LiDAR technology but also precisely measures
the actual distance between obstacles and the device.

4) Safety Area Setting: Allows users to set specific safety areas, with the system automatically
recognizing obstacles within that area and marking them, enhancing safety management
during the training process.

5) Data Source Flexibility: Supports various data input sources, including real-time LiDAR data,
pre-recorded data packets, and point cloud data output from simulation training benches,
providing rich training resources and flexible teaching schemes.

6) Software Support: Provides LiDAR configuration software specially designed for the Linux
environment, ensuring high compatibility and stable operation, meeting professional
teaching and research needs.

7) Through its highly integrated configuration and functional design, this LiDAR system
section aims to provide users with a comprehensive, efficient teaching and training
platform, deeply exploring the application and development of LiDAR technology.

14. Camera Module Functionality Detailed

Camera Module Configuration and Application

1) Internal Parameter Calibration: The camera module is equipped with professional
calibration software tools for performing internal parameter calibration operations,
generating corresponding calibration files. This process ensures precise correction of
camera distortion, improving image quality. Calibration files can be loaded and switched
according to different application needs to observe and optimize the distortion correction
effect of the camera.

2) Algorithm Support: The camera module supports a series of advanced image processing
and target recognition algorithms, including but not limited to the YOLO target recognition
algorithm, lane-keeping algorithm based on Regions of Interest (ROIl), deep learning-
driven lane line recognition algorithm, and monocular distance measurement algorithm.
The support of these algorithms provides a wide range of application scenarios for training,
from basic target recognition to complex scene analysis.

3) Functional Training and Data Source Management: The camera module design supports
loading different recognition algorithms, with the user interface (Ul) dynamically
displaying corresponding recognition functions based on the selected algorithm, allowing
users to choose and replace different projects according to training needs. The module
can process various data source inputs, including real-time camera data streams, pre-
recorded data packets, video images, and output images generated in conjunction with
decision-making and planning simulation benches, enhancing the interactivity and

practicality of the training.
15. Millimeter-wave Radar Module Functionality Description

Millimeter-wave Radar System Integration and Application
1) User Interface: The millimeter-wave radar module is equipped with an intuitive and user-
friendly interface, allowing operators to modify radar parameters in real-time and instantly
observe the adjustment effects. This design aims to simplify the radar configuration

process, improving training efficiency and debugging experience.
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2) Obstacle Recognition and Data Display: The module has high-precision obstacle
recognition capability, accurately capturing and displaying key data information, such as
distance, speed, and position, for both static and dynamic objects. This functionality
provides a practical platform for understanding and applying millimeter-wave radar
technology.

3) Parameter Calibration and Image Display: The millimeter-wave radar system supports
precise calibration of external parameters, including setting the radar's X and Y coordinate
values, and adjusting and optimizing the accuracy of radar detection. After the calibration
process, the system can display images of millimeter-wave radar detection, allowing users
to see the position changes of obstacles relative to the radar coordinate origin intuitively.
Additionally, by setting Regions of Interest (ROI) parameters, the system can filter
detection results according to set needs, further enhancing the flexibility and applicability

of recognition tasks.
16. Ultrasonic Sensor System Functional Details

Ultrasonic Sensor Technology Application

1) Command-driven Data Acquisition: The Ultrasonic Sensor module is designed as a
command-driven data collection system, able to return data for the corresponding
detection mode based on the sent instructions. This feature emphasizes the system's
flexibility and responsiveness, enabling it to adapt to varying training needs.

2) Detection Mode Demonstration: The system supports multiple detection modes, each
capable of displaying its specific detection precision and range. This characteristic not only
makes the Ultrasonic Sensor module a multifunctional teaching tool but also provides rich
experimental materials for learners to experience and understand the performance and
effects of Ultrasonic Sensor in different application scenarios.

17. Combined Inertial Navigation System (INS/GNSS) Configuration Explanation

Combined Inertial Navigation System Functionality and Application

1) Navigation System Calibration: The combined inertial navigation system supports a
comprehensive system calibration process, including initial alignment, navigation mode
configuration, axis setting, and port output data configuration. This process ensures the
system's precise calibration, improving the accuracy and reliability of navigation data. The
system can receive and process comprehensive navigation information, supporting real-
time reading of GNSS satellite data and inertial navigation system attitude data, allowing
users to set, analyze, and correct positioning errors to optimize positioning accuracy.

2) RTK Differential Positioning Functionality: The device integrates high-precision Real-Time
Kinematic (RTK) differential positioning functionality, providing principles and practical
application of the RTK differential positioning system for teaching and training. Equipped
with dual RTK antennas, it supports high-precision orientation and position calibration
training, enabling learners to deeply understand the working principles of RTK technology

and its application in precise positioning.
18. Perception Fusion Technology Implementation Details

Perception Fusion System Integration and Display
1) Perception Fusion Functionality Implementation: The device is equipped with advanced
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perception fusion technology, capable of efficiently integrating LiDAR and camera data.
Through precise joint calibration of these two sensors, the device can merge and process
data from different perception sources to produce more accurate and comprehensive
environmental perception results.

2) Result Output and Display: The data results after perception fusion are intuitively
displayed on the user interface, providing users with real-time, fused environmental
perception information. This visualization not only enhances the user's understanding of
data fusion effects but also facilitates monitoring and evaluating the performance of the
perception system.

19. Sensor and Decision Planning Simulation Bench Linkage Functionality

Linkage Functionality Implementation and Application

1) Linkage Functionality Overview: The device design supports efficient linkage between the
sensor bench and the decision planning simulation bench, creating a highly integrated
teaching and experimental environment through this interaction. This linkage mechanism
allows the sensor bench to directly use the sensor data provided by the decision planning
simulation bench as the input data source for algorithm software.

2) Data Processing and Display: In linkage mode, the device can comprehensively process
environmental data from the decision planning simulation bench and then intuitively
display the algorithm processing's output results. This functionality greatly facilitates the
observation and analysis of different perception and decision algorithms' effects,
enhancing the teaching's intuitiveness and interactivity.

3) Teaching and Experimental Application: Through the linkage functionality, teachers and
learners can more deeply understand the application of sensor data in autonomous
driving and intelligent decision-making, including data collection, processing, and
algorithm optimization key technologies. At the same time, this functionality also provides
researchers with an experimental platform for developing and testing new perception
fusion and decision planning algorithms.
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CL-EP-003: Portable Millimeter Wave Radar Experiment Kit

I. Experiment Box Core Construction

This experiment box is a comprehensive experimental kit designed specifically for the research and
teaching of intelligent networked vehicle technology. It meticulously integrates millimeter-wave
radar sensor modules to form a fully functional module, enabling in-depth experiments and
training on the core sensing technologies of intelligent networked vehicles.

Il. Detailed Parameters of Millimeter-wave Radar

e Operating Frequency Range: 76GHz to 77GHz, suitable for high-precision measurements.

e Detection Distance Range: From a minimum of 0.2 meters to a maximum of 250 meters,
covering a wide range of application scenarios.

e Distance Measurement Resolution: The error is within £1.79 meters at long distances
and within £0.39 meters at short distances, ensuring accurate identification of targets
both near and far.

e Distance Measurement Accuracy: The accuracy reaches £0.40 meters at long distances
and £0.10 meters at short distances, providing reliable distance information.

e Angular Range: Up to 120° , for capturing a broader lateral field of view.

e Speed Range: Capable of detecting targets moving at speeds from -400 km/h to +200 km/h,




o Tech,
o Sy,

! A \!
aeq i MALURI EQUIPMENT (M) SDN. BHD.

regardless of whether the target is moving away or towards.

Speed Resolution: 0.37 km/h for long-distance targets and 0.43 km/h for short-distance
targets, ensuring the capture of subtle speed changes.

Speed Accuracy: Achieves 0.1 km/h, ensuring high-precision speed measurements.

Target Detection Types: Capable of recognizing targets moving away, approaching,
stationary, crossing stationary targets, and crossing targets, adapting to varied traffic
environments.

Data Output: Outputs via CAN/CANFD interface, providing key information including
tracking target ID, distance, speed, RCS (Radar Cross Section).

Operating Temperature: Stable operation within a temperature range of -40°C to 85°C,
adapting to extreme climates.

Operating Voltage: Ranges from 9-16V, compatible with various power systems.

Protection Level: No less than IP67, ensuring normal operation in environments with dust

and temporary immersion.

lll. Display and Host Specifications

e Display
o Size: 13.3 inches, providing sufficient display area to ensure clear information
presentation.
o Resolution: 1920 <1080, high-definition resolution offers delicate image quality.
o Interface: Equipped with a mini HDMI port and a 3.5mm headphone jack, built-in
dual speakers, and HDR function enhance the audio-visual experience.
o Power Requirement: DC12V, ensuring stable power supply to the display.

o Processor: Equipped with an Intel CPU, ensuring sufficient computing power to
process complex data.

o Memory Capacity: 8G, providing ample running memory to ensure smooth
system operation.

o Storage Space: 128G hard drive, offering ample space for software installation and
data storage.

IV. Device Functionality

e Interactive Interface: The system has a user-friendly interactive interface, allowing for real-
time adjustment of radar parameters and observation of effects.

e Target Recognition: Capable of accurately identifying and differentiating between static
and dynamic obstacles, displaying real-time data on the distance, speed, and position of
targets.

e Parameter Calibration: Users can set and calibrate the X, y coordinates of the millimeter-
wave radar to adjust detection parameters. The experiment box can also display the
calibrated millimeter-wave radar detection image, facilitating the observation of obstacle




-
o)
. ¢ MALURI EQUIPMENT (M) SDN. BHD.

3 7

ationa
e

position changes relative to the origin.

e ROl Settings: Detection results can be optimized by setting Regions of Interest (ROI),
focusing on obstacle detection and filtering within key areas.
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CL-EP-004: Panoramic Vision Perception Portable Experiment Kit

I. Experiment Box Overview

This experiment box is designed according to the core visual sensing technology of intelligent
networked vehicles, focusing on the functionality demonstration of camera sensor modules. It
includes a complete set of visual sensing experimental equipment, equipped with stereo cameras,
capable of independently conducting camera experiments, teaching, and training.

Il. Detailed Parameters of Vision Sensors

e Stereo Cameras:

o Sensor Model: IMX291, lens Size: 1/2.8 inches, suitable for high-definition image
capture.

o Interface Type: USB3.0, ensuring fast data transfer.

o Effective Pixels: Up to 2 million pixels, resolution of 1920 <1080, providing clear
image quality.

o Image Format: Supports MJPEG/YUV2 (YUVY) format output, meeting various
image processing needs.

o Frame Rate: Supports up to 50 frames/YUV/MJPEG at 1920 X 1080p, ensuring
smooth video capture.

o Detection Targets: Capable of recognizing various target types such as vehicles,
pedestrians, traffic signs, and traffic lights.
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lll. Display and Host Specifications

1. Display
o Size: 13.3 inches, providing sufficient visual display space.
o Resolution: 1920 X 1080, high-definition resolution delivers a delicate visual
experience.
o Interface: Equipped with mini HDMI, 3.5mm headphone jack, built-in dual
speakers, and HDR function, enhancing multimedia display effects.
o Power Requirement: DC12V, adaptable to various usage environments.
20. Host

o CPU: At least 6 cores and 12 threads, base frequency not less than 2.9GHz, and at
least 12MB of third-level cache, meeting efficient data processing needs.

o GPU: Memory frequency not less than 1590MHz, memory capacity of at least 4GB
DDR®6, supporting high-load graphic processing tasks.

o Memory: No less than 8GB LPDDR4x 2666 MHz, ensuring fast system response.

o Storage: Solid-state drive (SSD) capacity not less than 250GB, providing fast
read/write speeds and ample storage space.

IV. Device Functionality

e Internal Parameter Calibration: The software supports camera internal parameter
calibration, can generate calibration files, used to observe and correct camera distortion
effects.

e Algorithm Support: The experiment box provides various vision recognition algorithms,
such as YOLO target recognition algorithm, ROl lane-keeping algorithm, deep learning lane
line recognition, and monocular distance measurement algorithm.

o  Multifunctional Training: Supports loading different recognition algorithms, displaying
different recognition functions through the interface, suitable for multi-project functional
training.

e Data Input Diversity: Can process real-time camera data, recorded data packets, video
images, and images output from decision-making and planning simulation benches,
among other data sources.

In summary, this experiment box is a highly portable, comprehensive visual sensor teaching and
training tool suitable for professional education and research in the field of intelligent networked
vehicle technology. Through hands-on operation and experiments, learners can gain a deep
understanding of the working principles of visual sensors in intelligent networked vehicles, data
processing workflows, and their application in autonomous driving systems.
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CL-EP-005: Lidar Portable Experiment Kit

I. Experiment Box Core Construction

This experiment box is designed based on the core sensing technology of intelligent networked
vehicles, with a focus on the integration and functionality demonstration of LiDAR sensor modules.
It provides a complete set of LiDAR experimental equipment, allowing users to independently carry
out experiments and training activities without the need for additional hardware support.

Il. Detailed Parameters of LiDAR

e Viewing Range:
o Horizontal Angle: 360 degrees, enabling all-around monitoring without blind
spots.
o Vertical Angle: Not less than 30 degrees, ensuring adequate vertical detection
capability.
e Ranging Capability:
o Minimum Distance: Capable of detecting objects beyond 50 meters.
o Ranging Accuracy: Error controlled within & 10cm, providing high-precision
distance data.
e Channel Number:
o At least 16 ranging channels, capable of generating high-resolution point cloud
data.
e Data Output:
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o 100Mbps Ethernet interface output, including key information such as distance,
rotation angle, and reflectivity.
e Operating Conditions:
o Temperature Range: Stable operation between -20°C and 85°C, suitable for
various climatic conditions.
o Voltage Requirement: 9-32V, compatible with various power systems.
o Protection Level: At least IP67, suitable for use in harsh environments.

lll. Display and Host Specifications

e Display
o Size: 13.3 inches, providing ample visual display space.
o Resolution: 1920 X 1080, high-definition resolution for a delicate visual
experience.
o Interface: Equipped with mini HDMI, 3.5mm headphone jack, built-in dual
speakers, and HDR function, enhancing multimedia display effects.
o Power Requirement: DC12V, adaptable to various usage environments.

o CPU: At least 6 cores and 12 threads, base frequency not less than 2.9GHz, and at
least 12MB of third-level cache, meeting efficient data processing needs.

o GPU: Memory frequency not less than 1590MHz, memory capacity of at least 4GB
DDR®6, supporting high-load graphic processing tasks.

o Memory: No less than 8GB LPDDR4x 2666 MHz, ensuring fast system response.

o Storage: Solid-state drive (SSD) capacity not less than 250GB, providing fast
read/write speeds and ample storage space.

IV. Device Functionality

o LiDAR Configuration: LiDAR parameters, such as Ethernet settings, time synchronization,
and motor parameters adjustment, can be adjusted through the upper computer software.

Point Cloud Processing: The software supports the visualization and processing of point
clouds, capable of performing external parameter calibration, including the setting of x, y,

z coordinates, and angle values.

Perception Algorithm Control: Embedded widgets allow users to adjust detection range,
filtering thresholds, and segmentation parameters, thereby changing the point cloud
recognition state, enhancing the identification accuracy of obstacles, and understanding
LiDAR recognition algorithms.

Safety Area Setting: Users can define safety areas, within which obstacles will be identified
and recognized by the system, enhancing safety.

Data Source Diversity: The experiment box supports receiving real-time data streams from
LiDAR, as well as processing stored data packets and point cloud data, providing users with

a multi-angle data analysis and training experience.
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CL-EP-006: Portable Combined Positioning System Experiment Kit

I. Experiment Box Overview

This experiment box is developed based on the advanced navigation technology of intelligent
networked vehicles, specifically extracting and integrating combined navigation sensor modules to
form a complete functional block. The experiment box is equipped with the necessary equipment,
allowing users to independently conduct experiments and training on the combined navigation
system without relying on other devices.

Il. Detailed Parameters of Combined Navigation

e Navigation System:

o Integrates GNSS and IMU for combined navigation positioning, providing precise
location information.

o IMU Measurement Dimensions: Three-dimensional acceleration, angular velocity,
and magnetic field measurement.

o Range Selection: Acceleration =+ 2/4/8/16g, angular velocity £
250/500/1000/2000° /s, angle range for X, Z axis +180° ,Y axis +90° .

o Stability and Accuracy: Acceleration stability 0.01g, angular velocity stability 0.05°
/s, attitude measurement stability 0.01° .

o Satellite Frequency Support: Includes multiple satellite navigation systems such
as BDS, GPS, GLONASS, Galileo, QZSS, and SBAS.

o Positioning Accuracy: Single-point positioning accuracy for plane <<1.5m (RMS),
elevation accuracy <3.0m (RMS); RTK positioning accuracy for plane <<8.0mm
+ 1ppm (RMS), elevation accuracy <<15mm + 1ppm (RMS).

o Interface: Supports RS-232 interface for easy communication with other devices.
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o Accessories: Includes a combined navigation host, 2 satellite antennas, and
required connecting cables.

lll. Display and Host Specifications

e Display
o Size: 13.3 inches, providing ample visual display space.
o Resolution: 1920 X 1080, high-definition resolution for a delicate visual
experience.
o Interface: Equipped with mini HDMI, 3.5mm headphone jack, built-in dual
speakers, and HDR function, enhancing multimedia display effects.
o Power Requirement: DC12V, adaptable to various usage environments.

o CPU: At least 6 cores and 12 threads, base frequency not less than 2.9GHz, and at
least 12MB of third-level cache, meeting efficient data processing needs.

o GPU: Memory frequency not less than 1590MHz, memory capacity of at least 4GB
DDR®6, supporting high-load graphic processing tasks.

o Memory: No less than 8GB LPDDR4x 2666 MHz, ensuring fast system response.

o Storage: Solid-state drive (SSD) capacity not less than 250GB, providing fast
read/write speeds and ample storage space.

IV. Device Functionality

Combined Navigation Calibration: The device allows for comprehensive combined
navigation calibration, including initial alignment, navigation mode configuration, axis
setting, and port output data configuration.

Data Reception and Processing: Capable of receiving and processing data from GNSS
satellites and IMU attitude data, users can set and correct positioning errors to improve
positioning accuracy.

RTK Differential Positioning: The device supports RTK differential positioning functionality,
providing theoretical teaching and practical operation, suitable for professional directional
training.

Advanced Training Support: The experiment box is equipped with dual RTK antennas,
enhancing the precision and stability of navigation positioning, suitable for advanced
navigation directional training.

This combined navigation experiment box kit provides a complete experimental platform for the
learning and research of intelligent networked vehicle navigation systems. Through hands-on
operation and application, users can deeply understand and master the core role and application
technology of combined navigation systems in intelligent networked vehicles.
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CL-EP-007: Ultrasonic Sensors Experiment Kit

I. Experiment Box Core Construction

This experiment box is a teaching tool designed around one of the key technologies of smart
connected vehicles: the ultrasonic sensor system. It extracts the ultrasonic sensor module in its
entirety, forming a feature-rich educational and experimental platform. The box contains a
complete set of equipment, allowing teachers and students to conduct independent Ultrasonic
Sensor experiments and training without the need for additional auxiliary devices.

Il. Ultrasonic Sensor Detailed Parameters

e Measuring Capability
o Range: 130mm to 5000mm, suitable for a variety of distance measurement
needs.
o Blind Zone: The nearest blind zone is 13cm, optimizing close-range detection
performance.
e Beam Angle
o Adjustable Range: 10 to 60 degrees, adaptable to different measurement
environments and targets.
e  Working Conditions
o Temperature Adaptability: The processing board and probe can work stably in
environments from -40 to 85 degrees Celsius.
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o Accuracy: 5mm at close range, and the accuracy of distance detection at long
range is 0.5% of the measuring distance.
e Power Requirements
o Voltage: Supports +12V to +24V, accommodating various power systems.
o Current: Operating current is less than 200mA, optimizing energy efficiency.

lll. Display and Host Specifications

e Display
o Size: 13.3 inches, providing ample visual display space.
o Resolution: 1920 X 1080 high-definition, ensuring a refined visual experience.
o Interface: Equipped with mini HDMI, 3.5mm headphone jack, built-in dual
speakers, and HDR functionality, enhancing the multimedia display effect.
o Power Requirement: DC12V, adaptable to various usage environments.

o CPU: At least 6 cores and 12 threads, with a base frequency of not less than
2.9GHz and a third-level cache of at least 12MB, to meet the needs of efficient
data processing.

o GPU: Memory frequency not less than 1590MHz and memory capacity of at
least 4GB DDR®6, capable of handling high-load graphic processing tasks.

o Memory: No less than 8GB LPDDR4x at 2666MHz, ensuring quick system
response.

o Storage: Solid State Drive (SSD) with a capacity of no less than 250GB, offering
rapid read/write speeds and ample storage space.

IV. Equipment Functionality

e Multi-mode Detection: The ultrasonic module can return data for various detection
modes based on different instructions sent, demonstrating the flexibility and accuracy of
ultrasonic technology in various application scenarios.

e Applicability to Teaching and Training: Suitable for educational and training
environments, this box can be used to demonstrate and teach the working principles of
ultrasonic sensors, detection techniques, and data analysis methods.

The ultrasonic sensor experiment box provides robust support for teaching that combines theory
and practice, enabling learners to gain an in-depth understanding of ultrasonic sensors'
application in smart connected vehicles, enhancing the interactivity and practicality of
experiments and training.
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CL-EP-008: Basic Automotive Electronics Experiment Kit

I. Experiment Box Overview

The Automotive Basic Electronics Experiment Box is crafted based on the design principles of
intelligent networked vehicles, specifically for embedded system teaching. This experiment box
contains multiple independent functional modules, each centered around an embedded chip,
supporting modular teaching and experimental operations. This design not only facilitates
students' understanding of electronic principles but also allows for the combination of modules
to achieve new functions, fostering students' innovation consciousness and capabilities.
Moreover, the experiment box introduces the use and programming basics of embedded chips,
laying a solid foundation for students' future in-depth learning in software and hardware
development fields.

Il. Main Functional Modules

e Embedded Main Control Module: Serves as the core of the experiment box,
coordinating and controlling various modules.

e Traffic Light LED Module: Simulates traffic signals for teaching traffic control logic.

e Button Module: Provides user input for controlling experimental operations.

e Digital Tube Module: Displays numeric information, such as timing and counting.

e Relay Module: Executes circuit switching control.

e DC Motor Drive Module: Demonstrates the principle of motor driving.

e Voltage Speed Control Module: Explores the impact of different voltages on motor
speed.

e H-Bridge Module: Realizes motor reversal and speed control.
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e Steering Servo Module: Learns about servo angle control.

¢ Millimeter-wave Radar Module: Conducts high-precision distance measurement
experiments.

e Ultrasonic Sensor Module: Used for distance measurement and obstacle detection.

e IMU Module: Acquires posture and acceleration data.

¢ Infrared Distance Measurement Module: Conducts distance detection experiments.

e Serial Communication Module: Implements data communication between modules.

I1l. Main Course Tasks

e Embedded Development Environment Deployment: Setting up and configuring the
development environment.
¢ Introduction to Development Language: Introducing the basics of the programming
language used.
e  Chip I/0O Control: Learning how to control the chip's input and output.
o  Traffic Light Simulation: Using the LED module to simulate real traffic lights.
e Motor Drive Implementation: Learning how to implement motor driving.
e Motor Speed Reading: Experimenting with how to read motor speed.
e Motor Speed Control Methods: Exploring different speed control techniques.
e Servo Angle Control: Experimenting with how to control the angle of a servo.
e Radar Distance Measurement Experiments: Using millimeter-wave and Ultrasonic
Sensors for distance measurement.
¢ Infrared Distance Measurement Experiment: Using infrared sensors for distance
measurement.
e Posture and Acceleration Acquisition: Acquiring related data through the IMU module.
e Serial Communication Experiment: Learning the principles and applications of serial
communication.
This Automotive Basic Electronics Experiment Box is an ideal tool in the field of education and
experimentation, combining theoretical knowledge with practical operations. It enables students
to master the basics of automotive electronics while gaining an in-depth understanding of the
electronic control systems of intelligent networked vehicles. Through these comprehensive
course tasks, students will actively participate in various stages of embedded system
development, laying a solid foundation for further learning and research in autonomous vehicle
technology in the future.
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CL-EP-009: Intelligent Connected Vehicle Millimeter Wave Radar

Training Stand

I. Training Stand Overview

The millimeter-wave radar training stand is specially designed for teaching and training in
intelligent networked vehicle technology. It is equipped with a high-frequency millimeter-wave
radar, positioned at the back of the stand, and aimed at a moving rail with a car model. This setup
allows students to visually learn and experiment with the working state and principles of
millimeter-wave radar, gaining a deep understanding of its operational characteristics, installation
methods, and software-hardware interfaces. The stand incorporates visualization software,
facilitating the installation, setting, marking operations, as well as training on distance
measurement and target detection functions of the radar.

Il. Equipment Parameters and Configuration

e Equipment Appearance:
o Dimensions: 1500mm x 1500mm x 400mm, compact design saving space.
o Drawer: Lockable drawer for safely storing items and tools.

e  Millimeter-Wave Radar Technical Parameters:

o Operating Frequency: 76GHz to 77GHz, suitable for high-precision distance
measurement.

o Detection Distance: 0.2m to 250m, covering a wide range of application

scenarios.
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o Measurement Resolution and Accuracy: Long distance £ 1.79m, short distance
40.39m; accuracy respectively +0.40m and £0.10m.

o Measurement Angle Range: 120° , wide-angle coverage.

o Speed Range: -400 km/h to +200 km/h, adapting to fast-moving target
detection.

o Speed Resolution and Accuracy: 0.37km/h and 0.43km/h respectively, accuracy
of +0.1km/h.

o Target Types: Includes targets moving away, approaching, stationary, crossing
stationary, and crossing.

o Data Output: CAN/CANFD interface, output includes target ID, distance, speed,
RCS, etc.

o Operating Conditions: Temperature range -40°C to 85°C, voltage 9-16V, IP67
protection level.

e Display and Host:

o Display: 22 inches, resolution 1920 X 1080, providing clear visual output.

o Host: Equipped with Intel CPU, 8GB memory, and 128GB hard drive, ensuring
high-performance system operation.

lll. Equipment Functionality

e Interactive Interface: User-friendly operation interface, supporting real-time radar
parameter adjustment and debugging.

e Target Detection: Accurately identifies static and dynamic obstacles, displaying detailed
target data.

e Advanced Positioning and Detection Functionality of the Millimeter-Wave Radar Training
Stand:

o Precise Coordinate Calibration: The training stand offers an advanced coordinate
calibration system, allowing students to set the exact position coordinates (x, y)
of the millimeter-wave radar. This feature is crucial for understanding how radar
is positioned in actual automotive systems, as accurate coordinate data directly
affects radar detection results.

o Real-Time Image Display: Calibrated millimeter-wave radar detection images are
displayed in real-time on the stand's monitor, providing instant visual feedback.
When modifying the x and y coordinate values, students can directly observe
changes in the position of obstacles in the radar image relative to the coordinate
origin. This intuitive visual display helps students understand the relationship
between radar data and physical space.

o ROl Functionality Optimization: The stand is equipped with a Region of Interest
(ROI) function, allowing students to define and adjust the radar's scanning area.
By specifying a particular detection area, unnecessary data can be filtered out,
focusing on processing information critical to safety or navigation. This feature is
a key technology in intelligent driving systems for enhancing target detection

and reducing false alarms.
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This millimeter-wave radar training stand is designed for students and researchers dedicated to
mastering automotive electronics and intelligent networked vehicle technology. Through hands-
on operation and experimentation, it promotes a deep understanding of millimeter-wave radar
technology, preparing learners for a future career in the autonomous vehicle industry.
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CL-EP-010: Intelligent Connected Vehicle Panoramic Vision

Perception Training Bench

I. Training Stand Introduction

This training stand is constructed as an all-encompassing learning platform, aimed at providing
students with a simulated real-road operating environment to facilitate the testing and learning of
Advanced Driver Assistance Systems (ADAS) functions. The platform includes a complete road
simulation system, control unit, and high-performance camera sensor. The road simulation system
is intricately designed to replicate driving environments under various weather conditions,
including sunny, rainy, and nighttime. The control unit utilizes deep learning technology for image
processing and is capable of analyzing image data captured by the camera. Through this stand,
students will learn the operational skills of camera installation, calibration, and parameter setting,
and will gain an in-depth understanding of ADAS functions such as automatic lane maintenance
and emergency braking.

Il. Training Stand Configuration

e Intelligent Front-View Camera: Provides a clear view of the vehicle's front, effectively
capturing road information.

e Visualization Teaching Software: Helps students analyze camera data and deepen
understanding.

e Training Stand Structure: Includes sturdy stands and displays for showcasing simulated
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environments and data analysis results.

e Road Simulation System: Accurately simulates various road conditions and weather
changes.

e IPC Industrial Controller: Efficiently processes camera data and executes image detection
algorithms.

IIl. Educational Focus

e Camera Installation and Wiring: Master the correct installation and wiring process of the
front-view camera sensor.

e Camera Calibration: Learn the calibration process to ensure the accuracy of camera data.

e Image Recognition Applications: Utilize visualization software for the recognition
demonstration of vehicles, pedestrians, and traffic signs.

e In-depth Understanding of ADAS Functions: Gain a deep understanding of the principles
of ADAS functions such as lane keeping and automatic emergency braking through
practical operation.

IV. Equipment Parameters

o Detection Target Types: Broadly recognizes various targets such as roads, vehicles,
pedestrians, and more.
e Image Resolution: Provides high-definition images with 1280 X800 resolution, ensuring
data accuracy.
e Operating Temperature Range: -40° C to 85° C, capable of stable operation under
extreme climate conditions.
e Output Interface: Utilizes LVDS interface to ensure high-quality image transmission.
e Field of View Angle: Offers a wide field of view with D(72° )/H(59.4° )/V(36° ),
comprehensively capturing the conditions ahead.
Through comprehensive learning and operational practice on this training stand, students will not
only become proficient in the technical details of camera sensors but will also gain practical
experience and a deep understanding of the key safety functions in intelligent networked vehicles,
laying a solid foundation for future research and development in the field of intelligent automotive
technology.
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CL-EP-011: Intelligent Connected Vehicle LiDAR Training Stand

I. raining Stand Introduction

The Intelligent Networked Vehicle Lidar Training Stand is an integrated high-end technology
teaching device, aimed at providing students with comprehensive theoretical and practical
education on automotive sensor technology. Equipped with market-leading lidar sensors, the stand
achieves a wealth of educational objectives through real-time simulation demonstrations and data
measurements. Built-in teaching software enables students to delve into the working principles of
lidar, point cloud data processing, and how to use these technologies for obstacle detection and
precise map construction. This equipment is an ideal choice for vocational technical colleges,
higher education institutes, and professional training organizations for theoretical and skill-based
teaching.
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Il. Training Stand Configuration

e Lidar: Equipped with a 16-line lidar, achieving precise measurement and environmental
perception.

e Visualization Teaching Software: Assists students in intuitively understanding and
analyzing lidar data.

e Stand and Display Devices: Structure includes stands and monitors for presenting
simulated environments and analysis results.

e Industrial Control Computer: Serves as a high-performance data processing center for
handling lidar data.

e Lidar Simulation Software: Creates a virtual training environment, providing a simulated
experience of real operations.

IIl. Educational Focus

e Lidar Configuration: Teaches how to adjust radar parameters via software, reading and
processing point cloud data.

e 3D Modeling: Uses visualization software for 3D mapping, enhancing students' spatial
perception.

e Functional Testing: Utilizes specific software for precise testing of radar distance and angle.

e Obstacle Detection: Trains students to use lidar for obstacle identification and record
analytical data.

e Lidar Calibration: Guides on the adjustment of lidar installation angles and positions to
ensure calibration accuracy.

IV. Equipment Parameters

e Field of View:
o 360-degree horizontal coverage.
o Vertical angle of at least 30 degrees to ensure ample vertical detection capabilities.
e Ranging Capability:
o Minimum detection distance of at least 50 meters to detect distant targets.
o Ranging accuracy of up to £ 10cm, ensuring the provision of high-precision
distance data.
e Ranging Channels:
o Atleast 16 channels, providing detailed point cloud data in complex environments.
e Data Output:
o 100-megabit Ethernet interface output, carrying key information such as distance,
rotational angle, reflectivity, etc.
e  Operating Conditions:
o A robust temperature range from -20°C to 85°C, adapting to various climatic
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conditions.
o Voltage adaptability range of 9-32V, compatible with multiple power systems.
The Intelligent Networked Vehicle Lidar Training Stand provides students with a complete learning
platform. Through hands-on operation and experimentation, students can profoundly understand

the key role of lidar in intelligent vehicles and lay the foundation for future professional
development in the autonomous vehicle industry.




o Tech,
o Sy,

.’SS M b"'
oy : MALURI EQUIPMENT (M) SDN. BHD.

CL-EP-012: Intelligent Connected Vehicle Combined Inertial

Navigation Training Stand

I. Detailed Introduction to the Training Stand

This training stand is specifically designed for autonomous driving technology education,
integrating advanced vehicular-grade positioning systems with Real-Time Kinematic (RTK) modules
to achieve high-precision, centimeter-level positioning capabilities. The system aims to deepen
students' understanding of high-precision positioning technologies in the field of autonomous
driving, including the working principles of centimeter-level positioning systems, system
components, and how to obtain detailed vehicular posture information (including lateral,
longitudinal accelerations, and three-dimensional attitude data). Additionally, the training stand
can simulate various issues vehicles may encounter during the positioning process, such as
positioning errors, imprecision, and drift points, providing students with practical opportunities to
solve these problems.

Il. Training Stand Configuration Details

The training stand is equipped with the following main devices and functional modules:

1. Visualization inertial navigation attitude positioning and data display system: Provides
intuitive attitude information and positioning data display.

2. Fault simulation setup system: Allows instructors to set specific fault scenarios for teaching
and practice.

3. Qianxun service integrated RTK inertial navigation module: Ensures high-precision
positioning and navigation.
Automotive-grade suction cup GPS antenna: Guarantees high-quality signal reception.
High-definition monitor: Used to display real-time data and analysis results.
Positioning processing industrial-grade processor (IPC): Offers powerful data processing
capabilities.

lll. Educational Highlights

By using this training stand, students will be able to master the following key skills and knowledge:
1. Reading and analyzing GNSS positioning satellite signals, including real-time monitoring of
satellite numbers.
2. Principles and applications of RTK differential positioning, achieving centimeter-level
precise positioning experiments.
3. Analysis and adjustment of positioning errors, including the revision and optimization of
device errors.

4. Fault diagnosis and repair of positioning system hardware, such as faults in antennas and
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receivers.

5. Reading and visual analysis of IMU inertial navigation data, improving data interpretation
skills.

6. Reading and calibrating gyroscope attitudes, enhancing practical operational skills.

IV. Equipment Technical Parameters

The training stand possesses the following core technical parameters:

1. Combined navigation positioning capability using GNSS and IMU technologies.

2. IMU measurement dimensions: Include 3D acceleration, angular velocity, and magnetic
field.

3. Acceleration range: £ 2/4/8/16g (selectable), angular velocity range: =
250/500/1000/2000° /s (selectable), angle measurement range: X, Zaxis +180° ,Y axis
+90° .

High stability: Acceleration stability of 0.01g, angular velocity stability of 0.05° /s.

5. Attitude measurement stability up to 0.01° .

6. Support for multi-frequency reception: Includes multiple frequencies from BDS, GPS,
GLONASS, Galileo, QZSS, and SBAS.

7. Single-point positioning accuracy: Horizontal <<1.5m (RMS); elevation <<3.0m (RMS).
Provides excellent positioning performance.

8. RTK positioning technology further enhances accuracy, with horizontal positioning
accuracy < 8.0mm + 1lppm (RMS), and elevation accuracy <<15mm + 1ppm (RMS),
meeting the needs of high-precision applications.

9. The device supports RS-232 interface, ensuring good device compatibility and data
communication capabilities.

10. Complete device package, including the combined navigation host, two satellite antennas,
and connection cables, providing a one-stop high-precision positioning solution.

Through such a detailed and comprehensive introduction and configuration description, this
training stand not only meets educational and training needs but also reflects its leading position
in the field of autonomous driving technology education. Through practical operations and fault
diagnosis training, students can gain an in-depth understanding and mastery of high-precision
positioning technology in autonomous driving, preparing for future technological challenges.
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CL-EP-013: Intelligent Connected Vehicle Ultrasonic Snesors

Training Stand

I. Training Stand Overview

The Ultrasonic Sensor training stand is designed to provide a comprehensive learning platform
focused on the basic working principles, structure, and key applications of Ultrasonic Sensor.
Through hands-on operation on this stand, including the precise installation and tuning of
Ultrasonic Sensor, learners will gain an in-depth understanding of how Ultrasonic Sensors detect
objects, their detection characteristics, and how to effectively communicate via radar signal
commands. Additionally, the training stand is equipped with a module for diagnosing and
troubleshooting faults in Ultrasonic Sensor circuits, aimed at enhancing learners' ability to face and
solve technical challenges in practical applications.

Il. System Configuration

1. Four-probe Ultrasonic Sensor: Provides omnidirectional detection capabilities, supporting
target detection and positioning in complex environments.

2. Ultrasonic Sensor Visualization Teaching Software: Displays radar data through an intuitive
user interface, deepening learners' understanding of radar data analysis.

3. Training Stand (including supports and display): A hardware platform specially designed
for training, supporting multi-angle and multi-position radar installation and tuning.

4. |IPC Industrial Controller: A high-performance controller for data processing and device
management, ensuring the smooth conduct of training activities.

5. Ultrasonic Sensor Virtual Simulation Software: Offers a virtual training environment,
allowing learners to configure and diagnose radar systems under risk-free conditions.

IIl. Educational Focus

1. In-depth study of the working principles and structure of Ultrasonic Sensor, with hands-
on installation and adjustment.

2. Use PC software to set the working parameters of the Ultrasonic Sensor and monitor and
analyze test results in real-time.

3. Explore the application scenarios of millimeter-wave radar technology and understand its
role in intelligent networked vehicle technology.

IV. Technical Parameters

1. Measuring Range: 130mm — 5000mm, with a 13cm blind zone, adapting to different
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detection distances.
2. Beam Angle: Adjustable range from 10~60 degrees, flexibly adapting to different
application scenarios.
3. Operating Temperature: The processing board and probe work stably in environments
from -40~85 degrees, suitable for harsh weather conditions.
4. Measurement Accuracy: 5mm at close range, up to 0.5% of the detection distance at long
range, ensuring high-precision detection.
5. Distance Adjustment: The measuring distance for each probe can be adjusted
independently, providing flexible detection configurations.
6. Operating Power: Supports +12V ~ 24V power input, adapting to different power
environments.
7. Operating Current: As low as
Through in-depth learning and practical operation with this Ultrasonic Sensor training system,
learners will be able to master the core principles and application techniques of Ultrasonic Sensor
technology, providing a solid technical foundation for the development and maintenance of
intelligent networked vehicles.
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CL-DC: Intelligent Connected Vehicle Drive-
By-Wire Chassis Training Lab

Intelligent Connected Vehicle Drive-by-Wire Chassis Training Lab Introduction

The Intelligent Connected Vehicle Drive-by-Wire Chassis Training Lab is a cutting-edge
educational and research facility designed to explore and teach the principles and applications of
drive-by-wire technologies in the context of intelligent connected vehicles. This lab focuses on the
electronic systems that replace traditional mechanical control systems within vehicles, such as
steering, braking, and throttling, with electronic control systems.
Lab Features:

1. Drive-by-Wire Technology Focus:
Central to the lab is the exploration of drive-by-wire systems, where physical connections are
replaced with electronic controls, enhancing the integration of autonomous driving technologies.
2. Advanced Training Platforms:
The lab is equipped with state-of-the-art training platforms and stands that simulate real-world
drive-by-wire chassis systems, allowing students to engage directly with the technology in a
controlled environment.
3. Hands-On Learning Experience:
Students gain practical experience by working on these platforms, learning how to configure,

troubleshoot, and optimize drive-by-wire systems for enhanced performance and safety.
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4. Interdisciplinary Approach:
While primarily beneficial for automotive engineering students, the lab also serves those in
electrical, mechanical, and computer engineering, facilitating a comprehensive understanding of
the multidisciplinary nature of automotive technologies.
5. Research and Innovation:
The lab supports research projects and innovation in drive-by-wire technology, offering resources
for the development of new control algorithms, safety mechanisms, and integration strategies with
other vehicle systems.
Lab Objectives:

e Technical Proficiency:
Develop a deep understanding of the technical aspects of drive-by-wire systems and their
importance in the evolution of automotive technologies.

e  Practical Skills:
Equip students with hands-on skills necessary for designing, implementing, and managing
advanced drive-by-wire systems in modern vehicles.

e Innovation and Problem-Solving:
Foster a culture of innovation, encouraging students to propose and develop new solutions to
improve the reliability, efficiency, and safety of drive-by-wire systems.

e Interdisciplinary Knowledge:
Promote interdisciplinary knowledge exchange among students from various engineering
backgrounds, enhancing collaborative skills and broadening the scope of automotive technology
education.
Through participation in the Intelligent Connected Vehicle Drive-by-Wire Chassis Training Lab,
students and researchers are prepared to contribute to the advancement of intelligent vehicle
technologies, with a specific focus on the critical role of drive-by-wire systems in achieving
autonomous and connected vehicle capabilities. This lab ensures that participants are at the
forefront of automotive engineering, ready to meet the challenges of the future transportation
industry.
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CL-DC-001: Intelligent Connected Vehicle Drive-By-Wire Chassis

Training Bench

I. Training Platform Overview:

The platform is an educational and training device designed to provide learners with a practical
operation platform for the intelligent connected vehicle chassis-by-wire systems. It integrates
steering, braking, and acceleration by-wire systems, using actual vehicle control protocols for
teaching and practical operations. This stand not only allows users to learn how to assemble and
debug by-wire systems but also to perform fault diagnosis and system testing, thereby cultivating
a deep understanding and operational capability of intelligent connected vehicle by-wire
technology. Through a graphical interface and CAN command editing, learners can intuitively
operate the by-wire platform, achieving control over vehicle behavior, and offering strong support
for the education and research of intelligent connected vehicle technology.
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Il. Training Platform Configuration:

1. Overall Configuration

1) Subsystem Coverage: The training platform integrates five key subsystems: by-wire
throttle, by-wire brake, by-wire steering, by-wire gear, and by-wire sound and light,
comprehensively covering the core components of by-wire technology.

2) Equipment Size: The specific dimensions are 2000mm x 1240mm x 1640mm (length x
width x height), and the reasonable size design makes it suitable for various teaching and
training environments, facilitating placement in classrooms or laboratories.

21. By-Wire Throttle Configuration

The by-wire throttle system is a key component of the intelligent connected vehicle - by-wire
chassis training platform, mainly responsible for simulating the vehicle's longitudinal acceleration
control. This system realizes the precise simulation of the throttle pedal signal through a high-
precision motor and control unit, supporting the implementation of complex by-wire acceleration
operations and control strategies.Core features include:

1) Control Interface: Provides a CAN control interface, supporting standard and extended
CAN protocols, ensuring compatibility with various control systems and software.

2) Response Characteristics: The throttle pedal's opening degree is in percentage, with very
low latency (within 500ms) and quick response time (within 800ms), ensuring the
timeliness and accuracy of control.

3) Programmability: Supports individual enablement and takeover functions, allowing
manual takeover of the whole vehicle control through the throttle pedal, increasing the
flexibility and safety of operation.

4) Status Feedback: Capable of real-time feedback of the by-wire throttle status, the actual
and command values of the throttle pedal position, facilitating data analysis and fault
diagnosis by learners.

22. By-Wire Brake Configuration

As another core module of the training platform, the by-wire brake system is mainly used to
simulate the vehicle's longitudinal deceleration and stopping control. This system adopts electronic
hydraulic technology to achieve precise simulation of the brake pedal signal and by-wire braking
operations.Core features include:

1) Advanced Control: Utilizes a vehicular electronic hydraulic brake system, achieving precise
control of longitudinal driving braking functions through a CAN control interface, supporting
complex braking strategies and programs.

o Push Rod Swing Angle: The maximum swing angle is 4.5° , ensuring precise
adjustment of braking force.
o Brake Master Cylinder Specifications:
= Cylinder diameter is 20.64mm, total travel =38mm, front chamber
travel = 19mm, rear chamber travel = 19mm, meeting different
braking demands.

= Release pressure =20N, release time <<0.2s, ensuring quick response
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to brake release.
= (Cleanliness requirements: internal impurities of the brake master
cylinder <10mg, ensuring the system's cleanliness and stability.

o Working Medium and Environment:

= Uses DOT4 brake fluid, suitable for a working temperature range of -40°
Cto 85° C, ensuring reliability in extreme conditions.

= Brake master cylinder outlet thread tightening torque is 18 & 2Nm,
destruction torque =33Nm, ensuring firm and safe connections.

o Performance Standards: The brake master cylinder's performance meets QC/T
311-2008 "Automobile Hydraulic Brake Master Cylinder Performance
Requirements and Test Bench Methods", following strict standards and testing
methods in the industry, ensuring the reliability and consistency of braking
performance.

2) Quick Response: The brake pedal's opening degree is in percentage, with latency and
response times controlled within 500ms and 800ms respectively, ensuring immediate
response and execution of braking commands.

3) Safety Mechanism: Supports individual enablement and takeover functions, allowing manual
takeover of the whole vehicle through the brake pedal, enhancing the safety of the operation
process.

4) Feedback and Monitoring: Real-time feedback of by-wire brake status, the actual and
command values of the brake pedal position, brake lights automatically illuminate according
to brake pedal control commands, facilitating fault detection and system monitoring.

23. By-Wire Steering Configuration

The by-wire steering system, as a core module of the intelligent connected vehicle - by-wire chassis
training platform, is responsible for simulating the vehicle's steering control. This system employs
an advanced vehicular electronic steering system (EPS), precisely simulating the electronic control
steering process, offering learners a highly accurate and reliable steering control platform.System
characteristics and technical specifications include:

1) Electronic Steering System:

Uses a vehicular electronic steering system (EPS), ensuring high performance and reliability of
the system.
o Rated Output Torque: 44.8Nm, meeting steering requirements.
o Rated Current: 60A, ensuring stable operation of the electronic steering system.
o Rated Voltage: 12V, compatible with the vehicle's power system.
o Rated Power: 400W, providing sufficient power for steering operations.

2) Steering Control Characteristics:

o Steering Wheel Angle Control: Offers a corresponding by-wire CAN control
interface, with steering wheel angle unit in degrees (deg), adjustable steering
angle range to meet different steering needs.

o Maximum Steering Rate: Adjustable, not less than 360deg/s, ensuring quick
response to steering commands.

o Latency: The time from command issuance to the start of steering wheel angle
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change is within 500ms, guaranteeing fast execution of steering commands.
o Independent Enablement and Takeover: By-wire steering can be independently
enabled and taken over, with steering wheel interaction triggering vehicle

takeover, increasing operational flexibility and safety.
1) Feedback and Monitoring:

o Real-time feedback of by-wire steering status, actual values, and command values
of steering wheel angle, facilitating fault detection and system monitoring.

24. By-Wire Gear Configuration

The by-wire gear system is an indispensable part of the intelligent connected vehicle - by-wire
chassis training platform, mainly responsible for realizing the vehicle's gear shifting function. This
system controls gear shifts through a CAN interface, allowing switching between P (Park), R
(Reverse), N (Neutral), and D (Drive), providing a highly precise and reliable gear control platform.
System characteristics and technical specifications include:
1) Gear Shifting Function:
In a stationary vehicle state, gear shifts between P, R, N, and D can be implemented via a CAN
interface. This functionality can be enabled or disabled through protocols, adding flexibility

and applicability.
2) Safety Requirements:

o For safety, the original gear lever (or knob) must be in the N position to allow by-
wire gear control. This means the lever must be placed in N to enter by-wire gear
control mode.

o After entering by-wire gear control, if the lever is moved from N to D or R, the
system automatically exits by-wire gear control, switches to manual driving mode,
and exits by-wire status, ensuring driving safety.

3) Response Time: The response time from sending the command to the action completion of
gear shifting is within 2 seconds, ensuring the timeliness and accuracy of gear shifting.

4) Independent Enablement and Takeover: By-wire gear can be independently enabled and
taken over. It can be set to trigger vehicle takeover by moving out of N gear (provided by-wire
gear has been enabled), improving operational flexibility and safety.

5) Feedback and Monitoring: Real-time feedback of by-wire gear status, actual values, and
command values of gear lever position, facilitating fault detection and system monitoring.

25. By-Wire Sound and Light Configuration

The by-wire sound and light system is a significant component of the intelligent connected vehicle
- by-wire chassis training platform, designed to simulate the vehicle's sound and light signal control.
This system precisely controls the on/off states of left and right turn signals, high and low beam
lights, hazard lights, horn, and windshield wipers, providing learners with a comprehensive sound
and light signal control training platform.System characteristics and technical specifications include:
1) Control Functionality: Achieves on/off control of left and right turn signals, high and low
beam lights, hazard lights, horn, and windshield wipers, meeting sound and light signal

needs for various driving scenarios.
2) CAN Control Interface: Provides a corresponding CAN control interface, with control
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commands sent through the electronic control unit (ECU), realizing precise control of
sound and light devices.

3) Enablement and Restrictions: The by-wire sound and light system can be independently
enabled, but its design does not include vehicle takeover. This means the system is
primarily for simulation and teaching purposes, not directly involved in active vehicle
safety control.

4) Feedback Signals: To simplify system design and focus on control logic training, the by-wire
sound and light system does not provide feedback signals. This approach helps learners
focus on implementing and testing control strategies without dealing with complex
feedback logic.

26. Status Feedback

Status feedback is a key feature of the intelligent connected vehicle - by-wire chassis training
platform, ensuring interactivity and real-time performance of the training platform. This feature
covers status feedback for multiple systems such as by-wire throttle, by-wire brake, by-wire
steering, by-wire gear, and by-wire parking, implemented through CAN bus signals.

27. By-Wire Mode

The by-wire mode of the intelligent connected vehicle - by-wire chassis training platform is one of
its core functionalities, designed to offer seamless switching between manual and automatic
modes to accommodate different teaching and training needs.System characteristics and technical
specifications include:

1) Working Modes: The by-wire system's working modes include manual mode and automatic
mode.

a) Manual Mode: In this mode, the vehicle is entirely controlled by the driver, providing a
traditional driving experience.

b) Automatic Mode: In this mode, one or more of the vehicle's by-wire subsystems are
controlled by the intelligent driving master computer, while the rest are still controlled
by the driver. This offers practical operation and understanding opportunities for
autonomous driving technology.

2) Mode Switching: Switching between manual and automatic modes is controlled by the
vehicle's overall by-wire enablement flag, offering flexible operation to suit different teaching
and training scenarios.

3) State Feedback: Feedback on the overall by-wire state of the vehicle ensures that trainers and
teachers can monitor the control state of the vehicle in real-time, as well as the effects of
mode switching.

4) Safety Mechanism: The system defaults to manual driving mode upon power-up, ensuring
operational safety in its initial state. In case of severe faults, the system can automatically
switch to conventional driving mode, ensuring driving safety.

28. By-Wire Takeover

The by-wire takeover feature is one of the advanced features of the intelligent connected vehicle -
by-wire chassis training platform, allowing instructors or the system to smoothly transition from
by-wire mode to manual mode through any one or several of the throttle, brake, steering, and gear
systems. This feature is crucial for safety in training, ensuring rapid reversion to manual control in
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emergency situations.Core features include:

1) Multi-Mode Takeover: The system can be set to allow takeover through any combination
of throttle, brake, steering, and gear, offering flexible control methods to suit different
teaching and training scenarios.

2) Real-Time Response: Takeover actions respond swiftly, ensuring immediate switching from
autonomous driving mode to manual driving mode in emergencies, maximizing safety
protection.

3) Ease of Operation: The takeover mechanism is designed for ease of operation, ensuring
that even non-professionals can quickly execute takeover actions when necessary.

29. Deliverables

To ensure efficient operation of the training platform in various teaching environments, the
following deliverables will be provided along with the training platform:

1) CAN Database File: A *.dbc format file created by Vector CANdb++ is provided, facilitating
system integration and advanced training project development.

2) User Manual: Detailed introduction of hardware interfaces and signal explanations,

precautions, etc., ensuring that users can use the training platform correctly and safely.

lll. Device Functionality

1. Training Platform Functionality: The intelligent connected vehicle - by-wire chassis training
platform is designed specifically for the assembly, debugging, fault diagnosis, and other
training tasks related to the intelligent connected vehicle chassis by-wire actuation systems.
The platform integrates mainstream vehicle series by-wire steering systems, by-wire braking
systems, by-wire driving, as well as chassis and front suspension components, providing
comprehensive support for training.

2. Training Operations: On the training platform, trainees can complete the assembly of the
intelligent connected vehicle chassis by-wire actuation systems, including identifying the
various components and hardware interfaces of by-wire driving, by-wire braking, by-wire
steering systems, and performing connections and electrical circuit checks to ensure the
correct integration and functionality of the systems.

3. By-Wire Chassis Controller: The by-wire chassis controller uses a vehicle-standard VCU,
providing high-performance by-wire operations. It achieves industry-leading levels in control
precision, control error, response time, and feedback accuracy, ensuring a high-quality control
experience and operational precision.

4. Functional Safety Features: The training platform has the following functional safety features:

o Manual Takeover: Allows manual takeover through the accelerator pedal, brake
pedal, and steering wheel, enabling exit from autonomous driving mode at any
time.

o Conventional Driving Mode Switching: Automatically switches to conventional
driving mode in case of system power loss, ensuring training safety.

o Upper Computer Gear Shift Command Restrictions: Limits unexpected gear shift
commands from the upper computer to ensure driving and vehicle safety.
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o High-Speed Steering Restrictions: Implements software restriction strategies for
high-speed steering to prevent potential risks.
5. CAN Communication Mechanism: The by-wire chassis's CAN communication mechanism is
equipped with multiple safety assurance measures, using redundant control verification
methods to ensure the correct execution of commands, enhancing the system's reliability and
safety.
6. Vehicle Control Protocol Code Generation: The training platform includes vehicle control
protocol code generation software, allowing students to understand the basic structure of
DBC files, parse DBC files, and generate vehicle control protocol code, deepening the
understanding of vehicle control logic.
7. Upper Computer Software Operation: The upper computer software can read parameters of
various components on the by-wire platform and operate the by-wire systems through a
graphical interface, as well as edit CAN commands, achieving precise control of the chassis
platform.
8. Decision Planning Simulation Platform Integration: The by-wire platform can be integrated
with a decision planning simulation platform, providing a rich interactive training experience:
a) Inautonomous driving mode, the by-wire platform is controlled by the decision planning
simulation platform, executing driving, steering, braking actions in sync with the
simulation vehicle, visually demonstrating the driving state.

b) It can switch to manual driving mode at any time, with the simulation vehicle then
controlled by the by-wire platform.

¢) Manual operation of the by-wire chassis platform can enable or exit the autonomous
driving state, taking over control of both the by-wire chassis platform and the simulation
software's simulated vehicle, offering a real vehicle operation experience.
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CL-DC-002: Drive-By-Wire Drive and Brake Integration Training

Stand

I. Functional Overview:

This training platform is designed to provide students specializing in intelligent driving with a
comprehensive electric vehicle drive and braking system training platform. By using advanced
branded electric vehicle braking system components, combined with a professional braking system
testing bench, students can disassemble and assemble systems, perform testing and calibration,
and implement and test brake control through programming simulation.

Il. Core Functions:

1. Control Signal Generator: Emits programming or parameter change commands to adjust
braking intensity. Equipped with command signal display and signal detection interface,
supporting signal monitoring with oscilloscopes/multimeters.

2. Brake Controller: Receives analog signals and converts them into brake master pump
control commands, equipped with a signal detection interface for monitoring.

3. AEB System Integration: Reserves an interface to receive signals from the vehicle controller,
facilitating integration with the AEB system.

4. Braking System Components: Uses standard production models of brake master pumps,
slave pumps, pipelines, and accumulator devices, supporting pedal operations and
electronic control.

5. Technical Documentation Provided: Includes circuit schematics of the by-wire controller,
embedded source code, as well as by-wire CAN protocol and C++ test source code,
ensuring consistency with the bench scheme.

IIl. Technical Parameters:

Braking System Type: Hydraulic

Brake Assistance: Electric vacuum assistance

Input Power: AC220V % 10%, 50Hz

Auxiliary Power Supply: 12V =45AH

Display Screen: 24-inch mainstream high-end brand
Operating Temperature: -10~40C

Minimum Power: =450W

N o vk wNRe
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IV. Main Configuration:

1.
2.
3.
4.

V. Training Projects:

Control Signal Generator, Braking System Testing Bench
Electronic Control Brake Master Pump, Electric Vacuum Booster
Brake Slave Pump, Testing Software

Power Supply System, Control Software

Learning the structure and working principle of the by-wire braking system.

2. Performance testing of the by-wire system, including various response characteristic tests
such as step response characteristics, ramp tracking characteristics, sine wave tracking
characteristics, and small step response characteristics.

3. Application of embedded controllers in the implementation of by-wire brake control.

4. Fault detection and debugging skills training for the by-wire braking system.

This training platform provides students specializing in intelligent driving with a highly professional
and practical learning platform, aimed at deepening students' understanding of intelligent
connected vehicle braking systems, enhancing hands-on abilities, and promoting the study and
application of intelligent driving technology.
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CL-DC-003: Drive-By-Wire Steering Technology Training Stand

I. General Specifcation:

This training device adopts advanced branded electric vehicle steering system components,
combined with a precise steering gear testing bench, aiming to provide a complete set of system
disassembly, assembly, testing, and calibration solutions. Through advanced programming
technology, this device can achieve precise implementation and comprehensive testing of
simulated steering control.

Il. Core Function Introduction:

1. Control Signal Generator: This generator is specifically designed for EPS (Electric Power
Steering) controllers, capable of emitting precise command signals to accurately control
the steering angle of the steering gear. The device is equipped with signal display and
detection interfaces, supporting real-time monitoring of signals with oscilloscopes or
multimeters.

2. EPS Controller: Receives signals from the analog signal generator and converts them into
precise control commands for the steering gear. A signal detection interface is reserved at
the output end, facilitating the analysis of control signals with oscilloscopes or multimeters.

3. Steering Gear: Uses top-brand electric vehicle steering system components, supporting
manual and electronic control steering operations, ensuring high consistency with actual
vehicle operations.

4. Steering Gear Testing System: Designed to evaluate the output performance of the
steering gear, including steering angle measurement, steering gear midpoint calibration,
free play measurement, etc., capable of displaying, recording, and outputting test results
in real time.

5. Controller and Software Support: Provides by-wire controller circuit schematics,
embedded controller source code, and by-wire CAN protocol and C++ test source code
consistent with the training platform scheme, ensuring system integration and operational
consistency.

Ill. Technical Parameter Overview:

Steering Gear Type: Rack and pinion

Auxiliary Power Specifications: 12V =45AH

Steering Assistance Type: EPS

Display Screen Specifications: No less than a 24-inch LCD screen
Input Power Requirements: AC220V = 10%, frequency 50Hz
Operating Temperature Range: -10~40C

No vk wbnde

Minimum Power Requirement: Not less than 600W
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IV. Main Configuration List:

Control Signal Generator
Power Supply System
EPS Controller

Testing and Control Software

vk wN e

Steering Gear and Its Testing Bench

V. Training Projects and Learning Objectives:

Learning the structure and working principle of the by-wire steering system;

2. Performance testing of the by-wire system, covering step response characteristics, ramp
tracking characteristics, sine wave tracking characteristics, and small step response
characteristics;

3. Application and control implementation of embedded controllers in the by-wire steering
system;

4. Fault diagnosis and debugging techniques for the by-wire steering system.

Through the application of this training device, trainees can not only deeply understand the
principles and technologies of intelligent connected vehicle by-wire steering systems but also
master related testing, diagnosis, and fault-handling skills, preparing for the future development
of automotive technology.
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CL- IC: Intelligent Cockpit Training Lab

Intelligent Cockpit Training Lab Introduction

The Intelligent Cockpit Training Lab is a specialized facility dedicated to the study and development
of intelligent cockpit technologies in modern vehicles. This lab focuses on the integration of
advanced driver-assistance systems (ADAS), user interface and user experience (Ul/UX) designs,
and the implementation of artificial intelligence (Al) to create a safer, more comfortable, and
intuitive driving experience.
Lab Features:

1. Advanced ADAS Systems:
The lab provides access to state-of-the-art ADAS technologies, including but not limited to adaptive
cruise control, lane keeping assistance, and emergency braking systems, allowing students to study
their design and functionality.
2. Human-Machine Interface (HMI) Development:
Equipped with tools for the design and testing of HMI, the lab facilitates the exploration of
innovative ways to enhance driver and vehicle interaction through touchscreens, voice commands,
and gesture controls.
3. Al and Machine Learning:
Incorporating Al and machine learning platforms, the lab offers resources for developing and
testing algorithms that improve the cockpit's ability to learn from and adapt to the driver's habits

and preferences.
4. Simulation and Virtual Reality (VR):
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With simulation and VR technologies, students can immerse themselves in realistic driving
scenarios to test and evaluate the effectiveness of intelligent cockpit designs and their impact on
driving safety and comfort.
5. Cross-Disciplinary Collaboration:
The lab encourages collaboration between students from automotive engineering, computer
science, cognitive psychology, and design, promoting a holistic approach to intelligent cockpit
development.
Lab Objectives:

e Innovation in Cockpit Technologies:
Foster innovation in intelligent cockpit technologies to enhance driving safety, efficiency, and
comfort through the integration of ADAS, HMI, and Al.

e  Practical Skills Development:
Provide hands-on experience with the latest tools and technologies in intelligent cockpit
development, preparing students for careers in automotive design and engineering.

e User-Centered Design Focus:
Emphasize the importance of user-centered design in creating intuitive and user-friendly cockpit
interfaces that cater to diverse needs and preferences.

e Interdisciplinary Learning:
Encourage interdisciplinary learning and collaboration, highlighting the importance of a
multifaceted approach in addressing the challenges of modern vehicle design.
Through activities in the Intelligent Cockpit Training Lab, students and researchers gain a
comprehensive understanding of the technologies and principles behind intelligent cockpits. They
are equipped with the skills and knowledge necessary to contribute to the advancement of
automotive technology, focusing on creating safer, more efficient, and more enjoyable driving
experiences. This lab is an essential resource for those aspiring to shape the future of vehicle
interior design and functionality.
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CL-IC-001: Intelligent Connected Vehicle Algorithm and

Simulation Platform
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I. Training Platform Introduction

The Decision Planning Simulation Training Platform is based on traffic scenario simulation software.
It constructs predetermined traffic environments within a computer and carries out intelligent
vehicle behavior decision-making and route planning simulations within the provided software
environment. Students can design and conduct simulation experiments themselves, aimed at
learning core concepts such as intelligent vehicle behavior decision-making, constraints, and route
planning. At the same time, through the Decision Planning Simulation Training Platform, students
become familiar with the composition, operation, and application of autonomous driving systems.
The linkage function of the training platform connects sensor training platforms, by-wire chassis
training platforms, intelligent connected training vehicles, and intelligent connected passenger car
development platforms, achieving richer teaching, demonstration, and experimental functions.
The Decision Planning Simulation Training Platform, intelligent connected training vehicle, and
intelligent connected passenger car development platform use the same set of autonomous driving
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solutions. After teaching through the training platform, students can quickly get started with the
practical application of autonomous driving systems.

Il. Training Platform Configuration

1. Operation Desk

o Dimensions: 12001500630mm, sheet metal casing, includes a teaching panel for
equipment principle instruction, and double drawers for storing teaching
accessories.

30. Monitors

o Two 23.8-inch high-definition monitors, resolution 1920x1080, 99% sRGB color
gamut.

31. Computer Platform

o CPU: Not less than 6 cores and 12 threads, base frequency not less than 2.9G, L3
cache not less than 12M.

o GPU: Base frequency 1550MHz, CUDA® core count 2304, memory type not less
than 8G DDR6.

o Memory: Not less than 16GB LPDDR4x 2666MHz.

o Storage: Solid-state drive, 250GB.

lll. Equipment Functionality

1. Provides Virtual Simulation Software, which includes pre-built traffic scenario
environments. Users can also build traffic environments for simulation experiments using
scenario construction software. It is possible to simulate any weather conditions such as
sunny, rainy, or snowy days, under different lighting conditions for testing; generate
random or preset traffic flows, and output various sensor data.

2. Offers an Autonomous Driving System consistent with the training vehicles. The
autonomous driving system includes modules for perception, localization, planning, and
control, which can operate continuously and be demonstrated; control of the simulated
vehicle in the simulation software can be achieved through point cloud maps or high-
precision maps.

3. Provides Map Making Tools, enabling control of the simulation vehicle in the virtual
simulation system to drive in simulated scenes. Point cloud maps can be created using the
simulation system's LiDAR data; high-precision maps can be made based on constructed
scenes.

4. Offers Various Experimental Control Models, allowing modification or custom design of
control models for various experiments.

5. Relies on Equipment for Interlinking with Other Platforms. In linked state, the following

functions can be achieved:
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1) Interlinking with By-Wire Chassis Training Platform

a. In autonomous driving mode, the Decision Planning Simulation Training
Platform can control the by-wire chassis platform to execute driving,
steering, and braking actions. The by-wire chassis platform needs to
synchronize with the simulated vehicle's actions in the simulation
platform, allowing direct observation of the by-wire chassis's driving
state under autonomous system control.

b. In manual driving mode, the simulated vehicle in the simulation platform
can be controlled by the by-wire chassis platform.

c. For comparison with real vehicle functions, manual operation of the by-
wire chassis platform can enable the autonomous driving system to enter
the autonomous driving state, taking over control of both the by-wire
chassis platform and the simulation software's simulated vehicle.

2) Interlinking with Sensor Training Platform

a. Using various algorithm software in the sensor training platform to
perceive and recognize various traffic participants in the virtual
simulation scene, and conduct functional training in visual recognition,
LiDAR recognition, and recognition fusion.

3) Interlinking with Intelligent Connected Training Vehicle

a. Sensor data from the virtual simulation system can be output to the
intelligent connected training vehicle, testing the intelligent connected
training vehicle's autonomous driving functions in an indoor
environment, serving as a precursor course to the intelligent connected
training vehicle's real vehicle testing.

b. The Decision Planning Simulation Training Platform can control the
intelligent connected training vehicle's by-wire chassis, understanding its
working principles and by-wire protocols, serving as a precursor course
to the intelligent connected training vehicle's real vehicle testing.

IV. Training Projects

Establishing Simulation Projects within the Virtual Simulation Software for Training
Building Simulation Scenarios for Training

w

Operation and Control of Simulated Vehicles in the Autonomous Driving System for
Training

Autonomous Driving Training with High-Precision Maps

Various Autonomous Driving Function Simulation Testing for Training

Point Cloud Map Creation and Simulated Vehicle Tracking for Training

N o v s

Joint Working Training of Intelligent Connected Vehicle's By-Wire Chassis and Autonomous

Driving System
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CL-IC-002: Intelligent Connected Vehicle Integrated Smart

Cockpit Training Stand

I. System Overview

This comprehensive training system is designed to complement the development of intelligent
connected vehicle technology, specifically for theoretical teaching, skill training, and capability
assessment. The system integrates the latest generation of smart cockpit hardware devices,
covering key technology modules such as connected technology, information display instruments,
central control consoles, and driver behavior management. It provides comprehensive teaching
functions from principle explanation to structure demonstration, and assembly operation.

Il. System Functional Features

1. Multi-function Display and Control: Integrates instrument display, central console
operations, and entertainment information systems to realize vehicle information display,
entertainment interaction, and connected applications, which are core functions of the
smart cockpit.

2. Data Communication and Safety: Supports Ethernet and CAN bus technology to achieve
efficient data reception and forwarding. The system design meets the functional safety
requirements of the vehicle manufacturing industry, using CAN instructions to implement
device startup and information display.

3. Instrument Information Display: Capable of displaying basic information of passenger cars




MALURI EQUIPMENT (M) SDN. BHD.

such as speed, driving mileage, various warning indicators, etc., providing drivers with
necessary driving information.

4. Central Control Interaction and Navigation: The central console and entertainment
information system support touch input and voice playback, offering onboard navigation
functions including destination selection and route planning, as well as multimedia
applications like audio and video playback, external media access.

5. Driver Management System (DMS): Integrates advanced driver management systems,
including facial recognition, fatigue driving detection, driver absence alerts, etc. It
supports input from camera data or video files, with algorithm open source code,
supporting secondary development to meet specific teaching or R&D needs.

lll. Teaching and Training Modules

1. Smart Cockpit System Cognition and Assembly: Provides training on system structure
understanding, component installation, and system integration.

2. Cockpit Device Operation and Control: Teaches startup processes, system control, and
fault diagnosis operation skills.

3. Driver Behavior Management and Safety Monitoring: Involves the use of the DMS system,
including fatigue detection technology training to enhance driving safety awareness.

v

Technical Specifications and Working Environment

1. Display Screen Specifications: The central control and entertainment display screens are
no less than 8 inches in size, with a resolution of 1024*600P, supporting touch control; the
instrument display is also no less than 8 inches, providing clear information display.

2. Communication Interface and Network: Equipped with CAN/CANFD, 1/O, USB interfaces,
supporting Bluetooth, WIFI, 4G network connections, ensuring efficient system
communication and connectivity.

3. Adaptability and Safety: Operating temperature range of -25~60°C, avoiding humidity,
operating voltage of 12V, protection level up to IP65, ensuring stable operation of the
system in various environments.
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CL-IC-003: ADAS Assisted Driving Training Stand

I. Overview of the ADAS Virtual Simulation Teaching Platform

Utilizing cutting-edge virtual simulation technology, this platform has developed a teaching and
training solution that simulates real driving environments, aimed at providing in-depth instruction
on the key technologies of Advanced Driver Assistance Systems (ADAS). By integrating a simulated
driving cockpit with advanced ADAS simulation software, students can learn and practice ADAS
functions such as Adaptive Cruise Control (ACC), Lane Keeping Assist (LKA), Automatic Emergency
Braking (AEB), and Blind Spot Monitoring (BSM) in a safe simulated environment. This platform not
only supports a deep understanding of the core functions of ADAS systems and their applications
in real scenarios but also allows students to explore decision logic and control strategies under
different settings by adjusting system parameters, thereby gaining comprehensive ADAS
knowledge and practical experience.

Il. Main Equipment:

e ADAS Simulation Software: The core teaching software that supports the simulation of
different driving assistance functions.

e Driving Simulator Cockpit: Provides a tangible driving experience, including a steering
wheel, brake, and accelerator pedals.

e Car Simulation Steering Wheel: Simulates real driving operations, including steering,
accelerating, and decelerating.

e Control Terminal: Used for adjusting simulation parameters and controlling the teaching
process.
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I1l. Main Features:

1. Sensor Effect Demonstration: Visually demonstrates the detection effect of vehicle sensors,
including distance measurement and environmental perception.
2. Simulated Driving Operations: Complete control of vehicle movement in the simulated
scene, achieving acceleration, deceleration, and steering operations.
3. Adaptive Cruise Control (ACC): Simulates automatic speed control based on vehicle
spacing and speed to maintain a safe driving distance.
4. Lane Keeping Assist (LKA): Simulates lane marker detection and departure warnings when
changing lanes without using signals.
5. Automatic Emergency Braking (AEB): Simulates collision warnings and automatic
emergency braking when no braking action is taken.
6. Blind Spot Monitoring (BSM): Simulates the detection of moving objects in the vehicle's
blind spot and issues warnings.
The ADAS Virtual Simulation Teaching Platform provides students with a safe and efficient learning
environment. By simulating real driving scenarios and ADAS system operations, it helps students
understand and master the core knowledge and application logic of advanced driving assistance
technologies, laying a solid foundation for future automotive engineers.
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CL-IC-004: Parallel Cockpit and Remote Driving Vehicle Kit

I. Introduction

This parallel cockpit and remote vehicle driving kit utilize cutting-edge remote driving technology
combined with autonomous driving systems to achieve timely vehicle takeover. Embedded with
advanced video processing and transmission algorithms, the kit supports 5G network
communication, multi-camera video capture, video transmission, and data storage among other
functions. Through 5G & C-V2X networking technology, it achieves seamless multi-path real-time
communication between "vehicle-road-human-cloud," providing solid network support for remote
driving.

Il. Equipment Functionality

1. Capture Function: Equipped with up to 6 cameras, comprehensively collecting
environmental information around the vehicle, and performing video stitching as required.

2. Communication Function: Real-time transmission of image information to the remote
cockpit via 5G network and receiving control commands from the remote driving cabin.

3. Control Function: Control commands are directly issued to the vehicle via the CAN bus,
with real-time feedback on vehicle status information, including speed and battery level.

4. Latency Performance: In a public network environment test, the remote driving response

time is approximately 700ms.
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lll. Equipment Specifications

1. Industrial Computer Configuration
o CPU: 6 cores and 12 threads, base frequency 2.9GHz, 12MB L3 cache;
Memory: 16GB LPDDR4x 2666MHz;
Storage: 500GB solid-state drive;
Interfaces: Gigabit Ethernet + WiFi, USB3.0.
2. Monitor Configuration

o O O

Size: 27 inches;
Resolution: 1080P;
Refresh Rate: 75Hz;
o Panel Type: IPS.

o O O

3. Driving Equipment Configuration
o Steering Wheel: Rotation angle of 900 degrees, Hall effect sensors, dual motor
force feedback, with overheat protection, anodized aluminum material, equipped
with hand-stitched leather wheel cover, steel steering shaft.
o Pedals: Non-linear brake pedal design with anti-slip system and textured heel
grips, supporting self-calibration.
Mounting Clamps: Made from glass fiber-reinforced nylon material.
Shift Paddles: Brushed stainless steel material.

Pedal Frame and Arms: Made from cold-rolled steel material.

o O O O

Pedal Plates: Brushed stainless steel material.

o Pedal Piston Covers: Made from polyoxymethylene thermoplastic (POM).
This parallel cockpit and remote vehicle driving kit provide a complete solution for teaching and
researching remote driving and autonomous driving technology. With highly integrated equipment
and advanced technology, it ensures the efficiency and practicality of remote driving.
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CL-IT: Intelligent Connected  Vehicle

Comprehensive Testing Training Lab

Intelligent Connected Vehicle Integrated Testing Training Lab Introduction

The Intelligent Connected Vehicle Integrated Testing Training Lab is a pioneering facility dedicated
to the comprehensive testing and evaluation of intelligent connected vehicle systems. This lab
serves as a critical platform for students, researchers, and professionals to understand the
complexities of integrating various vehicle technologies, ensuring they work seamlessly to enhance
vehicle performance, safety, and connectivity.

Lab Features:

1. Comprehensive Testing Platforms: The lab is equipped with advanced testing platforms
that simulate real-world conditions for evaluating the performance of intelligent
connected vehicles. These platforms allow for the testing of vehicle communication
systems, sensor fusion, autonomous driving algorithms, and vehicle-to-everything (V2X)
technologies.

2. Real and Simulated Environments: Utilizing both physical vehicles and virtual simulation
technologies, the lab offers a unique blend of testing environments. This dual approach
enables thorough testing scenarios that can replicate diverse driving conditions and
situations without the constraints of the real world.

3. Data Analysis and Diagnostics: Featuring state-of-the-art data analysis tools and




e Tec
o by,

f eq

MALURI EQUIPMENT (M) SDN. BHD.

diagnostic software, the lab provides the means to collect, analyze, and interpret the vast
amount of data generated during testing. This capability is essential for optimizing system
performance and identifying areas for improvement.

4. Interdisciplinary Collaboration: The lab fosters collaboration across different disciplines,
including  automotive  engineering, = computer science, electronics, and
telecommunications. This interdisciplinary approach is vital for addressing the
multifaceted challenges of intelligent connected vehicles.

5. Innovation and Research: As a hub for innovation and research, the lab supports projects
that push the boundaries of current technologies. It encourages the exploration of new
ideas and solutions that could lead to breakthroughs in intelligent connected vehicle
technologies.

Lab Objectives:

e System Integration and Optimization: Equip participants with the knowledge and skills to
integrate various vehicle technologies effectively and optimize their performance for
enhanced safety, efficiency, and connectivity.

e Hands-on Testing Experience: Provide hands-on experience with the latest testing
methodologies and tools, preparing participants for careers in automotive testing and
quality assurance.

e Research and Development Support: Offer a platform for conducting cutting-edge
research and development projects, contributing to the advancement of intelligent
connected vehicle technologies.

e Safety and Standards Compliance: Emphasize the importance of safety and compliance
with industry standards in the development and testing of vehicle systems, ensuring that
vehicles meet the highest safety and quality benchmarks.

Through the Intelligent Connected Vehicle Integrated Testing Training Lab, participants gain
invaluable insights into the integration and testing of advanced vehicle technologies. This lab plays
a crucial role in preparing the next generation of engineers and technologists to lead the future of
the automotive industry, ensuring the reliability, safety, and performance of intelligent connected
vehicles.
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CL-IT-001: Intelligent Connected Training Microcar

I. Overview

The intelligent connected training vehicle is a comprehensive training platform specifically
designed for autonomous driving technology education and R&D. The platform uses advanced
Ackerman by-wire chassis technology and integrates a multi-dimensional sensor system, including
360-degree scanning LiDAR, front smart cameras, millimeter-wave radar, integrated inertial
gyroscope plus GNSS positioning unit, and Ultrasonic Sensor. This platform supports autonomous
driving functions in complex scenarios, such as multi-scenario navigation, path tracking, and traffic
sign recognition, meeting training needs for autonomous driving function demonstrations and
sensor technology debugging. Utilizing Al deep learning and artificial intelligence algorithms, the
platform can perform functions such as image recognition, SLAM positioning, environmental
perception, obstacle detection, and autonomous driving decision control. It supports secondary
development, providing learners with hands-on experience to deepen their understanding of
unmanned driving hardware and software systems.

Il. Equipment Functionality

1. Autonomous Driving System Compatibility: Integrates two major autonomous driving
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frameworks, Autoware and Apollo, ensuring seamless operation under both systems.

2. L4 Level Autonomous Driving Implementation: Based on high-precision maps, the training
vehicle can perform L4-level autonomous driving tasks, including but not limited to
automatic path tracking, obstacle identification and avoidance, autonomous braking,
scheduled stop docking, and local path planning.

3. Parameter Setting and Adjustment: Provides interactive vehicle driving parameter setting
controls, allowing users to adjust the behavior strategy of the autonomous driving system
according to training needs.

4. High-Precision Map Creation: The autonomous driving system has a built-in high-precision
map generation tool, supporting point cloud data recording and map-making software,
making it convenient for users to create exclusive training environment maps.

5. Sensor Application Training: Comes with dedicated sensor application training software,
supporting detailed teaching and operational training of various sensor technologies.

6. Multi-Mode Positioning Technology: Combining indoor and outdoor various positioning
technologies, supporting precise tracking and navigation in different environments.

lll. Detailed Technical Specifications

1. By-Wire Vehicle Platform

e Dimensions: 1700mm x 880mm x 1500mm

e Maximum Range: 30km

e Suspension System: a. Front Suspension: MacPherson independent suspension b. Rear
Suspension: Leaf spring non-independent suspension

e  By-Wire Steering System: Automotive-grade mini-P-EPS, supports precise steering control

e By-Wire Braking System: Automotive-grade EHBS, tandem dual-cavity plunger design,
supports open CAN protocol

e Power Battery: 1.6kWh ternary lithium battery, 48V35Ah, equipped with open CAN
protocol

e Control Mode: Reserved CAN control interface, supports autonomous driving and remote
control functions

2. Computing Unit

e CPU: 6 cores 12 threads, base frequency 2.9GHz, 12M L3 cache

e GPU: Independent image processor, CUDA core count 3584, memory frequency 15Gbps,
memory capacity 12G DDR6

e Memory: 16GB LPDDR4x 2666MHz

e Storage: 500GB solid-state drive

e Interfaces: Gigabit Ethernet + WiFi, USB3.0

3. Front Camera

e Sensor Model: IMX291, 1/2.8" lens

e Interface: USB3.0

e Maximum Effective Pixels: 2 million pixels, 1920(H) x 1080(V)

e  Output Image Format: MJPEG/YUV2(YUVY)

e Maximum Frame Rate: 1920 x 1080p 50 frames/YUV/MIPEG
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e Detection Targets: Vehicles, pedestrians, traffic signs, traffic lights, etc.
4. 16-Line LiDAR

e Scanning Channels: 16 lines

e lLaser Wavelength: 905nm

e Detection Distance: 70 meters to 200 meters

e Power Supply Range: 9V-36VDC

e Communication Interface: Ethernet pps

e Data: Includes three-dimensional spatial coordinates and point cloud reflectivity

5. Combined Positioning Unit

e Supported Modes: RTK mode, GNSS single point mode, three-mode seven-frequency
positioning (GPS, BDS, GLANESS)

e  Built-in: 6-axis IMU

e Attitude Accuracy: 0.1° (baseline length =2m)

e Positioning Accuracy: a. Single point L1/L2: 1.2m b. DGPS: 0.4m c. RTK: 1cm+1ppm

e Input Voltage: 9~32V DC (standard adapter 12V DC)

e Power Consumption: <5W

6. Millimeter Wave Radar Technical Specifications

e  Working Frequency and Detection Range: The millimeter-wave radar operates within the
76GHz to 77GHz frequency band, capable of detecting distances from 0.2 meters to 250
meters, meeting a wide range of detection needs.

e Measurement Performance: Features long-range measurement resolution of =+ 1.79
meters, short-range of F0.39 meters, measurement accuracy at long-range of +0.40
meters, and at short-range of 0.10 meters, ensuring high precision in target detection.

e Speed Detection and Data Output: The speed range covers -400 km/h to +200 km/h, with
a resolution at long-range of 0.37km/h, at short-range of 0.43km/h, and speed accuracy
of 30.1 km/h. Supports CAN/CANFD data output, including tracking target ID, distance,
speed, RCS, and more.

e Environmental Adaptability: Designed with a working temperature range of -40° C to 85°
C, operating voltage of 9-16V, protection level reaching IP67, suitable for various harsh
environments.

7. Ultrasonic Sensor Technical Specifications

e Operating Frequency Range: 76GHz to 77GHz, supporting a wide range of detection needs.

e Detection Distance Range: From 0.2 meters to 250 meters, adapting to different scenarios.

e Distance Measurement Resolution and Accuracy: Close range £0.39m, long range =+
1.79m; close range accuracy £0.10m, long range accuracy 30.40m.

e Speed Range: -400 km/h to +200 km/h, covering a wide range of motion speeds.

e Speed Resolution and Accuracy: Long range 0.37km/h, close range 0.43km/h; speed
accuracy £0.1 km/h.

e Detection Target Types: Includes moving away, approaching, stationary, crossing stationary,
and crossing moving targets.

e Data Output: Supports CAN/CANFD, providing target ID, distance, speed, radar cross-
section (RCS), and other information.

e Working Environment: Temperature -40°C to 85°C, voltage 9-16V, protection level IP67.

8. Ultrasonic Sensor Technical Specifications
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e Operating Power: +12V to 24V.

e Operating Temperature Range: -40°C to +85°C.
e Measuring Range: 130mm to 5000mm, probe measuring distance is adjustable.
e Accuracy and Resolution: Detection distance accuracy of 0.5%, resolution 5mm.
e Communication Interface: Compatible with CAN2.0A and CAN2.0B.
e Sampling Rate and Transmission Cycle: 100ms, probe emission angle 60 degrees.
9. Display Screen Technical Specifications
e Refresh Rate: =70Hz, ensuring smooth imagery.
e Voltage Support: 12V.
e Size: 22 inches widescreen, suitable for various display needs.
10. Router Technical Specifications
e Supported Bands: 4G all-netcom, ensuring broad network connectivity compatibility.
e Antennas: Dual antenna design, enhancing signal reception.
e Network Interfaces: Four adaptive 100/1000 Mbps LAN ports.
e  Power Supply: 12V, adaptable to various power environments.
e  Wireless Network Standard: Supports 2.4GHz/5GHz dual-band, catering to different
wireless network needs.
11. CAN Transceiver Technical Specifications
e Integrated Channels: Two CAN channels, supporting complex communication needs.
e Protection: ESD protection, surge protection, and communication isolation, ensuring
stable device operation.
e Operating Temperature: Industrial grade -40 to 85°C, adapting to harsh environments.
e Configuration Mode: Web-based configuration interface, simplifying the device setup
process.
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CL-IT-002: Intelligent Connected Logistics Microcar

I. Overview

The intelligent connected logistics vehicle is an integrated logistics delivery solution that
incorporates advanced autonomous driving technology, designed specifically for teaching and
operational applications of autonomous driving. Equipped with an Ackerman by-wire chassis and
a comprehensive sensor system, such as 360-degree scanning LiDAR, forward-looking smart
cameras, millimeter-wave radar, and an integrated inertial gyroscope with GNSS positioning, it
achieves efficient multi-scenario navigation, tracking, and traffic sign compliance for autonomous
driving functions. With its van-style body design incorporating a logistics pickup system, it supports
teaching in autonomous driving technology and unmanned logistics distribution operations,
deepening learners' understanding of autonomous driving technology.

Il. Equipment Functionality

[EY

Autonomous Driving System: Supports L4-level autonomous driving, capable of normal
operation under system control, performing active tracking, obstacle recognition, active
braking, station docking, and local path planning functions.
2. High-Precision Map Application: Built-in high-precision map generation program,
supporting point cloud data recording and high-precision map creation using map
software, providing the foundation for accurate navigation.

w

Sensor Technology Teaching: Equipped with a variety of sensors and provides dedicated
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training software, supporting detailed teaching and hands-on training for various sensor
technologies.
4. Multi-Mode Positioning Technology: Combines indoor and outdoor positioning
technologies, supporting precise tracking and navigation based on high-precision maps.
5. Intelligent Logistics Pickup System: Equipped with a logistics pickup function, supporting
automated courier item distribution tasks, achieving logistics automation.

lll. Technical Specifications and Configuration

1. By-Wire Vehicle Platform

e Dimensions: 2000mm x 1100mm x 1500mm, designed for optimized space and
maneuverability.

e Maximum Range: Up to 80km, meeting long-distance logistics distribution needs.

e  Wheelbase: 1300mm, ensuring vehicle stability.

e Drive Mode: Front-wheel turn, rear-wheel drive combined with Ackerman steering system,
suitable for automotive teaching and precise control.

e Track Width: 840mm, enhancing lateral stability of the vehicle.

e Rated Payload: Up to 500kg, meeting heavy-load logistics distribution tasks.

e Top Speed: 25KM/H, suitable for urban logistics distribution speed requirements.

e Battery Parameters: 5kWh, 48V system, supporting long-duration operations.

e  Minimum Turning Radius: 1.5m, agile in narrow spaces.

e Climbing Angle: Up to 30° , adaptable to complex terrains.

e Protection Level: IP56, ensuring stable operation in various environments.

e Suspension Type: Double wishbone independent suspension, providing a comfortable and
stable driving experience.

2. Computing Unit

e CPU: 6 cores 12 threads, base frequency 2.9GHz, 12M L3 cache, ensuring powerful data
processing capability.

e GPU: Independent image processor, CUDA core 3584, memory frequency 15Gbps,
capacity 12G DDR6, supporting complex image processing tasks.

e Memory: 16GB LPDDR4x2666MHz, ensuring smooth system operation.

e Storage: 500GB solid-state drive, providing ample data storage space.

e Interfaces: Equipped with Gigabit Ethernet + WiFi, USB3.0, meeting diverse
communication needs.

3.  Front-view Camera

e Model: Sensor IMX291, lens size 1/2.8, providing clear image capture.

e Interface: USB3.0, ensuring high-speed data transfer.

e Maximum Effective Pixels: 2 million, resolution 1920x1080, supporting high-definition
video capture.

e  Output Format: MIPEG/YUV2(YUVY), meeting different image processing needs.

e Maximum Frame Rate: 50 frames/YUV/MIPEG, ensuring smooth video playback.

e Detection Targets: Vehicles, pedestrians, traffic signs, traffic lights, etc., enhancing

environmental perception capability.
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4. 16-Line LiDAR

o Scanning Channels: 16 lines, providing omnidirectional space scanning.

e Laser Wavelength: 905nm, suitable for various detection environments.

e Detection Distance: 70 meters to 200 meters, meeting long-distance perception needs.

e  Power Supply Range: 9V-36VDC, adaptable to different power systems.

e Communication Interface: Ethernet pps, ensuring stable data transmission.

e Data: Contains information such as three-dimensional spatial coordinates and point cloud
reflectivity, supporting accurate environmental modeling.

5. Combined Positioning Unit

e Positioning Modes: Supports RTK, GNSS single point, and three-mode seven-frequency
(GPS, BDS, GLANESS).

e Built-in: 6-axis IMU, providing precise attitude recognition.

e Attitude Accuracy: 0.1° (with a baseline length of =2m), ensuring high-precision
positioning.

e Positioning Accuracy: Single point L1/L2 at 1.2m, DGPS at 0.4m, RTK at lcm+1lppm,
meeting the needs for high-precision navigation.

e Input Voltage: 9~32V DC (standard adapted to 12V DC), power consumption

6. Millimeter-Wave Radar

e Operating Frequency: 76GHz to 77GHz, suited for high-precision long-range detection.

e Detection Distance: 0.2m to 250m, covering a wide range of distances.

e Distance Resolution and Accuracy: Close range £ 0.39m, long range =+ 1.79m; close
range accuracy +0.10m, long range accuracy +0.40m.

e Speed Range: -400 km/h to +200 km/h, supporting detection of high-speed moving targets.

e Speed Resolution and Accuracy: Long range 0.37km/h, close range 0.43km/h; speed
accuracy +0.1 km/h.

e Detection Targets: Includes targets moving away, approaching, stationary, and crossing.

e Data Output: Supports CAN/CANFD, including information such as target ID, distance,
speed, and radar cross-section (RCS).

e Working Environment: Temperature -40°C to 85°C, voltage 9-16V, protection level IP67.
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CL-IT-003: Intelligent Connected Sightseeing Vehicle

I. Product Overview

The autonomous shuttle vehicle showcases a fully self-developed autonomous driving solution,
integrating various sensor technologies such as cameras, LiDAR, millimeter-wave radar, Ultrasonic
Sensor, and GPS/IMU. Relying on advanced perception algorithms and behavior prediction
technology, the vehicle achieves precise obstacle detection and response. It uses a strategy
primarily based on laser positioning, supplemented by RTK positioning, optimizing location
accuracy in complex environments and ensuring stable operation of the autonomous vehicle in the
event of signal interference.

To adapt to mixed traffic conditions of pedestrians and vehicles, the shuttle is equipped with a
planning and control unit designed specifically for autonomous vehicles. This unit integrates multi-
sensor fusion technology, supporting L3/L4 level autonomous driving requirements. This
integrated computing platform is capable of processing inputs from multiple cameras, LiDAR point
cloud data, millimeter-wave radar signals, and Ultrasonic Sensor information. Additionally, the
built-in IMU enhances the vehicle's positioning and navigation accuracy, while capabilities in target
fusion, combined positioning, and decision-planning processing further optimize the vehicle's
autonomous driving performance.

The autonomous shuttle vehicle not only supports key autonomous driving functions such as
automatic tracking, obstacle identification, automatic braking, station docking, local path planning,
and automatic parking but also provides comprehensive services including system setting,
calibration, fault diagnosis, and software upgrades. Its autonomous driving algorithm software
system consists of perception, fusion, planning, and control modules, which are modularly
designed and interconnected through API interfaces. This provides educational institutions with
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high openness and flexibility, allowing users to customize functional modules to meet various

training and teaching needs.

Il. Feature Overview

The autonomous shuttle vehicle integrates advanced autonomous driving technology and a multi-
sensor fusion computing platform, designed to meet L3/L4 level autonomous driving needs, with
the following main functions and features:
1. Multi-Camera and Visual Recognition: Supports inputs from multiple cameras, with robust
visual recognition and automatic parking data processing capabilities.
2. LiDAR Point Cloud Processing: Capable of processing LiDAR-generated point cloud data,
supporting precise environmental perception and obstacle identification.
3. Millimeter-Wave Radar Data Processing: Integrates inputs from multiple millimeter-wave
radars, providing high-precision moving target detection and tracking.
4. Ultrasonic Sensor Application: Equipped with 12 Ultrasonic Sensors, enhancing short-
range obstacle detection and avoidance capabilities.
5. IMU Integration: Built-in Inertial Measurement Unit (IMU) enhances the vehicle's motion
state monitoring and precise positioning.
6. Target Fusion and Positioning: Achieves target fusion and combined positioning functions,
improving the accuracy and reliability of decision planning.
7. Vehicle Data Management: Supports vehicle data access and complex data processing,
providing support for autonomous driving decisions.
8. Multi-Channel Vehicle Control: Features multi-channel control buses, meeting complex
vehicle control requirements.
9. System Setting and Calibration: Provides system setting and calibration functions,
optimizing autonomous driving system performance.
10. Fault Diagnosis: Built-in fault diagnosis function, ensuring stable system operation.
11. System and Software Upgrades: Supports system and software upgrades, ensuring
continuous technological progress and compatibility.
The autonomous driving algorithm software system uses a modular design, including perception,
fusion, planning, control, and a full set of software, with APl interfaces for inter-module
communication, forming a complete autonomous driving software system. The vehicle offers open
APl interfaces, allowing educational institutions to independently develop and verify related
functional modules, providing an experimental platform for teaching and research in autonomous
driving technology, deepening students' understanding and application skills in autonomous
driving technology.

lll. Vehicle Configuration

1. By-Wire Shuttle (Parameters)
2. Computing Unit
e CPU: 6 cores 12 threads, base frequency 2.9GHz, 12M L3 cache, ensuring powerful data
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processing capabilities.

e GPU: Independent image processor, CUDA cores 3584, memory frequency 15Gbps,
capacity 12G DDR6, supporting complex image processing tasks.
e Memory: 16GB LPDDR4x 2666MHz, ensuring smooth system operation.
e Storage: 500GB solid-state drive, providing ample data storage space.
e Interfaces: Equipped with Gigabit Ethernet + WiFi, USB3.0, meeting diverse
communication needs.
3. Front Camera
e Model: Sensor IMX291, lens Size 1/2.8, providing clear image capture.
e Interface: USB3.0, ensuring high-speed data transfer.
e Maximum Effective Pixels: 2 million, resolution 1920x1080, supporting high-definition
video capture.
e  Output Format: MIPEG/YUV2(YUVY), meeting different image processing needs.
e Maximum Frame Rate: 50 frames/YUV/MIJPEG, ensuring smooth video playback.
e Detection Targets: Vehicles, pedestrians, traffic signs, traffic lights, etc., enhancing
environmental perception capabilities.
4. 4.16-Line LiDAR
e Scanning Channels: 16 lines, providing 360-degree spatial scanning.
e Laser Wavelength: 905nm, suitable for various detection environments.
e Detection Distance: 70 meters to 200 meters, meeting long-range sensing needs.
e Power Supply Range: 9V-36VDC, adaptable to different power systems.
e Communication Interface: Ethernet pps, ensuring stable data transmission.
e Data: Includes three-dimensional spatial coordinates and point cloud reflectivity,
supporting precise environmental modeling.
5. Combined Positioning Unit
e Positioning Modes: Supports RTK, GNSS single point, and triple-mode seven-frequency
(GPS, BDS, GLANESS).
e  Built-in: 6-axis IMU, providing accurate posture recognition.
e Attitude Accuracy: 0.1° (baseline length =2m), ensuring high-precision positioning.
e Positioning Accuracy: Single point L1/L2 at 1.2m, DGPS at 0.4m, RTK at lcm+1lppm,
meeting high-precision navigation requirements.
e Input Voltage: 9~32V DC (standard adapted to 12V DC), power consumption
6. Millimeter-Wave Radar
e Operating Frequency: 76GHz to 77GHz, suited for high-precision long-range detection.
e Detection Distance: 0.2m to 250m, covering a wide range of distances.
e Distance Resolution and Accuracy: Close range £0.39m, long range =+ 1.79m; close
range accuracy £0.10m, long range accuracy £0.40m.
e Speed Range: -400 km/h to +200 km/h, supporting the detection of high-speed moving
targets.
e Speed Resolution and Accuracy: Long range 0.37km/h, close range 0.43km/h; speed
accuracy £0.1 km/h.
e Detection Targets: Includes targets moving away, approaching, stationary, and crossing.
e Data Output: Supports CAN/CANFD, providing target ID, distance, speed, and radar cross-

section (RCS).
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e  Working Environment: Temperature -40°C to 85°C, voltage 9-16V, protection level IP67.
7. Ultrasonic Sensor

e  Power Supply: +12V to 24V.

e Operating Temperature: -40°C to +85°C.

e Measuring Range: 130mm to 5000mm, adjustable measuring distance.

e Accuracy: 0.5% of the detection distance.

e Resolution: 5mm.

e Communication Interface: Compatible with CAN2.0A and CAN2.0B.

e Sampling Rate: 100ms, with a probe emission angle of 60 degrees.

IV. Vehicle Function Description

1. Complete Autonomous Driving System: The vehicle is equipped with a complete
autonomous driving system, ensuring it can operate normally under the management of
the system.

2. L4 Autonomous Driving Capabilities: Based on high-precision maps, the system can
perform L4-level autonomous driving functions, including but not limited to active path
tracking, obstacle identification and avoidance, autonomous braking, precise station
docking, and dynamic local path planning.

3. Adjustable Driving Parameters: Provides a user-friendly interface for driving parameter
settings, allowing users to adjust the autonomous driving system's strategy according to
actual needs.

4. High-Precision Map Generation: The system integrates the function of generating high-
precision maps, capable of recording and processing point cloud data, and creating
detailed navigation maps in conjunction with map-making software.

5. Sensor Application Training Software: Provides dedicated training software for each sensor,
supporting step-by-step functional teaching and technical training.

6. Multi-Technology Fusion Positioning: Combines a variety of advanced positioning
technologies, supporting precise path tracking and navigation in indoor and outdoor
environments.

V. Supporting Software Description

1. Vision Testing Software:
e Includes modules for vehicle and pedestrian recognition, lane line and traffic light
recognition.
e Supports rapid installation, calibration, debugging, data collection, and processing of
cameras.
e Provides a complete development toolkit, including Python3, TensorFlow, CUDA, etc.
e Includes machine learning models, training samples, and a real-time processing DEMO,
supplemented with a training dataset.
2. Radar Testing Software:
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e Supports testing of millimeter-wave and Ultrasonic Sensors, including distance detection
and target recognition.
e Real-time reception and analysis of radar data streams, applicable for target analysis under
different working conditions.
e Provides the capability to read fault information.
3. LiDAR Testing Software:
e Supports interface testing and LiDAR configuration (including network settings, time
synchronization, motor parameter adjustments, etc.).
e Real-time reception of LiDAR data streams, visualizing point cloud information.
4. Combined Navigation Testing Software:
e Includes interface testing and calibration of the combined navigation system (initial
alignment, navigation modes, coordinate axis configuration, data output, etc.).
e Supports the reception and analysis of combined navigation data, offering the ability to
read fault information.
The autonomous driving algorithm software system adopts a modular design, containing
perception, fusion, planning, control, and a complete set of software. It implements
communication between modules through API interfaces, forming an entire autonomous driving
software ecosystem. The vehicle provides open APl interfaces, allowing educational institutions to
independently develop and verify related functional modules. This offers an experimental platform
for teaching and research in autonomous driving technology and deepens students' understanding
and application capabilities in autonomous driving technology.
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CL-IT-004: Intelligent Connected Passenger Car Basic

Development Platform

I. Platform Introduction

The Connected Compact Passenger Car Development Teaching Platform is a professionally
retrofitted by-wire vehicle based on mass-produced passenger cars. It is equipped with an
autonomous driving system capable of achieving Robot Taxi functionality. Through hands-on
teaching, students are shown the industry's professional intelligent connected vehicle by-wire
technology and autonomous driving technology.

The by-wire chassis uses mass-produced by-wire VCU controls to achieve high by-wire performance,
with leading indicators in control precision, control error, response time, and feedback accuracy.
Functional safety is fully considered. Manual takeover can be achieved through the accelerator
pedal, brake pedal, and steering wheel, with the capability to automatically switch to conventional
driving mode in the event of system power failure. The system also incorporates an emergency
power-off device and automatically switches to conventional driving mode after power-off. On the
CAN communication mechanism, there are multiple safety assurance measures, such as redundant
control verification methods to ensure command correctness, restrictions on unexpected shift
commands from the upper computer to ensure driving and vehicle safety, and software restriction
strategies for high-speed steering, among others.

The autonomous intelligent car uses a full set of self-developed autonomous driving software, with
sensor applications involving cameras, LiDAR, millimeter-wave radar, Ultrasonic Sensor, GPS/IMU,;
the main function algorithms include perception algorithms and obstacle behavior prediction; the
positioning algorithm uses laser positioning as the main method, supplemented by RTK positioning,
to avoid building and tree signal occlusion affecting vehicle operation; it can meet customized
planning control algorithms for mixed traffic conditions and can perform functions such as active
tracking, obstacle identification, active braking, station docking, and local path planning.

Il. By-Wire Chassis

1. By-Wire Chassis Overview
e Dimensions: Length 2917mm, width 1492mm, height 1621mm, designed exquisitely,
suitable for various scenarios.
e  Wheelbase: 190mm, ensuring vehicle stability and comfort.
e  Front/Rear Track: Both 1290mm, ensuring vehicle balance during driving.
e  Minimum Turning Radius: 4.2m, enhancing vehicle flexibility in narrow spaces.
e Range: 120km, meeting daily short-distance travel needs.
e Vehicle Weight: 700kg, lightweight design for improved energy efficiency.
e Top Speed: 100km/h, meeting the need for rapid travel.
e Motor Type: High-efficiency permanent magnet synchronous motor.
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e Maximum Power/Torque: 20kW / =85Nm, providing robust power.

e Battery Type and Capacity: High-performance lithium-ion battery, =9.3kW<*h, ensuring
long endurance.

e Drive Type: Rear-mounted rear-wheel drive, optimizing driving experience and vehicle
performance.

e Brake Type: Front disc and rear drum, ensuring reliable braking safety.

2. By-Wire Throttle System

e Functionality: Advanced by-wire technology for longitudinal drive control, equipped with
a dedicated CAN interface for precise throttle pedal position adjustment.

e Performance Parameters: a. Latency: Ensures command to acceleration response time
does not exceed 300ms, meeting or exceeding original car throttle response. b. Response
Time: Acceleration from zero to maximum value must be completed within 800ms. c.
Maximum Acceleration: Ensures no less than 0.3g, applicable for 0 to 80km/h speed range.
d. Independent Enable and Takeover: Supports manual takeover via the throttle pedal,
enhancing operational safety. e. Status Feedback: Provides real-time position status of the
throttle pedal, actual vs command value feedback.

3. By-Wire Brake System

e Functionality: Provides longitudinal braking function through by-wire technology,
controlling the brake pedal opening with the corresponding CAN interface.

e Performance Parameters: a. Braking Force: Capable of providing no less than 0.5g of
braking deceleration, meeting emergency braking needs. b. Latency and Response Time:
From the braking command issue to the start of deceleration increase not exceeding
300ms, to maximum deceleration not exceeding 800ms. c. Operating Speed Range: 0 to
80km/h, covering full-speed driving. d. Independent Enable and Takeover: Allows manual
takeover through the brake pedal, ensuring driving safety. e. Status Feedback: Real-time
feedback of the brake pedal's status, actual position vs command value, automatic brake
light activation.

4. By-Wire Steering System

e Functionality: Achieves precise steering control through by-wire technology and a
dedicated CAN interface adjusting the steering wheel angle.

e Performance Parameters:

o Steering Angle Range: -450deg to 450deg, accommodating a variety of steering
needs.

o Maximum Steering Rate: Not less than 360deg/s, ensuring rapid and accurate
steering response.

o Latency: The time from command issuance to change in steering angle does not
exceed 300ms, guaranteeing immediate steering reaction.

o Operating Speed Range: 0 to 40km/h, ensuring steering performance at low to
medium speeds.

o Independent Enable and Takeover: Supports manual takeover through the
steering wheel, enhancing operational flexibility.

o Status Feedback: Comprehensive feedback on the by-wire steering system's

status, including actual and command steering angle values.
5. By-Wire Gearshift Control
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e Functionality: Provides by-wire functionality for switching between R, N, D gears, operated
through the CAN interface when the vehicle is stationary.

Safety Requirements: a. By-wire gearshift control requires the gear stick to be in N position,
ensuring safety when entering and exiting by-wire mode. b. Moving the gear stick from N
to D or R automatically terminates by-wire mode, reverting to manual driving.

Enable and Takeover: By-wire gear position is independently enabled, allowing manual
takeover through gear stick operation, enhancing operational safety.

Response Time: From command issue to action completion not exceeding 2 seconds.

Status Feedback: Real-time feedback on gear position, actual vs command gear stick
position.
6. By-Wire Sound and Light System
e Function Description: Implements by-wire switch control for vehicle sound and light
signals (turn indicators, high/low beam lights, hazard lights, horn, wipers) equipped with
a CAN interface.
e Enable Conditions: By-wire sound and light system can be independently enabled, not
involved in vehicle takeover control.
e Feedback Mechanism: This system does not provide operational feedback signals.
7. Status Feedback Mechanism
e Function Scope: In addition to by-wire throttle, brakes, steering, and gearshift, the system
provides feedback on key vehicle status information such as speed through the CAN bus,
ensuring comprehensive monitoring and diagnosis.
8. By-Wire Operating Modes
e Mode Overview: The system design includes both manual and automatic operating modes,
with mode switching achieved through by-wire enable flag bit.
e Status Feedback: The system provides feedback on the entire vehicle's by-wire status,
ensuring the driver has a clear understanding of the vehicle's control status.
e Fault Response: The system defaults to manual mode, with an automatic fallback to
conventional driving mode when a serious fault is triggered, ensuring driving safety.
9. By-Wire Takeover Function
e Takeover Implementation: The system design supports smooth transition from by-wire
mode to manual control through operation of the throttle, brake, steering, or gear position,
enhancing vehicle safety and flexibility.

lll. Autonomous Driving Configuration

1. Computing Unit

e CPU: 6 cores 12 threads, base frequency 2.9GHz, 12M L3 cache, ensuring strong data
processing capability.

e GPU: Independent image processor, CUDA cores 3584, memory frequency 15Gbps,
capacity 12G DDR6, supporting complex image processing tasks.

e Memory: 16GB LPDDR4x 2666MHz, ensuring smooth system operation.

e Storage: 500GB solid-state drive, providing ample data storage space.

e Interfaces: Equipped with Gigabit Ethernet + WiFi, USB3.0, meeting diverse
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communication needs.

2. Front Camera

e Model: Sensor IMX291, lens size 1/2.8", providing clear image capture.

Interface: USB3.0, ensuring high-speed data transfer.

Maximum Effective Pixels: 2 million, resolution 1920x1080, supporting high-definition
video capture.

Output Format: MJPEG/YUV2(YUVY), meeting different image processing needs.

Maximum Frame Rate: 50 frames per second in YUV/MIJPEG, ensuring smooth video
playback.

Detection Targets: Vehicles, pedestrians, traffic signs, traffic lights, etc., enhancing
environmental perception capabilities.
3. 16-Line LiDAR

e Scanning Channels: 16 lines, providing all-around spatial scanning.

Laser Wavelength: 905nm, suitable for various detection environments.

Detection Distance: 70 to 200 meters, meeting long-distance sensing needs.
e  Power Supply Range: 9V-36VDC, adaptable to different power systems.

Communication Interface: Ethernet pps, ensuring stable data transmission.

Data: Includes three-dimensional spatial coordinates and point cloud reflectivity,
supporting accurate environmental modeling.
4. Combined Positioning Unit
e Positioning Modes: Supports RTK, GNSS single point, and triple-mode seven-frequency
(GPS, BDS, GLANESS).
e Built-in: 6-axis IMU, providing precise attitude recognition.
e Attitude Accuracy: 0.1° (with a baseline length = 2m), ensuring high precision
positioning.
e Positioning Accuracy: Single point L1/L2 at 1.2m, DGPS at 0.4m, RTK at lcm+1lppm,
satisfying high-precision navigation needs.
e Input Voltage: 9~32V DC (standard adapted to 12V DC), power consumption
5. Millimeter-Wave Radar
e Operating Frequency: 76GHz to 77GHz, suitable for high-precision long-range detection.
e Detection Distance: 0.2m to 250m, covering a broad range of distances.
e Distance Resolution and Accuracy: Close range £0.39m, long range =+ 1.79m; close
range accuracy £0.10m, long range accuracy £0.40m.
e Speed Range: -400 km/h to +200 km/h, capable of detecting high-speed moving targets.
e Speed Resolution and Accuracy: Long range 0.37km/h, close range 0.43km/h; speed
accuracy £0.1 km/h.
e Detection Targets: Includes targets moving away, approaching, stationary, and crossing.
e Data Output: Supports CAN/CANFD, providing target ID, distance, speed, and radar cross-
section (RCS).
e  Working Environment: Temperature from -40°C to 85°C, voltage 9-16V, protection level
IP67.
6. Ultrasonic Sensor
e Power Supply: +12V to 24V.
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e Operating Temperature: -40°C to +85°C.

e Measuring Range: 130mm to 5000mm, with adjustable measuring distance.

e Accuracy: 0.5% of the detection distance.

e Resolution: 5mm.

e Communication Interface: Compatible with CAN2.0A and CAN2.0B.

e Sampling Rate: 100ms, with a probe emission angle of 60 degrees.

7. Router Specifications

e Supported Bands: 4G full-netcom, ensuring broad compatibility with network connections.

e Antennas: Dual-antenna design, enhancing signal reception.

e Network Interface: Four adaptive 100/1000 Mbps LAN ports.

e Power Supply: 12V, adaptable to various power environments.

e  Wireless Network Standards: Supports 2.4GHz/5GHz dual-band, catering to different
wireless network needs.

8. CAN Transceiver Specifications

e Integrated Channels: Two CAN channels, supporting complex communication needs.

e Protection: Electrostatic protection, surge protection, and communication isolation,
ensuring stable device operation.

e Operating Temperature: Industrial-grade from -40 to 85 °‘C , suitable for harsh
environments.

e Configuration Method: Web-based configuration interface, simplifying the device setup
process.

IV. Vehicle Function Description

1. Complete Autonomous Driving System: The vehicle is equipped with a complete
autonomous driving system, ensuring it can operate normally under the system's control.

2. L4 Autonomous Driving Capability: Based on high-precision maps, the system is capable of
performing L4-level autonomous driving functions, including but not limited to active path
tracking, obstacle identification and avoidance, autonomous braking, precise station
docking, and dynamic local path planning.

3. Adjustable Driving Parameters: Provides a user-friendly interface for setting driving
parameters, allowing users to adjust the autonomous driving system's strategy according
to actual needs.

4. High-Precision Map Generation: The system integrates the functionality to generate high-
precision maps, capable of recording and processing point cloud data, and creating
detailed navigation maps with mapping software.

5. Sensor Application Training Software: Provides dedicated training software for each sensor,
supporting individual function teaching and technical training.

6. Multi-Technology Fusion Positioning: Combines various advanced positioning
technologies, supporting precise path tracking and navigation in both indoor and outdoor

environments.
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V. Supporting Software Description

1. Vision Testing Software:
e Includes modules for vehicle and pedestrian recognition, lane line, and traffic light
recognition.
e Supports rapid installation, calibration, debugging, and data collection and processing of
cameras.
e Provides a complete development toolkit, such as Python3, TensorFlow, CUDA, etc.
e Contains machine learning models, training samples, and real-time processing DEMOs,
complemented by a training dataset.
2. Radar Testing Software:
e Supports testing of millimeter-wave and Ultrasonic Sensors, including distance detection
and target detection.
e Real-time reception and analysis of radar data streams, suitable for target analysis under
different operating conditions.
e Provides the capability to read fault information.
3. LiDAR Testing Software:
e Supports interface testing and LiDAR configuration (including network settings, time
synchronization, motor parameter adjustments, etc.).
e Real-time reception of LiDAR data streams, visualizing point cloud information.
4. Combined Navigation Testing Software:
e Includes interface testing and calibration of the combined navigation system (initial
alignment, navigation modes, coordinate axis configuration, data output, etc.).
e Supports the reception and analysis of combined navigation data, offering the ability to
read fault information.




Ty,
-;é“ /‘Me \ ﬁtﬁ,
, " " MALURI EQUIPMENT (M) SDN. BHD.

CL-IT-005: Intelligent Connected Passenger Car Advanced

Development Platform

I. Platform Overview

This platform is an innovative teaching platform for the development of intelligent connected large
passenger cars, designed to improve educational quality and cultivate professional talent in the
field of future autonomous driving technology. By performing professional by-wire modifications
on mass-produced passenger cars and integrating advanced autonomous driving systems, this
platform is capable of achieving Robot Taxi-level automation. It provides students with a hands-on
teaching environment to deeply understand and master key by-wire technologies and autonomous
driving techniques.
Technical Features
e By-Wire Chassis Technology: The platform uses industry-leading by-wire VCU (Vehicle
Control Unit) technology to modify mass-produced passenger cars for excellent by-wire
performance. This includes leading industry standards in control precision, error
management, response time, and feedback accuracy.
e Functional Safety Design: The design fully considers functional safety, achieving manual
takeover capabilities for the accelerator pedal, brake pedal, and steering wheel, ensuring
a smooth transition from autonomous driving mode to conventional driving mode.
Moreover, the system can automatically switch to conventional driving mode in case of
power failure and integrates an emergency power-off device, adding multiple safety
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guarantees such as redundant control verification and software restrictions on high-speed
steering, to ensure driving and vehicle safety.

e Autonomous Driving Software and Sensor Integration: The platform utilizes a full set of
self-developed autonomous driving software, covering advanced perception algorithms
and obstacle behavior prediction functions. Sensor applications are extensive, including
cameras, lidar, millimeter-wave radars, etc., combined with accurate positioning
algorithms, such as a laser positioning main strategy supplemented by RTK positioning, to
ensure accurate vehicle operation even in complex environments. The platform also
supports customized planning and control algorithms for mixed traffic conditions, realizing
various autonomous driving functions such as active tracking, obstacle recognition, and
active braking.

Il. Detailed Explanation of By-Wire Chassis Technology

1. Overall

Vehicle Control Mode The platform's overall vehicle control mode utilizes advanced by-
wire technology, achieving flexible switching of autonomous driving modes. Through
precise protocol control, the vehicle's autonomous driving mode can be conveniently
activated or deactivated, while supporting unified or independent control of braking,
throttle, and steering, providing an enable switch for vehicle speed under automatic
control mode, ensuring safety and stability during high-speed driving.

32. By-Wire Throttle

e Functionality and Performance: By-wire throttle technology realizes longitudinal driving
control through precise by-wire management, with a CAN control interface supporting
precise control of throttle pedal opening (percentage) and torque (Nm).

e Response Characteristics: The by-wire throttle is designed for rapid response, with a delay
time of under 300ms from command issuance to acceleration onset, and response time
under 800ms to reach maximum acceleration, not less than 0.3g, meeting the demands of
high-performance autonomous driving.

e Operational Range and Enablement: Operational speed range from 0 to the maximum
speed allowed by the original vehicle, with throttle capable of individual enablement and
takeover, allowing manual takeover via the throttle pedal, enhancing operational flexibility
and safety.

e Status Feedback: The system provides feedback on by-wire throttle status, actual throttle
pedal position, command values, and requested wheel-end torque for precise monitoring

and adjustment.
33. By-Wire Brake

® Functionality and Performance: By-wire brake technology achieves high-precision
control of longitudinal driving braking function, also with a CAN control interface
supporting precise adjustment of brake pedal opening (percentage) and deceleration
(m/s72).
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® Performance Requirements: The braking system can provide deceleration of not less
than 0.5g, ensuring rapid and safe vehicle stopping in emergency situations.

® Response Characteristics: Delay time controlled under 300ms from command
issuance to the onset of deceleration, and response time under 800ms to reach
maximum deceleration, meeting the demands for rapid response in emergency
braking.

® Operational Range and Enablement: Operational speed range covers from 0 to the
maximum speed allowed by the original vehicle, with by-wire braking also supporting
individual enablement and takeover, providing manual takeover via the brake pedal,
improving driving safety.

® Status Feedback: The system feeds back by-wire brake status, actual brake pedal
position, command values, and deceleration command values, providing data
support for precise control and fault diagnosis of the braking system.

34. By-Wire Steering

® Functionality and Performance: The platform's by-wire steering technology utilizes
high-precision control strategies, with a dedicated by-wire CAN control interface for
accurate control of steering wheel angle (degrees) and torque (Nm).

® Performance Requirements: Supports accurate steering control within the speed
range of 0 to the maximum speed allowed by the original vehicle. Steering wheel
angle range from -470 degrees to 470 degrees, with a maximum steering rate of not
less than 1020 degrees per second, meeting the requirements for rapid steering.

® Response Characteristics: Delay time is controlled within 300ms from the issuance
of the command to the change in steering angle, ensuring an immediate response to
the driver's operation or the autonomous driving system's control commands.

® m. Enablement and Takeover: By-wire steering can be individually enabled and taken
over, supporting advanced functions that allow manual takeover via the steering
wheel.

® Status Feedback: The system provides feedback on by-wire steering status, actual
steering wheel angle, and command values, facilitating the monitoring and
optimization of steering control performance.

35. By-Wire Gear Selection

® Function Description: The by-wire gear selection function allows for automatic
switching between P, R, N, D gear positions while the vehicle is stationary, using a
CAN interface. The functionality can be flexibly enabled or disabled through protocols.

® Safety Requirements: In the automatic control mode, the gear enable switch ensures
that the D position can enter or be prohibited from entering by-wire mode as needed,
increasing driving safety

® Response Time: The time from command issuance to gear shift completion is
controlled within 2 seconds, ensuring a quick and smooth transition

® Status Feedback: Provides feedback on by-wire gear status, actual gear lever position,
and command values, supporting precise control and fault detection.
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36. By-Wire Lighting and Electronic Parking Brake

® Control Interface: Includes switch control for left and right turn signals, high and low
beam headlights, emergency flashers, horn, windshield wipers, as well as electronic
parking brake control interface, operated via respective CAN control interfaces.

® Function Implementation: The by-wire implementation of these functions increases
flexibility and safety during autonomous driving, supporting automatic operation in
complex environments.

37. A Status Feedback

® Comprehensive Information Feedback: The platform provides key information
feedback via CAN bus signals, including wheel steering, wheel speed, takeover
reasons, vehicle speed, longitudinal acceleration, lateral acceleration, yaw rate, door
status, seat belt status, key status, Ultrasonic Sensor ranging distance, external
temperature, and total odometer, providing comprehensive data support for system
monitoring and fault diagnosis.

38. By-Wire Mode

® Manual and Automatic Modes: The by-wire system's working modes include manual
and automatic modes. In manual mode, the vehicle is completely controlled by the
driver. In automatic mode, one or more by-wire subsystems of the vehicle are
controlled by the intelligent driving computer. The entire vehicle by-wire enable flag
bit controls the switch between manual and automatic modes.

® Default Mode and Fault Switching: The system defaults to manual driving mode
upon power-up and automatically switches to conventional driving mode in the event
of a severe fault, ensuring driving safety.

39. By-Wire Takeover

® Takeover Settings: The system can be set to enable a smooth takeover from by-wire
mode to manual mode via any one or several of the throttle, brake, or steering,
ensuring quick restoration of driver control in emergency or specific situations,
enhancing safety and flexibility of driving.

lll. Autonomous Driving System Configuration

1. Computing Unit

e Core Configuration: The platform's computing unit is equipped with a high-performance
6-core 12-thread processor, with a clock speed of 2.9GHz, complemented by 12M of L3
cache, and an independent graphics processing unit with 3584 CUDA processors, a
memory frequency of 15Gbps, and a 12G DDR6 memory capacity.

e Memory and Storage: The system memory is configured with 16GB LPDDR4x at a
frequency of 2666MHz, paired with a 500GB solid-state drive, ensuring fast data
processing and storage capabilities.

o Networking and Interfaces: Provides gigabit Ethernet and WiFi connection options, as well

102




st Techy,

f eq

%y

MALURI EQUIPMENT (M) SDN. BHD.

as USB 3.0 interface, supporting fast data transfer and peripheral connections.
2. Mid-range Front-facing Cameras x2

e Technical Specifications: Two mid-range front-facing cameras, using the OV2775/RGB/RS
chip, sensor size 1/2.9 inches, pixel size 2.8um, with built-in IPS chip, output resolution of
1920x1536, supporting hardware synchronization.

e Viewing Angle and Lens: Each camera has a horizontal field of view (HFOV) of 60 degrees,
vertical field of view (VFOV) of 46 degrees, focal length of 5.8mm, waterproof rating of
IP67, ensuring reliable environmental adaptability.

3. Long-range Front-facing Camera

e Technical Specifications: The long-range front-facing camera also uses the
OV2775/RGB/RS chip, sensor size 1/2.9 inches, pixel size 2.8um, with built-in IPS
chip,output resolution of 1920x1536, providing hardware synchronization.

e Viewing Angle and Lens: This camera has a horizontal field of view (HFOV) of 30 degrees,
a vertical field of view (VFOV) of 24 degrees, and a focal length of 11mm. It also has a
waterproof rating of IP67, designed for long-range vision.

4. Surround-view Cameras

e Technical Specifications: The surround-view cameras use the 1ISX021/RGB/RS chip, sensor
size 1/2.57 inches, pixel size 3um, with built-in IPS chip, output resolution of 1920x1080,
supporting hardware synchronization.

e Viewing Angle and Lens: They provide a horizontal field of view (HFOV) of 118 degrees and
a vertical field of view (VFOV) of 92 degrees, with a focal length of 3mm and a waterproof
rating of IP67. These cameras provide a 360-degree panoramic view around the vehicle,
enhancing environmental perception during autonomous driving.

5. 80-line Lidar

e Performance Parameters: Uses 80-line lidar with a wavelength of 905nm, offering a
maximum detection range of 200m and high accuracy of Z2cm. Frame rates can reach
up to 20Hz, with a broad operating temperature range from -30° Cto +60° C, adaptable
to various environmental conditions.

e Application Functions: This lidar provides a 360-degree spatial scanning capability for
autonomous vehicles, supporting obstacle detection, classification, and tracking in
complex environments, and is a key component for achieving advanced autonomous
driving functions.

6. Combined Positioning Unit

e Technical Specifications: The combined positioning unit supports RTK and GNSS single-
point modes, using tri-mode, seven-frequency positioning (GPS, BDS, GLONASS), and
includes a 6-axis IMU (Inertial Measurement Unit), providing high-precision location and
posture information for the autonomous driving system.

e Positioning Performance: By combining high-precision satellite navigation with ground-
based augmentation systems, it ensures stable and accurate positioning services in various
environments, which is crucial for route planning and navigation.
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7. Millimeter-wave Radar

e Operating Frequency and Detection Range: Millimeter-wave radar operates within the
frequency range of 76GHz to 77GHz, with a detection range from 0.2m to 250m, covering
a wide range of target detection distances.

e Performance Features: It has a long-range resolution and accuracy of *£1.79m and a
short-range of +0.39m; with a measuring accuracy of £0.40m at long distances and =+
0.10m at short distances. The detection angle range reaches 120° , and the speed range
is from -400 km/h to +200 km/h, supporting the measurement of various targets' speed
and distance.

e Data Output and Environmental Adaptability: Provides CAN/CANFD data output, including
tracking target ID, distance, speed, RCS, etc. The working temperature range is from -40°C
to 85°C, with an operating voltage of 9-16V, and a protection level not less than IP67,
ensuring reliability and stability in all weather and road conditions.

8. Ultrasonic Sensor

e Measuring Capacity and Accuracy: The Ultrasonic Sensor has a measuring range from
130mm to 5000mm, with a blind zone of 13cm. The beam angle is adjustable from 10°
to 60° , with an accuracy of 5mm at close range and 0.5% of the measured distance at
long range.

e Operating Conditions and Function: The processing board and probe have an operating
temperature range from -40°C to 85°C, operating power of +12V to +24V, and operating
current less than 200mA. Ultrasonic Sensor is mainly used in autonomous driving systems
for close-range obstacle detection and avoidance, particularly important in low-speed
driving and parking scenarios.

IV. Platform Functions

This autonomous driving teaching platform integrates a series of advanced functions, aiming to
provide a comprehensive autonomous driving experience and teaching support:

1. Complete Autonomous Driving System: The platform is equipped with a complete
autonomous driving system that can perform L4-level autonomous driving functions
under various road conditions, including but not limited to active tracking, obstacle
recognition, active braking, precise docking at stops, and dynamic local route planning.

2. High-precision Map Generation and Use: The platform supports the generation of high-
precision map information sources, capable of recording point cloud data packages and
using map-making software to create detailed high-precision maps, which are crucial for
route planning and positioning accuracy.

3. Independent Sensor Applications: To deepen the learning experience, the platform
provides specialized training software for individual sensors, allowing learners to
understand and practice the working principles and application scenarios of each sensor.

4. Integration of Various Positioning Technologies: Combining various positioning
technologies, the platform can achieve precise tracking or navigation based on high-
precision maps in both indoor and outdoor environments, enhancing the adaptability and
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flexibility of the autonomous driving system.

V. Supportive Software

To fully utilize the platform's potential for teaching and research, the following supportive software
has been carefully designed to provide comprehensive learning and development support:
1. Visual Testing Software:
e Includes modules for vehicle and pedestrian recognition, lane line detection, and traffic
light recognition.
e Supports the fast installation, calibration, and debugging of cameras, as well as data
collection and processing.
e Provides a complete development toolkit, including Python3, TensorFlow, CUDA, etc.
e Contains machine learning models, training samples, and real-time processing demos,
complemented by training datasets.
2. Radar Testing Software:
o Designed for testing millimeter-wave and Ultrasonic Sensors, including distance detection
and target detection.
e Capable of receiving and analyzing radar data streams, suitable for target analysis under
different operating conditions.
e Offers a function for reading fault information.
3. Lidar Testing Software:
e Supports interface testing and lidar configuration (including network settings, time
synchronization, motor parameter adjustments, etc.).
e Real-time reception of lidar data streams, visualizing point cloud information.
4. Combined Navigation Testing Software:
e Includes interface testing and calibration of the combined navigation system (initial
alignment, navigation mode, coordinate axis configuration, data output, etc.).
e Supports reception and analysis of combined navigation data, providing a function for
reading fault information.
These components and software suites create a robust framework for students and researchers to
engage deeply with autonomous driving technologies, facilitating an understanding of both the
operational aspects and the challenges of developing autonomous driving solutions.
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CL-IT-006: Autonomous Sightseeing Vehicle "City Lights"

I. Introduction to the Autonomous Sightseeing Vehicle Technology

This autonomous sightseeing vehicle represents the latest application of autonomous
driving technology in the high-end tourism travel sector. The design integrates modern
and fashionable elements, displaying a high sense of technology while ensuring a good
viewing experience. Developed based on the drive-by-wire chassis technology of new
energy vehicles, it is capable of driving on public roads and is equipped with a highly stable
and reliable autonomous driving system, aimed at solving the last-mile problem in urban
travel. Moreover, the vehicle adopts a shared travel mode and pure electric technology,
reflecting the dual advantages of economy and environmental protection.

Il. Detailed Explanation of Equipment Functions

1. Autonomous Driving System Based on Advanced Drive-by-Wire Technology:

The autonomous sightseeing vehicle employs mature drive-by-wire technology as its core
control system, equipped with a fully automatic driving system, demonstrating
professional application in the field of intelligent connected shuttle vehicles. This
technology not only enhances the vehicle's safety and reliability but also showcases the

cutting-edge autonomous driving technology to users through physical teaching methods.
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2. High-Performance Drive-by-Wire Chassis:

The vehicle's drive-by-wire chassis uses mass-produced drive-by-wire VCU (Vehicle Control
Unit) control, providing outstanding drive-by-wire performance. It achieves industry-
leading levels in key indicators such as control precision, error management, response
speed, and feedback accuracy, ensuring the efficient operation of the autonomous
sightseeing vehicle under various road conditions.

3. Self-Developed Autonomous Driving Software:

The vehicle is equipped with a full set of self-developed autonomous driving software,
integrating various sensors such as cameras, lidar, Ultrasonic Sensors, and GPS/IMU,
providing comprehensive environmental perception capabilities. With advanced
perception algorithms and obstacle behavior prediction, combined with laser and RTK
positioning technology, the vehicle can accurately identify and avoid obstacles, optimize
route planning, and thus achieve safe and efficient autonomous driving in mixed traffic
conditions.

4. Customized Planning and Control Algorithms:

The autonomous sightseeing vehicle supports customized planning and control algorithms
for mixed traffic conditions, capable of completing a range of advanced autonomous
driving functions, including active tracking, obstacle recognition, active braking, station
docking, and local path planning. The implementation of these advanced features makes
the autonomous sightseeing vehicle not only suitable for tourist sightseeing but also
applicable to various scenarios such as urban public transport, demonstrating the broad
applicability of autonomous driving technology in modern transportation.

lll. Detailed Equipment Specifications

1. Technical Specifications of the Autonomous Sightseeing Vehicle

1) Vehicle Type and Drive Configuration

A. Vehicle Positioning: Drive-by-wire sightseeing minibus.

B. Drive Method: Rear-mounted, rear-wheel drive, ensuring good power transmission and driving
stability.

C. Steering System: Front-wheel steering, providing flexible handling performance.

D. Body Construction: Non-load bearing design, optimizing vehicle weight distribution and
structural strength.

2) Size and Performance

A. Curb Weight: 2100kg, lightweight design enhances energy efficiency.

B. Maximum Gross Weight: 3290kg, securing the load capacity for passengers and luggage.

C. Passenger Configuration: Maximum number of passengers is 14, with 8 seats (including a safety
officer's seat), meeting the needs of small group travel.

D. Body Dimensions: Length 4500mm X Width 2000mm X Height 2635mm, spacious cabin
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space provides a comfortable riding experience. E. Wheelbase: 3300mm, ensuring driving stability.
F. Track: Front and rear tracks are both 1760mm, maintaining good vehicle balance.

3) Performance Indicators

A. Maximum Speed: 30km/h, suitable for city sightseeing and low-speed driving environments.
B. Endurance: 160km (steady speed method-20km/h), meeting daily operational needs.
C. Climbing Capability: Maximum gradient of 15%, easily handling complex terrains.

4) Energy and Battery

A. Energy Storage System: Uses lithium iron phosphate batteries, environmentally friendly and safe.
B. Battery Capacity: 105Ah, supporting long-term operations without frequent charging.

2. Advanced Computing and Sensor Configuration

1) Computing Unit

A. CPU Configuration: 6 cores and 12 threads, with a main frequency of 4.1G, equipped with 12M
third-level cache, powerful processing capability.

B. GPU Configuration: Independent image processor, with 3584 CUDA processors, memory
frequency of 15Gbps, and memory capacity of 12G DDR6, supporting complex image processing
tasks.

C. Memory and Storage: 16GB LPDDR4x2666MHz memory, 500GB solid-state drive, ensuring data
processing and storage needs.

D. Interface: Provides gigabit Ethernet + WiFi connection, USB 3.0 interface, supporting various
peripheral connections.

2) Perception and Positioning

A. Front-view Cameras: Dual Sensor IMX291, 1/2.8" lenses, USB 3.0 interface, 2 million pixels,
supporting up to 1920*1080p 50 frames video stream, capable of recognizing vehicles, pedestrians,
traffic signs, and traffic lights.

B. Lidar: Four 16-line lidars with a wavelength of 905nm, maximum ranging distance of 150m, and
accuracy of =£2cm, supporting a working temperature range of -30° C to +60° C, providing all-
around environmental awareness.

C. Combined Positioning Unit: Supports RTK mode, GNSS single-point mode, triple-mode seven-
frequency (GPS, BDS, GLONASS) positioning, built-in 6-axis IMU, ensuring precise positioning and
stable navigation.

D. Ultrasonic Sensor: Covers a ranging distance of 130mm to 5000mm, high precision, supporting
complex environmental short-range obstacle detection.

IV. Platform Features

1. Complete Autonomous Driving System: The autonomous sightseeing vehicle is equipped with
a comprehensive autonomous driving system capable of safe, autonomous navigation in various
road conditions. The system supports L4-level autonomous driving functions, including but not
limited to high-precision map-dependent navigation, active tracking, obstacle recognition,
automatic braking, station docking, and local path planning.
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2. Parameter Setting Controls: A user-friendly interface is provided, allowing operators to adjust
the behavior strategies of the autonomous driving system based on specific needs, including speed
settings, path priority, etc., ensuring vehicle operation complies with the requirements of specific
scenarios.

3. High-Precision Map Generation: The vehicle is not only capable of utilizing existing high-
precision maps for precise navigation but also has the capability to generate high-precision maps.
By collecting environmental data and using specialized software for processing, detailed maps can
be created for use in autonomous driving.

4. Sensor Teaching Software: Considering educational and R&D needs, the system offers
specialized training software for various sensors, supporting step-by-step teaching to help learners
better understand the principles and application scenarios of autonomous driving technologies.
5. Indoor and Outdoor Positioning Technology: By integrating various positioning technologies,
the autonomous sightseeing vehicle can accurately track or drive based on high-precision maps in
indoor and outdoor environments, enhancing its adaptability and flexibility in complex settings.

V. Supporting Software

1. Vision Testing Software: This software integrates modules for vehicle and pedestrian recognition,
lane detection, and traffic light status recognition, supporting rapid installation, calibration, and
debugging of cameras. In addition, it includes functionalities for dataset collection and processing,
model training, and comes with a comprehensive development package that includes Python3,
TensorFlow, CUDA, and more, as well as machine learning DEMOs, providing users with a complete
visual processing solution.

2. Millimeter-wave/Ultrasonic Sensor Testing Software: This software is specially designed for
testing millimeter-wave and Ultrasonic Sensors, capable of receiving sensor data streams,
displaying detection effects under different conditions, and reading fault information, facilitating
system tuning and maintenance.

3. Lidar Testing Software: Provides interface testing, configuration (including Ethernet settings,
time synchronization, motor parameter adjustments), and data stream reception with point cloud
visualization capabilities, supporting in-depth understanding of lidar applications in autonomous
driving systems.

4. Combined Navigation Testing Software: Software for testing and calibrating the combined
navigation system, supporting calibration, navigation mode configuration, coordinate axis settings,
and port data output configurations. By receiving combined navigation data, the software can
effectively assist in system tuning and optimization.
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CL-IT-007: Campus Autonomous Roaming Vehicle

I. Product Overview

The campus autonomous roaming vehicle is designed to meet the study tour needs and visiting
experiences of primary and secondary school students. It is required to comfortably accommodate
two adults and two children. The vehicle will serve not only as a demonstration platform for
autonomous driving technology but also as a practical training facility for sensor installation and
debugging, thereby supporting the learning and research of advanced driver-assistance functions.
Integrating deep learning and artificial intelligence technologies such as image recognition, SLAM
positioning, environmental perception, and the recognition of obstacles and traffic signs, the
vehicle provides a complete intelligent driving solution. Moreover, the onboard intelligent booking
system allows for vehicle reservation via mini-programs, offering convenient mobility services
within the campus and bringing an interactive and educationally rich autonomous driving
experience to students.

The campus autonomous roaming vehicle is equipped with the following configurations:

Il. Configuration List

1. Vehicle Parameters

e Size: Length 2103mm, width 1364mm, height 1993mm, suitable for campus road travel.
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e Seating Configuration: Can accommodate two adults and two children, with a total of 4
seats.

e  Minimum Ground Clearance: 80mm, adaptable to varied terrain conditions.

e Climbing Capability: Maximum 20% grade, ensuring driving performance when fully
loaded.

e Braking Distance: Can safely stop within 20cm, ensuring passenger safety.

e Load Capacity: Maximum load of 280kg, meeting daily transportation needs.

e  Curb Weight: The vehicle's own weight is 400kg, light and easy to control.

e Speed Settings: Maximum speed of 15km/h for manual driving, and 10km/h in
autonomous driving mode.

e Battery and Range: 80Ah battery capacity, with a range of up to 50km.

e Charging Time: 4 hours for fast charging and 8 hours for slow charging, to meet various
usage needs.

e Shell Material: Made of fiberglass, sturdy and durable.

e Frame Material: Integrated carbon steel frame, providing good vehicle support.

e Sunshade Canopy: Equipped with a canopy, offering sun and rain protection for passengers.

e Control Mode: Can switch freely between joystick control and autonomous driving mode.

e Control Facilities: Equipped with buttons to enter and exit autonomous driving mode, light
switch buttons, and electronic parking functions.

e Onboard Interaction: 14-inch touchscreen, enhancing the interaction experience between
passengers and the vehicle.

e Seat Material: Memory foam and synthetic leather cover, enhancing seating comfort.

e Lighting System: Includes headlights, turn signals, brake lights, and status lights, ensuring
safe night-time driving.

e Drive-by-Wire Interface: Equipped with CAN interface, can control throttle, gear, steering,
brakes, parking, lights, and horn.

e Drive-by-Wire System: Includes EPS steering system, EHB braking, VCU, and joystick
control, enhancing the vehicle's intelligent control capabilities.

2.  Computing Unit

e Main Control Chip: Uses Rockchip RK3588S chip, ensuring system computing performance.

e CPU: 8-core 64-bit processor with a frequency of up to 2.4GHz, powerful processing
capability.

e GPU: Integrated ARM Mali-G610, with strong graphics processing capability.

e Storage: Equipped with 16MB QSPI Nor FLASH.

e USB Interfaces: Provides USB3.01, USB2.02, and Type-C(USB3.0)*1, meeting diverse
peripheral connection needs.

e Ethernet: Supports 10/100/1000Mbps Ethernet, ensuring the stability of network
connections.

3. Sensor Configuration

e 16-line Lidar: Equipped with a 16-line lidar with a laser wavelength of 905 nanometers,
offering a ranging capability of 150 meters and high precision of 2 centimeters, with a
maximum frame rate of 20 hertz, stable operation in extreme temperatures (-30° C to
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+60° C).

e Single-line Lidar: Two single-line lidars are installed, capable of 360° two-dimensional

scanning detection, with high precision of up to % 3 centimeters, and a maximum
detection range of 10 meters. The emission frequency is 10KHz, with a selectable scanning
frequency of 10Hz or 20Hz, and a detection range of up to 25 meters at 70% reflectivity.
The lidar is driven by an internal brushless motor and transmits data through a standard
communication interface.

e Combined Positioning Unit: Supports real-time dynamic differential (RTK) positioning
functions of the Global Navigation Satellite System (GNSS) and provides standardized
communication protocols. Equipped with high-precision MEMS gyroscopes and
accelerometers as well as a multi-mode multi-frequency GNSS receiver, capable of
achieving 0.2° heading accuracy and up to 2 centimeters of positional accuracy. The
device's supply voltage is 24V DC, supporting input from 10 to 32V DC, with a working
current of 2A. The gyroscope's range is =300° /s, with a zero bias stability of 5.5° /h,
and the accelerometer's range is £ 6g, with zero bias stability of 0.06mg.

e Ultrasonic Sensor: The Ultrasonic Sensor's ranging capability is from 200 millimeters to
3500 millimeters, with an ultimate measuring range of 130 millimeters to 5000 millimeters.
The beam angle can be adjusted between 10° and 60° , able to work stably within a
temperature range of -40°C to +85°C. The measuring accuracy is 5 millimeters at close
range, and the far-range measurement accuracy is 0.5% of the detection distance. The
measurement distance of the probe is adjustable. The device operates with a power range
of +12V to +24V, and the working current is less than 200mA under +12V power supply.

Ill. Device Functions

1. Autonomous Driving and Ride-Sharing Services:

The device supports convenient services like stop-on-scan, allowing visitors to halt the vehicle by
scanning a QR code. Whether passengers operate it or not, the vehicle will automatically switch to
autonomous driving mode after 5 minutes. Passengers can start the vehicle by scanning a QR code
to pay a deposit; if unlocking fails, the deposit is automatically refunded.

2. Advanced Autonomous Driving Functions:

The vehicle is capable of performing autonomous driving operations, including auto-tracking,
obstacle avoidance, detouring, and intersection crossing. It can stably navigate even under the
shade of trees or buildings. The vehicle can autonomously drive unoccupied under simple road
conditions and carry passengers on suitable segments. When the battery is low, the vehicle can
automatically return for charging.

3.  Smart Management System:

After returning, the vehicle automatically moves to a nearby vacant station. After operating hours,
the vehicle automatically returns to the collection point upon completing its tasks. To ensure the
safety of passengers and the vehicle, it is equipped with an internal and external video monitoring
system, and the recordings are stored for safety.
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CL-IT-008: Educar: Intelligent Connected Training Microcar

I. Product Overview

The "IntelliExplore Educator Edition" unmanned driving teaching model is built on a 1/10 scale RC
monster truck chassis, integrating advanced sensor configurations, powerful software support, and
versatile educational tools. It aims to provide learners with a comprehensive platform to
understand and explore autonomous driving technology fully.

Il. Technical Specifications

1. Chassis Specifications

e Dimensions: 440mm X 330mm X 280mm

e Drive Mode: Four-wheel drive, utilizing a 1/10 scale RC monster truck chassis

e  Maximum Speed: 40km/h

e Turning Radius: No less than 850mm

e Motor: 50000rpm / 1200W

e Battery Configuration: 5500mAh (for ESC power) + 5200mAh (for industrial control power)

2. Sensor and Hardware Configuration

e LiDAR: EAI X4
e Camera: Intel D435i
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e Industrial PC: NVIDIA Jetson Nano (4G memory)
e  Operating System: Ubuntu 18.04

3. Software Platform

e Software Platform: ROS1
e Autonomous Driving Software: Proprietary software supporting mapping, planning, and
control

e Control Mode: Joystick operation

lll. Feature Highlights

1. Deep Learning
e Capabilities: Object recognition, image recognition, and custom model training
2. LiDAR Mapping Navigation

e  Features: Supports SLAM mapping, autonomous positioning and navigation, autonomous
route planning, and integrates radar and vision for mapping and navigation

3. Wire-Controlled Four-Wheel Drive Chassis

e Technology: Implements Ackermann steering and full-time four-wheel drive, enhancing
maneuverability and adaptability

IV. Educational Support

1. Training Guides and Development Documentation

e Provided: Accompanying training guides and development documentation to help users
get started quickly and understand deeply

2. Open Source Support

e Highlight: Source code is provided to support secondary development, encouraging
technical innovation and customization
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CL-VC: Vehicle-Road Cooperation Training

Lab

Vehicle-Road Cooperation Training Lab Introduction

The Vehicle-Road Cooperation Training Lab is a state-of-the-art educational facility designed to

foster understanding and innovation in the field of Vehicle-to-Everything (V2X) communication and

cooperation systems. This lab is dedicated to exploring how vehicles can intelligently interact with

their surrounding infrastructure, other vehicles, and pedestrian traffic to enhance road safety,

traffic efficiency, and driving experience.

Lab Features:

1.

Advanced V2X Technologies: Equipped with the latest in V2X communication technologies,
the lab provides a hands-on environment for learning about and developing systems that
allow vehicles to communicate with traffic signals, road sensors, and other vehicles.
Simulation and Real-World Integration: Combining advanced simulation tools with real-
world infrastructure elements, the lab offers a hybrid testing environment. This approach
allows for the exploration of complex vehicle-road interaction scenarios in a controlled yet
realistic setting.

Interdisciplinary Approach: The lab encourages collaboration between students and
professionals from various fields, including automotive engineering, computer science,
urban planning, and information technology, promoting a comprehensive understanding
of the challenges and opportunities in vehicle-road cooperation.

Innovative Project Development: Focused on fostering innovation, the lab supports

projects aiming to develop new applications and solutions in the realm of intelligent
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transportation systems (ITS) and smart cities, leveraging vehicle-road cooperation
technologies.

5. Data Analytics and Machine Learning: With access to real-time data from V2X
communications, the lab is an ideal setting for applying data analytics and machine
learning techniques to improve traffic management, vehicle safety, and environmental
sustainability.

Lab Objectives:

e Enhance Road Safety: Through the development and testing of V2X communication
systems, the lab aims to significantly reduce accidents and improve road safety for all users.

o Improve Traffic Efficiency: By enabling vehicles to communicate with traffic infrastructure
and each other, the lab works on solutions to alleviate traffic congestion and optimize
traffic flow.

e Support Smart City Initiatives: The lab contributes to the development of smart city
solutions, where vehicle-road cooperation technologies play a key role in creating more
efficient, safe, and sustainable urban environments.

e Foster Innovation and Research: Providing a platform for cutting-edge research and
innovative projects, the lab helps push the boundaries of what's possible in vehicle-road
cooperation, preparing students to be leaders in the field.

Through participation in the Vehicle-Road Cooperation Training Lab, students and researchers are
equipped with the knowledge and skills to advance the field of intelligent transportation. This lab
is instrumental in preparing future professionals to design, implement, and optimize the integrated
systems necessary for the next generation of smart mobility solutions.
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CL-VC-001: Intelligent Connected Miniature Vehicle

I. Product Introduction

This Intelligent Connected Miniature Vehicle is a model car specially designed for educational
purposes. It utilizes precise Ackermann drive-by-wire chassis technology and is equipped with a
360-degree scanning LiDAR, high-precision inertial gyroscopes, and high-definition visual cameras
to achieve accurate navigation and autonomous driving in complex indoor environments. The
miniature vehicle can perform operations such as tracking, obstacle avoidance, detouring, and
following traffic signs, fully simulating the behavior of real intelligent connected vehicles.

Thanks to its advanced Al computing platform, this miniature vehicle can perform image
recognition, SLAM positioning, environmental perception, obstacle detection, and traffic sign
recognition. The fusion of multi-sensor data as well as autonomous driving decision-making and
control functions are also focal points of its teaching and research. Additionally, the miniature
vehicle supports secondary development, providing researchers with great flexibility to customize
vehicle functions according to specific teaching and research needs.

Il. Overview of Main Functions

The Intelligent Connected Miniature Vehicle integrates the following core functions to provide a
comprehensive teaching experience and research support:

1. Drive-By-Wire Chassis Design: Utilizing the Ackermann steering structure and equipped
with CAN drive-by-wire protocols, the miniature vehicle not only simulates the physical
form of intelligent connected cars but can also be used for in-depth understanding of the
principles of automotive drive-by-wire chassis structures in teaching.

2. Autonomous Driving System Framework Learning: Its control system design is similar to
the L4 level autonomous driving system architecture, allowing learners to gain a detailed
understanding and practice of the four core technology modules of autonomous driving:
perception, positioning, planning, and control.

3. Map Building and Navigation: It provides map-building tools to create detailed driving
maps with traffic rule information, enabling the miniature vehicle to autonomously
navigate to any specified target point based on map information.
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4. Linkage with Simulation Software: The miniature vehicle can link with decision-making
planning simulation bench software, synchronizing vehicle behavior with vehicle actions
in the simulation software, deepening the understanding and research of autonomous
driving behavior.

5. Vehicle-Road Cooperative Demonstration: By connecting to a cloud control platform, it can
display real-time vehicle driving status information, support the demonstration of vehicle-
road cooperative technology, and showcase the actual application scenarios of intelligent
connectivity.

lll. Detailed Specifications

The design details and technical specifications of the Intelligent Connected Miniature Vehicle are
as follows:

1. Chassis Dimensions and Power Supply:

a. Model 1: Dimensions are Length 233mm, Width 191mm, Height 146mm; Model 2:
Dimensions are Length 445mm, Width 358mm, Height 200mm. Both models provide 5V and 12V
power supply interfaces to meet different energy needs.

b. Equipped with a front-wheel steering servo and rear-wheel drive mechanism, it supports
precise control.

c. Equipped with a battery, control board, and remote controller to achieve remote control
driving functionality.

2. Environmental Perception Components:

d. LiDAR: A single 16-line LiDAR with a measuring range of 0.15-12m, 360-degree scanning, a
resolution of less than 0.5cm, an angular resolution of no more than 1 degree, a measuring
frequency of 2000-8000Hz, and a scanning frequency of 1-10Hz.

e. IMU: A nine-axis sensor integrating accelerometers, gyroscopes, and magnetometers, with an
onboard ATmega328 processor, outputs all sensor data through a serial stream, supporting
multiple data output methods such as FTDI, Bluetooth, Xbee, with an input voltage range of 3.5-
16V DC.

f.  Camera: Maximum resolution of 1920*1080, supporting high-definition image capture.

g. Controller: Uses NVIDIA nano controller, based on the Ubuntu18.04 system, integrated with
ROS Melodic, providing a powerful computing and control platform for autonomous driving
research.

IV. Detailed Training and Learning Modules

The Intelligent Connected Miniature Vehicle is specially designed to enhance the teaching and

practical training effects of autonomous driving technology, covering the following key learning
modules:

1. ROS Environment Configuration: Provides an installation and basic configuration guide for

the Robot Operating System (ROS), enabling learners to master the setup and basic
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operations of the ROS environment.

2. Sensor Application Training: Through practical teaching, gain an in-depth understanding
of the working principles, data collection, and processing methods of various sensors (such
as LiDAR, IMU, cameras, etc.).

3. Core Technology Learning of Autonomous Driving: (1) Positioning Technology: Introduces
technologies for precise positioning using sensor data, such as GNSS, SLAM, etc. (2)
Perception Technology: Discusses methods for identifying and understanding the vehicle's
surrounding environment through environmental perception components. (3) Path
Planning Technology: Teaches how to plan safe and efficient driving routes based on the
vehicle's positioning and perception information

4. Control Technology: Involves how to precisely control the vehicle based on the planned
route to achieve smooth driving.

1) Drive-By-Wire Chassis Principles and Protocol Learning: Delve into the working
principles and related control protocols of the drive-by-wire chassis, helping
learners to understand the foundational construction of modern intelligent cars

2) Map Recording and Production Techniques: Guide on how to use the miniature
vehicle to record point cloud maps and create high-precision maps based on the
recorded data, providing support for precise navigation in autonomous driving.
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CL-VC-002: Miniature Vehicle Parallel Driving System

I. Introduction

This miniature vehicle development and parallel driving system integrates a development
environment and software specifically designed for autonomous driving miniature vehicles, aimed
at providing a complete practical training platform. The system is equipped with a steering wheel
remote control kit, which supports the use of the autonomous driving miniature vehicle to achieve
parallel driving functions, allowing users to manually take over in autonomous driving mode,

suitable for educational and research scenarios.

Il. Device Functions

1. Image and Perception Display: The system can display the camera image of the miniature
vehicle in real-time, supporting the loading of various perception algorithms such as target
recognition, lane line recognition, and target distance perception, providing users with an
intuitive display of perception information.

2. LiDAR Point Cloud Information Display: Real-time display of point cloud information
captured by the miniature vehicle's LiDAR, enhancing the visualization of spatial
positioning and obstacle detection.

3. Driving Parameter Display: Displays real-time driving parameters of the miniature vehicle,
including speed, steering angle, etc., helping users better understand the vehicle's status.

4. Steering Wheel Control and Manual Takeover: Through the steering wheel control kit,
users can directly control the driving of the miniature vehicle, and even in autonomous
driving mode, manual takeover can be achieved, providing a flexible operating experience.

lll. Device Specifications

1. Industrial Computer Configuration

CPU: 6 cores 12 threads, main frequency 2.9GHz, equipped with a 12M tertiary cache;
Memory: 16GB LPDDR4x, frequency 2666MHz;

Storage: 500GB solid-state drive;

Interface: Equipped with gigabit Ethernet + WiFi, USB3.0 interface, supporting high-speed

o o T o

data transmission.
2. Monitor Specifications

Size: 27 inches;

Resolution: 1080P Full HD;

Refresh Rate: 75Hz;

Panel Type: IPS, providing wide viewing angles and superior color performance.
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3. Driving Equipment Details

i. Steering Wheel: Supports 900 degrees of rotation, uses a Hall-effect sensor, equipped with
dual motor force feedback and overheat protection function, the appearance is made of anodized
aluminum material, and the steering wheel cover is made of hand-stitched leather.

j. Pedals: Non-linear brake pedal design, equipped with an anti-slip system and self-calibration
function, pedal frame and arms are made of cold-rolled steel, surface treated with brushed
stainless steel.

k.  Mounting Clamps: Made of glass fiber reinforced nylon, shift paddles are brushed stainless
steel, pedal piston protective sleeves are made of POM thermoplastic, ensuring the system's
durability and operational comfort.
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CL-VC-003: Vehicle-Road Cooperation Sandbox and Cloud Control

Platform

. Introduction

This vehicle-road cooperative sandbox and cloud control platform is designed to simulate real
urban traffic environments, including elements such as road traffic areas, residential areas, and
parking zones. The road traffic area in the sandbox is specially designed with traffic lane lines, traffic
sigh models, vehicle models, traffic light models (including traffic light control modules), and
pedestrian models. It aims to work in conjunction with smart cars to complete a series of
autonomous driving functions, such as automatic stopping for obstacles, automatic avoidance, and
recognition of traffic markers.

II. Main Modules

1. Display Stand

a. Measuring 4m by 4m with a height of 60cm, it features a modular design, with the base
treated with piano baking varnish and solid wood connections, which can be pieced together to
form a complete display stand.

b. Roads are made using 3D printing technology, with a lane width of 32cm, and traffic lights
powered by a 12V supply.

c. Infrared sensors have an operating voltage range of 3.3V-15V and can detect up to a distance
of 5m; speed sensors operate at 3.3V-5V.

d. The main structure of the building is made from 2mm thick fire-resistant polymer engineering
plastic boards.

2. Cloud Control Platform

e. Equipped with a 50-inch display, the industrial computer configuration includes a 6-core 12-
thread CPU, with a main frequency of 2.9G, a 12M tertiary cache, 8GB LPDDR4x memory, and a
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500GB solid-state drive.
f.  Interface support includes Gigabit Ethernet + WiFi and USB3.0 to ensure high-speed data

transmission and connection stability.
3. Intelligent Traffic Vehicle-Road Cooperative System

g. Vehicle Information Monitoring: Real-time monitoring and display of vehicle camera
information, including vehicle status, speed, battery level, and other driving state information,
supporting the selection of different vehicles' information displays.

h. Intelligent Traffic Light System: Real-time monitoring of the status of traffic lights,
customizable settings for the duration of each group of traffic lights and traffic strategies, support
for two-phase and four-phase traffic states, and one-touch phase transition functionality.

i.  Road Intelligent Monitoring System: Display the driving map and routes of the entire sandbox,
real-time display of vehicle positions, enhancing road monitoring capabilities.

j. Smart Parking Monitoring System: Real-time display of the parking status of each parking
space in the parking lot, improving parking lot management efficiency.
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CL-VC-004: Intelligent Connected Vehicle V2X Vehicle-Road

Cooperation Training System

—"
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I. Product Overview

The Intelligent Connected Vehicle V2X Vehicle-to-Everything Cooperative Training Platform is an
integrated training system featuring RSU roadside units, edge computing units, various perception
cameras, vehicle tracking radar, and lidar among other advanced equipment. The roadside
equipment is mounted on a movable stand, allowing for flexible adjustment of installation angles
based on actual road conditions. With built-in software algorithms and smart V2X roadside devices,
this training platform aims to enhance students' understanding and practical ability in vehicle-road
cooperative application scenarios and supports connection into a unified system via wired or fiber-
optic networks.

Il. Advantages and Features

1. Flexible Deployment Solutions: The V2X demonstration road intelligent intersection
integrated system provides optimal deployment solutions for different road types by
adding or removing devices and adjusting their installation positions and angles, catering
to diverse teaching and research needs.

2. Integrated System Integration: Integrating communication devices (RSU), perception
devices (cameras, lidar, millimeter-wave radar), and edge computing units, the system can
comprehensively test the integrated system's performance, providing comprehensive

support for vehicle-road cooperative technology.
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3. Installation Flexibility: The device can be deployed in test fields to create a vehicle-road
cooperative testing environment, supporting various vehicle-road cooperative scenario
tests such as red light running warning, green wave speed guidance, intersection collision
warning, etc., enhancing the practicality and teaching effectiveness of training scenarios.

lll. Detailed Product Specifications

1. RSU Roadside Equipment Specifications

1) Communication Performance

a) C-V2X Communication Compatibility: Supports the 3GPP R14 PC5 mode4 standard,
configurable within the 5905-5925MHz frequency band for 10MHz/20MHz, meeting high-
speed data transmission needs for vehicular networks. Stable data transmission is achieved
using the DSMP layer, supporting C-V2X direct communication. The air interface's
transmission capability includes sending messages at the application layer at a frequency of
10Hz, ensuring an overall packet loss rate of less than 1%.

2) Performance Indicators

a) Communication Latency: The average communication latency is less than 20 milliseconds,
with third-party testing reports provided to verify performance.

b) Frequency Band Coverage: The operating frequency band covers 5905~5925MHz.

¢) Security Performance: The device has a built-in hardware encryption module, supporting
efficient hardware encryption and decryption algorithms to secure data transmission.

d) Transmit Power and Power Consumption: The maximum transmit power for PC5 and LTE Uu
interfaces is 23dBm 1=2dB, with an average power consumption of less than 10W.

e) Wireless Coverage: The maximum coverage distance for C-V2X wireless communication is not
less than 600 meters, ensuring a broad communication range.

3) Hardware Specifications

a) Interface Support: The device supports RJ45 network interfaces, meeting various networking
requirements.

b) Communication Standards: Fully supports 3G/4G Cell, LTE-V2X PC5, and WLAN 802.11 b/g/n
communication standards.

c) Positioning Capability: The GNSS module supports GPS/Beidou, offering high-precision
horizontal and vertical positioning, with a horizontal accuracy better than 0.5m (95%) and
vertical accuracy better than 1.5m (95%), accompanied by third-party testing reports.

d) Power Requirements: Supports both DC/POE power supply modes, adapting to different
installation environments.

e) Protection Level: The device reaches the IP66 protection level, ensuring stable operation in
harsh environments.

f)  Protocols and Standards: Follows the T/CSAE 53-2020 data standard and LTE 3GPP Rel.14
technical specifications, supports state cryptography algorithms (software or hardware).

g) Environmental Adaptability: The working temperature range is -40°C to +85°C, passing third-
party environmental and reliability tests, meeting the YD/T 3709-2020 standard requirements,
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and providing corresponding LTE-V2X protocol consistency certification certificates.
Operations and Support: Supports local and remote operations, including online upgrade
functionality without the need for factory returns, as well as near-end wireless and remote
centralized operations, ensuring efficient device management and maintenance.

MEC Edge Computing Unit Specifications

1) Core Processor: The CPU configuration includes 6 cores and 12 threads, with a frequency
of 2.9GHz and 12M tertiary cache, providing powerful data processing capability.

2) Graphics Processing Unit: The independent GPU is equipped with CUDA processors,
totaling 3584, with a memory frequency of 15Gbps and a memory capacity of 12G DDRS6,
supporting complex graphics computing needs.

3) Memory and Storage: Equipped with 32GB LPDDR4x memory, frequency of 2666MHz,
and a 500GB solid-state drive, ensuring high-speed data read-write capabilities and ample
storage space.4) Network Interface: Provides gigabit Ethernet + WIiFi connectivity
capabilities, USB3.0 interface support, meeting the requirements for high-speed network
communication and various peripheral connections.

Intelligent Camera Specifications

1) Sensor and Imaging: Utilizes a 1/2.7 inch Progressive Scan CMOS sensor with excellent
low-light performance, with a minimum illumination of 0.01 Lux in color mode (F1.2, AGC
ON), supporting infrared imaging in 0 Lux darkness.

2) Lens and Field of View: The lens has a focal length of 4mm, providing a horizontal field of
view of 81.3° , a vertical field of view of 43.6° , and a diagonal field of view of 96.9° ,
covering a wide monitoring range.

3) Image Processing: Supports a maximum image resolution of 1920 X 1080, with a main
stream frame rate of 50Hz, 25fps (1920 X 1080, 1280 X 720), supports digital wide
dynamic range and automatic switching between day and night modes, ensuring clear
imaging throughout the day.

4) Video Compression and Transmission: Supports H.265 Main Profile video compression,
with rate control including fixed bitrate and variable bitrate, and a video compression
bitrate range of 32 Kbps~8 Mbps, optimizing network bandwidth usage.

5) Environmental Adaptability: Designed for outdoor use, the working temperature range is
-30° Cto60° C, humidity less than 95% (non-condensing), powered by DC12V £ 25%,
and has IP66 level waterproof and dustproof capabilities.

Millimeter Wave Radar Specifications

1) Working Frequency and Detection Range: The millimeter-wave radar operates within the
76GHz to 77GHz frequency band, capable of detecting distances from 0.2 meters to 250
meters, meeting a wide range of detection needs.

2) Measurement Performance: Features long-range measurement resolution of =+ 1.79
meters, short-range of +0.39 meters, measurement accuracy at long-range of 0.40
meters, and at short-range of 0.10 meters, ensuring high precision in target detection.

3) Speed Detection and Data Output: The speed range covers -400 km/h to +200 km/h, with
a resolution at long-range of 0.37km/h, at short-range of 0.43km/h, and speed accuracy
of 0.1 km/h. Supports CAN/CANFD data output, including tracking target ID, distance,
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speed, RCS, and more.

4) Environmental Adaptability: Designed with a working temperature range of -40° C to 85°
C, operating voltage of 9-16V, protection level reaching IP67, suitable for various harsh
environments.

5. 16-Channel Lidar Specifications

1) Measurement Method and Wavelength: Uses pulse ranging method, laser wavelength of
905nm, compliant with eye-safe class 1 laser safety.

2) Channels and Measurement Range: Features 16 laser channels, with a measurement
range of up to 200 meters, and ranging accuracy up to =3 cm, providing precise distance
information.3) Data Rate and Field of View: Single-return data rate is 320,000 points per
second, with a vertical field of view from -15° to+15° ,and afull360° horizontal field
of view, with a uniform vertical angle resolution of 2° .

3) Scanning Speed and Interface: Supports scanning speeds of 5Hz, 10Hz, 20Hz,
communicates via Ethernet and PPS interfaces, powered within a range of 9V to 36VDC,
operational temperature from -20° C to +60° C, and storage temperature from -40° C
to +85° C, ensuring good environmental adaptability and stable performance.

6. Traffic Light Specifications

1) Light Disc and Voltage: The traffic light disc has a diameter of 200mm, powered by DC 12V,
ensuring stable light output.

2) Functional Design: Equipped with four-way traffic lights, each with a countdown module,
supports various light-changing modes and four-phase traffic light control, providing
flexible traffic management solutions.

3) Control and Display: Paired with a remote control for quick changes in the direction of
traffic flow or to perform operations such as one-touch yellow flash, all red, on/off, etc.,
with countdown digital tube display or real-time time display functions, enhancing the
visibility of traffic signals.

4) Remote Control: Supports remote control and system query, improving the operability and
management efficiency of the traffic light system.

IV. Training Projects: Traffic Light System

This training project focuses on the traffic light system, covering the following key learning content:

1. Assembly and Disassembly of 16-Channel Lidar: Provides students with hands-on

experience in assembling and disassembling the 16-channel lidar, enhancing their
understanding of lidar structure and function.

2. Introduction and Functional Analysis of 16-Channel Lidar Modules: In-depth discussion of
the components of the 16-channel lidar and their corresponding functions, offering
students a comprehensive technical knowledge background.

3. Assembly and Disassembly of Intelligent Traffic Tracking Radar: Guides students through
the assembly and disassembly of intelligent traffic tracking radar, improving their
understanding of radar technology applications through hands-on experience.

4. Introduction and Functional Analysis of Intelligent Traffic Tracking Radar Modules:
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V.

Detailed explanation of the internal structure and working principles of intelligent traffic
tracking radar modules, helping students master the application of radar in intelligent
traffic systems.

Assembly and Debugging of MEC Edge Computing Units: Through training in assembling
and debugging MEC edge computing units, students learn about the important role of
edge computing in vehicle-road cooperative systems and their configuration methods.
Composition and Function Introduction of MEC Edge Computing Units: In-depth analysis
of the hardware and software components of MEC edge computing units, elucidating their
core functions in processing vehicle-road cooperative data.

Installation, Adjustment, and Application Testing of Vehicle-Road Cooperative Intelligent
Intersections: Instructing students on the installation and debugging of vehicle-road
cooperative intelligent intersections and through scenario application testing, practicing
the application of intelligent intersections in actual traffic management.

Detailed Software Functions

The software provided with this vehicle-road cooperative training system offers the following core

functions to enhance learning effects and practical experience:

1. Perception Algorithm Software Components:

1)

2)

3)

4)

5)

Lidar Perception Module: Utilizes deep learning and clustering algorithms to capture and
process road target information from the perspective of smart light poles, supporting
secondary development to adapt to specific application needs.

Millimeter-Wave Radar Perception Module: Analyzes radar data using algorithms such as
Kalman filters to filter interference and precisely obtain road target information, also
allowing for secondary development.

Vision Perception Module: Based on deep learning target recognition technology, it
classifies detected targets and provides their coordinates and distance information, with
algorithms that can be modified and optimized as needed.

Data Fusion Module: Combines the motion model of the target with observation data
through KF Kalman filtering algorithms to determine the true position of targets with
higher confidence, supporting the establishment of target tracking models and data
association.

Prediction Module: Predicts attributes, positions, and speeds of obstacles based on
tracking information, using higher-order polynomial fitting to model the target's motion
trajectory, providing a scientific basis for predicting the future position of obstacles.

2. Traffic Light Control Software:

1.

Includes communication and control functions for traffic lights, capable of adjusting traffic
light phases according to preset traffic modes. It supports two traffic modes: one allows
simultaneous passage for opposing lanes, while the other allows separate passage for
lanes in all four directions with independently set passing times. The software is open

source for easy customization and modification.

3. Road Environment Input Tool:

1.

Provides a road environment input function based on high-precision maps, using lidar
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scanning to match the surrounding environment with actual information to establish an

accurate vehicle-road cooperative operating environment, supporting more realistic and

efficient vehicle-road cooperative training.

Educational Resource Center

Environment Perception Technology Tutorial Kit
Drive-By-Wire Chassis Technology Tutorial Kit

Intelligent Connected Vehicle Testing and Tuning Technology

Tutorial Kit
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