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Abstract

In light of national carbon peaking and carbon neutrality goals, along with the rapid de-
velopment of artificial intelligence, smart electric vehicles have become a crucial force
driving the sustainable evolution of transportation. And also, wireless power transfer
has been recognized as one of the top ten emerging technologies of the 21st century. Com-
pared to conventional cable-connected power methods, wireless charging offers benefits
in safety, convenience, cost saving and so on.

Our objective is to develop a vehicle that seamlessly integrates wireless charging, au-
tonomous navigation, and obstacle avoidance functionalities. To achieve our goals, we
have designed several PCBs to implement wireless charging functionality. As for the
sensors, we utilized a combination of LiDAR and cameras for map construction and
object recognition and tracking. Additionally, we have designed and installed a shock
absorption chassis structure to enable the vehicle to adapt to complex driving environ-
ments.

Keywords: Smart Electric Vehicles, Wireless Charging, Autonomous Navigation, Object
Tracking
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1 Introduction

1.1 Problem

Current automobiles are not completely automatic since they cannot go charging auto-
matically when uses up electricity. Another problem is the current charger occupies loca-
tion so it may cause a waste of space. Our objective is to develop a vehicle that seamlessly
integrates automatic wireless charging, autonomous navigation, and obstacle avoidance
functionalities, enabling it to navigate its environment effortlessly while ensuring effi-
cient energy replenishment.
Wireless charging cars may face several challenges. Efficiency loss due to electromag-
netic interference and distance between coils is common, leading to slower charging and
energy wastage. Precise alignment of charging coils is crucial, as misalignment affects
charging efficiency. Interference from electronic devices and obstacles can disrupt charg-
ing. Heat generation during charging sessions poses risks to battery health.

1.2 Solution

A proposal is put forth for the development of an autonomous vehicle equipped with
wireless fast charging capability. This vehicle is designed to autonomously detect the
location of wireless charging stations and navigate to them swiftly and efficiently. In
addition, the proposed autonomous vehicle will incorporate computer vision technology
to enable obstacle avoidance, further enhancing its navigational capabilities. To save the
space, the charging system is set at the ground of the vehicle instead of standing at the
side of the vehicle.

1.3 External System

We require a ground-based charging station and a detailed map to facilitate the navigation
of the vehicle. Additionally, we necessitate a personal computer to establish communica-
tion with the vehicle, enabling the issuance of diverse commands. The charging station
comprises a DC voltage supply, a function generator, and a primary-side charging coil. A
distinct red indicator will be positioned at the charging point for seamless localization by
the vehicle. Utilizing cardboard material, we will fabricate the driving map, encompass-
ing straightaways and various curvature configurations. Upon destination selection, the
vehicle will autonomously traverse the map.
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2 Design

2.1 Block Diagram

Figure 1: Block Diagram

2.2 Design Details

2.2.1 Physical Diagram

Figure 2 below is the latest CAD model of the cart. The main body part of the cart con-
sists of four McNamee wheels, shock absorbing chassis and identification of detection
components such as radars and cameras.

Figure 2: Physical Diagram
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2.2.2 Wireless Charging Subsystem

Overall, we have chosen to utilize the inductive power transfer (IPT) system, which can
transfer power from the primary coil of the loosely coupled coils to the secondary coil,
with transmission distances typically ranging from millimeters to centimeters and char-
acterized by high-efficiency transmission.

In details, the wireless charging subsystem comprises two main components: the trans-
mitter and the receiver. At the transmitter end, a direct voltage power source is connected
to a high-frequency inverter to convert the DC power into 85kHz AC power suitable for
wireless charging. When powered, an alternating electromagnetic field is generated near
the primary coil. The receiver, installed on the electric vehicle, includes a secondary coil
to capture energy from the oscillating magnetic field. The receiver primarily consists of a
rectifier, with its output connected to the vehicle’s DC battery. When the vehicle is parked
over the base station, it receives the oscillating magnetic field, inducing a current in the
vehicle’s secondary coil.

Additionally, we employ series-series (S-S) compensation to achieving constant voltage
output by connecting compensation capacitors in series with the circuits. In the IPT sys-
tem, the compensation network is essential for resonating with the self-inductance of the
primary and secondary coils to produce sufficient magnetic fields for energy transmis-
sion. Moreover, the compensation network can compensate for reactive power, signifi-
cantly reducing component stress and facilitating the realization of high-efficiency wire-
less charging systems.

It is worth noting that we must ensure the safety of the charging process to prevent dan-
gers such as overcharging of the battery or circuit short circuits. Therefore, we have
designed voltage and current sampling functions and utilized the ADC function of the
STM32 micro-controller to convert them into digital signals. When the charging voltage
exceeds the full charge voltage of the lithium battery, the buzzer will sound to indicate full
charge. We have also added a power meter on the vehicle to display real-time charging
power and other parameters.

2.2.3 Drive Subsystem

The drive subsystem of the intelligent car responds rapidly to instructions provided by
the processor system and ensures smooth and accurate control over the car’s movement
in various directions, including forward, backward, left, right, and even turning in place.
The drive subsystem primarily consists of the MG513 metal gear reduction motor, clamp-
ing type couplers, motor brackets, and other components. The four motors are mechan-
ically connected to the four Mecanum wheels and mounted on the chassis subsystem,
powered by the power subsystem, and controlled by the processor subsystem. Specifi-
cally, the car requires four DC reduction motors, consisting of full-metal gear reduction
boxes and GMR encoders from the sensor subsystem. The selected motors have a rated
voltage of 12V, a rated current of 0.36A, a reduction ratio of 30, and a power of approxi-
mately 4W. The rated torque of the motors is 1kg.cm, and the unloaded speed after reduc-
tion is 366±26rpm. We estimate that the motors can drive the car at a maximum speed of
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approximately 1.2m/s and can carry a maximum weight of 3-4kg, which fully meets our
requirements.

2.2.4 Sensor Subsystem

LiDAR Sensor We used Leishen N10P radar sensor to implement 2D obstacle avoid-
ance functionality, which is a commercial-grade Time-of-Flight (TOF) LiDAR sensor, with
a measurement range of 25 meters, a sampling frequency of 5400Hz, and a serial interface
for communication. This radar implemented the function of detecting obstacles on both
sides and in front of the vehicle, including roadblocks and walls, allowing for timely ad-
justments to the vehicle’s trajectory as necessary. By making the car move within a certain
range, a relatively complete 2D map can be established. The continuous red dots in the
construction process are the obstacles detected by the radar in real time, while the black
dots are the obstacle boundaries determined by the radar.

After the drawing is completed, the car can begin to navigate. During the navigation
process, when the planned path meets a relatively narrow point, the car may stop because
it is judged that it cannot pass, but the actual car can fully pass the gap between obstacles,
because we set the expansion radius for the obstacles, and within the expansion radius,
it is still considered that the obstacles cannot pass, which can be solved by modifying the
expansion radius.

RGB Depth Camera The ASTRA S RGBD camera features a depth range of 0.4 to 2.0
meters, with a power consumption of less than 2W and a peak current of under 500mA.
Its depth field of view spans horizontally at 58.4 degrees and vertically at 45.5 degrees,
while the color field of view extends horizontally at 63.1 degrees and vertically at 49.4
degrees. Data transmission is facilitated via USB 2.0 connectivity.

In the design, we used this camera for visual tracking function, and we designed several
common colors in advance to provide recognition, including red, blue, yellow, and green,
which are determined by the HSV range. After turning on the visual tracking function,
the camera will detect color blocks and distance information within the front sector area,
and hand it over to the main control to calculate its contour line and approach route. Then
the car will drive towards the object of that color and maintain a certain distance, such as
30cm, continuously.

2.2.5 Processor Subsystem

Raspberry Pi 4B Our ROS (Robot Operating System) controller is based on the Rasp-
berry Pi 4B, featuring a quad-core ARM Cortex-A72 processor clocked at 1.5GHz, 4GB
of RAM, with a computational power of 0.2 TOPS. It operates on a 5V power supply.
The ROS controller, running on the Raspberry Pi 4B, establishes connections and con-
trols the camera and LiDAR sensor via their respective interfaces. The camera, operating
through a USB 2.0 connection and supporting the UVC standard, streams RGB images
to the Raspberry Pi. These images are processed using ROS-compliant computer vision
algorithms.
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STM32 microcontroller Furthermore, we use the STM32 microcontroller to provide
supply voltage to the Raspberry Pi 4B and the sensor subsystem and receive data from
them. The STM32 microcontroller can also provide control signal to the drive subsystem.
STM32 Controller Integrated Dual 5V Power Supplies: The STM32 controller is equipped
with two 5V power outputs. One 5V power supply powers the STM32 controller and pe-
ripherals (such as encoders, Bluetooth, gamepads, etc.), while the other 5V power supply
is used to power the Raspberry Pi.

2.2.6 Chassis Subsystem

In the shock subsystem, our design is mainly built around four independent hydraulic
spring shock absorbers, and each wheel has its own independent shock absorption sys-
tem, which can effectively ensures the leveling of the entire cart chassis and thus increase
the efficiency of wireless charging. First of all we mounted four flat plates cut from acrylic
sheets on the metal frame for linking the hydraulic spring shock absorbers to the metal
frame and limiting the working space of the shock absorbers. The motor is mounted
on a base plate made of aluminum alloy, which is connected to the bottom of the metal
frame by means of hinges. The lower end of the shock absorber is also connected to the
aluminum base plate by means of a linkage. (Fig.3)

Figure 3: Shock Absorption System

In our design, the hydraulic spring shock absorber is mounted between the acrylic cut
plate and the aluminum base plate (Fig. 4). When one of the wheels of the cart travels
on the raised ground, the shock absorber located between the acrylic cut plate and the
aluminum base plate is squeezed by the terrain and the gravity of the cart itself to main-
tain the balance of the cart’s chassis. The hydraulic spring shock absorbers have a certain
damping effect, when the terrain has a large undulation, the hydraulic spring shock ab-
sorbers can better alleviate the sudden change of the level state of the cart. The shock
absorbs the repeated bouncing that occurs after various impacts from the road surface
to accelerate the attenuation of the spring’s inherent vibration, providing the cart with
better driving smoothness. In addition to this, the shock absorber can also mitigate the
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impacts of the road surface, quickly absorbing the vibrations generated during bumps
and returning the cart to its normal driving condition.

Figure 4: Hydraulic Spring Shock Absorber

2.3 Design Procedure

2.3.1 Wireless Charging Subsystem

Schematic Simulation Design We first utilize MATLAB Simulink to simulate the circuit
of the wireless charging section to ensure the theoretical feasibility of the circuit. Our sim-
ulation circuit mainly consists of a high-frequency inverter and rectifier. It is worth noting
that we use the equivalent circuit of same-side parallel connection of coupled inductors
to replace the loosely coupled coils.

Wireless Coil Design For the design of the wireless coil, we initially designed a circular
coil with a radius of 7.5 centimeters based on the size of the car chassis. All other condi-
tions being equal, generally speaking, the larger the size of the wireless charging coil, the
higher the charging efficiency. This is because larger coils can better capture the electro-
magnetic field generated by the transmitter and convert it into electrical energy. Larger
coils can also accommodate more coil turns, increasing the induced voltage and current,
further enhancing charging efficiency. However, excessively large coil sizes may increase
costs, resistance, and may lead to additional heat dissipation issues. Nevertheless, we
estimate that these factors have minimal impact on the overall circuit, and the charging
system exhibits excellent heat dissipation.

To meet the project’s requirements, we use multi-strand enamel-insulated wire for the ex-
citation coil with a sufficiently large cross-sectional area. Multi-strand enamel-insulated
wire for excitation coils typically refers to a type of conductor used in exciting electromag-
netic devices. It consists of multiple strands of insulated wire or bare copper wire, often
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coated or wrapped in insulating material to enhance electrical insulation performance.
The main feature of this wire is its large surface area, which disperses alternating current,
thereby mitigating the skin effect.

PCB Design The PCB for our project mainly includes the resonant circuit, inverter and
MOSFET driver circuit on the transmitter side, and the rectifier resonant circuit and volt-
age and current sampling circuit on the receiver side. The completed portion of the PCB
circuit, along with its schematic and layout, are shown in the appendix.

It’s worth noting that we stabilize the DC voltage by parallel connecting a series of capac-
itors. In the circuit with parallel connected capacitors, when the voltage fluctuates, the
capacitors absorb or release charges to maintain voltage stability. As the input voltage
rises, the capacitors absorb charges and store energy. Conversely, when the input voltage
drops, the capacitors release the stored energy, keeping the output voltage stable.

2.3.2 Sensor Subsystem

LiDAR Design We have designed an automatic driving car LiDAR system suitable for
simulated urban roads. The requirements include real-time high-precision map construc-
tion, obstacle detection and tracking, traffic and charging identification, etc. Therefore,
the LiDAR needs to have the capability of long-distance measurement and high resolu-
tion to ensure high-precision perception of the surrounding environment. Due to the di-
rectionality and monochromatic nature of laser, LiDAR has strong anti-interference ability
to environmental disturbances and clutter signals, providing clear target signals. Addi-
tionally, obstacles in the simulated roads are very small in size, and LiDAR can provide
distance measurements at the centimeter level, giving it an advantage in applications
requiring fine target identification and environmental perception. We employ multiple
algorithms to achieve functions such as point cloud filtering, obstacle detection and track-
ing, and map construction, ultimately ensuring the normal operation of the entire LiDAR
system.

RGB Depth Camera The ASTRA S RGBD camera is a type of camera used to capture
RGB (color) and depth information simultaneously. This camera can capture both color
images and depth information for each pixel, typically achieved using infrared or other
depth sensing technology. By combining RGB and depth information, it enables more ac-
curate object detection, tracking, pose estimation, and other tasks, while also aiding in the
creation of more realistic virtual environments or augmented reality applications.

2.3.3 Chassis Subsystem

In the process of designing the whole chassis system, we first modeled the metal frame
and individual parts using software such as Solidworks and Autodesk Fusion, and we did
the overall assembly on the software. After confirming that the dimensions and design
made sense, we laser cut the aluminum square tubing, the aluminum plate and the acrylic
plate, and we printed some of the tiny connectors through a 3D printer. After that we
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