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[bookmark: _Toc195532007]1. Introduction
[bookmark: _Toc195532008]1.1 Problem and Solution
Problem: 
In light of national carbon peaking and carbon neutrality goals, along with the rapid development of artificial intelligence, smart electric vehicles as a backbone force in reducing carbon emission and air pollution mitigation showcasing its potential to become a vital component of future vehicle industry. However, one of the largest obstacles in the promotion of electric vehicles (EVs)is the capacity of batteries. Wireless charging, also known as wireless power transfer (WPT), is the technology that enables a power source to transmit power through an air gap to electrical devices for the purpose of energy replenishment. [16]
However, due to low mutual induction between the transmitter and receiver coils and low transmission factor, efficiency in WPT has long been a problem we have to live with. [14]
Another problem with WPT technologies is the time slot where charging should be stopped for prolonging the lifetime for components and energy saving. 
Solution: 
In order to mitigate the effects of the aforementioned problems, we propose a prototype of wireless charging systems for electric vehicles including a car and a charging station. The car will have hill-climbing algorithm for a Maximum Power Point Tracking(MPPT). The circuits of transmitter and receiver sides will be designed such that resonance and efficiency are obtained at the same time. We also propose an integrated station which will ensure a stable condition for such hill-climbing process.

[bookmark: _Toc195532009]1.2 Visual Aid:
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Figure 1
[bookmark: _Toc195532010]1.3 High-Level Requirements
Wireless fast charging: 
Support wireless fast charging capability of ≥ 20W to achieve efficient energy replenishment. Automatically detect the location of wireless charging stations and navigate to the charging point.
Autonomous navigation and obstacle avoidance:
Integrating computer vision technology to achieve environmental perception and obstacle avoidance.
Space optimization design:
The charging system is arranged at the bottom of the car to save space and avoid the land occupation problem of traditional charging stations.
[bookmark: _Toc195532011]2 Design
[bookmark: _Toc195532012]2.1 Block Diagram
[image: ]Figure 2
[bookmark: _Toc195532013]2.2 Subsystem Descriptions
[bookmark: _Toc195532014]2.2.1 Wireless Charging System
The function of wireless charging subsystem is to take input 21V DC voltage and convert it through DC-AC-DC energy transfer and eventually charge a 12V battery tied to the car. The subsystem requires a function generator as the control signal for switches. It will provide voltage and current of the charging process through ADC module to STM32 microcontroller.
The requirement for the subsystem is mainly the quality of the output signal. The output current should have a voltage at 12V +/- 0.5V and a charging current larger than 1.5A. Such standards are measured at the condition in which the coils are perfectly matched in space and the switching frequency is set to 85kHz.

To achieve maximum and unlimited power transfer, the Wireless Charging Subsystem is crucial. In this section, we adopt a typical isolated bidirectional DC/DC converter topology for wireless charging. This topology includes an inverter network, high-frequency transformer, and rectifier network. The inverter network converts the input DC power to high-frequency AC, while the rectifier network converts the AC power back to DC, supplying the output after passing through the high-frequency transformer.
In our diagram, the subsystem mainly consists of a transmitter and a receiver. The transmitter receives a DC voltage, which is converted into AC suitable for wireless charging by its internal converter. Our electric vehicle is equipped with a receiver that contains a secondary coil. Through the inductive power transfer system, power is maximized between the two coils, achieving wireless charging.
We use a Dual Active Bridge (DAB) topology. This topology uses full-bridge converters on both the primary and secondary sides to provide AC waveforms for transmission to the transformer. The main difference between this topology and its improved version lies in the filtering network, where only an inductor is present on the primary side. The Dual-Bridge Series Resonant Converter (DBSRC) provides greater advantages by adding a capacitor near the transformer to form a resonant loop, enabling Zero Current Switching (ZCS) or Zero Voltage Switching (ZVS) under load or voltage variations while maintaining the simplicity and intuitiveness of the DAB topology.[5]
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In our practical application, we will use PCB boards to simulate real wireless power transfer. Two PCB boards will be applied to form a CLLC charging system, with the capacitor and inductor values adjusted to meet charging requirements.[15]
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Figure 3 Transmitter PCB Schematic
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Figure 4 Receiver PCB Schematic
To meet the project’s requirements, we use multi-strand enamel-insulated wire for the excitation 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 electromagnetic devices. It consists of multiple strands of insulated wire or bare copper wire, often 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. The coils are circular with 7.5 centimeters in radius. 
[bookmark: _Toc195532015]2.2.2 Sensor System
The Sensor Subsystem serves as the vehicle's perception module, enabling environmental awareness and autonomous navigation capabilities. At its core, the system integrates a Leishen N10P LiDAR sensor, an ASTRA S RGBD camera and the GMR encoder to provide complementary sensing modalities. The LiDAR delivers high-precision 2D point cloud data for spatial mapping, the RGBD camera contributes visual texture information and depth perception, while the GMR encoder helps the intelligent car accurately identify obstacles and perform obstacle avoidance operations.[2][3]
ASTRA S RGBD 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 accurate object detection, tracking, pose estimation, and other tasks, while also aiding in the creation of more realistic virtual environments or augmented reality applications. 
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. [2]
Leishen N10P radar We will employ the Leishen N10P radar sensor to facilitate obstacle avoidance 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.[1] This radar will be employed to detect obstacles on both sides and in front of the vehicle, including roadblocks and walls, allowing for timely adjustments to the vehicle’s trajectory as necessary. [4]
Giant Magneto resistive encoder For obstacle avoidance function, the GMR (Giant Magneto resistive) encoder can help the intelligent car accurately identify obstacles and per- form obstacle avoidance operations, thereby ensuring safe driving. And it can also help intelligent vehicles achieve path planning and autonomous navigation, enabling them to autonomously travel and complete tasks in complex environments. The rated voltage is about 5V. [10]
For mapping and localization, we employ the gmapping algorithm, a widely adopted open-source solution based on a particle filter SLAM (Simultaneous Localization and Mapping) framework.[3] Gmapping utilizes Rao-Blackwellized particle filters to simultaneously estimate the robot's pose and construct an occupancy grid map of the environment. Each particle in the filter represents a potential trajectory hypothesis, with associated map updates weighted by sensor data consistency. This approach efficiently balances computational load with mapping accuracy, making it ideal for real-time operation on our Raspberry Pi platform.
The mapping process begins with manual teleoperation of the vehicle through the target environment. During this phase, the LiDAR continuously scans surroundings while odometry data tracks movement.[1] Gmapping processes these inputs to incrementally build a detailed occupancy grid, visualized in RViz, as shown in Figure 3. Completed maps can be saved for future reuse. Autonomous navigation leverages the generated map through a costmap-based planning stack. In RViz, users simply click-and-drag to set navigation targets.[6]
[image: ]
Figure 5
[bookmark: _Toc195532016]2.2.3 Processor Subsystem
Raspberry Pi 4B (ROS Controller)
Our ROS-based controller utilizes the Raspberry Pi 4B, which features a quad-core ARM Cortex-A72 processor running at 1.5GHz and 4GB of RAM, delivering a computational performance of up to 0.2 TOPS. It is powered by a 5V supply. [12]The Raspberry Pi runs the Robot Operating System (ROS) and manages communication with both the RGB camera and LiDAR sensor through their respective interfaces. The camera, connected via USB 2.0 and compliant with the UVC standard, streams RGB images to the Pi, where ROS-compatible computer vision algorithms are used for image processing.[11]
STM32 Microcontroller
The STM32 microcontroller complements the Raspberry Pi by handling power distribution and control signaling. It features two integrated 5V power outputs—one dedicated to the STM32 and its peripherals (e.g., encoders, Bluetooth modules, and gamepads), and the other supplying power to the Raspberry Pi. [13]In addition to power management, the STM32 also receives sensor data and executes control commands for the drive subsystem.
System Integration
The processor subsystem acts as a bridge between the sensing and driving systems, enabling the vehicle to autonomously adjust its posture in response to environmental input. Based on the F103VET6_mini vehicle source code, the Raspberry Pi 4B receives data from the RGB camera and radar sensor, processes the data using computer vision techniques, and publishes control commands. These commands are then interpreted and executed by the STM32 microcontroller to drive the vehicle accordingly.
Component Wiring and Communication
Power Supply: The STM32 controller features dual 5V power outputs. One powers onboard peripherals like encoders, Bluetooth modules, and gamepads, while the other powers the Raspberry Pi through a Type-C to Type-C cable capable of supplying over 3A.
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Figure 6
STM32–Raspberry Pi Communication: UART3 with a CP2102 level conversion chip is used for serial communication between the STM32 controller and the Raspberry Pi, with the Pi acting as the host.
[image: A close-up of a circuit board

AI-generated content may be incorrect.]
Figure 7
LiDAR Connection: The Leishen N10P LiDAR connects to the Raspberry Pi using a standard Micro-USB cable, which also powers the sensor.
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Figure 8

[bookmark: _Toc195532017]2.2.4 Chassis Subsystem
Shock Absorption Subsystem
The design of this shock structure draws inspiration from the McPherson suspension, which combines elements of a wishbone and a strut suspension.[7][8] At its core, a central support structure connects the four cross-arms to the trolley base. These cross-arms are arranged in two pairs, extending symmetrically from each side of the central support. The lower cross-arm is linked to the main stand via an oil-hydraulic shock absorber (TRX4 SCX1090046), allowing the four Mecanum wheels to achieve independent shock absorption on uneven terrain.[9]
[image: ]
 
Requirements:
1.	Keeping the cart chassis level on uneven terrain enhances wireless charging efficiency.
2.	Stabilizing the cart’s overall posture ensures consistent performance and accuracy in depth camera recognition.
[bookmark: _Toc195532018]2.2.5 Magnetic Shielding System
To shield the cart’s control system from electromagnetic interference, a magnetic field isolation material will be installed above the wireless charging structure within the chassis. This prevents high-power wireless charging from disrupting the circuitry components, ensuring stable cart operation.[10]
Requirements:
Shields against electromagnetic interference during wireless charging, safeguarding circuit components and ensuring stable system operation.
[bookmark: _Toc195532019]2.3 Subsystem Verifications
[bookmark: _Toc195532020]2.3.1 Wireless Charging Subsystem
The procedure of verifying wireless charging system is conducted through input setting and output measuring. The input for voltage is 21V DC. The control signal is  square wave function with amplitude Vpp = 4V and frequency at 85kHz. The output signal is measured by an Oscilliscope connected to the output portal of receiver. The output portal should also be connected to an electronic load with reasonable resistance(20 Ohms). The criterion for success is that the output voltage is exactly at 12V +/- 0.5V.
[bookmark: _Toc195532021]2.3.2 Sensor System
The USB 2.0 connectivity for the camera subsystem undergoes sustained bandwidth testing, transferring high-resolution RGB and depth frames continuously for one hour while monitoring for packet loss or timing jitter. We will introduce cable movement and connector strain to identify potential weak points in the physical interface. Similar validation will be performed for the LiDAR's UART communication, ensuring error-free data transmission even during rapid vehicle maneuvers that might stress wiring harnesses.
We will also use reflective targets at known positions to measure the SLAM system's absolute positioning error during mapping and navigation tasks. The navigation trials assess how well the system maintains localization accuracy during prolonged autonomous operation. These tests also reveal any cumulative drift in the odometry-sensor fusion that might require algorithm tuning.
[bookmark: _Toc195532022]2.3.3 Processor Verification
This section outlines the procedures used to verify the correct operation of the power supply and communication interfaces among the Raspberry Pi, STM32 microcontroller, camera, and LiDAR sensor.
1. Power Supply Verification
Requirement 1.1
The components must be connected to the power supply normally and ensure communication with each other.
Verification Procedure
•	Voltage Measurement: A digital multimeter is used to measure the voltage levels at the 5V output terminals of the STM32 controller.
o	Expected Result: Output voltage should be within 5.0V ± 0.1V for both the Raspberry Pi and peripheral power lines.
•	Current Capability Check: A USB power meter is connected inline with the Type-C to Type-C cable powering the Raspberry Pi.
o	Expected Result: The cable should support a stable current supply exceeding 3A under peak load conditions without voltage drops or power interruptions.
•	System Stability Test: The system is powered continuously for 30 minutes while running standard ROS workloads (camera streaming, LiDAR scanning).
o	Expected Result: No system resets, brownouts, or overheating issues are observed during operation.
Communication Interface Verification
Requirement 2.1
The STM32 controller must establish communication with the Raspberry Pi via UART.
Verification Procedure
•	A serial terminal is opened on the Raspberry Pi to interact with the STM32 via UART3 (with CP2102 level conversion). Test commands are sent, and corresponding responses are observed.
O Expected Result: Reliable two-way communication is established; test commands receive correct responses or echoed data from STM32.
Requirement 2.2
The camera must stream image data to the Raspberry Pi over USB 2.0 and comply with the UVC standard.
Verification Procedure
•	The camera connection is confirmed using the command: ls /dev/video*
•	A test image is captured using: fswebcam test.jpg
oExpected Result: The camera is recognized, and real-time image data can be successfully captured and displayed.
Requirement 2.3
The LiDAR sensor must establish serial communication with the Raspberry Pi and transmit distance data.
Verification Procedure
•	The sensor’s serial port is verified via: ls /dev/ttyUSB*
•	ROS driver nodes are launched, and data is observed on the topic /scan using: rostopic echo /scan
oExpected Result: Continuous LiDAR data stream is received, indicating successful communication and functioning hardware.
[bookmark: _Toc195532023]2.3.4 Chassis Verification
1. [bookmark: _Ref195530164]Test Setup: The cart’s shock-absorbing structure was placed on a test surface featuring level ground on the left and a 10° slope on the right.
Result: Wireless charging efficiency remained consistently above 85%.
2. Test Setup: The same shock-absorbing structure was tested on the uneven surface (level left, 10° slope right).
Result: The depth camera maintained normal recognition of the roadway and traffic signs.
[bookmark: _Toc195532024]2.3.5 Magnetic Shiekding Verification
Setup: Install magnetically shielded components and position the cart within a 100W electromagnetic field environment.
Result: Monitor circuit and controller performance to confirm normal operation under EMI conditions.
[bookmark: _Toc195532025]2.4 Tolerance Analysis
The wireless charging subsystem is identified as the highest-risk area in our project due to its technical complexity and critical functionality. As mentioned before, there are mainly 2 requirements for the system: 
(1) The output of the system should have corresponding magnitude for a functional charging process
(2) The output of the system should be able to stabilize within +/-0.5V for voltage.
 The first requirement is satisfied by the topology of our circuit as shown in the following figure:
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Figure 9
The gain of such circuit can be derived using Kirchhoff's laws.

As shown from equation (1), we can obtain a constant voltage gain by satisfying equation (2).


Considering there are voltage drops around 1.5V for two MOSFETs in the full bridge and voltage drops at 1V level for diodes on the receiver side, our input voltage at 21V and our required output voltage at 12V ask for a near-one ratio in equation (3) to overcome loose coupling of charging coils by the way. The simple way to achieve both equation (2) and equation (3) is to make Z1 and Z2 equal to 0. The elimination of these two impedances is easy because they both contain an inductor and a capacitor. From equation (4) we can get the corresponding values of components in Table 1.


Table 1
	Frequency (Hz)
	Inductance (H)
	Capacitance (F)

	85000
	5.96391E-05
	5.87988E-08



The corresponding capacitance slightly larger is soldered to PCB board whose value is specified by the manufacturer. 

The second demand is to limit the output voltage ripple to +/-0.5V. This can be achieved by adding extra capacitance in parallel with the output terminals. As we are already giving DC voltage, the capacitors will be charged during the first stage after the charging begin and discharge when there are external factors pulling down voltage. As a result, we added approximately 100 μF to the output terminals. 
[bookmark: _Toc195532026]3 Cost & Schedule
[bookmark: _Toc195532027]3.1 Cost
	Name
	Description
	Manufacturer
	Quantity
	Cost (Yuan)
	Total (Yuan)

	ADC
	INA219 bidirectional current/voltage sensor module
	TI
	1
	12.6
	12.6



[bookmark: _Toc195532028]3.2 Schedule
Table 2 Project Schedule
	Week
	Task
	Member

	2.24
	Specify Design Task and Requirements
	Wei Yuyang
Jing Liheng

	
	
	Wang Yuhang

	
	
	Dong Hongye

	3.3
	Install Ubuntu and ROS on a virtual machine
	Wei Yuyang
Jing Liheng

	
	Literature Review  Circuit Analysis
	Wang Yuhang

	
	Check the 3D model and determine the basic framework
	Dong Hongye

	3.10
	Configure Ubuntu and ROS on a Raspberry Pi
	Wei Yuyang
Jing Liheng

	
	Circuit Analysis 
	Wang Yuhang

	
	Search for literature and determine improvement directions
	Dong Hongye

	3.17
	Set up Ubuntu and ROS on Jetson Nano
	Wei Yuyang
Jing Liheng

	
	Matlab simulation and debugging 
	Wang Yuhang

	
	Communicate with team members and determine requirements
	Dong Hongye

	3.24
	Establish SSH wireless connection and NFS mount between the virtual machine and Raspberry Pi
	Wei Yuyang
Jing Liheng

	
	PCB board design 
	Wang Yuhang

	
	Detailed measurement of vehicle body and charging coil dimensions
	Dong Hongye

	3.31
	Lidar mapping and autonomous navigation
	Wei Yuyang
Jing Liheng

	
	Wiring of two micro controllers 
	Wang Yuhang

	
	Modeling of other required components for the base
	Dong Hongye

	4.7
	Writing Design Document
	Wei Yuyang
Jing Liheng

	
	Testing of charging coils 
	Wang Yuhang

	
	3D printing based on the model and installing it on the car
	Dong Hongye

	4.14
	Integrate the ADC module and establish real-time power monitoring.
	Wei Yuyang
Jing Liheng

	
	Build the test environment for PCB boards 
	Wang Yuhang

	
	Test the practicality of the parts
	Dong Hongye

	4.21
	Develop and test the positioning algorithm to maximize charging efficiency.
	Wei Yuyang
Jing Liheng

	
	Test and debug PCB boards
	Wang Yuhang

	
	make improvements
	Dong Hongye

	4.28
	Laborer Holiday
	Wei Yuyang
Jing Liheng

	
	
	Wang Yuhang

	
	
	Dong Hongye

	5.5
	refine autonomous navigation for dynamic environments.
	Wei Yuyang
Jing Liheng

	
	Retest the charging coils and prepare for systematic testing
	Wang Yuhang

	
	Test the practicality of the parts and make improvements
	Dong Hongye

	5.12
	Systematic testing
	Wei Yuyang
Jing Liheng

	
	
	Wang Yuhang

	
	Finish product tests and iterations.
	Dong Hongye
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