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SENSOR FUSION-BASED VACANT PARKING SLOT
DETECTION AND TRACKING

ABSTRACT
This paper proposes a vacant parking slot detection and tracking system that fuses the sensors of an Around View Monitor (AVM) system and an ultrasonic sensor-based automatic parking system. The proposed system consists of three stages: parking slot marking detection, parking slot occupancy classification, and parking slot marking tracking. The parking slot marking detection stage recognizes various types of parking slot markings using AVM image sequences. 
It detects parking slots in individual AVM images by exploiting a hierarchical tree structure of parking slot markings and combines sequential detection results. The parking slot occupancy classification stage identifies vacancies of detected parking slots using ultrasonic sensor data. Parking slot occupancy is probabilistically calculated by treating each parking slot region as a single cell of the occupancy grid. 
The parking slot marking tracking stage continuously estimates the position of the selected parking slot while the ego-vehicle is moving into it. During tracking, AVM images and motion sensor-based odometry are fused together in the chamfer score level to achieve robustness against inevitable occlusions caused by the ego-vehicle. In the experiments, it is shown that the proposed method can recognize the positions and occupancies of various types of parking slot markings and stably track them under practical situations in a real-time manner. 
The proposed system is expected to help drivers conveniently select one of the available parking slots and support the parking control system by continuously updating the designated target positions.


INTRODUCTION
This paper proposes a vacant parking slot detection and tracking system that fuses the sensors of an AVM system and an ultrasonic sensor-based automatic parking system. The flowchart of the proposed system is presented. Once a driver starts parking, the system continuously detects parking slot markings and classifies their occupancies. Simultaneously, it presents the detection and classification results on AVM images to help the driver identify available parking slots. If a driver selects a desirable parking slot using the touch screen interface, this system tracks the position of the selected parking slot while the ego-vehicle is moving into it. Finally, the parking maneuver is finished when the vehicle is located at the target position. 
This paper excludes path planning and steering control because they are beyond its scope. The proposed system consists of three stages: parking slot marking detection, parking slot occupancy classification, and parking slot marking tracking. First, the parking slot marking detection stage recognizes various types of parking slot markings in AVM image sequences. Parking slot markings are detected by a hierarchical tree structure-based method in individual AVM images, and the sequential detection results are combined by using an image registration technique and slot properness measures. Second, the parking slot occupancy classification stage probabilistically identifies vacancies of the detected parking slots using ultrasonic sensor data. Occupancy classification can be modeled as a binary estimation problem with a static state if each parking slot region is treated as a single cell of the occupancy grid. 
The probability of parking slot occupancy is calculated utilizing ultrasonic sensor data acquired while the vehicle is passing by parking slots. Finally, the parking slot marking tracking stage continuously estimates the position of the selected parking slot while the ego-vehicle is moving into it. Directional chamfer matching (DCM) is adopted to track parking slot markings consisting of multiple lines with different orientations. During tracking, AVM images and motion sensor-based odometry are fused together in the chamfer score level to achieve robustness against inevitable occlusions caused by the ego-vehicle. In the experiments, the proposed system was tested in various practical situations, and it successfully detected and tracked vacant parking slots in a real-time manner. 
The proposed system has the following advantages:  1) Unlike the free space-based approach using ultrasonic sensors, this system can more accurately detect parking spaces because its performance does not depend on the existence and poses of adjacent vehicles.  2) Compared with the user interface-based approach via a touch screen, this system is more convenient since it requires no repetitive driver operations, and drivers only need to select one of the detected parking slots.  3) The egovehicle can be more accurately settled at the target position because this system continuously estimates the position of the selected parking slot using AVM images rather than predicting the position wholly based on error-prone odometry. 
This system has limitations as it can be used only in cases where parking slot markings are presented. However, it is still useful since drivers need automatic parking systems generally in complex urban situations where parking slot markings are usually presented. If it is found that parking slot markings are not presented, the system can switch the target position designation method into the free space-based approach using ultrasonic sensors. 
This will be explained further in Section VI-F. This paper has the following contributions: 
1) It presents a novel system that fuses the sensors of an AVM system and an ultrasonic sensor-based automatic parking system and shows that the proposed system can detect and track parking slot markings more effectively than individual systems.
2) It suggests a reliable parking slot marking detection method that first detects various parking slot markings via a hierarchical tree structure-based method and combines sequential detection results using an image registration technique and slot properness measures. This part is an enhancement of our previous work.
3) It proposes an efficient parking slot occupancy classification method that probabilistically identifies occupancies of detected parking slots based on ultrasonic sensor data by treating each parking slot region as a single cell of the occupancy grid.
4) It presents a parking slot marking tracking method that is robust against severe occlusions caused by the egovehicle. This method adopts the DCM technique and fuses AVM images and motion sensor-based odometry in the chamfer score level.
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RECEIVING BLOCK

HARDWARE USED
1. CAMERA
2. PERSONAL COMPUTER
3. ZIGBEE
4. MICRO CONTROLLER
5. 16x2 LCD
6. POWER SUPPLY
7. VOICE PLAY BACK
8. SPEAKER
SOFTWARE USED
1. MP LAB
2. MATLAB
3. CCS C COMPLIER
4. TERMINAL WINDOWS
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