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Executive Summary

Passenger safety is the primary concern and focus of Automobile Manufacturers today. In addition to the passive safety equipment, including seatbelts and primary airbags, technology based active safety mechanisms are being incorporated more than ever and may be soon required by law. Current trends are requiring automobile manufacturers to include a multitude of technology based safety equipment including ultrasonic sensors and back-up cameras. Historically, back-up cameras in vehicles give the driver an unaltered view from behind the vehicle; however, with the sponsorship of Xilinx, Michigan State University’s ECE 480 Team 3 will design and implement an algorithm that will visually alert the driver of objects seen in the back-up camera. This platform will draw the driver’s attention to objects both stationary and in-motion behind the vehicle by marking them with targets. In doing so, the driver will be less likely to overlook objects that may create a safety hazard. The team will combine edge detection, object detection, and image clarity algorithms to create a system that will both accurately and efficiently detect and visually alert the driver of objects behind the vehicle. Implementation of the algorithm will utilize Xilinx’s Spartan-3A Field Programmable Gate Array (FPGA) development board and will be presented on design day at MSU’s union on December 10, 2010.
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Introduction

Safety has become the driving factor for today’s automobile industry. It has evolved from basic airbags to revolutionary motion sensors, cameras, and various computer-aided driving technologies. Vehicle safety can be split into two categories: passive and active. Passive safety includes primary airbags, seatbelts, and the physical structure of the vehicle while active safety typically refers to preventative accident technology assistance. According to the Insurance Institute for Highway Safety, in 2009, at least 18 automotive brands offered one or more of the five main active crash prevention technologies including lane departure warning and forward collision warning. With new technologies on the rise, it is no surprise that the automobile industry’s customers are demanding innovation from their vehicles.

In addition, it is rumored that in 2014 the government will mandate all new vehicles to possess back-up cameras. Original Equipment Manufacturers (OEM) are striving to meet this requirement and some even to surpass the regulation. Xilinx, a leader in programmable logic products, has already helped some vehicle manufacturers implement active safety features, such as the lane departure warning system, and knows the back-up camera is the next feature that needs updating. Solely providing a live feed from a camera while the vehicle is in reverse is a good start, but it does not portray the innovative expertise Xilinx is known for. Xilinx, along with the help of Michigan State University’s ECE 480 Team 3, propose to create an algorithm to visually alert the driver of objects seen within the back-up camera using Xilinx’s Xtreme Spartan-3A development board. This feature prevents the driver from overlooking important objects within the camera’s view while the vehicle is in reverse. Xilinx has provided the team with the Xtreme Spartan-3A development board, camera, and the company’s copy written System Generator tools to develop a prototype. The team will bring various algorithms into the design along with other image correction techniques to provide a high quality and accurate system.
Background
Back-up cameras are becoming an increasingly popular feature on vehicles and in the next four years will move away from being only a high-end feature into a standard one. Sanyo was the first company to implement the back-up camera into a vehicle’s electronic design and has long used FPGA’s to digitally correct the feeds due to their rapid processing power. Gentex, an automotive supplier, then built onto Sanyo’s success and began implementing their own back-up camera. What stood out about Gentex’s design was their selection of display location, the rear view mirror. By placing the back-up camera’s display in a location that the driver should be looking at while backing up before the addition of the camera reinforces good driver safety habits. In April 2010, Fujitsu Ten created a 360 degree overhead camera system by merging the images of four cameras mounted on each side of the car. This was a jump from in vehicle camera technology but is a system that still needs some debugging.
Xilinx designs and develops programmable logic products, including FPGAs and CPLDs, for industrial, consumer, data processing, communication, and automotive markets. Being a leader in logic products, Xilinx’s product line includes: EasyPath, Virtex, Spartan, and Xilinx 7 series among various others for a wide array of applications. The FPGA is a cost effective design platform which allows the user to create and implement algorithms and one of Xilinx’s most popular products. Xilinx first introduced their Spartan-3 development board in 2008 for driver assistance applications. They estimate that between 2010 and 2014 that 1-2.5 billion dollars will be invested in camera based driver assistance systems by the automotive market. What makes their system stand out is its FPGA implementation which provides scalable and parallel processing solutions to the large amount of data that has long been a problem of image processing.
Previously, vehicles used ultrasonic components to determine distances to objects but consumers are unhappy with the aesthetics of the sensor located in a vehicle’s bumper and are requesting camera-only detection. Currently, there are no object detection algorithms being used by OEMs within vehicle back-up cameras. The first step in implementing object detection is to begin with edge detection. Once the significant edges in an image are located, further algorithms can help group various edges to determine which belong to a single object. Various design platforms such as Matlab, Simulink, and OpenCV will aid in the creation of an approach in solving this problem.
There are many algorithms available for development of object detection in the back-up camera. There has been extensive research and many projects completed regarding the issue of edge-detection, which will inevitably be used in the back-up camera project. Edge detection is completed using one of several available functions that involve filtering an image, applying noise to the image to remove portions that may have resembled edges but are not, and finally, revealing the edges in an output image. These functions are very fast and can be implemented in real-time video. Edge detection, however, is only one step in the process of object detection. 

Along with the available resources for edge detection is one well known direct approach to object detection. OpenCV is an open-source package that can be downloaded from the internet for free, used for several different image and video processing functions, including object detection. It is a collection of C/C++ functions and classes that can be used to develop a database of sample background images and sample objects that would be expected in the back-up camera application. These databases would be used in another OpenCV application that would use haar-training to scan the images. Haar-training uses several small rectangles divided into two sections to scan a positive image and add up the intensities of the pixels in each section. If the difference between the two sections is large enough, the trainer detects an edge. The process continues until all edges are found and an object classifier is developed. This classifier is then used to scan input images and find objects similar to those the classifier was developed from. When found, OpenCV is capable of placing a rectangular box around the objects detected. OpenCV is used in many applications, though there are certainly obstacles in applying it to the back-up camera system.
Xilinx along with the help of Michigan State University’s ECE 480 Team 3, propose to create an algorithm to visually alert the driver of objects seen within the back-up camera using Xilinx’s Xtreme Spartan-3A development board. This algorithm will detect both stationary and in-motion objects in the camera’s view and place a target on the object to alert the driver of its location. This process will be implemented through the use of Matlab and other various platforms for development and then loaded onto the FPGA for application use. It is imperative that the algorithm be cost effective and reliable in order to be mass produced for the automobile industry.

Design Specifications

The objective of the project is to develop an algorithm which would visually alert the driver of objects within the back-up camera using Xilinx’s Xtreme Spartan-3A DSP development board. In order to meet the objective effectively, the following specifications must be met in the prototype:

· Functionality

· Detect objects behind vehicle within back-up camera’s view
· Provide a visually noticeable indication of all objects in the driver’s back-up camera display
· Cost
· Must be at minimal cost so that it can be mass produced by an OEM

· Efficiency

· Required to accurately detect objects of interest in the camera’s view while producing minimal false positives and false negatives
· Be able to operate properly with noise present, such as rain, snow, etc
· Speed

· High speed/Real-time detection is imperative

· User-Friendly
· Driver must be able to understand what the system is trying to bring to his/her  attention
· Low Maintenance

· The system should be easily accessible  for future programmers to encourage further development that encompasses more advanced safety features
Conceptual Design Descriptions

ECE 480’s Team 3 has researched edge detection and object detection methods and the proposed solutions to the problem can be grouped into two sections: OpenCV and Simulink/Matlab.
The OpenCV method: OpenCV has already established object detection algorithms that the team could utilize; however, this approach would require a great deal of work. First the team would have to understand how to integrate the OpenCV libraries and functions with Matlab. Then the problem is whether or not these OpenCV functions translate smoothly through Xilinx’s System Generator tools. Second, in order for OpenCV to use the object detection algorithm it possesses, a classifier must be built. The process of developing a classifier begins with providing the OpenCV software with a database of negative images to represent the possible background spaces, and also with a database of positive images as examples of the objects to be detected. OpenCV can then be used to process these images and develop a classifier using the haar-training application provided in the available package. This classifier is the key to using object detection in OpenCV. The main downside to this method is the team’s lack of knowledge surrounding OpenCV which could cause a major hurdle or may cause failure in the project.

The Simulink/Matlab method: Simulink provides an edge detection block algorithm but does not contain an object detection block. Within the edge detection block are various filters that can be chosen and each has its own parameters that can be set according to the system’s needs. There are gradient based filters such as Sobel, and there are extrema filters such as Canny. Canny has the ability to detect more edges but is slower. There are thresholds and a standard deviation that can be adjusted based on the amount of noise in the system. Sobel on the other hand is quick and compact but may not be detailed enough. Testing would be performed to determine which filter is most appropriate for the project. If the Simulink pre-generated filters were not sufficient, there are other algorithms that could be implemented through a user-defined Simulink block using Matlab coding. Once the edge detection algorithms have been implemented, the object detection algorithms will be added. It has proven very difficult to find an already existing algorithm outside of OpenCV that does object detection and the team would most likely be required to develop an algorithm. Designing an algorithm may not have to be from scratch; it may contain bits and pieces of existing coding.
Regardless of which direction the project follows, the team will conduct testing throughout the initial stages of the project to determine the most beneficial path. Both directions will also require the addition of image clarity features such as blurring and noise control features to increase the accuracy of the system. It has also been considered that the system will choose between algorithms to use based upon the environmental conditions, such as noise, but the team will confirm efficiency of the idea through testing.
Along with developing the algorithms to be used for detecting objects in real-time video, the team must also implement the developed system on the Xilinx Xtreme Spartan-3A development board. Whether the OpenCV or the Matlab approach is taken for object detection, Matlab and Simulink will be used to take advantage of Xilinx’s copy written System Generator tools. These tools will compile the algorithms into code that is understood by the development board so that the algorithms will be loaded into the development board, and the system will operate solely using the logic functions provided by the board.
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Note: This is a preliminary ranking; the final ranking will be included in the proposal.

Proposed Design Solution
Design Team 3 proposes that the Simulink/Matlab method would be best for the project; however, more initial testing will be necessary before deciding on which algorithms to implement into the design. Simulink will provide an algorithm block for edge detection and an additional algorithm, that will be determined through testing, will be created to detect the objects. Additional components are also likely to be added to the system, including image clarity algorithms, to increase the accuracy of the result. The team believes that the Simulink/Matlab method is the best option for this project because little is known of OpenCV and it may cause too many obstacles in the end. The algorithms will then be put through Xilinx’s System Generator tool allowing the code to be put onto the FPGA. This method will minimize unseen obstacles throughout the project’s duration and some knowledge of object detection is already available and will prevent development of the system from scratch.
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	Figure 1: Simulink/Matlab Method
	


If during testing Simulink/Matlab proves to not be an option for the project, the team will then rely on the OpenCV conceptual design method. In this case, the already generated object detection algorithm in OpenCV would likely be used. Additional components would be added to the system to increase accuracy of the result including image clarity algorithms. Using the Simulink/Matlab method requires the team to decide which edge detection filters to be used. Currently the Sobel and Canny filters are proving to work most efficiently, and preliminary testing will be conducted to decide between them and other options. 

Risk Analysis

There are risks associated with this project in both the means used for developing the algorithm and in the developed algorithm, itself. The risk in the means of development is that there are two paths in which the team can take to solve the problem. One path involves developing two databases of images and creating a haar-classifier associated with them, understanding the OpenCV source codes, and implementing OpenCV in Matlab. The other path involves developing an object detection algorithm in Matlab/Simulink that is accurate and efficient. With either of these tasks come many uncertainties and mild skepticisms about the probability of success. If one path is chosen and the entire team commits to finding a solution down that path, there is little time for failure. The development of the algorithm to be implemented on the FPGA board will consume the majority of the time period given for completion of the project, and the team does not have time for failure and redirection.
The primary risk with the algorithm, itself, will be false positive and false negative object identification.  Some objects may be large but far away and could cause the object identification algorithm to classify it as a relatively close object that is of immediate attention.  The goal is not to overwhelm the driver with excessive notifications of objects, but rather to indicate closer objects that are of immediate concern.  Another large issue is having a moving vehicle identify moving objects.  Stability countermeasures will need to be implemented to ensure clean and accurate edge detection.  Proper edge detection is a requirement for reliable object identification.

There will be very minimal safety hazards to our project.  The voltage on the board never exceeds 5V.  This is to ensure low noise and also low and efficient power consumption.
Project Management Plan

Design team 3’s individual contributions have been divided as follows:
	Distribution of Labor

	Team Member
	Non-Technical Roles
	Technical Roles

	Jeff Olsen
	Manager
	TBD*

	Chad Eckles
	Lab Coordinator
	TBD*

	Emmett Kuhn
	Presentation Preparation
	TBD*

	Tom Ganley
	Rover
	TBD*

	Fatoumata Dembele
	Webmaster
	TBD*

	Pascha Grant
	Document Preparation
	TBD*


*Note: Technical roles will consist of initial testing and research of which algorithms are most appropriate. A more detailed breakdown of individual roles will be decided once conceptual design has been chosen.
Budget

The total budget allowed for Senior Capstone projects is $500.  The ECE Shop provides several small parts for free.  Xilinx supplied the key components to the team via the Spartan 3-A Development Board Starter Kit.  This kit included the development board, a camera, numerous cables, software, and documentation. Below is a table illustrating the total costs of this project:
	Component
	Cost

	Xtreme DSP Video Starter Kit Spartan 3-A DSP Edition
	Provided by Xilinx

	Gigaware 6-ft. USB-A to Serial Cable 
	$40.98



	Monitor and cables
	Provided by ECE Shop

	Matlab/Simulink
	Provided by the Department of Engineering Computer Services

	TOTAL
	$40.98
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