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SYNOPSIS

The system on chip (SoC) structures deploying the simulink block models and it is useful for several applications like finding the ship wreck and mine like objects within minimal cost and shortest time. SoC designs usually consume less power and have a lower cost and higher reliability than the multi-chip systems that they replace. With fewer packages in the system, assembly costs are reduced as well.

Object detection is a computer technology related to computer vision and image processing that deals with detecting instances of semantic objects of a certain class in digital images and videos. Object detection has applications in many areas of computer vision, including image retrieval and video surveillance.


The underwater image is taken by this system as an input .For detecting the objects; the methods used are image preprocessing techniques such as noise removal, filtering, gray conversion and histogram equalization. Edge detection and thresholding an image is used for finding the exact objects in the frames .Simulink block models have been created for the corresponding matlab files. Finally the simulink block models deployed into the system on chip structure.
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1. INTRODUCTION

Deploying simulink models into system-on-chip structures for object detection using image processing techniques is a new method for using control algorithm simulators(as Matlab Simulink) along with code generation software in order to deploy applications inside programmable System-On-Chip devices.
1.1 PROGRAMMABLE SYSTEM-ON-CHIP (PSoC)

System-on-chip technology is the ability to place multiple function "systems" on a single silicon chip, cutting development cycle while increasing product functionality, performance and quality.

This technology  is the packaging of all the necessary electronic circuits and parts for a "system" (such as a cell phone or digital camera) on a single integrated circuit ( IC ), generally known as a microchip. It is used in small, increasingly complex consumer electronic devices.

It refers to integrating all components of a computer into a single integrated circuit (chip).It may contain digital, analog, mixed-signal and radio frequency functions. A typical application is in the area of embedded systems. Figure 1.1 shows the design of System-on-Chip device.
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Figure 1.1 Programmable System on chip

1.1.1 Advantages of SoC

SoC technology offers advantages in various aspects. It increases the reliability and manufacturability of the design. A complex SoC design is created in a single die, manufactured using common substrates and materials. This allows for easier manufacturing of the design. At the same time, all modules and their interconnections are created together. This reduces a source of unreliability which can occur in the system. The integration reduces the possibility of failure in the packaging and pins internal connection.
In SoC design, modules’ interconnection is moved from slow off-chip communications to fast on-chip communications. As a result, the communication speed between subsystem modules is increased.

SoC technology enables designers to be more creative and explore the creation of more advanced architectures.
· Greater Functionality 
It is possible to achieve greater functionality with a simpler hardware design. The required logic can be stored in memory and hence the cost of supporting additional features is reduced to the cost of the memory required to store the logic design. This is very much useful in mobile communication domain where protocol can be easily modified to newer protocol and stored in memory and then hardware can be reconfigured to achieve the required functionality. Compelling advantage includes increased speed, reduced energy and power consumption. A study report predicts  that depending on the particular device used ,moving critical software loops to reconfigurable hardware results in average energy savings of 35% to 70% with an average speedup of 3 to 7 times.
· Embedded Characteristics
In general-purpose computing processors, common piece of silicon could be configured, after fabrication, to solve any computing task. This means that many applications could share commodity economics for the production of a single IC and the same IC could be used to solve different problems at different points in time. General-purpose computing means engineers could program the component to do things which the original IC manufacturers never conceived. Embedded system developers are much benefited from reconfigurable computing systems, especially with the introduction of soft cores which can contain one or more instruction processors. 
All of these "general-purpose" characteristics are shared by reconfigurable computing. Instead of computing a function by sequencing through a set of operations in time (like a processor), reconfigurable computers compute a function by configuring functional units and wiring them up in space. This allows parallel computation of specific, configured operations, like a custom ASIC (Application Specific Integrated Circuit). Also it can also be reconfigured. The reconfigurable hardware fabric can be easily and quickly modified from a remote location to upgrade its performance. It can be modified to perform a completely different function. Hence, non-recurring engineering (NRE) costs of reconfigurable computing are lower than that of a custom ASIC.

· Lower System Cost
By eliminating the ASIC design lower system cost on a low-volume product is achieved. For higher-volume products, the production cost of fixed hardware is actually very much lower. In the case of ASIC and general purpose hardware designs, technical obsolescence drives up the cost of systems. Reconfigurable computing systems are upgradeable and extend the useful life of the system. This reduces lifetime costs.

· Reduced Time to Market
Reduced time-to-market is the final advantage of reconfigurable computing. Since ASIC is no longer used in reconfigurable computing large amount of development effort is reduced. The logic design remains flexible even after the product is shipped. Design can be sent to market with minimum requirements and later additional features can be added without any change in physical device (or system). Thus reconfigurable computing allows incremental design flow.

These advantages lead System-on-a chip to serve as powerful tools for many applications. The applications include research and development tools for sophisticated electronic systems such as ASICs and printed circuit boards (PCBs). Simulation tools for these systems do not exist. Moreover the prototype fabrication is expensive and time consuming. A reconfigurable computer can serve as an affordable, fast, and accurate tool for verifying electronic designs.
1.2 EMBEDDED SYSTEMS  

A computer system can be part of a larger system and can perform some of the requirements of that system.

An embedded system is a computer system designed to do one or a few dedicated and/or specific functions often with real-time computing constraints. It is embedded as part of a complete device often including hardware and mechanical parts.

Embedded systems are controlled by one or more main processing cores that are typically either microcontrollers or digital signal processors (DSP). These systems are dedicated to specific tasks and design engineers can optimize it to reduce the size and cost of the product and increase the reliability and performance. Some embedded systems are mass-produced, benefiting from economies of scale.

Handheld computers share some elements with embedded systems such as the operating systems and microprocessors which power them, but they allow different applications to be loaded and peripherals to be connected.

1.2.1Applications of embedded systems
Some applications of embedded systems are
· Automotive electronics

· Aircraft electronics

· Telecommunication
· Medical systems

· Military applications

· Authentication

· Consumer electronics
1.3 SIMULINK BLOCK MODELS

Simulink is a graphical representation of systems, differential equations, or problems encountered in engineering fields. Blocks can be assembled to reproduce almost anything as long as it can be modeled mathematically. Simulink has become an important part of aeronautical, astronautical, computer, electrical, and mechanical engineering programs and industries. 

Simulink can be used to control systems with the correct hardware and software. To simulate the actual physical process during on-line optimization, the user is required to create a Simulink model of the process to be optimized.
1.4 IMAGE PROCESSING

Image processing is any form of signal processing for which the input is an image, such as a photograph or video frame; the output of image processing may be either an image or, a set of characteristics or parameters related to the image. Most image-processing techniques involve treating the image as a two-dimensional signal and applying standard signal-processing techniques to it.

1.4.1 Image processing Applications
Some of the important applications of Image Processing are
· Aerospace

· Automotive

· Communications

· Defense

· Office equipment

· Security

· Semiconductors

· Medical Diagnosis

1.5 OBJECT DETECTION

Object detection is a computer technology related to computer vision and image processing that deals with detecting instances of semantic objects of a certain class (such as humans, buildings or cars) in digital images and videos. Well-researched domains of object detection include face detection and pedestrian detection. Object detection has applications in many areas of computer vision, including image retrieval and video surveillance.
Object detection methods are used in various areas such as science, engineering, and medical applications. It is necessary for smart tracking of objects for Automatic Target Recognition (ATR) systems and for many other applications. Object detection can be implemented in wide range of applications, e.g. to navigation, guidance, automatic surveillance, robot vision, and to the mapping sciences.
1.6 OBJECTIVE OF THE PROJECT
The main objective of the project is to design the simulink block models for object detection using image processing techniques. All fundamental steps in image processing will be exposed through this project. Keeping the main objective in mind the following objectives are started.
· Object detection operation includes noise removal, image enhancement, grey conversion, histogram equalization and edge detection involves process which finds the object which is invisible in the image.

· Using the simulink block the dynamic system will be designed and this will be easy to change the system whenever it is running. Many type of hand held devices use this application. These block models finally embed into the small handheld devices. Simulink is a software package that enables us to model, and analyze systems whose outputs changes over time.
· The objective of object detection is to find out the position of the object and the region it occupies in the frame.

1.7 CHAPTER FORMULATION



The remainder of this project documentation is organized as follows

Chapter 2 gives the details about the review of literature which provides details about system-on-chip structures and its historical background, embedded systems and its classifications and the object detection using image processing techniques.

Chapter 3 describes the methodology followed in this project.

Chapter 4 gives the results and screenshots of this project work.

Chapter 5 provides the conclusion of this project and the direction of future enhancements.

1.8 CONCLUSION


This chapter has discussed the deployment of simulink models into system on chip structures and its advantages. 

2. STATE OF ART
The objective of this chapter is to discuss about the deployment of simulink models into system on chip structure methods and various image-processing techniques used for object detection. Many researchers have developed several techniques for image processing, edge detection, and object detection methods. Some of which from the literature are discussed below.

· Image processing techniques.

· Different types of edge detection techniques.

· Different types of filtering techniques.

· Simulink-model based design

· Different families of System-on-Chip device.

· Overview of System-on-Chip devices 

2.1 IMAGE PROCESSING TECHNIQUES
Carl Steven Rapp et al [1] Image processing modifies pictures to improve them (enhancement, restoration), extract information (analysis, recognition), and change their structure (composition, image editing). Images can be processed by optical, photographic, and electronic means, but image processing using digital computers is the most common method because digital methods are fast, flexible, and precise.
Image processing is any form of signal processing for which the input is an image, such as a photograph or video frame; the output of image processing may be either an image or, a set of characteristics or parameters related to the image. Most image-processing techniques involve treating the image as a two-dimensional signal and applying standard signal-processing techniques to it. The different types of image processing techniques are 

· Image acquisition
· Image enhancement
· Image restoration
2.1.1 Image acquisition
The first stage of any vision system is the image acquisition stage. After the image has been obtained, various methods of processing can be applied to the image to perform the many different vision tasks required. However, if the image has not been acquired satisfactorily then the intended tasks may not be achievable, even with the aid of some form of image enhancement.
2.1.2 Image enhancement

Image enhancement is the improvement of digital image quality (wanted e.g. for visual inspection or for machine analysis), without knowledge about the source of degradation. The author propose [2] when an image is enhanced, the process is a completely subjective process performed by the viewer of the image. This leads to a type of trial-and-error approach to enhancing an image.
The aim of image enhancement is to improve the interpretability or perception of information in images for human viewers, or to provide `better' input for other automated image processing techniques. 
It is also known as the process of improving the quality of a digitally stored image by manipulating the image with software. It is quite easy to make an image lighter or darker, or to increase or decrease contrast.

Image enhancement techniques can be divided into two broad categories: 

· Spatial domain methods, which operate directly on pixels, and 

· Frequency domain methods, which operate on the Fourier transform of an image. 
2.1.3 Image Restoration
Image restoration refers to the recovery of an original signal from degraded observations. Image restoration is for restoring true images from their observed but degraded versions; it is often used for preprocessing observed images so that subsequent image processing and analysis becomes more reliable [4].

The theory of image restoration is much different from that of image enhancement. Image enhancement implies some kind of operation that is performed on the image to bring out or remove certain features of the image. However, image restoration is the process of restoring an image that has been degraded or corrupted by another process. This is sometimes confusing because many of the operations that are used to restore an image are also the same operations used to enhance an image, such as a Lowpass filter or a spatial filter. [2]
2.2 DIFFERENT TYPES OF EDGE DETECTION TECHNIQUES

Edge detection is a fundamental tool in image processing and computer vision, particularly in the areas of feature detection and feature extraction, which aim at identifying points in a digital image at which the image brightness changes sharply or, more formally, has discontinuities.
Edge detection is a fundamental tool used in most image processing applications to obtain information from the frames as a precursor step to feature extraction and object segmentation. This process detects outlines of an object and boundaries between objects and the background in the image [5].Figure 2.1 shows the different types of edge detection techniques.
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Figure 2.1 Types of edge detection
2.2.1Sobel edge detection
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Sobel operator performs a 2-D spatial gradient measurement on an image and so emphasizes regions of high spatial frequency that correspond to edges. Typically, it is used to find the approximate absolute gradient magnitude at each point in an input grayscale image.
The Sobel operator is used in image processing, particularly within edge detection algorithms. Technically, it is a discrete differentiation operator, computing an approximation of the gradient of the image intensity function. At each point in the image, the result of the Sobel operator is either the corresponding gradient vector or the norm of this vector. The Sobel operator is based on convolving the image with a small, separable, and integer valued filter in horizontal and vertical direction and is therefore relatively inexpensive in terms of computations. On the other hand, the gradient approximation, which it produces, is relatively crude, in particular for high frequency variations in the image. Table 2.1 shows the pseudo-codes for sobel edge detection method.

Table 2.1 Sobel edge detection algorithm

Pseudo-codes for Sobel edge detection method

Input: A Sample Image

Output: Detected Edges

Step 1: Accept the input image

Step 2: Apply maskGx, Gy to the input image

Step 3: Apply Sobel edge detection algorithm and the gradient

Step 4: Masks manipulation of Gx, Gy separately on the input image

Step 5: Results combined to find the absolute magnitude of the gradient

Step 6: the absolute magnitude is the output edges.    [6]
2.2.2 Robert edge detection
Among the well-know edge detection operators, Robert operator has its own advantages. Firstly, it only uses 2x2 masks to calculate the directional derivatives. Comparing to Sobel operator, which requires two 3x3 masks, Robert operator is superior saving computing time [7].
The Roberts Cross operator performs a simple, quick to compute, 2-D spatial gradient measurement on an image. Pixel values at each point in the output represent the estimated absolute magnitude of the spatial gradient of the input image at that point. The operator consists of a pair of 2×2 convolution kernels as shown in Figure 2.2 One kernel is simply the other rotated by 90°. This is very similar to the Sobel operator. [8]                      
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                      Figure 2.2 Masks used for Robert operator.

These kernels are designed to respond maximally to edges running at 45° to the pixel grid, one kernel for each of the two perpendicular orientations. The kernels can be applied separately to the input image, to produce separate measurements of the gradient component in each orientation (call these Gx and Gy). These can then be combined together to find the absolute magnitude of the gradient at each point and the orientation of that gradient. The gradient magnitude is given by:

G = Gx + Gy

Although typically, an approximate magnitude is computed using:

G = Gx + Gy which is much faster to compute.
The angle of orientation of the edge-giving rise to the spatial gradient (relative to the pixel grid orientation) is given by:

q = arctan (Gy /Gx) − 3p / 4
2.2.3 Prewitt Edge Detection
The Prewitt operator is used in image processing, particularly within edge detection algorithms. Technically, it is a discrete differentiation operator, computing an approximation of the gradient of the image intensity function. At each point in the image, the result of the Prewitt operator is either the corresponding gradient vector or the norm of this vector. The Prewitt operator is based on convolving the image with a small, separable, and integer valued filter in horizontal and vertical direction and is therefore relatively inexpensive in terms of computations. On the other hand, the gradient approximation, which it produces, is relatively crude, in particular for high frequency variations in the image.
Prewitt Edge Detector for detection of edges in digital images corrupted with different kinds of noise. Prewitt Edge Detector works effectively for the digital images corrupted with Poisson Noise where as its performances reduces sharply for other kinds of noise in digital images [9].
2.2.4 Canny Edge Detection
The Canny edge detection operator was developed by John F. Canny in 1986 and uses a multi-stage algorithm to detect a wide range of edges in images.
The Canny edge detector is based on computing the squared gradient magnitude. Local maxima of the gradient magnitude that are above some threshold are then identified as edges. This threshold local peak detection method is called non-maximum suppression (NMS). The motivation for Canny's edge operator was to derive an “optimal” operator in the sense that minimizes the probability of multiply detecting an edge, minimizes the probability of failing to detect an edge and minimizes the distance of the reported edge from the true edge. The implemented Canny edge detector presented the best performance both visually and quantitatively based on the measures such as mean square distance, error edge map and signal to noise ratio[10].
2.2.5 Gradient based Edge Detection

The gradient method detects the edges by looking for the maximum and minimum in the first derivative of the image [8].
2.2.6 Laplacian based Edge Detection
The Laplacian method searches for zero crossings in the second derivative of the image to find edges. An edge has the one-dimensional shape of a ramp and calculating the derivative of the image can highlight its location [8].
2.3 DIFFERENT TYPES OF FILTERING TECHNIQUES
Image filtering is useful for many applications, including smoothing, sharpening, removing noise, and edge detection. A filter is defined by a kernel, which is a small array applied to each pixel and its neighbors within an image. In most applications, the center of the kernel is aligned with the current pixel, and is a square with an odd number of elements in each dimension. The process used to apply filters to an image is known as convolution, and may be applied in either the spatial or the frequency domain.
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                      Figure 2.3 Different types of filtering techniques
Figure 2.3 shows the different types of filtering techniques available in image processing.
2.3.1 Lowpass Filtering
A low pass filter is the basis for most smoothing methods. An image is smoothed by decreasing the disparity between pixel values by averaging nearby pixels. Using a low pass filter tends to retain the low frequency information within an image while reducing the high frequency information.
2.3.2 Highpass Filtering
A high pass filter is the basis for most sharpening methods. An image is sharpened when contrast is enhanced between adjoining areas with little variation in brightness or darkness. A high pass filter tends to retain the high frequency information within an image while reducing the low frequency information. The kernel of the high pass filter is designed to increase the brightness of the center pixel relative to neighboring pixels. The kernel array usually contains a single positive value at its center, which is surrounded by negative values.
2.3.4 Directional Filtering
A directional filter forms the basis for some edge detection methods. An edge within an image is visible when a large change (a steep gradient) occurs between adjacent pixel values. This change in values is measured by the first derivatives (often referred to as slopes) of an image. Directional filters can be used to compute the first derivatives of an image. Directional filters can be designed for any direction within a given space. For images, x- and y-directional filters are commonly used to compute derivatives in their respective directions.
2.3.5 Laplacian Filtering
Laplacian filter forms another basis for edge detection methods. A Laplacian filter can be used to compute the second derivatives of an image, which measure the rate at which the first derivatives change. This helps to determine if a change in adjacent pixel values is an edge or a continuous progression. Kernels of Laplacian filters usually contain negative values in a cross pattern (similar to a plus sign), which is centered within the array. The corners are either zero or positive values. The center value can be either negative or positive.
2.3.6 Median Filter
The median filter is a nonlinear digital filtering technique, often used to remove noise. Such noise reduction is a typical pre-processing step to improve the results of later processing. Median filtering is very widely used in digital image processing because, under certain conditions, it preserves edges while removing noise.
2.4 SIMULINK-MODEL BASED DESIGN
Simulink is an environment for multidomain simulation and Model-Based Design for dynamic and embedded systems. It provides an interactive graphical environment and a customizable set of block libraries that let you design, simulate, implement, and test a variety of time-varying systems, including communications, controls, signal processing, video processing, and image processing.
Model-Based Design is an efficient and cost-effective way to develop controls, signal processing, image processing, communications, mechatronics, and other embedded systems.
In Model-based Design, there would be a system model at the center of the development process. The significant feature of the design is that it facilitates quicker and more cost-effective development of dynamic systems.
2.5 DIFFERENT FAMILY OF PSOC

The different families of Programmable System on Chip (PSoC) are which as follows

PSoC has three separate memory spaces: paged SRAM for data, Flash memory for instructions and fixed data, and I/O register for controlling and accessing the configurable logic blocks and functions. The device is created using SONOS technology.

PSoC resembles an ASIC: blocks can be assigned a wide range of functions and interconnected on-chip. Unlike an (Application Specific Integrated Circuit )ASIC, there is no special manufacturing process required to create the custom configuration - only startup code that is created by Cypress' PSoC Designer IDE(Integrated Development Environment).

PSoC resembles an FPGA in that at power up it must be configured, but this configuration occurs by loading instructions from the built-in Flash memory. Unlike an FPGA, the current generation of PSoC cannot have its digital functions reprogrammed by VHDL or Verilog; it can only be configured with register settings.

PSoC most closely resembles a microcontroller in usage, where code is executed to interact with the user-specified peripheral functions (called "User Modules"), using automatically generated APIs (Application Programming Interface) and interrupt routines. The PSoC Designer IDE generates the startup configuration code and peripheral APIs automatically based upon the users selections in a Visual-Studio-like GUI.

2.6 OVERVIEW OF SYSTEM-ON-CHIP DEVICES

System-On-Chip approach for designing the embedded systems seems to be the most competitive solution in terms of cost effectiveness and performance. Most of the software tools require for designing an embedded controller will consist of a control algorithm simulator (as Matlab Simulink) and code generation software for deploying the algorithm into the embedded controller [11].

Dynamic reconfiguration is an extremely powerful feature of the PSoC device. It enables a designer to program multiple configurations within their design and then dynamically change those configurations while the device is running, effectively using over 100% of device resources.

Dynamic Reconfiguration in a PSoC device is a very powerful feature of the PSoC device compared to other dynamic reconfigurable schemes. Dynamic reconfiguration in a PSoC allows use of more than 100% of the device resources in a single device.  PSoC offers an application a perfect fit, even as a system’s requirements change. The designer can dynamically redefine how the device behaves while the system is operating, stretching the PSoC to tit applications traditionally beyond the single 8-hit microcontroller. PSoC offers configurable analog and digital System-on-Chip blocks (PSoC Blocks) rather than a set of fixed peripherals. Common peripherals such as A-to-D converters, D-to-A converters, timers, counters, and UARTs are all easily implemented using PSoC blocks [13, 14, 15].
    A System-On-Chip (SoC) refers to the integration of electronic peripheral components onto a single integrated circuit. SoCs place multiple function systems on a single silicon chip to cut development cycle time while increasing product functionality. Reconfigured functions could be digital, analog, mixed-signal, and radio-frequency functions. 

A typical SOC consists of the following components: 
· A microcontroller/ microprocessor as its core processor

· Memory blocks

·  Digital and analog peripheral components like timers, counters, ADCs, and DACs

·  Timing sources like oscillators

· External communication interfaces like USB and SPI

·  Voltage Regulator

· Power Management Unit 

The SOC consists of all the above functions on a single chip and provides the user software control of these resources. The user has the flexibility to use the available resources and make changes to a hardware design, in software, during run-time.

A new approach to the System-on-Chip design is the use of Programmable Systems-on-Chip. A Programmable System-on-Chip also consists of a microcontroller as its core processor. Functionality that is more specialized is implemented using universal analog and digital blocks that can be configured to perform the functions of the peripheral components shown above. 

The number of digital and analog blocks used for the emulation of a particular component varies, based on the component. Configuration of these components is done in software by writing to the relevant registers. Thus, a given application could configure the available blocks/resources to emulate only those functions that are required in its design.

Given the hardware components that can be configured by writing to registers in software, it is it also possible to reuse these universal blocks to perform the functions of other peripherals by rewriting the registers during run-time; i.e., Dynamic Reconfiguration.

2.7 CONCLUSION

This chapter has discussed about the State of the art and the various image processing techniques for detecting the objects implemented in System on chip structures using simulink blocks.
3. PROPOSED METHODOLOGY
The focus of this project is to propose the simulink block model for object detection and to deploy the model into system on chip structure. The system overview of the proposed system is shown in Figure 3.1. First the original image is applied to the system and some of the preprocessing techniques are applied. The object is identified using some of the image processing matlab functions. Simulink models are created for the corresponding matlab functions and these models are deployed into the system on chip structures. System-on-chip structures are embedding into the reconfigurable systems which one can change the system functionalities as per the need. The steps involved in the proposed methodology is which as follows

· Image preprocessing techniques
· Noise removal
· Types of noises
· Gray conversion
· Filtering
· Image filter purpose and specifications
· Filter Functionality
· Histogram equalization
· Applications of Histogram equalization
· Object Identification
· Edge detection

· Goal of edge detection

· The four steps of edge detection 

· Thresholding

· Thresholding algorithms

· object detection

· Hardware description language

· Key features and components of Simulink HDL Coder
· Embedded MATLAB Function Block in Simulink.

· Creation of Single sign-on-chip
· Sign-on-chip creator
· Proposed model creation
· FPGA implementation of DSP embedded systems and their applications
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Fig.3.1 Proposed Methodology
3.1IMAGE PREPROCESSING TECHNIQUES

Image processing involves processing or altering an existing image in a desired manner. Image preprocessing is of two aspects, it improves the visual appearance of images to a human viewer and preparing images for measurement of the features and structures present. The image preprocessing techniques used here in this project are as follows 

· Noise removal

· Gray conversion

· Filtering 

· Histogram equalization
3.1.1 Noise removal

Noise reduction is the process of removing noise from a signal. Noise reduction techniques are conceptually very similar regardless of the signal being processed, however a priori knowledge of the characteristics of an expected signal can mean the implementations of these techniques vary greatly depending on the type of signal.
Image noise is the random variation of brightness or color information in images produced by the sensor and circuitry of a scanner or digital camera. Image noise can also originate in film grain and in the unavoidable shot noise of an ideal photon detector.
Image noise can compromise the level of detail in our digital or film photos, and so reducing this noise can greatly enhance our final image or print. CCD noise comes in two parts, luminance noise and chroma noise. Luminance noise makes an image look grainy on screen, but is usually not visible when printed. Chroma noise is visible as random red and blue pixels and is usually less obvious both on screen and printed. Removing luminance noise reduces the sharpness of the image and removing the chroma noise damages some of the correct color. So noise reduction is a balance between how much softness and color damage you are willing to accept vs. how much noise you want to remove.
3.1.1.1 Types of noises
The different types of noise pattern that affect the desired image are

· Amplifier noise (Gaussian noise)

· Salt-and-pepper noise

· Shot noise

· Quantization noise(Uniform noise)

· Non-isotropic noise

3.1.2 Gray conversion

Grayscale image contains only various levels of gray in the image, which can be expressed mathematically. 
Gray scale digital image is an image in which the value of each pixel is a single sample, that is, it carries only intensity information.  Grayscale images are distinct from one-bit black-and-white images, which in the context of computer imaging are images with only the two colors, black, and white (also called bi-level or binary images).
3.1.2.1Gray scale key benefits
The key benefits of gray scale image are 
· Using full grayscale is the most accurate way of calculating the center of a marker.
· Grayscale images of overlapping or partially occluded markers are sent to the capture PC, which uses more powerful algorithms to resolve marker centers.
· Grayscale marker images are displayed in software – an essential tool for setting up and optimizing the system.
3.1.3Filtering


Image filtering is a process by which we can enhance (or otherwise modify, warp, and mutilate) images. It is useful for many applications. It is defined by a kernel, which is a small array applied to each pixel and its neighbors within an image. Filtering creates new image as a result of processing the pixels of an existing image.


Each pixel in the output image is computed as a function of one or several pixels in the original image, usually located near the location of the output pixel. If the function used does some kind of interpolation (e.g. linear, cubic or Gaussian), then the result will look smoother than the original.
3.1.3.1 Image filter purpose and specifications

One of the most effective means of decreasing the amount of information that needs to be transmitted over a HTTP connection is to reduce the quality of the in-lined images in various ways, including removing the images altogether.

The specifications, on the ground of which the image filter was designed, are as follows: 

· The filter should be able to limit the size (in pixels as well as in bytes) of the image

· Support for color depth reduction: color to grey scale

· Stop GIF animations

· Change JPEG quality factor (to improve compression at cost of image quality) .
3.1.3.2 Filter Functionality
The functionalities of filter are 
· Performs image element manipulation (change to linked image, insert link to original image, insert link to filtered image.)

· Rewrites the image links to point to the Image Engine filter (including the parameters needed to filter the image data). 

· Receives all parameters related to image filtering, but passes on some of them directly to the Image Engine (e.g. new quality factor).
3.1.4 Histogram Equalization

Histogram equalization is a method in image processing of contrast adjustment using the image's histogram. It is usually increases the local contrast of many images, especially when the usable data of the image is represented by close contrast values. Through this adjustment, the intensities can be better distributed on the histogram. This allows for areas of lower local contrast to gain a higher contrast without affecting the global contrast. Histogram equalization accomplishes this by effectively spreading out the most frequent intensity values.

Histogram equalization often produces unrealistic effects in photographs; however it is very useful for scientific images like thermal, satellite or x-ray images, often the same class of images that user would apply false-color to. Histogram equalization can produce undesirable effects (like visible image gradient) when applied to images with low color depth.
3.1.4.1 Applications of Histogram equalization
Some of the applications of histogram equalization are
· CT lung studies

· Normalization

· Normalization of MRI images

· Presentation of high dynamic images(IR,CT)

3.2. OBJECT IDENTIFICATION


Object identification in the given image is to determine the most salient object in the image. It contains the following steps
3.2.1 Edge Detection

Edge detecting an image significantly reduces the amount of data and filters out useless information, while preserving the important structural properties in an image. It refers to the process of identifying and locating sharp discontinuities in an image. Edge detection techniques transform images to edge images benefiting from the changes of grey tones in the images. The types of edge detection are as follows:

· The Sobel Edge Detector uses a simple convolution kernel to create a series of gradient magnitudes. The Sobel operator is based on convolving the image with a small, separable, and integer valued filter in horizontal and vertical direction and is therefore relatively inexpensive in terms of computations. On the other hand, the gradient approximation which it produces is relatively crude, in particular for high frequency variations in the image. 
· The Prewitt Edge Detector is a discrete differentiation operator, computing an approximation of the gradient of the image intensity function. At each point in the image, the result of the Prewitt operator is either the corresponding gradient vector or the norm of this vector. The Prewitt operator is based on convolving the image with a small, separable, and integer valued filter in horizontal and vertical direction and is therefore relatively inexpensive in terms of computations.
· The Canny Edge Detector uses a filter based on the first derivative of a Gaussian, because it is susceptible to noise present on raw unprocessed image data, so to begin with, the raw image is convolved with a Gaussian filter. The result is a slightly blurred version of the original, which is not affected by a single noisy pixel to any significant degree.
· The Robert’s Edge Detector is used to detect edges based on applying a horizontal and vertical filter in sequence. It is fast since the filter is small but it is also subject to interference by noise. If edges are not very sharp, the filter will tend not to detect the edge. 
3.2.1.1 Goal of edge detection
The goals of edge detection are
· Produce a line drawing of a scene from an image of that scene.

· Important features can be extracted from the edges of an image (e.g., corners, lines, curves).

3.2.1.2 The four steps of edge detection
· Smoothing: suppress as much noise as possible, without destroying the true edges.

· Enhancement: apply a filter to enhance the quality of the edges in the image (sharpening).

· Detection: determine which edge pixels should be discarded as noise and which should be retained (usually, thresholding provides the criterion used for detection).

· Localization: determine the exact location of an edge (sub-pixel resolution might be required for some applications, that is, estimate the location of an edge to better than the spacing between pixels). Edge thinning and linking are usually required in this step.
3.2.2 Thresholding 


Thresholding is an image processing technique for converting a grayscale or color image to a binary image based upon a threshold value. If a pixel in the image has an intensity value less than the threshold value, the corresponding pixel in the resultant image is set to black. Otherwise, if the pixel intensity value is greater than or equal to the threshold intensity, the resulting pixel is set to white. Image thresholding is very useful for keeping the significant part of an image and getting rid of the unimportant part or noise.

3.2.2.1 Thresholding algorithms 
           For a thresholding algorithm to be effective, it should preserve logical and semantic content. There are two types of thresholding algorithms

· Global thresholding algorithms 

· Local or adaptive thresholding algorithms 

In global thresholding, a single threshold for all the image pixels is used. When the pixel values of the components and that of background are consistent in their respective values over the entire image, global thresholding could be used. 

In adaptive thresholding, different threshold values for different local areas are used. 
3.2.3 Object Detection
Object detection is an important, yet challenging vision task. It is a critical part in many applications such as image search, image auto-annotation and scene understanding; however it is still an open problem due to the complexity of object classes and images.


With the powerful technical computing language, the job of detection an object’s shape no longer requires lengthy codes.  Important is the fundamental of mathematic that define the properties of the shape of objects.
Determining the features from the object that want to detect is the key. The feature of an image’s object is something that differentiates the object from others, such as color, shape and size. The image processing techniques such as morphology or color processing usually did this job.

The input image has to come across several steps before the entire image processing is performed. The image has to be enhanced using histogram equalization in preprocessing step, edge detection and mathematical morphology in the next step. Histogram equalization tends to increase the contrast of the image and produces a better result. Then, the image segmentation is carried out. The edge detection and mathematical morphology has been employed to perform segmentation. The edge detection process is very important as the edge information is required.

Given an image, object detection is to determine whether or not the specified object is present, and, if present, determine the locations and sizes of each object". 
The process of object detection and recognition is focused on 
· Representation: How to represent an object. 
· Learning: Machine learning algorithms to learn the common property of a class of objects.
· Recognition: Identify the object in an image using models.
3.3 HARDWARE DESCRIPTION LANGUAGE
A hardware description language (HDL) is any language from a class of  computer languages, specification languages, or modeling languages for formal description and design of electronic circuits, and most-commonly, digital logic. It can describe the circuit's operation, its design and organization, and tests to verify its operation by means of simulation.
Automatic conversion from Matlab/Simulink models to HDL models has arisen when digital signal processing (DSP) became a focus technology, with expectations of exponential growth.


Simulink HDL Coder lets one generate hardware description language (HDL) code based on models developed in Simulink and finite-state machines developed in State flow. Simulink HDL Coder brings the Simulink Model-Based Design approach into the domain of application-specific integrated circuit (ASIC) and field programmable gate array (FPGA) development. Using Simulink HDL Coder, system architects and designers can spend more time on fine-tuning algorithms and models through rapid prototyping and experimentation and less time on HDL coding.
3.3.1 Key features and components of Simulink HDL Coder
The key features and components of simulink HDL are 
· Generation of synthesizable VHDL or Verilog code from Simulink models and Stateflow charts

· Code generation configured and initiated via graphical user interface, MATLAB command line interface, or M-file programs

· Test bench generation (VHDL or Verilog) for validating generated code

· Generation of models that are bit-true and cycle-accurate with respect to generated HDL code

· Numerous options for controlling the contents and style of the generated HDL code and test bench

· Block support.

· Simulink built-in 

· Signal Processing Blockset

· Link for ModelSim HDL Co simulation block

· Link for Cadence Incisive HDL Co simulation block

· Stateflow chart

· Embedded MATLAB Function block

· User-selectable optimized block implementations provided for commonly used blocks

· Code generation control files support:

· Selection of alternate block implementations for specific blocks or sets of blocks in the model

· Setting of code generation options

· Selection of the model or subsystem from which code is to be generated.

· Definition of default or template HDL code generation settings for your organization

· Generation of subsystem-based identification comments and mapping files for easy tracing of HDL entities back to corresponding elements of the original model

· Generation of interfaces to existing HDL code via:

· Black box subsystem implementation

· Co simulation with ModelSim HDL simulator 

· Co simulation with Cadence Incisive HDL 

· Compatibility checker utility that examines the user model for HDL code generation compatibility, and generates HTML report with hyperlinks to problematic blocks

· Generation of scripts for EDA tools:

· ModelSim

· Simplify 

· Model features supported for code generation:

· Real data types only (fixed-point and double)

· Fixed-step, discrete, single-rate and multirate models

3.3.2 Embedded MATLAB Function Block in Simulink
         To integrate an Embedded MATLAB function into a Simulink model, place an Embedded MATLAB Function block in a model. The Embedded MATLAB Function block in Simulink is specifically designed for the purpose of integrating MATLAB code into a Simulink model. The process starts by defining a top-level MATLAB function in the Embedded MATLAB Function block. Input variables of the top-level function automatically become either input ports or parameters of the block, and output variables of the function become output ports on the block, as shown in Figure 3.2. 
From within the Embedded MATLAB Function block one can: 
· Call Embedded MATLAB compliant M-code anywhere on the MATLAB path.

· Take advantage of the MATLAB debugger to identify and correct problems.

· Call their own C functions for maximum performance and reuse.
        At the start of a simulation, Simulink first compiles code included in the Embedded MATLAB Function block and executes it as part of the Simulink model. The Embedded MATLAB code executes at compiled C-code speed. Figure 3.2 shows the Embedded matlab function block referencing a MATLAB function model. 
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Figure 3.2 Embedded MATLAB Function block referencing a MATLAB function model.
3.4. SINGLE SIGN-ON CHIP

Embedded control systems like single sign on chip typically use microprocessors, microcontrollers or Digital Signal Processors (DSPs) for their implementation. For such systems, control algorithms are implemented as software programs that execute on a fixed architecture hardware processor. The processor itself is connected to various peripherals such as memories, Analog to Digital converters, and other I/O devices. Alternatively, FPGA are increasingly becoming popular as implementation platforms on which the control algorithms can be implemented by programming reconfigurable hardware logic resources of the device.

The sign-on-chip devices, the designer can dynamically redefine how the devices behaves while the system is operating .It offers configurable analog and digital system-on-chip blocks rather than a set of fixed peripherals.
PSoC, a reconfigurable architecture that replaces traditional ASIC, ASSP, or microcontroller-based designs provides limitless design flexibility and component integration. Available with free programming software and inexpensive hardware design tools, PSoC combines maximum design flexibility with ease of use.

3.4.1 Sign-on-chip creator

· PSoC Creator is a state-of-the-art software development IDE combined with a revolutionary graphical design editor to form a uniquely powerful hardware/software co-design environment. 
· PSoC Creator offers a unique combination of hardware configuration and software development in a single, unified tool. This co-design approach is revolutionary. It frees embedded designers from the innovation-killing division between hardware design and software development. Gone is the time-consuming, inflexible dogma of hardware re-spins and software hacks.
3.5 PROPOSED MODEL CREATION



 The system-On-Chip Devices represent the future of embedded design due to their specific features. The proposed model provides the good result .That is widely spread and cover a large family of microcontrollers and microprocessor.
PSoC is the world’s only programmable embedded SoC integrating configurable analog and digital peripheral functions, memory and a microcontroller on a single chip.
3.5.1 FPGA implementation of DSP embedded systems and their applications
Implemented using FPGA embedded system chips are embedded in a larger duplication of computing systems to accomplish a specific function, though an implicit embedded, but in fact the chip in a variety of commonly used can be found in these embedded systems. For example, 

· consumer electronics products

· mobile phones 

· pagers 

· digital cameras,

· camcorders 

· video recorders

· Personal digital assistants.
3.6CONCLUSION
This chapter has discussed about the proposed methodology for deploying the simulink models into system on chip structures for object detection using image processing techniques
4. EXPERIMENTS AND RESULTS

The objective of the chapter is to discuss the experiments and results. The underwater image is taken as an input image and it is used for experimentation.

4.1 SOFTWARE TOOL USED

Matlab 2006a

The project is implemented using MATLAB R2006a.MATLAB is a high-level technical computing language and interactive environment for algorithm development, data visualization, data analysis, and numeric computation. Using the MATLAB product, one can solve technical computing problems faster than with traditional programming languages, such as C, C++, and FORTRAN.

MATLAB can be used in a wide range of applications, including signal and image processing, communications, control design, test and measurement, financial modeling and analysis, and computational biology. Add-on toolboxes (collections of special-purpose MATLAB functions, available separately) extend the MATLAB environment to solve particular classes of problems in these application areas.

The key features of matlab include:

Key Features

· High-level language for technical computing.

· Development environment for managing code, files, and data.

· Interactive tools for iterative exploration, design, and problem solving.

· Mathematical functions for linear algebra, statistics, Fourier analysis, filtering, optimization, and numerical integration.

· 2-D and 3-D graphics functions for visualizing data.

· Tools for building custom graphical user interfaces.

· Functions for integrating MATLAB based algorithms with external applications and languages, such as C, C++, FORTRAN, Java, COM, and Microsoft Excel.

The different toolboxes available in matlab are 

· Image processing

· Image acquisition

· Neural network 

· Statistics 

· Fuzzy logic

· Bioinformatics

· Camera calibration

Image Processing Toolbox provides a comprehensive set of reference-standard algorithms and graphical tools for image processing, analysis, visualization, and algorithm development. One can perform image enhancement, image deblurring, feature detection, noise reduction, image segmentation, spatial transformations, and image registration. Many functions in the toolbox are multithreaded to take advantage of multicore and multiprocessor computers. 

Image Processing Toolbox supports a diverse set of image types, including high dynamic range, gigapixel resolution, ICC-compliant color, and tomographic images. Graphical tools let one to explore an image, examine a region of pixels, adjust the contrast, create contours or histograms, and manipulate regions of interest (ROIs). With the toolbox algorithms, one can restore degraded images, detect and measure features, analyze shapes and textures, and adjust the color balance of images.
Key Features of image processing tool

· Image enhancement, filtering, and deblurring

· Image analysis, including segmentation, morphology, feature extraction, and measurement

· Spatial transformations and image registration

· Image transforms, including FFT, DCT, Radon, and fan-beam projection

· Workflows for processing, displaying, and navigating arbitrarily large images

· Modular interactive tools, including ROI selections, histograms, and distance measurements

· ICC color management

· Multidimensional image processing

· Image-sequence and video display
Simulink 6.4

Simulink is an environment for multidomain simulation and Model-Based Design for dynamic and embedded systems. It provides an interactive graphical environment and a customizable set of block libraries that let one can  design, simulate, implement, and test a variety of time-varying systems, including communications, controls, signal processing, video processing, and image processing.

Add-on products extend Simulink software to multiple modeling domains, as well as provide tools for design, implementation, and verification and validation tasks.

Simulink is integrated with MATLAB, providing immediate access to an extensive range of tools that let one can develop algorithms, analyze and visualize simulations, create batch processing scripts, customize the modeling environment, and define signal, parameter, and test data.

Key Features of simulink

· Extensive and expandable libraries of predefined blocks.

· Interactive graphical editor for assembling and managing intuitive block diagrams.

· Ability to manage complex designs by segmenting models into hierarchies of design components.

· Model Explorer to navigate, create, configure, and search all signals, parameters, properties, and generated code associated with the model.

· Application programming interfaces (APIs) that let you connect with other simulation programs and incorporate hand-written code.

· Embedded MATLAB Function blocks for bringing MATLAB algorithms into Simulink and embedded system implementations

· Simulation modes (Normal, Accelerator, and Rapid Accelerator) for running simulations interpretively or at compiled C-code speeds using fixed- or variable-step solvers.

· Graphical debugger and profiler to examine simulation results and then diagnose performance and unexpected behavior in your design.

· Full access to MATLAB for analyzing and visualizing results, customizing the modeling environment, and defining signal, parameter, and test data.

· Model analysis and diagnostics tools to ensure model consistency and identify modeling errors.
4.2 ORIGINAL INPUT IMAGE

Figure 4.1 shows the original underwater image which is taken as an input image.

      [image: image8.png]»

1y Documents  Documert review
) Figure 7
T = @
iy Computer. main_doctm,..  simuink
(e =
tyNetork  matisb tody17]
Places
e » 7

Hew image_proc,

w
]
nNﬂvuam
@ .
Windows
I |

ppt2dsy e project
e, doc

£ © @€ > [E2naoshofic.. - - 10mss [ Eneangrendsine,. [ - 2 adobe Resder00 < & 2w




                          Figure 4.1 Original underwater image

4.3 NOISELESS IMAGE

Figure 4.2 shows the noiseless image. Noise is reduced from the image. 
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                                         Figure 4.2 Noiseless image

4.4 GRAY CONVERSION IMAGE

 Figure 4.3 shows the gray conversion image. It  contains only the intensity information.
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Figure 4.3 Gray Conversion image

4.5 SIMULINK MODEL FOR GRAY CONVERSION


  Figure 4.4 shows the simulink block model for the gray conversion. Embedded matlab function block has used here in this model.
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Figure 4.4 Gray conversion simulink model
4.6 FILTERED IMAGE


Figure 4.5 shows the filtered image.
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Figure 4.5 Filtered image

4.7 SIMULINK MODEL FOR FILTERING AN IMAGE


Figure 4.6 shows the filtering simulink block model. Median filter and the 2D FIR filter are used here in this block. 
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Figure 4.6 Simulink model for filtering an image

4.8 HISTOGRAM


Figure 4.7 shows the histogram of the original image. It is a representation of the distribution of pixels over the image.
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Figure 4.7 Histogram of the original image

4.9 SIMULINK MODEL FOR HISTOGRAM

Figure 4.8 shows the histogram simulink block model. The 2-D histogram block has used here in this model.
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Figure 4.8 Simulink model for histogram 

4.10 HISTOGRAM EQUALIZATION


Figure 4.9 shows the histogram equalization of the image. Histogram equalization is a method in image processing of contrast adjustment using the image’s histogram.
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Figure 4.9 Histogram equalization

4.11 PREWITT EDGE DETECTION


Figure 4.10 shows the edge detection of the image.Prewitt edge detection has used here. It is a discrete differentiation operator, computing an approximation of the gradient of the image intensity function.
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Figure 4.10 Edge Detection [Prewitt]

4.12 THRESHOLD IMAGE

Figure 4.11 shows the thresholding image. It can be used to create binary images. 
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Figure 4.11 Thresholding image 

4.13 SIMULINK MODEL FOR HISTOGRAM EQUALIZATION, EDGE DETECTION AND THRESHOLDING

Figure 4.12 shows the simulink model for histogram equalization and prewitt edge detection.
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Figure 4.12 Simulink model for histogram equalization, edge detection and thresholding

4.14 OBJECT DETECTION

Figure 4.13 shows the objects in the image. The metrics closer to 1 indicate that the object is approximately round.
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Figure 4.13 Object Detection

4.15 SIMULINK MODEL FOR OBJECT DETECTION


Figure 4.14 shows the simulink block model for object detection. Here the blocks used are color space conversion and edge detection.
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Figure 4.14 Simulink model for object detection
4.16 DEPLOYING SIMULINK MODELS INTO SYSTEM-ON-CHIP STRUCTURES
 Figure 4.15 shows the simulink models and the system-on-chip structure. The simulink models has deployed into system-on-chip structure.
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Fig 4.15 Deploying simulink models into system-on-chip structures.
4.17 CONCLUSION

This chapter has discussed about the experiments of object detection using image processing techniques and their simulink block models .Finally the simulink models deployed into system-on-chip structures.
5. CONCLUSION AND FUTURE WORK
The simulink block models are created to find the underwater object using image processing techniques. The deployment of simulink model into system on chip structure for object detection using image processing technique is a good solution when one is interested in finding the object using the system on chip devices. 
In future, new tools and simulink block models can be added to the techniques implemented above to find an object from the image. 
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