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Abstract
Motion Picture Experts Group (MPEG) is a popular low bit-rate digital video compression standard, utilized in DVD, HDTV, DSS, video conferencing, internet video, digital set-top box, and several other video applications. What makes the MPEG standard so popular is that it is an internationally defined standard. However, MPEG’s expansion over the mobile device market has been less than impressive. This is unfortunate because of the enormous potential MPEG technology holds for the mobile device field, which spans from mobile real-time video conferencing to a truly portable multimedia device. One of the reasons of this slow expansion is because MPEG video decompression is normally implemented completely in software therefore consuming a considerable amount of power and valuable CPU resources. Since energy efficiency is critical to mobile devices to reduce system size, weight and extend battery life-time and the software decompression procedure heavily taxes the CPU, limiting the performance of other tasks within the system; mobile device developers tend to limit or stay away from MPEG technology. This paper proposes the idea of identifying the video decoding process blocks that are computationally expensive for the processor and implementing them in hardware in the form of a coprocessor while the less demanding blocks remain as software. The system will doubly benefit from this technique. First, the coprocessor handles the CPU intensive tasks of video decoding freeing the processor for other tasks and increasing overall system performance. Secondly, because the coprocessor is specialized for video decoding it uses much less power compared to what a general-purpose CPU would otherwise use.
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1. Introduction


Hardware-Software codesign is an inevitable logical step toward lean engineering and the advancement of computer systems design. Mainly focusing on trade-off analysis it supports component reuse and shifts of functionality from software to hardware and vice versa to decrease development cost and more importantly reduce power consumption. This allows for the creation of a low power, highly portable and inexpensive modular embedded system that will become a key element in new developing technology solutions. The goal of this project is to find the optimal hardware-software implementation of an MPEG video decoder in order to minimize the overall power consumption by using co-design techniques. Our efforts will concentrate on the realization of a real world application that involves a portable device with the capability of video playback.
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Figure 1. Portable device application of MPEG decoder.

2. Background
2.1 low-power hardware-software co-design

Hardware/Software Codesign can be defined as the cooperative design of hardware and software. The traditional design process views the design of the programmable software parts as separate from the design of the hardware parts. The purpose of hardware/software codesign is to provide an integrated way for designing hardware and software. Thus one starts from a system description that is not biased towards either hardware or software, which is then refined into software and hardware components. The decision about which parts go into hardware and which into software (a process called partitioning) is done by estimating the performance of the system on the system model level. The advantage of this is that it makes it possible to fully explore the design space and find an optimal solution to the design problem.

One of the goals of codesign is to shorten the time-to-market while reducing the design effort and costs of the designed products. The advantages of using processors are manifold, because software is more flexible and cheaper than hardware. This flexibility of software allows late design changes and simplified debugging opportunities. Furthermore, the possibility of reusing software by porting it to other processors, reduces the time-to-market and the design effort. Finally, in most cases the use of processors is very cheap compared to the development costs of ASICs, because processors are often produced in high-volume, leading to a significant price reduction. However, the designer uses hardware when processors are not able to meet the required performance. This trade-off between hardware and software illustrates the optimization aspect of the codesign problem. Codesign is an interdisciplinary activity, bringing concepts and ideas from different disciplines together, e.g. system-level modeling, hardware design and software design. 
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Figure 2. Design flow of hardware-software codesign approach


The design flow of the general codesign approach is depicted in the figure above (Fig. 2). The codesign process starts with specifying the system behavior at the system level. After this, the system specification is divided into a set of smaller pieces called granules. In a cost estimation step, values for some cost metrics are determined for these granules. These cost metrics include estimations for hardware or software implementations. Hardware cost metrics are, for example, execution time, chip area, power consumption or testability. Software cost metrics may include execution time and the amount of required program and data memory. After the cost estimation has been performed, the hardware/software partitioning phase computes the mapping of these granules to hardware or software resulting in sets of granules implemented on hardware (hardware parts) or software (software parts). To implement the system on a heterogeneous target architecture, the mapping requires additional interface parts (implementing the communication and synchronization) between ASICs and processors. The specification refinement step transforms the implementation-independent system specification into hardware and software specifications. All specifications include communication mechanisms to allow the exchange of data between processors and ASICs. Hardware is synthesized from the given specification, the software specification is compiled for the chosen processor. The result of this co-synthesis phase is a set of ASICs and a set of assembler programs for the processors. In a final co-simulation step, the ASICs are simulated together with the processors executing their generated assembler programs. If all performance constraints are met and the cost of the design is acceptable, the codesign process stops, otherwise a re-partitioning step is executed to optimize the design until a sufficient system implementation has been found. A problem related to hardware/software partitioning is design space exploration, where the partitioning algorithm should produce a number of different solutions in short computation time. This enables the designer to compare different design alternatives to find appropriate solutions for different objective functions, e.g. high-performance, low-cost or low-power designs. A unified design methodology management supporting specification, validation and co-synthesis of both hardware and software is the overall goal of the codesign research. For this project, low-power designs are the focus of our co-design implementation.

2.2 mpeg
MPEG is a family of compression standards used for coding audio-visual information in a digital compressed format. MPEG is defined by the Motion Picture Experts Group of the International Standards Organization (ISO). In particular, they define a compressed bit stream, which implicitly defines a decompressor. However, the compression algorithms are up to the individual manufacturers, and that is where proprietary advantage is obtained within the scope of a publicly available international standard. Both MPEG audio and video compression rely on losing some information in order to reduce the data rate; the information to discard is chosen to be the least readily perceived by the human hearing or visual systems. The reduced data is then compressed with lossless data compression techniques.
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Figure 3. Stream processing in MPEG format.

Audio compression depends on matching the representation of the audio data to the sensitivity of the human ear, and is based upon a 'psychoacoustic' model of the human ear. Since the human ear responds to frequencies, information can be condensed without much perceived loss by coding in the frequency domain.
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Figure 4. Structure of an MPEG-2 audio block of data.

Video compression relies on the fact that the human eye is less sensitive to variations in color than in brightness, and so color information can be coded with less accuracy. MPEG video compression also uses a technique of motion prediction - so that if an object moves between frames of a video sequence the details of the movement can be sent rather than an entire image of the object itself. Images are also compressed by analyzing their frequency content and coding so that some fine detail is discarded.
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Figure 5. IDCT a key compression algorithm in MPEG format.

The major advantage of MPEG compared to other video and audio coding formats is that MPEG files are much smaller for the same quality. This is because MPEG uses very sophisticated compression techniques. The MPEG standards deal with compression of combined audio and video signals, and so synchronization between the audio and the video information is important. 

To the real world, MPEG is a generic means of compactly representing digital video and audio signals for consumer distribution. The basic idea is to transform a stream of discrete samples into a bitstream of tokens, which takes less space, but is just as filling to the eye (…or ear). This "transformation," or better representing, exploits perceptual and even some actual statistical redundancies. The orthogonal dimensions of Video and Audio streams can be further linked with the Systems layer, MPEG's own means of keeping the data types synchronized and multiplexed in a common serial bitstream. 

The essence of MPEG is its syntax; the little tokens that make up the bitstream. MPEG's semantics shows how to inverse represent the compact tokens back into something resembling the original stream of samples. These semantics are merely a collection of rules (sometimes called algorithms). These rules are highly reactive to combinations of bitstream elements set in headers and so forth. 

3. Methodology

The intent of this senior design project is to design a low power coprocessor utilizing application tools such as Windows CE (SDK), Microsoft C++, and VHDL. The coprocessor will interact with the existing processor on a Pocket PC (Symbol PPT 2746 Pocket PC) and decode MPEG video streams utilizing a combination hardware-software implementation specifically designed for minimum power consumption. The integrated system (Pocket PC and coprocessor) will have the ability to scan barcodes as an input method and send and receive data through the means of wireless communications (Wi-Fi 802.11b).  The overall goal of the project is to develop and implement a system that will consume less power and offer better performance than the original Pocket PC configuration for time critical tasks such as MPEG decoding and video playback. Keeping power consumption to a minimum is essential to maintaining the portability of these devices.

A critical step in designing a system with lower power consumption is identifying the process blocks that are computationally expensive for the processor. The algorithms required for video and sound decompression will be studied and optimized for low-power consumption. We will then design new hardware to handle these computationally expensive blocks instead of software, which will lower the power to execute these tasks since the specialized hardware (coprocessor) is more efficient for these tasks than a general-purpose processor. At the same time the processor, since not longer processing these computational expensive tasks, is free to process other tasks resulting in better overall performance.

Tasks and Milestones:

1. -
VHDL specification and simulation of MPEG-2

· Understanding MPEG-2

· VHDL coding

· Testing, debugging and simulation

Upon completion there will be a demo of MPEG-2 decoder specified in VHDL

2. -
Identification of computational expensive parts considering memory constraints

· Simulation with VHDL

· Insert VHDL code for communication with system

Upon completion a VHDL simulation will be presented

3. -
Convert VHDL to C++ code

Upon completion there would be a demo of C++ code to show that the result is equivalent to the original VHDL code simulation

4. -
Synthesize VHDL for FPGAs 

· Understand low-power techniques 

· Synthesize hardware

· Change VHDL specification

Upon completion there would be working hardware and power measurements will be conducted.

5. -
Implement communication between FPGA and Pocket PC

· Design Protocol

· Hardware and software communication

Upon completion the correct communication will be demonstrated

6. -
Implement C++ software for server

· Database implementation

· User statistics interface

Upon completion a demonstration of correct software implementation will be shown

7. -
Develop and implement software for Pocket PC 

· Barcode scanner 

· GUI

· Statistics

Upon completion a demonstration of correct software implementation will be shown

8. -
Putting everything together

Upon completion a demonstration of the complete working system will be shown

9. -
Write final report and make presentation slides

Upon completion report will be submitted and a presentation of the project will be presented

4. Results and Applications

A possible setting for this type of system would be a video rental store (i.e. Blockbuster) where clients would use the Pocket PC to scan the barcode on the rental tape, then send this information to a central server through a wireless network which would have a database of movie trailers and movie specific statistics that the client would have access to through the Pocket PC. In this setting a movie that the client doesn’t remember clearly by just looking at the title or box cover is now presented as a short trailer making the rental experience easier and more enjoyable. See Fig.1 for a simplified schematic illustrating the communications involved in this application. We believe this system would be highly marketable and could define a new standard in several consumer related industries. Other possible settings, similar to the one mentioned above would be; supermarket shopping were the client has a database of coupons for automatic savings; mall shopping where all stores are linked together through a wireless network and have their merchandise inventory in a database for price comparison; identifying the closest movie theater; which will then provide previews of currently showing movies and allow show tickets purchase through a wireless WAN; and many other applications given the great potential of a technology like this.

5. Discussion and Conclusions


The wireless network has great future potential, especially for mobile device applications. However in order to tap into its potential, lean mobile devices that offer all the benefits of the non-mobile counterparts have to emerge. A step towards this goal is the industry’s developing interest in low-power codesign techniques. Only when looking at a system as a whole can we identify key points that are critical for power efficiency considerations. This results in longer use time in between battery charges, lower heat dissipation, increased portability because of weight and size reduction, and overall greater public reception of these new technologies.


There are several concurrent mobile device technologies being researched. Wearable computers that will be part of our normal wardrobe; high-speed/long-range wireless transmissions to connect more people for a bigger sense of community; smart devices that “talk” to each other like your PDA and the lighting control unit of your house or the oven to heat up dinner before you step inside your door; and other concoctions of the imagination that all have as their building blocks this and other technologies that are available to us right now.
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