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I. Introduction
Digital imagery is pervasive in our world today. Limited channel capabilities are the main problem of image transmission. The natural way of decision is compression of images.  Consequently, standards for the efficient representation and interchange of digital images are essential. One of such compression standard is new JPEG2000 standard and JPEG2000 based Motion JPEG2000 – video standard. These standards are not well-known today. So, it is interesting what these standards can perform in a practical use.

The subject of this paper is: Do we have Motion JPEG2000 today? I had chosen this subject to tell you about the state of this standard today. 

The target of this paper is to answer to the next three questions:

· What realization of this standard do we have today?

· What performance can we get from these realizations?

· Can we access the files in the Motion JPEG2000 format freely?

II. STANDARD OVERVIEW
Motion JPEG2000 is a video compression standard. Motion JPEG2000 video is the sequence of separate images, each of which is compressed by the JPEG2000 algorithm. 

The JPEG2000 standard was published 4 years ago. Its algorithm is based on the wavelet transform. It gives us possibilities to compress images with the great compression rates. 

There is another one important feature of the JPEG2000 algorithm. It is error resilience. 
There are some mistakes in the code stream of the compressed image on the Fig.1. As you can see at the picture, the image was decompressed almost completely. And only several regions were not finally decompressed.
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Fig. 1. The image with errors in the codestream.
Among other features of JPEG2000 standard:

· JPEG2000 support both lossy and lossless compression. 

· Region of interest coding technology allow us to divide the image on two regions. First – is the region of interest, second is background. Then, we can compress these two regions with the different compression rates.

· Tiling of images: when we compress big image, we can divide it into several blocks. Then, we can code this blocks independently. It allows us to reduce the hardware requirements.

So, Motion JPEG2000 as a video compression standard we can use in the following spheres:

· Translate video over the network in real time.

· Digital cameras. Digital cameras write video with fixed compression rate. So, when we use Motion JPEG2000, we can control compression rate. And so, we can operate the record time.

· Mobile devices are often has the limited memory capabilities. So, we can use Motion JPEG2000 in mobile devices, because of its big compression rate. 

· Also we can use Motion JPEG2000 in digital Closed Circuit TV and surveillance systems, digital libraries and archive application, and a lot of other video applications.

III. STANDARD REALIZATIONS
Today we can find both hardware and software realizations. 

3.1 Hardware realizations

The Analog Devices Company proposes single chip solution, which can either compress or decompress images in JPEG2000 format. This chip is named ADV202. It supports all features of first part JPEG2000 standard, except the region of interest coding. This chip can work with many standard video interfaces like PAL or NTSC. It can perform 65 Mega Samples per Second (MSPS) for lossy compression and 40 MSPS for lossless compression. It can work like Co-processor. The central processor can load initial image into ADV, and when it can read the transformed image. For High Definition TV signal processing two or more ADV chips can be combined in one solution.
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Fig. 2. ADV202 chip architecture.
At the Fig.2 you can see the block diagram of ADV chip. This microchip has its own hardware wavelet transform kernel, quantizer and 3 entropy codec. Also chip has an internal memory system and RISC processor. Processor controls his periphery and operates the compression process. The parallel work of all his modules gives us great performance.

Another way of image processing is using of DSP. The difference from the ADV is that all stages of compression are program. In ADV, we have a hardware wavelet kernel. It is the most difficult part for program realization. So using the ADV is the better way.

There are several companies which create their products, using JPEG2000. They are: Texas Instru-ments, Ricoh’s and Imagepower.

3.1 Software realizations

The first program realization is named Jasper Software. It is reference code of JPEG2000 standard. It is free and you can download it from the Internet. Jasper it is library with basic classes and sample applications. Using this library, you can “transcode” images from the most popular formats to JPEG2000. But this realization is very slow. We created our own Jasper based software and test it. On the faster computer, that we use, we got the following result: the frame with that dimensions 720x288 was decompressed at 171ms. It is very slow, and we cannot use this source code to make some video application.

The next realization is products of Kakadu Software Company. The author of their products is David Taubman, one of the developers of JPEG2000 standard. This company creates their own library. The Library fully support the first part of JPEG2000 standard. It enables you to use MMX technology. Kakadu is selling its source codes. Kakadu library is the most sophisticated JPEG2000 standard realization. We have created software that based on Kakadu software. We have marked out four types of video streams:

· Color frame: 720x576;
· Color field: 720x288;
· Black white frame: 720x576;
· Black white field: 720x288.
We have tested our program using these streams. The results of that test you can see in Table I.

Table I
The results of Kakadu software-based program test

	Flow type /

computer
	Frames per second

	
	Color

frame
	Color

field
	Black white

frame
	Black white

field

	P4 2,8 512mb RAM 
	16(39)
	25(52)
	37(80)
	67(130)

	P4 2,4 512mb  RAM
	13(30)
	20(39)
	30(60)
	53(98)

	P4 2,4 256mb RAM
	13(30)
	20(38)
	29(58)
	52(92)

	Cel 1,2 112mb RAM  
	8(20)
	13(28)
	14(33)
	26(55)

	Cel 1,0 256mb RAM
	6(15)
	10(22)
	10(25)
	19(42)

	Dur 750 192mb RAM
	6(16)
	10(21)
	12(29)
	22(46)

	P3 733 196mb RAM
	5(14)
	9(20)
	10(26)
	21(47)

	Cel 668 224mb RAM
	4(12)
	7(16)
	9(20)
	16(35)

	Cel 500 64mb RAM
	2(7)
	4(10)
	5(13)
	10(21)


In the brackets you can see the frame rate of the CIF format of typical stream. As you can see, only on the fast computers, we have used, we can see the real time video for full frame. Also we can see the marked region that includes all flow types, which allow us to see the real time video. On the slower computer (down in table), we have used, we can see the MPEG video, but we can’t see Motion JPEG2000 video.

The last program realization is Morgan Multimedia Motion JPEG2000 Video Codec. This company is only one company that produces video codec for Motion JPEG2000. They make a great job of source code optimization. They enable you to use such modern multimedia technologies like SSE and 3DNow. That makes their codec faster. At the Table II you can see the results of codec test.

Table II
The results of Morgan MJ2K v1.4 Codec test

	Flow type/

computer
	Frames per second

	
	Color frame
	Color     field
	Black white frame
	Black white field

	P4 2.8 GHz
	28
	56
	35
	64

	Cel
1.2 GHz
	11
	23
	15
	28

	Cel 1.0 GHz
	7
	14
	8
	16

	Cel 668 MHz
	7
	14
	8
	16


IV. STANDARD DISTRIBUTION
After all, availability of JPEG2000 files. The images that compressed in JPEG2000 format are free to download from the www.jpeg.org. But we didn’t find any video file in the Motion JPEG2000 format that is free to download. All files that we use in our tests were constructed by our own board. This board is based on ADV chip.

V. CONCLUSSIONS
So, do we have Motion JPEG2000 today?

That the leading companies produce solutions using JPEG2000 and Motion JPEG2000.

To support full compression and decompression, we can use the hardware solutions on the both sides: translating and receiving.

The existing software realizations are produced by small companies, which specialize on the image compression.

The existing realizations are only commercial. Big companies, such Microsoft don’t include standard support in their products.

The performances of existing realizations allow us to see the real time video only on the fast computers.  But if we building some real time multi-channel system we cannot get enough performance from modern computers. 

Of course, we can remember Moore Law, and hope that soon we will get sufficient performance. But it is all in future.
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