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ABSTRACT
Future military communications will be required to provide higher data capacity and wideband in  real time, greater flexibility, reliability, robustness and seamless networking capabilities. 

The next generation of communication systems and standards should be able to outperform in a littoral combat environment with a high density of civilian emissions and “ad-hoc” spot jammers.

In this operational context it is extremely important to ensure the proper performance of the information grid and to provide not all the available but only the required information in real time either by broadcasting or upon demand, with the best possible “quality of service”. 

Existing tactical data link systems and standards have being designed to convey mainly textual information such as surveillance and identification data, electronic warfare parameters,  aircraft control information,  coded voice.
The future tactical data link systems and standards should take into consideration the multimedia nature of most of the dispersed and “fuzzy” information available in the battlefield to correlate the ISR components in a way to better contribute to the Network Centric Operations. 

For this to be accomplished new wideband coalition waveforms should be developed and new coding and image compression standards should be taken into account, such as MPEG-7 (Multimedia Content Description Interface), MPEG-21, JPEG2000 and many others.

In the meantime it is important to find new applications for the current tactical data links in order to better exploit their capabilities and to overcome or minimize their limitations.
1. SUMMARY
Still image transmission and video over tactical data links is meant to be a new capability that will enhance the identification and coordination among military units in a tactical battlefield.

For example, areas such as UAV surveillance in support of intelligence operations [Ref 1], coordination and management of Ballistic Missile Defense [Ref 2] and also the more traditional surveillance and reconnaissance operations would be enhanced with visual attributes associated to a track number or parametric information. Stream video and high resolution imagery is a very demanding capability in urban environments. Also error resilient systems and standards are required to face the channel noise produced by civilian and military systems in high density populated scenarios.  
The possibility of sharing in the same tactical network different kind of multimedia information elements such as data, SAR and FLIR images and voice would suppose a definitive factor of advance in a future common tactical picture. The exploitation of this multimedia composite information in multimode display systems should provide the military with a new dimension of the tactical situation.

For this to happen real time image transmission schemes are needed and new coding and compression standards will be required. Also the image compression ratio should be good enough to maximize the limited resources available for all the participants in the network.     

Some desirable attributes are that the image transmission should be progressive, adapted to a more than likely jammed littoral environment and interactive. In some cases the image must be preprocessed before being transmitted based on the requirements imposed by interactive applications, such as definition of an “area of interest”.
Indeed, operations in jammed environments imply to implement a very robust mechanism of error detection and correction. Channel coding techniques, such as F.E.C (Forward Error Correction) reduces the bit error rate (BER) drastically. This is in addition to the own tactical data link anti-jamming protection techniques (AJP).  We consider the following type of images:
· Synthetic aperture radar (S.A.R.)

· Air pictures within the visible spectrum obtained by C2 platforms and UAVs

· Infra Red pictures and FLIR images.

Also we propose to extend the research to stream video either in the IR or visible spectrum.
2. OPERATIONAL AND TECHNICAL REQUIREMENTS
We state the operational requirement for the capability proposed in the present paper as follows: “To include imagery as a part of the tactical contents that are transmitted over a tactical data link channel to improve target identification, general war-fighter situational awareness and to develop regions of interest information for targeting purposes”.  In the following, we identify some of the properties that we consider should be required in any image compression standard for tactical application.
Excellent performance at low or very low data rate.  In any current tactical data link the limited resources must be shared among all the participants in the network and therefore the available bandwidth is limited.

For example it could be necessary to allocate a lot of resources to send surveillance tracks and very few network resources to image transmission. In this case an image preprocessing process is required as well as a very efficient coding algorithm in order to adapt the image quality to the available resources.

Progressive transmission capability.  This means the possibility of transmitting the image with poor quality at the beginning and to increase the resolution afterwards and /or upon demand based on a target’s “region of interest” or any other image component.

To do this an optimized code stream mechanism is needed in order to allow the image to be received sequentially over the time until an acceptable quality is achieved. 
We have in mind military applications in which the image is transmitted with a given quality based on the bandwidth available. After receiving it, if the image needs to be improved and there are resources available, the rest of the code stream is requested until an acceptable quality is reached, based on a metric figure such as PNSR.

Lossless and lossy image transmission.  This requirement, along with the progressive transmission, can enhance the quality of an image until it reaches an acceptable level of quality for operational or tactical exploitation. This capability is required for a very high detailed  images (e.g.: Synthetic Aperture Radars) where the time to transmit the target image is not an operational requirement  and the image is transmitted up to a lossless quality over the time just appending new parts of the code stream after each sender’s transmission opportunity.   

Random access to the different components of the image.  It allows the users to have a direct access to a part of the image (region of interest) or to any other component with the purpose of handling the image in the transformed domain. This is a capability to be used when some parts or components of the image are requested instead of the whole image.
Security and authentication capabilities such as water marks.  For validating the source of the image and authenticating the information provided. It is something similar to a “trade mark” of the image.

Region of interest.  The image is improved progressively within the boundaries of a relevant area, keeping the rest of the image as background and therefore using all the available data link network resources more efficiently. An interactive mechanism is required to request the part of the image that must be improved and to let the other as background information.
Robustness’ error transmission.  The image compression standard must provide error recovery and error concealment mechanisms, with synchronization marks, in addition to the specific data link error detection and correction capabilities.

Image’s scalability.  This is the capability of building the image sequentially improving some of the parameters (quality, resolution, spatial, components) over the time. 

Real time processing.  This is a very demanding requirement for military tactical communications. It must be in accordance with the networking timeline.

Quality of service (QoS).  As a mechanism to measure the application’s performance. For example, a progressive image transmission is stopped when a specific PSNR or resolution is achieved. 
3. JPEG2000 STANDARD
There are several standards and algorithms that are partially compliant with the requirements identified above. We propose to analyze JPEG2000 in detail as we think it is more suitable for fulfilling the above mentioned technical requirements.

JPEG2000 offers numerous advantages against the old JPEG that is considered currently the “standard de facto”.  JPEG2000 is based on the wavelet discrete transform (WDT) instead of cosine discrete transform (CDT) and therefore a hierarchically organization of the compressed image is developed with some of the benefits that will be stated below. One main advantage is that JPEG2000 offers both lossy and lossless compression in the same file stream, while JPEG usually only utilizes lossy compression. For high quality applications JPEG2000 has a better performance. JPEG2000 provides a higher quality final image, even when using lossy compression [Ref 3]. 

Currently, the most common form of image compression is known as JPEG.  This standard was developed by the Joint Photographic Expert Group in the late 1980’s, and since then has been the most successful and widely used compression technique.

JPEG2000 is the latest still image compression international standard established by ISO/IEC JTC 1/ SC 29/ (Working group#1/study committee #29). Also it is an ITU-T recommendation.

3.1. JPEG2000 Main Features

JPEG2000 has better compression efficiency than the widely used JPEG.   JPEG2000 achieves a 20% to 50% improvement in compression performance with JPEG [Ref  4].  JPEG2000 supports five progressive schemes: LRCP; RLCP; RPCL; PCRL; CPRL.

The order of the code stream is build taken into account a priority scheme among the following elements: Binary layers (L), resolution (R ), Components (C), and position (P).
For the tactical application we propose, LRCP scalability is the most interesting as the data link available bit rate can be adapted to the quality of the required image.

JPEG2000 allows specifying the number of resolution levels of the Discrete Wavelet Transform (DWT).
JPEG2000 specification is divided into six parts: part #1 describes the code stream syntax and the decoder implementation; part #2 includes added value extensions; part #3 includes extensions for image sequences M-JPEG2000 (Motion JPEG2000); part #5 contains the reference software and part #6 includes an additional file format for composite documents.  Fig. 1 shows the JPEG2000 specification context diagram.  
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Figure  1.  Context Diagram for JPEG2000 Specs.

JPEG2000 coder makes the following operations: 
· Component break up. Source image is broken up into their components.

· Spatial partition of the image. The image and its components are broken up in spatial partitions called tiles. Each partition component is decoded independently one from the other and these are the basic unit for the image’s reconstruction. This property of the algorithm provides one of the methods of image area of interest selection.

· Transformation: Discrete Wavelet Transform. A DWT is applied to each component of the partition separately. DWT transform coefficients contain information regarding local areas of the image. Fourier Transform, on the contrary, provides information on the whole image. As a result each tile is broken up in several resolution levels, with different sub-bands that describe the local characteristics in the spatial-frequency domain. 

· DWT transform applied to the image provides the same number of coefficients as samples, but the information tends to be concentrated in a few of those coefficients. After the quantification process the information contained in the small coefficients is zeroided and therefore the bit rate is drastically reduced. The codification process that follows reduces even more the number of bits required for coding the quantified samples.  

· Coefficients’ blocks. Coefficients’ sub-bands are quantified and grouped in structures called “code blocks”. 

· Coding. Each sub-band of the component of the partition is further subdivided in code-blocks. Coefficients of each block are arranged in bit-planes and are coded in accordance to a process called entropy coded. 

· The code stream as a result of this process are grouped in layers, each of them provides an improved quality of the image. This algorithm is called EBCOT.

· Packets are the basic unit of the JPEG2000 code stream.

· Region of Interest. As a part of the coding process some areas of interest (ROI) are defined.  These can be coded with a higher quality than the background part of the image.

· Error recovery. JPEG2000 also allows including “markers” as an integral part of the code stream to implement error recovery mechanisms.

The use of wavelets allows selecting a certain area of an image to view at a higher quality, while leaving the rest of the image at a lower quality.  This allows the user to only view a necessary portion of the image instead of the entire image.  This significantly reduces the amount of data link resources required as well as the amount of network time required to access the relevant part of the image. The Figure shows the image compression quality (PSNR value) vs. the bit rate (in bits per pixel) for an image that was compressed using both the ROI encoding and the standard encoding method.  The quality of the entire image is also shown on the graph.  As is seen from Figure, the quality of the selected area of the image is significantly improved when the ROI method is used.  
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Figure 2.  Comparison between ROI encoding and standard encoding.
3.2. Block Coding

Now we are going to describe some aspects of the JPEG2000 coding process that are considered the most important for the proponed application, such as discrete wavelet transform (reversible and not reversible) Dead-Zone Scalar Quantization and EBCOT codification.
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Figure 3.  JPEG2000 Block Diagram.
Offset.  This the first process required by JPEG2000.  The B- bits image’s samples are subjected to an offset to get a signed representation within the following rank:
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If the initial data is already within this rank, the offset is not required. This process is needed because almost all coefficients produced by the DWT shown a symmetric distribution around zero, after a high band filtering. 
Transform.  There are two different paths: reversible path and irreversible.  The process consists in the mapping of the B-bits depth x[n] samples with whole values for each sub-band in the transformed domain, with a similar accuracy.  

In this case the DWT is implemented using the Spline 5/3 transform (filter with whole coefficients) with filter lengths of 5 and 3 respectively.  The second part of the JPEG2000 standard will allow the implementation of a different kernel of filters. Spline filter allows the coding and decoding of an image without any additional loss [Ref 5].   

Lossless compression requires only the reversible path.

Transforms associated to the irreversible path are totally linear (up to quantification stage) which implies a better compression performance. In this case, on the contrary with the previous, normalized real coefficients are used. The quantified step is specified in accordance with the dynamic rank of the signal.  A “dead-zone” quantification process is used in this case (see next paragraph).

JPEG2000 standard part #1 only proposes the bi-orthogonal CDF (Cohen-Daubechies-Feauveau) 9/7 transform. High band pass filters (HH) and low band pass filters (HL) are specified with a length of 9 and 7 respectively [Ref 6]. 

This transform offers a good complexity–efficiency performance for image compression applications.

Region of Interest.  Max-Shift method is used.
Embedded Block Coding With Optimized Truncation.  JPEG2000 standard is based on EBCOT algorithm [Ref 7]. One of the properties of this algorithm is the scalability or possibility to adjust in the decoder the bit rate or resolution of the reconstructed image without the need to know it in the coding process. In EBCOT each sub band is divided in small blocks of samples called code blocks where the bit rate of each block is truncated independently of the rest.  Advantages of EBCOT coding:
· Code stream organization and arrangement is the base for the four scalability modes available in JPEG2000: quality, resolution, spatial and components.

· Quality on demand: each binary layer is made of a number of code-blocks of different size that gradually increase the quality of the received image (Measured in PSNR).. 
· Other embedded algorithms such as EZW [Ref 8] and SPIHT [Ref 9] can not eliminate samples corresponding to the low quality layers due to the “zerotree coded algorithm” of the wavelet transform.

· Local processing: this scheme of independent coding allows a local processing of samples in each block, what means a HW implementation advantage.

· Efficient compression.

· Error recovery and concealment.
3.3. JPEG2000 Code Stream

The JPEG2000 code stream will be presented and an analysis of the different parts will be made in order to identify the code stream sections and image layers that require more anti-jamming  (AJ) protection (because their sensibility or importance) when transmitted over a tactical data link.  In the simplest case, JPEG2000 code stream contains the following data structures: a header, a body of data and an end of code-stream marker (EOC).

The header contains the global information required for code stream decompression. The code-stream can be further breaking up in sub-code stream that conveys information about the image spatial partition. The header of each spatial partition contents also the information needed for decompressing the sequence of data packets of the related partition.  Each of these elements are preceded by specific markers.  The following figure shows the JPEG2000 code–stream structure with the header markers [Ref 10].
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Figure 4.  JPEG2000 Code Stream.
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Figure 5.  JPEG2000
 Code Stream Spatial Decomposition.  

Also we present the packet structure for the JPEG2000 code stream (.J2C).
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Figure 6.  J2C Code Stream Packet Structure .

The previous figure shows the packet structure of a J2C code stream. Each packet starts with the start of packet marker (SOP). The main header contains all the information required for the code stream decompression. Similarly, the header of each partition component contains the information needed for the associated packet decompression.  JPEG2000 stated that some of the markers are required and some others are optional.  

3.4. Comparative Analysis

A comparative analysis with other standards and algorithms will be presented based on SNR, compression ratio and some others operational and technical requirements either in noiseless or noisy channels. We will pay specific attention to JPEG2000 versus JPEG because the later is considered the standard “de facto” for most military communication applications.
An example of some PSNR efficiencies for JPEG2000 and JPEG is shown in Table 1.  Two different color images were compressed using several different bit rates (measured in bits per pixel, or bpp) using both JPEG2000 and JPEG.  A higher bit rate will result in a higher quality picture [Ref 11].

The results indicate that JPEG2000 consistently offers higher compression efficiency.
	Bpp
	0.125
	0.5
	2.00

	Img1 JPEG
	24.42
	31.17
	35.15

	Img1 JPEG2000
	28.12
	32.95
	37.35

	Img2 JPEG
	22.60
	28.92
	35.99

	Img2JPEG2000
	24.85
	31.13
	38.80


Table 1.  Comparison of PSNR compression efficiencies

(in dB) for two images at various bit rates.
With JPEG, an image file was only able to be displayed a single way, with a certain resolution.  Because JPEG2000 is based on wavelets, the wavelet stream can be only partially decompressed if the user only wants a low-resolution image.  In summary JPEG2000 provides a flexible solution and provides good compression performance and a rich set of new features. 
4. JPEG2000 COMPRESSED IMAGE TRANSMISSION OVER LINK-16

We will present a study-case with some simulations for JPEG2000 compressed images transmitted over a LINK-16 channel analyzing the cost in terms of network resources, the quality of the received image, and the pros and cons compared with the same image JPEG-compressed. We will present also the performance of both image compression standards over LINK-16 noisy channels with different compression rates and bit error rates (BER).

4.1. Method Proposed

We propose to combine LINK-16 / JPEG2000 error detection and correction techniques to implement a more robust error management mechanism by transmitting the most sensitive part of the JPEG2000 compressed image (*.J2C code stream), such as headers, markers, first layers, tiles, with the maximum LINK-16 anti jamming protection (at a lower data rate) and the rest of the coded image with less A/J protection at higher data rate. For this transmission strategy we take into account the “progressive by quality” structure of the JPEG2000 code-stream and LINK-16 free text (FT) messages and the Link16 packing limit structure.
Firstly we establish a common communication structure for the tentative scenarios. We identify a sensor node (SN); this is the platform that captures the image and imagery management node (IMN), which is the JU responsible for receiving and post processing the image.  

Finally we identify three operational modes: normal, under demand, and interactive. Only normal mode will be presented being the interactive mode very similar only requiring a service channel.

We analyze both the LINK-16 network design phase to assess the impact of the imagery application in the LINK-16 resources available (TDMA time slots) and the operational phase to assess the performance of the proposed method with the allocated time slots.   

We assume that although all network participants will receive the JPEG2000 transmitted image, only the management unit will interact with the sensor JU to ask for changes in the compressed image, such as request of area of interest, new progressive method, more code-stream to increase resolution or quality, etc..  We have made a high amount of simulations to show that with relatively few Link16 network resources it is possible to implement an imagery application over LINK-16.  In the network design phase, these are the LINK-16 technical characteristics that have to be taken into account:

· Maximum LINK-16 resources available for imagery.  Study cases: 5% & 10%.

· Voice channel requirement (No requirements for the Case study).
· Relay requirement: Yes.

· Anti Jamming Performance (AJP) schemes, that are reflected in the LINK-16 packing limit implementation..

· Distance mode: both normal and extended.

· NPGs available for imagery: from 1 to 4 (STANAG 5516)
· TRS mode: We analyze normal access mode and time slot reallocation (TSR).
· Link-16 noisy channel. We have simulated LINK-16 channels for STD/P2SP/P2DP/P4 NEDC.

· Imagery and quality of service (QoS) characteristics taken into account:
· Quality required for imagery application: a threshold might be established for the minimum PSNR required based on technical and operational requirements. This threshold will be changed upon demand.
· Source of image: Synthetic Aperture Radar (SAR), infra-red images (FLIR), satellite and natural images.
Finally, a LINK-16 network design is chosen based on operational and imagery requirements.

4.2. Network Design Resource Allocation Strategies
We propose a LINK-16 allocation strategy based on the following:
· NPGs allocated to imagery: from 1 to 4 each of one with a different packing limit “by design”. Spare NPGs taken from STANAG 5516.
· Format message: “free text”.

· Maximum Time Slot Blocks (TSB) number is 64 per terminal and 48 in (Time Slot Reallocation Mode) TRS mode.

· Time slots available for imagery: two study cases with no more than 10 %, and 5% of network resources allocated.   
The algorithm we propose is the following: the image is JPEG2000 compressed and due to its unique coding capabilities such as quality layers, ROI, etc, the code stream is allocated to different NPGs each one with a different packing limit assigned during network design. By doing this, the compressed image is transmitted by default in quality layers with different LINK-16 Anti-Jamming Protection (AJP) schemes and bit rates (most APJ, less data rate and the opposite) per layer.  We propose to transmit the first layer with the most AJP protection, using standard packing (STD), because it contains the header and the most sensitive part of the image for the decoder to be able to reconstruct. The rest of the image is sent in different NPGs at a higher data rate.  The following figure shows the LINK-16 resource allocation algorithm when a JPEG2000 compressed image is LRCP progressive.
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Figure 7.  LINK -16 time slot allocation algorithm.
In reception the compressed image is reconstructed based on the quality criteria established.  In our study we examined different cases (Table 3) with 5 time slot distributions in different NPGs (from 1 to 4) given a limit of the 10% of the total LINK-16 resource availability (In LINK-16: 1536 time slots per frame).

	Time slots distribution Model
	 NPGs availability: 4_NPG
	TSBs
	3_NPGs
	TSBs
	2_NPGs
	TSBs
	1_NPG
	TOTAL

	A: 154
	32+34+40+48
	7
	32+56+66
	6
	64+90
	5
	154
	154

	B: 144
	32+64+32+16
	4
	32+48+64
	4
	64+80
	3
	144
	144

	C: 136
	32+32+32+40
	5
	
	
	
	
	136
	136

	D: 128
	32+32+32+32
	4
	D31; D32;D33
	3
	64+64
	2
	128
	128

	E: 160
	
	
	64+64+32
	3
	
	
	
	160


Table 3.  Time slots distribution model for different NPGs.
Now we compute the bit rate balance:  suppose we establish the following packing limit policy: FT-STD/FT-P2DP/FT-P4/FT-P4 (NEDC). The bits available for convening a JPEG2000 compressed image (distribution A) are 147.780 bits per LINK-16 frame.  
	NPG
	Time Slots 
	TSBs
	Packing Limit
	Bits/time slot
	Data Rate (bits)

	Imag_1
	32 
	1
	FT-STD
	225
	7200

	Imag_2
	32 + 2
	2
	FT-P2DP
	450
	15300

	Imag_3
	32 + 8
	2
	FT-P4
	900
	36000

	Imag_4
	32 + 16
	2
	FT-P4 (NEDC)
	1860
	89280

	                                                                                      TOTAL  147.780 bits


Table 4.  Time slots distribution model for different NPGs.
As an example we use a JPEG2000 compressed natural image of 252x256 resolution pixels with the distribution in packets and file size (obtained with Kakadu
) listed in Table 5.

	 Packet Number
	Bytes

	Packet # 1
	57

	Packet # 2
	118

	Packet # 3
	304

	Packet #4
	586

	Packet #5
	1156

	Packet #6
	1404

	Total Image (bytes)
	3625 (29000 bits)


Table 5.  Bytes required to transmit a reference image.
It is shown that with the proposed network resources allocation it is possible to transmit the image. In the following sections we will demonstrate the quality of the image transmitted over the LINK-16 channel with and without noise and the algorithm to allocate the compressed image into the LINK-16 allocated time slots given a number of NGPs available and quality criteria.
Data link limitations.

In Table 6 we summarize the impact and operational limitations of an imagery application in typical LINK-16 network design
 tasks.  Imagery over LINK-16 capabilities and limitation have to be clearly identified in order to better establish a trade-off between them.
	OPTIONS
	TIME SLOTS AVAILABILITY

	1.-No relé NPG 7
	+32 (“Net Option 2..6”)

	
	+128 (“Net Option 1”)

	2.-relé for Imagery
	If rele not required: Max 156 TS for Imagery

	3.-Multinetting
	Not considered

	4.-NPG7 (<ts)
	+128 TS (including TS for rele)

	5.-Voice (<ts)
	+128 TS (including TS for rele)

	6.-NPG 10(<ts)
	+32 TS (including TS for rele)


Table 6.  Impact of imagery in a TDL Network Design.
After a detailed analysis of imagery transmission over LINK-16, the following constraints were identified:

· Operational distance.
· Assignment of time slots for imagery. 
· Time of availability for the image to be displayed.

· Anti-jamming margin.
4.3. Operational Phase. Capture, Management and TX/RX

 This phase starts when a LINK-16 network has been chosen with a given amount of LINK-16 resources (time slot) allocated for imagery and all the participating units have been entered in the network.  We propose the image transfer protocol illustrated in Fig. 8 for data exchange between the Image Management JU (IMU) and the Sensor JU (SJU).
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Figure 8.  Transfer Protocol between sensor unit and management unit.
For the Sensor JU to accommodate the image codification to the C2 requirements we also propose the algorithm shown in the following picture.
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Figure 9.  Image Quality Management.

The image is JPEG2000 compressed and further reconstructed to obtain the quality factor in terms of PSNR/MSE.  Then a threshold (T) is established to prepare the code stream based on the image operational requirements. If PSNR is higher than the threshold the JPEG2000 code stream is transmitted. If it is lower either a reduced T is established or more time slots are requested.  For this to happen, the mode of operation should be changed to interactive.  A similar scheme is proposed for TSR that provides the process more flexibility. 
4.4. Protocol Detailed Description
Here we show the data transfer protocol between JUs: sensor unit (responsible of transmitting the image) and image management unit (responsible of handling the image).
Sensor JU.

· Capture of the image.

· Image pre-processing in TX: filtering and downsizing to match the image to LINK-16 resources.  Format change. Reduction in the number of components.
· Image compression: development of the JPEG2000 code stream in accordance with the arranged parameters.
· By default assignment of LINK-16 resources specified after the network design phase. 

· Selection of the maximum number of quality layers adapted to the available resources and image characteristics.

· Post processing: check the compressed image quality. The image is reconstructed from the code stream and the PSNR is obtained.  

· The post processing algorithm in the sensor unit is described in the figure below.
· Reconstruction of the coded image and PSNR (MSE) computing.

· Check the obtained PSNR with the threshold established in the network design phase.

· If the image quality is higher, go to the “LINK-16 TX preparation step” 

· If the image quality is lower:

· Ask IVR2 (Imagery Management Unit) to change the image coding parameters.

· Ask IVC2 to relax the quality requirements, by reducing the threshold.

· Send the image with the quality as it is.

· Ask for more LINK-16 resources (by means of the network management J-series messages).

· If the image meets all above criteria a “LINK-16 TX preparation” process is conducted.

· Packing limit change. This is for modifying the bit rate-anti jamming protection by the means of FIM messages to the MIDS terminal.

· Data flown host-MIDS. 

· Link-16 control resources by the mean of J0.6 series messages.

· Transmission of the main image coded parameters.

· Transmission of the image over the LINK-16 channel. 

· Image Management JU.
· Reception of the image in accordance with the agreed progressive scheme stated by operational requirements.    

· Image processing: check quality of service for the LINK-16 channel. 

· Transition to error resilient mode if required.

For quality assessment, the IMU is checking the received messages error rate (MER) through the Reed Solomon code fail counter, available in the MIDS LVT. The MER Threshold is set up at the MIDS initialization phase and can be changed by using the AP159, adopting the decision criteria in Fig. 10.
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Figure 10.  Quality of Transaction.
It must be clarified that MER is related on the LINK-16 channel noise only.  We have developed also a similar protocol and image transmission algorithm for an interactive mode and for a LINK-16 access mode based on Time Slot Reallocation. Both image management schemes might be working together.

4.5. Some Examples
Example # 1. Natural image JPEG2000 compressed with 4 quality layers and LRCP Mode.

We present an example of a natural picture JPEG2000 compressed, coded with 4 quality layers and in LRCP progressive mode that are transmitted over a LINK-16 channel using dedicated access for the first two layers of the image (less data rate demanding) and in TSR for the last two layers (Fig. 11).


[image: image12.wmf]JPEG2000

Coder

J2C 

bitstream

#1

#2

#3

#4

Mode

LRCP:

Quality

Layers

#1

#2

#3

#4

NPG_V1  (

Dedicated

)

NPG_V2  (

Dedicated

)

NPG_V3 (TSR)

NPG_V4 (TSR)

Alg

#1

Alg

#2

TSR

L16

Transmission

Layers

jpeg2000:




Figure 11.  Method of assigning JPEG2000 code stream quality layers to NPGs.
Example # 2: Two images JPEG2000 coded with different quality layers and LINK-16 access methods. JPEG2000 transcoder.

Also we present another case of two IR images JPEG2000 compressed and transmitted over a LINK-16 channel. Time slots available are 128 (<10%). We have establish a method for using the same scheme for transmitting two images over a LINK-16 channel using a JPEG2000 trancoder. The mechanism is simple, the picture #1 is coded and 3 out of 4 layers are transmitted as the quality achieved is good enough and is above the required threshold. The remaining time slots available (32) are used to transmit the layer #1 of the colored picture #2 in a NPG with STD PL (compressed factor= 706.71). The results are presented below. The remaining layers of the image #2 can be sent in the next image transmission opportunity.  Fig. 12 shows the context diagram. 
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Figure 12.  JPEG2000 Transcoder. Two images management coder

	DN

	Layers
	TS
	PL
	NPG
	Data Rate
	A/J
	PSNR

	1
	32
	STD
	I1
	0.0351
	
	23.03

	2
	32
	P2SP
	I2
	0.1054
	
	25.11

	3
	32
	P4
	I3
	0.2460
	
	27.26

	4
	32
	P4_NEDC
	I4
	0.5366
	68.7
	29.79


Table 7.  PSNR for image #1 “Land Image_17.pgm” Threshold
has been established in T(PSNR)=28 

	
	Rate bits/pel
	P/L
	T/S_ frame
	RRN
	NPG
	A/M
	PSNR:_C1
	PSNR_C2
	PSNR_C3
	Fac_Comp.
	A/J

	Original
	24
	
	
	
	
	
	
	
	
	
	

	Layer1
	0.03396
	Std
	32
	11
	I1
	D
	19.00
	22.54
	23.21
	706.71
	+++

	Layer2
	0.1698
	P2_DP
	32+64=96
	12
	I2
	D
	24.54
	29.76
	28.82
	141.34
	++

	Layer3
	0.3057
	P4
	96+32=128
	11
	I3
	D
	26.51
	32.58
	31.37
	78.5
	+


Table 8.  PSNR for image #2 “Naval FLIR”. 

5. GENERAL RESULTS

We have developed a set of simulations considering several image types (FLIR, SAR, and natural) and JPEG2000 coding schemes with limited LINK-16 resources available (10% & 5%).  The more availability of time slots implies a better quality of the reconstructed image.  

The number of image variants and JPEG2000 coding parameters implemented in our simulations is big enough to consider the method tested at simulation level. We have consider different number of levels in the DWT, changes in the progressive image transmission schemes, normal distance and extended distance, pre-filtering capabilities to smooth the SAR images prior JPEG2000 compression,  region of interest, etc.

We have also considering changes in JPEG2000 coding parameters with acceptable results. 
In Annex A we show several examples of the proposed method with the original and reconstructed images and the obtained PSNR (for noiseless channels). 
For noisy or more real channel conditions a error resilient mode has been developed and will be shown in the next paragraph.

5.1. Error Resilient Mode
This mode combines the error recovery properties of JPEG2000 through the insertion of specific markers, with the rest of AJP measures embedded in the LINK-16 waveform.

5.2. LINK-16-JPEG2000 Combined Techniques
Fig. 13 shows the conceptual scheme of both techniques applied together. 
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Figure 13.  JPEG2000 & Link-16 error detection and correction capabilities.

The proposed method consists of the following:
· The original image is coded always with start of packets and end of packet marker (SOP & EPH)

· These markers limit and identify a data stream that is required to successfully conduct the decoding process in the other end, especially if any error recovery technique is implemented.  

Table 9 following table shows a true example of SOP-EPH markers and their boundary parameters:  
· Maker FF91.

· Segment lenght in bytes.

· Order of the packet within the code  stream

· Packet hjeader.

· Marker FF92.

· Packet data in bytes.

	  935
	Stara of Packet (SOP)
	

	
	Marker Value
	FF91

	
	Length of Segment
	0004

	
	Sequence Number
	0005

	
	Packet Header
	[c7 c3 e9 4c 3b d0 70 e3 0 ]

	
	End of Packet Header(EPH)
	FF92

	
	Packet Body length
	440 bytes


Table 9.  Typical JPEG2000 SOP/EPH code stream structure. 

5.3. Error Resilient Process
Fig. 14 shows the protocol proposed for an error resilient transmission over a LINK-16 channel.
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Figure 14.  Protocol for error management.
Fig. 15 shows the process applied to a natural image.
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Figure 15.  Error Resilient mechanism - Packet data mapped onto LINK-16 time slots.
The image is JPEG2000 coded and a J2C code stream in developed. Data packets are mapped in LINK-16 time slots in accordance with a approved LINK-16 network design.

Those packets that are not Reed Solomon coded, e.g. packet N, are not subject to pass the quality test. If packet #3 is received with a message error rate higher than the established threshold, the same data is re-transmitted with a more AJM protected Packing Limit (STD instead of P2DP). 

To show this process we have developed Table 9, in which we reported the time slots required to send a JPEG2000 code stream with two different AJP schemes: one with a sequentially increased protection algorithm, as new packets are sent over the link, and other with the same protection method but where all the packet headers are sent with the maximum protection, e.g. in standard packing limit mode. 
	JPEG2000 Code-stream
	#Bytes
	Packing Limit
(Resilient option)
	# Time Slots
	Packing Limit (by default)
(No resilient option)
	#Time Slots

	MAIN HEADER
	96
	STD 
	4 
	STD
	4

	TILEPART #1 
	12
	STD
	1
	STD
	1

	PACKET #1 HEADER
	11
	STD
	1
	P2
	1

	PACKET#1
	13
	P2
	1
	P2
	1

	………………..
	….
	……………
	………….
	………………
	…

	TOTAL Time Slots
	
	
	25
	
	24


Table 9.  Packing Limit AJP vs NAJP.
In this case the test image is decomposed in 6 tiles or partitions.  We show that only one more time slots are required for transmitting the image in a more AJ resistance mode.

5.4. LINK-16 CHANNEL BER ANALISYS.

In order to simulate a LINK-16 channel with different AJP capabilities, we have developed two different scenarios: 

Scenario #1.  All the quality layers of the entire image are transmitted in one NPG with P4_NEDC packing limit; BER= 10-3.
Scenario #2. The layers are distributed into 4 NPGs in accordance with the proposed algorithm and protocol. Also the Bit Error Rate of each channel is shown

· Channel NPG_I&V1: layer #1 P/L Estándar; BER= 10-6 
· Channel NPG_I&V2: layer #2 P/L P2DP; BER= 10-5
· Channel NPG_I&V3: layer #3 P/L P4; BER= 10-4.

· Channel NPG_I&V4: layer #4 P/L P4_NEDC; BER= 10-3.

The image source is FLIR and has been JPEG2000 compressed with the following parameters:

· LRCP progressive;

· Binary layers data rate:

· Layer #1: 0.0351 bpp.

· Layer #2: 0.1757 bpp.

· Layer #3: 0.3163 bpp

· Layer #4: 0.4616 bpp.

· Reversible compression;

· Number of levels of the wavelet transform: five.
Method.

We have used MATLAB programs for implementation with the following algorithm:

· A JPEG2000 code stream is built (*.J2C)

· A Binary vector representation of the code stream is developed. 

· A binary vector with the same BER channel is generated
.

· An exclusive OR is made between both vectors for generating a LINK-16 channel corrupted JPEG2000 code stream.

· Image reconstruction
.

Results.
We have a set of images reconstructed of the two scenarios and also a JPEG2000 versus a JPEG reconstructed image transmitted over the same LINK-16 channel. We show that the JPEG compressed image is unable to be reconstructed and the JPEG2000 is perfectly identified. 

Also we show the PSNR degradation when the same image is transmitted over a free of error LINK-16 channel and also over a BER= 10-4 error characteristic channel.

After receiving two binary layers of the scenario #2, the PSNR with and without channel error is:

PSNR no channel error: 26.3486 dB.

PSNR channel errors in scenario #2 : 26.2969 dB.  This means a degradation of 0.05 dB.  In Appendix A we also show the original and both JPEG2000 and JPEG reconstructed images under various noise channel conditions.

6. RECOMMENDATIONS

As a conclusion after extensive simulations we propose the following recommendations:
· JPEG2000 code stream data rate for each binary layer (while in LRCP progressive mode) should be matched to the available time slots during the network design phase. A data base with several images’ models shall be developed to facilitate the proposed allocation method. A code stream to time slots allocation algorithm has been developed and proved. 

· In a first approach it is recommended to use only monocrome images to reduce the network resources.  If after a first assessment a full color region of interest is required with more resolution, it will be accommodated using the same transmission scheme.

· It is recommended to set up the AJP threshold in the network design phase, as there is a big dependency of the image quality to the LINK-16 packing limit imposed.   

· It is recommended to conduct an image preprocessing process before being transmitted to assure that the tiles are fitted with the region of interest.   

· For optimizing Link16 resources, it is strongly recommended that JPEG2000 binary layers should be multiples of the TSBs obtained in the LINK-16 network design phase for each NPG. 

· Maximize the number of JPEG2000 binary layers. The more are received the best is the quality of the reconstructed image and the more is the control of  the transaction (this means to maximize the PSNR for the available resources).

· As in any network design process, it should be taken into account the TSB limit imposed by the MIDS LVT or any other LINK-16 equipment (JTIDS, JTRS).

· Match the Link16 AJP to those parts of the JPEG2000 code stream that are more error sensitive.

· A detailed analysis should be done in the network design phase to accommodate the available LINK-16 resources to the anti-jamming requirements of the battlefield environment taken into account the combined JPEG2000 / LINK-16 error detection and correction (EDC) techniques available.

· The Image availability will be in accordance with the Recurrence Rate Number. 

· Maximize the PSNR given the limited resources in terms of data rate imposed by the LINK-16 network.

7. CONCLUSIONS
Recent conflicts have shown that real time imagery availability is mean to be a very important capability for any current or future military operation. Either in dedicated link systems or as a part of a normalized tactical data link standard, the possibility of including real time images in the tactical picture is extremely important. Aircrafts and UAVs providing stream-video or high resolution still images are the most demanded systems elsewhere, especially in littoral and urban environments. 

Given the current bandwidth constraints of the tactical data links it is important to develop new algorithms and methods for taking the best advantage of the very limited resources.          

We have proposed a method to allocate LINK-16 time slots to a JPEG2000 compressed image taking advantage of the unique LINK-16 anti-jamming capabilities and network design paradigm. Also, the JPEG2000 coding scheme is flexible and capable enough to accommodate most of the technical requirements identified above.
We consider that the amount of time slots required for the proposed application is reasonable given the operational advantages of this capability. 

A high variety of images have been taken into consideration as well as a diversity of noiseless and noisy LINK-16 channels, with different B.E.Rs. The combined JPEG2000 and LINK-16 error resilient capabilities can be exploded in a very productive way to take the most advantage of each standard. Also the JPEG2000 Region of Interest feature is extremely important to obtain high resolution images of an area of interest that is tactically significant. JPEG2000 is also providing an “authenticity” capability due to the “watermark” feature available in the standard. 

We have shown that it is possible to implement a combined JPEG2000 & LINK-16 capabilities to include imagery information in the tactical picture.

We are considering also the possibility of sending “stream video” over a tactical data link or any new wideband coalition waveform using MJPEG2000 or any other similar standard. 
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APPENDIX A – PROPOSED METHOD ASSESSMENT

For validating the proposed method we have developed a big variety of study cases with different image types and JPEG2000 coding options.  We start analyzing the proposed “time slot to binary layers allocation algorithm” with several “JPEG2000 compression variants” for 1 network Participation Group (1 NPG).  Then we show the case when 2 NPGs are available.  This results in a more flexible AJP transmission scheme.

A Naval FLIR image is also compressed with 3 NPGs available, 3 image components and 3 JPEG2000 binary layers. This analysis is extended to a Land IR Image when 4 NPGs are available and 4 binary layers are implemented as a part of the JPEG2000 codification.

A change in the compression parameters is also considered as a part of a more general interactive Link16 transmission scheme. We have developed some study cases to change the following parameters: resolution, tiling, region of interest, progressive transmission, etc.. 

We also propose a study case considering a noisy channel with BER = 10^-4. A JPEG2000 compressed image is transmitted and reconstructed in both a noisy and noiseless environment and the results are presented. We make the same exercise with a JPEG versus a JPEG2000 compressed image.  

A.1. 
INITIAL CONDITIONS

We propose a W9x7 DWT kernel as it is the most common and standardized filter.  The EBCOT block size will be 64x64 and we consider also the more generic LRCP transmission mode. Regarding Link16 resources we consider no more than a 10% of the total amount of time slots available in a frame for our imagery application and the number of NPGs range from 1 to 4, each of one with a different Packing Limit structure that provides a more flexible AJP capability.   

A.2.
NATURAL IMAGES
NUMBER OF NPG AVAILABLE: 1

We propose several study cases for a natural image, each of them with different JPEG2000 binary layer to link 16 time slot allocations variants. Only 1 NPG is available and we analyze the data rate and the PSNR for different Packing Limits.
· Variants #1 & #2: quality binary layers are logarithmically spaced from 0.05 bpp to 1 bpp with and without tiling.

· Variants #3: quality binary layers are a multiple of 64 time slots.

· Variants #4: quality binary layers are a multiple of 32 time slots.
	Variant 
	ROI
	Cp
	S_tiles
	Tiles
	Layers
	Prec
	Orden
	Lev
	Kernel
	Size
	Block
	Bit Rate

	#1
	N
	3
	128x128
	20
	10
	N
	LRCP
	5
	W9x7
	437x640
	64x64
	Nota1

	#2
	N
	3
	437x640
	1
	10
	N
	LRCP
	5
	W9x7
	437x640
	64x64
	Nota2

	#3
	N
	3
	437x640
	1
	10
	N
	LRCP
	5
	W9x7
	437x640
	64x64
	Nota3

	#4
	N
	3
	437x640
	1
	20
	N
	LRCP
	5
	W9x7
	437x640
	64x64
	Nota4


Table 1.  Image variants.
VARIANT TYPE #1.
	P/L
	STD: 225 bits/ts
	P2SP: 450 bits/ts
	P2DP: 1860 bits/ts
	P4: 1860 bits/ts

	Numero de NPGs
	1
	1
	1
	1

	A/J
	+++
	++
	+
	-

	Dist
	E
	E
	N
	N

	EDC
	S
	S
	S
	N

	Assigned TS
	3 layers; TS: 128
	5 layers; TS:128 
	8 layers;  TS:256
decd: 7 layers; 
TS:128 unused 26 TS
	10 layers: 256 TS
decd: 9 layers;TS:128 
unused 26 TS 

	Data rate
	0.1030 bpp
	0.1934 bpp
	0.3641 bpp
	0.7077 bpp

	PSNR C1
	11.4 (layers 3)
	11.4l((yer 5)
	12.46 (layer 7)
	13.59 (layer 9)

	PSNR C2 
	16.04 
	16.09
	17.5
	17.532

	PSNR C3 
	15.45
	15.64
	16.77
	17.56

	COMMENTS
	3 tiles
	 4 tiles 
	 7 tiles; TS:128
	 11 tiles


Table 2.  Image transmission over Link 16 with different P/L 
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              Figure 1.  11 tiles.             Figure 2.  3 tiles.
                  Figure 3.  3 tiles.                Figure 4.  20 tiles.
VARIANT TYPE #2.

	
	STD: 225 bits/ts (1)
	P2SP: 450 bits/ts (2)
	P4: 900 bits/ts (3)
	P4: 1860 bits/ts (4)

	Number of NPGs
	1
	1
	1
	1

	A/J
	+++
	++
	+
	-

	Dist
	E
	E
	N
	N

	EDC
	S
	S
	S
	N

	Asig_TS
	3 layers: 119 TS.
	5 layers; TS:114 
	7 layers; TS: 112
	10 layers: 150 TS 

	Data rate
	0.09545 bpp
	0.1834 bpp
	0.36038 bpp
	0.99459 bpp

	PSNR C1
	31.53 (layer 3)
	33.24 (layer 5)
	35.15 (layer 7)
	37.97 (layer 9)

	PSNR C2 
	32.51 
	33.92
	35.72
	38.73

	PSNR C3 
	32.16
	33.36
	35.05
	37.75


Table 3.  Image transmission over Link 16 with different P/L. 
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                       Figure 5.  9 Layers.                      

   
                Figure 6.  3 Layers.
VARIANT  TYPE #3.
	
	STD: 225 bits/ts (1)
	P2SP: 450 bits/ts (2)
	P2DP: 900 bits/ts (3)
	P4: 1860 bits/ts (4)

	Number of NPGs
	1
	1
	1
	1

	A/J
	+++
	++
	+
	-

	Dist
	E
	E
	N
	N

	EDC
	S
	S
	S
	N

	Asig_TS
	2 layers of 64 TS: 
128 TS
	4 layers of 64 TS en Std; 
TS: 128 TS
(each layer: 64 TS_std)
	8 Capas; TS: 128
	16 capas: 128 TS.
Cod JPEG2000 initialized with  10 capas.

	Data rate
	0.1030 bpp
	0.2059 bpp
	0.4119 bpp
	0.823 bpp 
> 0.5149 bpp(c10)

	PSNR C1
	31.56 (layer 2)
	33.56 
	35.56 (layer 8)
	36.41 (layer 10)

	PSNR C2 
	32.43 
	34.20
	36.03
	36.93

	PSNR C3 
	32.26
	33.58
	35.43
	37.17


Table 4.  Image with different layers.
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   Figure 7.  PL: STD (2 layers.
VARIANT  TYPE #4.
	
	STD: 225 bits/ts (1)
	P2SP: 450 bits/ts (2)
	P4: 900 bits/ts (3)
	P4: 1860 bits/ts (4)

	Number of NPGs
	1
	1
	1
	1

	A/J
	+++
	++
	+
	-

	Dist
	E
	E
	N
	N

	EDC
	S
	S
	S
	N

	Asig_TS
	4 layers: 128 TS
(each layer: 32 TS_std)
	8 layers; TS: 128 TS
	16 layers; TS: 128
	32 layers: 128 TS
-Only 20 layers

	Data rate
	0.1030 bpp
	0.2059 bpp
	0.4119 bpp
	0.8238 bpp 
> 0.5149 bpp(c20)

	PSNR C1
	31.67 (layer 4)
	33.48 (layer 8 )
	35.50 (layer 8)
	36.30 (layer 20)

	PSNR C2 
	32.63 
	34.15
	36.06
	36.92

	PSNR C3 
	32.32
	33.60
	35.40
	37.18


Table 5.  Image transmission over Link 16 with different P/L.
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   Figure 8.   PL: STD(4 layers.
NUMBER OF NPGs AVAILABLE: 2

	Variants
	NPG V_1
	Layers
	NPG V_2
	layers
	Rate
	Total layers
	PSNR C1
	PSNR C2
	PSNR C3

	2.1 (D)
	64 TS_STD
	1
	64 TS_P2SP
	2
	0.1544
	3 
	32.65
	33.36
	32.96

	2.2 (D)
	64 TS_STD
	1
	64 TS_P4
	4
	0.2574
	5
	34.00
	34.52
	34.04

	2.3 (D)
	64 TS_STD
	1
	64 TS_P4(N)
	8
	0.4634
	9
	35.90
	36.37
	35.70

	2.4 (D)
	64 TS_P2
	2
	64 TS_P4(N)
	8
	0.5149
	10
	36.41
	36.93
	36.17


Table 6.  Coding results for 2 NPG. 

A.3.
IR IMAGES
NAVAL FLIR. NUMBER OF NPGs AVAILABLE: 3

	
	Ratebits/pel
	P/L
	T/S_frame
	RRN
	NPG
	A/M
	PSNR:_C1
	PSNR_C2
	PSNR_C3
	Fac_Comp.
	A/J

	Original
	24
	
	
	
	
	
	
	
	
	
	

	Layer_1
	0.03396
	Std
	32
	11
	V1
	D
	19.00
	22.54
	23.21
	706.71
	32

	Layer_2
	0.1698
	P2_DP
	32+64=96
	12
	V2
	D
	24.54
	29.76
	28.82
	141.34
	74.24

	Layer_3
	0.3057
	P4
	96+32=128
	11
	V3
	D
	26.51
	32.58
	31.37
	78.5
	84.8


Table 7.  T-S assignment Link-16 naval FLIR.
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 Figure 9.  Original  FLIR Image.
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             Figure 10.  FLIR Img (1 layer).      Figure 11.  FLIR Img (2 layers).        Figure 12.  FLIR Img (3 layers).
LAND IR. NUMBER OF NPGs AVAILABLE: 4

	
	Rate bits/pel
	P/L
	T/S_ frame
	NPG
	A/M
	PSNR:_C1
	F/C
	AJP

	Original
	8
	
	
	
	
	
	
	

	Layer_1
	0.03513
	Std
	32
	V1
	D
	25.52
	227.7
	32

	Layer_2
	0.11436
	P2_DP
	34
	V2
	D
	28.68
	69.9
	54.44

	Layer_3
	0.298675
	P4
	40
	V3
	D
	32.38
	26.8
	67.64

	Layer_4
	0.751268
	P4_NEDC
	48
	V4
	D
	38.58
	10.6
	74.84


Table 8.  Values of bit rate, PSNR y AJP for FLIR images (LRCP).
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Figure 13.  Original IR Image.
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  Figure 14.  IR (3 layers).
   
  Figure 15.  IR (2 layers).

 Figure 16.  IR (1 layer).
A.4.
CHANGE OF JPEG2000 COMPRESSION PARAMETERS
We are considering a change in the following JPEG2000 parameters:
· Progressive transmission

· Increase Resolution

· Reduce image size

· Tiles management

· Region of Interest

· Change blocks in the JPEG coder.

· Change of Packing Limit

We have developed some study cases. 

CHANGE IN RESOLUTION

	Variant 
	ROI
	Cp
	S_tiles
	Tiles
	Layers
	Prec
	Orden
	Lev
	Kernel
	Tamaño
	Bloque
	Bit Rate

	TIPO#21
	N
	3
	640x480
	1
	10
	N
	LRCP
	5
	W9x7
	640X480
	64x64
	Note


Table 9.  Image compression parameters.

Note: 
Image “noche” coded with a binary rate of 1.0 bit/pel and 10 layers, LRCP. We analyze the bit rate of the reconstructed versions each of them have a progressive resolution increase.  

	Algorithm Step
	
	Size  pixels
	 bytes
	BPP
	Time Slots.
	NPGs/PL

	
	Original Image
	640x480
	921600
	1 bpp 
	
	

	#1
	Resolution: 4
	40x30
	3600
	0.7138 bpp
	4 
	NPG V1 (STD-TSR)

	#2
	Resolution  3
	80x60
	14400
	0.7277 bpp
	16 
	NPG V1 (STD-TSR)

	#3
	Resolution 2
	160x120
	57600
	0.7851 bpp
	34=32+2 (TSR)
	NPG V2 (P2DP-TSR)

	#4
	Resolution 1
	320x240
	230400
	0.8830 bpp
	37=64-27 (TSR)
	NPG V3 (P4-TSR)


Table 10.  Image “Noche1” - Compression parameters to different resolutions. 
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   Figure 17.  noche.ppm (Original).
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                              Figure 18.   Resol. 4.
            Figure 19.  Resol. 3.       
Figure 20.  Resol. 2.
S.A.R.  IMAGE LOSSY COMPRESSION

	IMAGE
	 BPP
	#Bytes
	PSNR
	T/S (P4 EDC)
	T/S (P2DP)

	Original Image
	8 bpp
	-
	-
	
	

	Compressed image layer #1
	0.05088 bpp
	3291 
	18.84
	29.25 (=30) 
	60

	Compressed image layer #5
	0.1384 bpp
	8956 
	19.84
	79.6 (=80 )
	160

	Compressed image layer #10
	0.5144 bpp
	33272
	22.30
	295.75 (=296)
	--


Table 11.  Lossy compression  of a S.A.R image.
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   Figure 21.  SAR Original Image.
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Figure 22.  3 layers.
  

 Figure 23.  5 layers.
PREFILTERED SAR IMAGE

	IMAGE
	BPP

	 Bytes
	PSNR

Filtered
	PSNR
Original
	T/S (P4_Edc)
Filtered
	T/S (P4_Edc)
Original

	Original Image
	8 bpp
	-
	-
	-
	
	

	Compressed Image c1
	0.0505026 bpp
	3266
	22.97
	18.84
	30
	30

	Compressed Image C5
	0.139539 bpp
	9024
	25.48
	19.84
	81
	80

	Compressed Image C10
	0.51436 bpp
	---
	--
	22.30
	---
	--


Table 12.  Lossy compression  of a S.A.R image.  Original and filtered.
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 Figure 24.  Filtered Image.  
                    Figure 25.  Decompressed Filtered Image.
S.A.R. IMAGE TILING
Option#1: All the partition components are being coded with 4 quality layers. 
	Capa
	Tasa
	PSNR
	Componentes de tiles

	1
	0.0139
	10.39
	T0

	2
	0.06958
	11.44
	T0 a T2

	3
	0.1252
	12.60
	T0 a T6

	4
	0.18
	20.07
	T0 a T8


Table 13.  PSNR  Option #1.
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                                     Figure 25.  1 tile.
     

                           Figure 26.  3 tiles.
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                                    Figure 27.  7 tiles. 



         Figure 28.  9 tiles.
Option#2: Only one component of the partition has been coded with 4 quality layers.

	LAYERS
	BPP
	PSNR db
	TILES RECEIVED

	Layer 1
	0.0139
	11.26
	T0 a T3

	Layer 2
	0.06958
	11.35
	T0 a T3

	Layer 3
	0.1252
	11.38
	T0 a T3

	Layer 4
	0.18
	11.39
	T0 a T3

	Layer 5
	0.8
	17.96
	T0 a T8


Table 14: PSNR  and Tiling. Option #2.
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                             Figure 29.  4 tiles.

                 Figure 30.  4 tiles.
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                                                      Figure 31.  4 tiles. 


 Figure 32.  4 tiles.
REGION OF INTEREST


	LAYERS
	BPP
	PSNR db
	Link-16 Time Slots

	Layer 1
	0.02783
	
	64

	Layer 2
	0.083497
	
	64+64=128

	Layer 3
	0.1948341
	10.93
	128+32=160 > 154


                    Table 15.  ROI of a S.A.R. Image. 

                                                                                                  Figure 33.  3 layers.
A.5.
TRANSMISSION OVER NOISY CHANNELS
We set up the following initial conditions:
· Image to TX: “land_image_17.pgm”.

· LRCP.
· Binary Layers: 4.
· Reversible compression.

· DWT # levels: 5.

We compress the image into layers with the layer bit rate to time slot assignment algorithm resulting:  
· Layer #1: 0.0351 bpp.

· Layer #2: 0.1757 bpp.

· Layer #3: 0.3163 bpp.
· Layer #4: 0.4616 bpp.
Here we present the results of the JPEG2000 reconstructed images.
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             Figure 34.  BER=10-4.


 
                  Figure 35.  No error.
A.6.
JPEG-JPEG2000 PERFORMANCE WITH NOISY CHANNELS
The same procedure might be used to show the better performance of JPEG2000 compressed image versus the same image JPEG coded in noisy channels with BER similar to Link 16 (we used BER 10-4 ) . 

The following pictures shown one same image JPEG2000 and JPEG compressed. In one case, the JPEG decoder is unable to reconstruct the image. In both cases the bit error rate is the same (BER 10-4) and the number of errors in the code stream is:
· JPEG: 18 symbol errors.
· JPE2000: 28 symbol errors.

               Figure 36.  JPEG compressed (BER= 10-4).   
Figure 37.  JPEG2000 compressed (BER= 10-4).







































� SOT: Start Of Tile; POC: Progressive Order Change (Optional); PPT: Packed Packet Header: Tile Part (Optional); PLT: Packet Lengths: Tile Part  (Optional); COM: Comment (Optional); SOD: Start of Data.


� Kakadu JPEG2000 coded.


� Link-16 standard network: SNDT0001A (SN 235).


� BER of LINK-16 channels is considered classified information.  The current data is for simulation purposes only.  Any result can not be extrapolated.  The method applied is the same with LINK-16 real data. 


� x=(rand(tamano,1)<=ber);


� Kakadu show JPEG2000 compression tool.
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