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nBasicData”: {
nsensorld”: »String”,
nsensorName: "String from val”,
rsensorType”: »String Form Val»,
rimageFile”: »String”,
rimagingTime”: "YYYY-MM-DDThh: mm: ss: fffZ»,
nprevimagingTime”: "YYYY-MM-DDThh: mm: ss: fffZ,
rmextimagingTime”: #»YYYY-MM-DDThh: mm: ss: fffZ»,
rheight»: 7Int»,
nwidth: 7Int»,
nresolution”: #Double”

b

nCameraData: {
nfocalLengthInPixelsX": »Double”,
nfocalLengthInPixelsY”: »Double”,
nfovX”: »Double,
nfovY”: »Double”,
ncx”: #Double”,
ney”: "Double,
rk1»: »Double”,
nk2: »Double”,
rk3». »Double”,
npl7: "Double,
np2”: "Double”,
ralpha: #"Double”,
ncameraMake”: »String”,
ncameraModel”: 7String”,
nfocalld”: »String”,
nexposureDuration”: int”,
rfaumber”: "Double”

b

nCameraPosition”: {
ngpsLatitude”: #Double”,
ngpsLongitude”: "Double”,
rgpsAltitude”: »Double”,
nrelativeAltitude”: ”Double”,
rlosAzimuth”: »Double”,
rlosPitch”: »Double”,

JSON x99 naan .4
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rlosRoll”: »Double”

I

rPlatformData»: {
nplatformName: 7String Form Val”,
rPlatformld”: »String”,
ntrueCourse”: ”Double”,
rgroundSpeed”: »Double”,
rmslAltitude”: "Double”,
nplatformYaw”: »Double”,
nplatformPitch”: #"Double”,
nplatformRoll”: ”Double”

b

nQOperational”: {
nmissionNumber”: 7String From Template”,

noperationUnit”: »String”

nSensorSpecificData”: {
nstate”: » String Form Val 7,
“sixDofSource”: ”String”
“groundRef”: »String”



o"n%72
-o"n7a-

onNavy .5

TPM TIR WD 5.1

TIR VAN .0*HoP9a NN focalLengthInPixelsY - focalLengthInPixelsX n2nn myTwa 1pm 7N
YNIAD TN 19D NDPY NN 10N) DXNYII YOI MITN PINND NN DY G D»NONN 0NN TP
PN OYY YITID TRIIN TN MITY TIY DX DAPY >T5 2IWN
DN DN DY DININ) DMPN 3 NAY YITIN TIVN 2N Pnd
(MINK TNX MTNIIN) 1793 PRI MOV YN TP TN .N
INYL(DDP291 DTN NN VN IWIN NNNY NDIDN DI D7) IN) DOPAN DT D) NN N NIPN2

focalLengthInPixelsX = f/p
focalLengthInPixelsY = focalLengthInPixelsX

50 M2 50291 TN NN P Y (MAINK TITNY IN) N7H2 TP TN NN TN
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PN PR ,DINY MIIYN NPN NI L9712 NPPNN YIIN HYIIXY) DIPM HY DMININ-IND DIPNY T
SY NN N2 wHovn N 9yo .CameraData myTvin N8IAPa 091951 MNDNN MVNIY MINDI2
98NN VPN
DIINON NN YIDOWN NNNT .D¥I0HDI92 WINIY NNNT MYNNINI NOPYYI DXIVNIN NITHIN
.(ground -2) NLWA NN (¥73) ©IPD NIY (image -1) NN (FOP9) DI AwNNY groundTolmage
: DYNIN MTYA YIDY NUYI DNINONI
focalLengthInPixelsX, focalLengthInPixelsY
CX, Ccy
k1, k2, k3, p1, p2
gpsLatitude, gpsLongitude, gpsAltitude
losAzimuth, losPitch, losRoll
LDNIMONRN PND

oroundTolmage

a. Transform the given ground point coordinates (Lat, Long, Alt) to a local cartesian
system ENU (East North Up) defined as follows:

e ENU origin is at (gpsLatitude, gpsLongitude, 0)

e ENU axes: X axis points East, Y axis points North, Z axis points Up.
Ground point transformed position in ENU is X(X, Y, Z).
Note: In this ENU system camera position C is (0, 0, gpsAltitude)

b. Compute

x = F.D{P[M(X — O]} + ¢

where:

- X is image position (sample, line) in image coordinate system with origin at the UL

corner, samples going right and lines going down;

- M is arotation matrix:

cosR cosA +sinRsinPsinA —cosRsinA+sinRsinPcosA —sinRcosP
M = <— sinRcosA+ cosRsinPsinA sinRsinA 4+ cosRsinPcosA —cosR cosP)
cosPsinA cosPcosA sin P
where
A = losAzimuth
P =losPitch
R =losRoll

- [T is the projection operator:

[ w, v) = (U/W, V/W)

where
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(’KLI/):M(‘X'_C‘)

- Denoting the homogeneous result of the // projection operation by (u, v), the

distorted point is given by Dyu, ):

D(u,v) = (

where % = u? + v?

- F is the focal matrix

F= [focalLengthInPixelsX 0
B 0 focalLengthInPixelsY

- ¢ is principal point offset

D Navy
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JPEG 2000 Image standard offers many different possible encoding configurations.
Each may serve different purposes. In this document we define the most suitable
configuration for the needs of a geospatial image exploiter
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Goal

The goal of this document is to define a parametric configuration for images compressed
with the jpeg2000 compression method, which is most suitable for exploitation of geo-
spatial images. This configuration should promote image data access and exploitation

by different types of users, with different needs and varying networking capabilities.

1. Introduction

JPEG2000 Image Standard defines a compression method for images of any size and of
a massive number of color components. Image extraction is performed based on several
requested parameters: region-of-interest (ROI), resolution, color components and
maximal signal-to-noise ratio (image quality). Each user extracts data that suits his

needs, out of a single compressed image.

Any jpeg2000 parameter configuration imposes different performance costs on different
types of image extraction patterns. Performance is measured system wide, across all of
the components of an image distribution system, such as: disk access pattern, number of
storage IO operations per second, network utilization, CPU utilization at server and
client ends, random-access-memory (RAM) consumption, total time to serve and render

a request, and speed of visual refinement of a request.

This standard will define parameters for a jpeg2000 image format to minimize
performance costs for a variety of image extraction patterns made by geo-spatial image
exploiting users. It is specifically targeted to support continuous image presentation and

manipulation by network- constrained clients.
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2. Applicability

This standard is intended to be used as an image compression and encoding of choice for
geo-spatial images of various kinds: electro- optical, infrared, grey-scale, multi-spectral
(under the condition that a natural transformation of image data into a RGB color space
exists) images. The encoding and configuration is intended to address primarily very
large images acquired by satellite and aerial photography. The images can amount up to
tens of giga-Pixels in physical size, or tens of giga-Bytes in logical size.

Small images, where maximal resolution does not exceed an order of a current high-end
screen resolution (HD — 1920X1080), will be covered by a future extension of this

standard.

Hyper-spectral images of many image components (beyond standard RGB color space)

will be covered by a future extension of this standard.
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3. JPEG2000 Image Compression Method

3.1. Introduction

JPEG2000 is an ISO standard (ISO/IEC 15444-1) which was developed by JPEG
(Joint-Photographic-Experts-Group) committee and first time published in year
2000. It was developed to supersede the older JPEG standard from 1992. The
standard supports very large images, with many image components, multi-
resolution representation, progressive refinement, lossless and lossy encoding and

many more desirable features.

3.2. Main Capabilities

e Multi resolution image representation- JPEG2000 uses a wavelet-based
compression method that inherently creates reduced resolution data sets of
the source image. Each resolution level that is created is accessible to the

USCr.

e Supports a massive number of color components.

e Random spatial access to every part of the image based upon three different

mechanisms: tiling, precincts and coding blocks.

e Superior compression vs. quality performance- Most of the visual

information is preserved, even at low image bit-rates.

e Progressive loading:

Spatial: The more bits read the more pixels of ROI are revealed.
Resolution: The more bits read the more detailed the image becomes.
Component: The more bits read the more colors become available. Quality:

The more bits read the less noisy the image becomes.

e Progressive loading of an image is possible in any of the advertised
progression parameters without re-compressing the image. The same image

file 1s applicable for many usage scenarios.

e Both lossy and lossless compression types are available. If lossy
compression is selected, encoder may also select the final compression ratio.
Choosing a lower compression ratio will lead to a decreased signal to

noise ratio, however, as
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mentioned earlier, JPEG2000 is excellent at preserving the most of the

available visual information even at low bit-rates.

:_Component |
| Transform I
| (ICT/RCT) |
|

=

[ -

Image

JPEG 2000
Codestream

ISO/IEC BIIF PROFILE

Description of the Compression Process

Image Wavelet
) .g I .
Tiling Transform
r__L__ﬂ .
| I Bitplane
| Quantization :—> Entropy
| | Coding
L ______ ~
Layering &
Codestream =
. <«— Progression
Formation :
Formation
BPJ2K01.10, BIIF PROFILE  FOR JPEG

2000 VERSION

01.10, APPENDIX A JPEG 2000 PROCESSING

The following is a description of encoding steps as depicted in the diagram above:

1. Color transform to YCbCr color space. (optional). Transformation may be

reversible or irreversible depending on the encoding scheme used (lossy or

lossless).

2. Tiling (optional). The image is divided in the image domain to tiles of the same

size (excluding boundary tiles). Each tile is an independent image that is encoded

separately, and later its data is combined into the image’s coded data bit-stream.

3. Discrete Wavelet Transform — The image is transformed with a two-dimensional

wavelet transform by applying a low-pass filter and a high-pass filter over the

rows and columns and down- sampling by a factor of two. The result is 4 residual

images corresponding to 4 possible combinations: {low,high} X {row, col},

each sized at a quarter of the original image. Each residual image
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is called a subband, and they are marked: LL, LH, HL and HH. The LL image,
which is formed by applying the low-pass filter over the rows and columns, is
the low resolution representation of the original image, and is the input to the
next recursive application of the discrete wavelet decomposition to form even
lower resolution images of the original image.

We define here that Ro is the finest resolution (the most detailed) and Rmax 1s
the lowest resolution (the least detailed). These definitions will be applicable

for the entire document.

A wavelet based encoding such as JPEG2000 separates the different resolution
levels, however each high resolution level is dependent over the lower resolution
levels. The meaning is, that to decode resolution R, we need to decode subbands
LHR HLR, HHR and LLR, but LLR is already decomposed to LHR+1 HLR+1,
HHR+1 and LLR+1. Meaning we will need to decode all the subbands LL, LH,
HL and HH from resolution R and below (R+1, ... Rmax).

A recursive application of the wavelet decomposition. The leftmost image is the

original. The middle image is the first 4 subbands, the top left square in the middle
image is the LL subband, or the low resolution representation of the original image.
The right most image shows the decomposed LL subband with the original LH, HL
and HH subbands.
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4. Quantization —is used only with lossy compression scheme.

5.

Arithmetic bit plane coding. Every subband is divided into blocks of samples,
usually 64X64, called code blocks. A codeblock is the atomic encoding unit in
JPEG2000. Each block may be encoded independently of other codeblocks by an
arithmetic bit-plane coder. The codeblock is divided into bit-planes (each bit-
plane is usually 64X64 bits), and is encoded sequentially from MSB plane to LSB
plane. Each plane is passed over by at most 3 different coding passes. Truncation
points are set between bit-streams generated from encoded bit-planes, and
between bit-streams generated by encoded coding passes inside a bit-plane. The

truncation points will be used later to form quality layers.



-o"n7a-

o"n?a

Overview of a Tile-Component in JPEG2000
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Quality Layers Formation — Quality layers are a division of the image to layers
of improving SNR. Each layer consists of codeblock contributions from every
subband in every resolution, component and tile in the image. Different
codeblocks may have different contributions to quality layers, including no

contribution at all.
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During encoding of a single codeblock by a bit plane arithmetic encoder, the
codeblock is divided to truncation points as mentioned above. The truncation
points of one codeblock are independent of truncation points of a different
codeblock. Every layer receives a different contribution from each codeblock.
The contribution of a codeblock to a layer consists of a of sequential bit-stream
data that is located between two truncation points (the points may not be adjacent
to each other). A contribution may be empty. A contribution to one layer may not
overlap with a contribution to another layer

Making of packets. Codeblocks from each resolutions’ subbands (HL, LH and
HH) are grouped together into a precinct according to their spatial location within
the subband. For example: a precinct of size 256X256 samples is a union of 48
codeblocks of size 64X64 samples. 4X4 codeblocks within each subband are
grouped together with codeblocks of the same spatial location from the other
subbands (See diagram: Overview of a Tile-Component in JPEG2000).

A packet in JPEG2000 consists of all the code block contributions to some layer
Q of some precinct P. Precinct P is part of resolution R of some component C of
some tile T.

Codestream formation. The final codestream is a union of image and tile headers
and all of the packets in some progression order. Progression order is a nested
sorting order of encoded tile data. For example, Resolution-Precinct-
Component-Layer will sort every encoded tile data into packets of ascending
resolution, the packets of the same resolution will be sorted according to their
spatial precinct location. The packets within each resolution-precinct will
be sorted according to component. The packets of each resolution-precinct-
component will be sorted according to quality layer.

There are 5 different possible progression orders:

e Layer-Resolution-Component-Precinct
e Precinct-Component-Resolution-Layer

¢ Component-Precinct-Resolution-Layer
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¢ Resolution-Layer-Component-Precinct
¢ Resolution-Precinct-Component-Layer

The encoder chooses image’s progression order. Each progression order is
selected according to the usage scenarios of the image manipulator.
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4. Optimal JPEG2000 Configuration

4.1. Requirements and Constraints

An ultimate jpeg2000 configuration for geo-spatial images should contribute to
essential user requirements that shape the design of the entire image distribution

system.

These are the most essential user requirements, for which we propose the encoding

configuration:

e A user should be able to open within seconds or less a small overview image
of the desired full image. The overview image is required to fit into a
rectangle of size 512X512 corresponding to a low resolution monitor
(800X 600).

e A user should be able to focus immediately (zoom in) on objects in the image,
or get farther away immediately (zoom out) from objects in the image.
Focusing will lead to a discovery of new details on the objects that were not
revealed previously. Getting farther away will lead to a loss of details, but
will also increase the amount of visible terrain inside the viewing window.
Zooming in and out is executed without changing the total amount of
displayed pixels in the viewing window.

e A user should be able to roam the image without noticeable delays, in a
manner and speed that a skilled image interpreter would roam the image.
More concisely, the desired roaming speed of a skilled interpreter should be
the desired loading speed of adjacent visual data.

Other than these requirements, there are several sizable constraints:

e Continuous work is expected for network-constrained clients. A network-
constrained client should still be able to present and manipulate visual data,
as much as possible, and the overall system design should not create
noticeable delays from request to a rendered response.



-0"n" -

o"n?a

e Image pixel size may reach to several tens of giga-pixels. For a small
overview image to be displayed, we need to create many resolution levels in
the wavelet decomposition step, until an image resolution, which fits into a
small rectangle of size 512X512 pixels, is reached.

4.2. Solutions and Guidelines

A configuration that addresses the requirements and mitigates the constraints is
described in the following two parts. The first part deals with strict guidelines for
jpeg2000 encoding, the second part is a concrete collection of parameters that an

encoder should support.
nov) a2t Progressive refinement by image quality:

To enable progressive image loading by quality, the JPEG2000 image should be
formed with a set of 01 quality layers, in both lossy and lossless image types. Each
layer represents, to the possible extent, a substantial increase in the visual quality of
the displayed ROIL.

To enable image presentation and manipulation for network- constrained clients, the
client will receive the image in ascending quality progression- First the packets
corresponding to a low bit-rate and noisy layer, followed by packets corresponding
to a higher bit- rate and lesser noise quality layer. The client should render the packets
in order of reception, without waiting for all the packets to arrive.

The user will see a gradual quality improvement over time. Due to JPEG2000’s
superior low bit-rate performance, most of the significant visual information will be
displayed in the first set of quality increments. These first increments should suffice
for most of the usage scenarios of geo-spatial image exploitation, while serving even
the most constrained network clients. The size of the first quality increments should
be small enough so the user will not feel a noticeable delay from request to a partial
quality rendered response.
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A large number of quality layers (we define 01 layers) is used to provide many
intermediate steps for different clients with different network capabilities.
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nav) »: Efficient browsing of any resolution level

To enable efficient browsing of every resolution, and smooth transitions between one
resolution level to an adjacent level (zooming in or out), we define several resolution
levels and a progression order. The progression order is resolution oriented, meaning

the primary division of the image file is resolution based.

The number of resolution levels should be large enough to enable opening an
overview image that would fit into a rectangular shape sized at 512X512 without
further processing aside of, JPEG2000 decoding.

The progression order divides the image data first to resolutions, then each resolution
is spatially divided using tile-parts. The selected progression order is RPCL
(Resolution-Precinct-Component-Layer). We introduce tile-parts, which are a
division of a tile into packets based on some property (e.g. resolution, component
and layer). Each tile is divided into parts based on resolution, and multiple tile parts
of the same resolution are placed together. In practice, these settings create an
image with an effective progression order of R-#P-C-L where #stands for tile.

nov) 7 Random and continuous spatial access

To enable efficient spatial access to regions adjacent to current ROI, or to access
random ROJ, the image is divided into squared tiles of 512X512 pixels. This size is
chosen to optimize a truly random access, where ROI is not laid out on tile
boundaries. The tile size minimizes the amount of extra data outside of the ROI that
would be loaded by either a client or a server, while keeping the total number of tiles
within a reasonable bound. A mechanism for increasing the total number of tiles

where appropriate is described in the next paragraph.

A TLM (Tile-Length Main header) index is created in codestream header part of the
image file. Each tile part has an entry in the TLM which points to the location(s) of
the tile data in the codestream.

We advise for a restricted number of tiles (and tile-parts) due to two reasons: First,

reading a lengthy TLM while opening an overview
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image may take more than a reasonable amount of time, due to unfavorable disk seek
patterns. Secondly, an overly large number of packets may lead to an overhead and
inefficient data to metadata ratio. We advise to restrict the overall number of tile parts
in the following manner: If the total number of tile-parts exceeds 4096, increase tile
length by a factor of two (increasing tile area by a factor of 4) until the total number
of tile parts is within the 4096 bound.

In addition to the above, to enable even finer granularity for JPIP servers that rely on
precincts for spatial access, we define a precinct of maximal size of 256X256 samples

for all resolution levels.

Each packet is indexed in the beginning of each tile-part where it belongs. The index
is called PLT, Packet-Length Tile header.

Since every tile is divided into tile parts by resolution, and the tile parts of every tile
are scattered around the image file according to their resolutions, we are forced on
every request to some ROI in resolution level R to read at least from R different
locations on disk (since every resolution contains data from resolutions levels below
itself). These reads are usually not very cache efficient. Efficient caching strategies
will take advantage of spatial locality of data (data that is needed for the next read is
usually located in adjacent location to the current read). However, the maximal
number of resolution levels is fairly low for most images, so the problem is not
severe. Since ROI tends to be larger than tile size, we advise not to split requests to
tiles, but to keep them together and load the entire ROI. Cache-aware
implementations of image servers will try to load the ROI gradually, by resolution,
making the best gain out of caching components throughout the image distribution
system: file storage servers, network devices, OS and the like).
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nav)y N JPIP aware configuration

Some popular JPIP server implementations are exhibiting optimal performance when
the progression order keeps precincts concentrated together. These progression
orders are RPCL and PCRL.

It is advisable to write in the COMMENT SEGMENT of the jpeg2000 codestream the
bitrates of every layer. Preferably, use a format of kakadu software encoder,
version 6.4 and  above. The first line should be:

Kdu-Layer-Info: log 2{Delta-D(squared-error)sDelta-L(bytes)}, L(bytes)

And a line should be inserted for each quality layer, it should contain the log of the
slope of the quality layer (the ratio between the improvement in SNR of the layer to
the size of the layer) and the cumulative layer size in bytes. The format is:

Log2IAMSE?), LayerSizeBytes
Printf example:
printt{7%6.11, %8.1e\n”, log_mse, layer_size_bytes );

The first parameter is a floating point number with one digit after the floating point.
The overall number of characters should not exceed 6. The second parameter is a
scientific number (mantissa and exponent) with one digit after the floating point for
the mantissa. The overall number of characters should not exceed 8.
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4.3.

Optimal Configuration Parameters

The following is a concentration of the guidelines above into a concrete JPEG2000
encoding. Use this as the formal specification for the IDF Preferred JPEG2000

Encoding.

Note that these specifications are defining the structure and coding parameters of a
JPEG2000 raw-codestream as defined in ISO/IEC 15444-1 —Part 1: Raw coding
system. We advocate for the use of a full JP2 file format, which may include

additional headers or information boxes (such as geo-referencing or color palette

boxes), but it is not mandatory.

Reversibilit

y

J

Resolution

Levels

Tile Size

Progression
Order

Tile Parts

Qualit

Y
layers

By default the image should be encoded using visually lossless
compression, unless otherwise specified. The final compression ratio is
defined per image acquisition platform. If none specified, the default is
to leave unchanged (not to truncate) the data output from a
JPEG2000 encoder.

Maximal number of pixels on any side of the lowest resolution
level, should not exceed 512 pixels. The number

of resolution levels should conform to this requirement.

A tile is always a square with default size of 512X512 pixels, unless more
than 4096 tile-parts are created. Number of tile parts is Tile-Count *
Resolution-Count. In this case, tile side should be increased by a
factor of two, until the

requirement is met.

Resolution-Precinct-Component-Layer

Every tile is divided into tile parts based on resolution. All tile parts that
belong to the same resolution are grouped together. The tile part is laid
out in R-P-C-L progression order among themselves and inside
themselves. Tile parts appear in descending order of resolution, first the
then  the
Consult file structure diagrams in the next section.

lowest resolution, next available  resolution.

Each image will be formed with 01 quality layers. The first quality layer,
the noisiest, should have a bit-rate of 0.03125 bits per pixel.

If a final compression ratio is mandated, the last quality

layer is formed with a bit-rate corresponding to the final
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Precincts

TILM

PLT

Codeblock
Size
Codestream
Comments
SopP
Markers
EPH

markers

compression ratio. For example, if the raw image is a 16 bit per pixel
image, and a compression ratio of 1: 10 is desired, then the final quality
layer should have a 1.6 bits per pixel bit-rate.

The intermediate quality layers should be formed with logarithmic
spacing between them to the extent of possible, such that each layer
increment is also a

noticeable visual increment.

Precincts with maximal size of 256X256 samples are

required for all resolutions.

An index over the tile parts is formed in the codestream header. An entry
is created for each tile-part in the codestream, consult the file structure
diagram in the next

section.

An index over the packets is formed in the tile-part header. An entry is
created for each packet in the tile-part, consult

the file structure diagram in the next section.

Codeblock size is 64X64 samples, overall 4096 samples in a
codeblock.

See JPIP aware configuration section above

Do NOT use SOP markers

Do NOT use EPH markers
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4.4, Optimal Configuration File Structure

The following part describes an overview of a raw codestream structure that
conforms to the specifications mentioned above. It is advised to use the full JP2 file

format, with codestream that conforms to the specifications set in this document.

4.4.1. Raw Codestream Structure
Ro is the finest (most detailed) resolution. Rmax is the lowest resolution (an overview

image).

Raw Codestream

—'

Tiles repeat in

raster order for
‘ TilePart Tile: 0 ﬁ all tiles at each
lution level
‘ TilePart Tile: 1 ﬂ resolutionieve
\ TilePart Tile: Ntiles - 1 Q
Resotution Rmax

TilePart Tile: 0 Q

‘ TilePart Tile: 1 Q

7

‘ TilePart Tilé: Ntiles - 1 Q

EOC

Resolution RO
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4.4.2. Tile Part Structure

Tile-Part Header, Tile: T, Res: R ﬁ

Packet, Layer: 0

Packet, Layer: 1

Precinct 0,
Ccawponenet: Y

| Packet, Layer: 10

Note that since default

Packet, Layer: 0
tile size is 512X512, and

Packet, Layer: 1 *| default precinct size is
Precinct 1, 256X256, then most
resolution levels will

contain a single precicnt

Componenet: Cb
| Packet, Layer: 10 ﬁ

Packet, Layer: 0

Packet, Layer: 1

Precinct 2,
Canpcinenet: Cr

| Packet, Layer: 10
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4.4.3. Main Header
Main Header
Image Start Of
and tile Codestream
size siz
marker soC
segme Co
nt -
me
nt
ma

| _cob rke

Coding style Default marker

Q
o
<
T

segment, contains: seg

Progression Order, #Quality me

Layers, #Resolutions,
Codeblock size, Codeblock
coding style, Reversibility, M

nt,

=

Cco

nta
Precinct Sizes

P ins
(Ntiles * Nres) - 1 qu

alit

lay
er
bitr
ate
inf
or
ma

tio
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QCD |
Quantization T
Default marker ‘
segment

4.4.4. Tile Part Header

‘ Tile-Part Header

‘ Start Of Tile-Part

SoT marker
Single PLT for each tile-part, PLT
PLT:0 contains packet length information for all
the packets in this tile-part
SOD

Start Of Data
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5. Encoder recommendations and best practices

The configuration above may cause some performance penalties for some JPEG2000
encoders in comparison to a pre-defined default configuration. For mission critical
data the performance hit will cause the visual data to be irrelevant. We will try to
present some best practices and requirement reductions to accommodate strict

encoder requirements.

5.1. Configuration tweaks

It is possible to reduce the number of packets and spend less time in layer formation

phase, by using precinct only if the tile size is greater than 512X512 pixels.

5.2. Best practices for a KAKADU based encoder

The Kakadu SDK is a well-known and highly optimized software development
package for encoding, decoding and manipulation of JPEG2000 images. The

encoding process consists of two main stages. The first stage is the compression of

visual data (wavelet decomposition, quantization, arithmetic block coding). This
stage is a CPU intensive stage and may be performed concurrently by all available
cores on the encoder host machine. The second stage is codestream formation.
This stage consists of division to quality layers, packet generation, ordering by
desired progression order, and writing of ordered packets to a backend store.
Codestream formation is done in the end of a compression stage by a single core,
and is not parallelized by the Kakadu SDK. This stage is mainly 10 bound,
including frequent main memory reads and writes, and frequent backend store

write access.

To improve performance of the first CPU intensive stage we recommend on
optimizing current CPU utilization by providing enough data for the compressor.
If this is not enough we recommend simply using a more powerful host with
more CPU cores. It is also possible to change quantization step sizes, however we
do not recommend it since it may degrade the visual quality of the compressed

image.
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To improve performance of the second stage we advise the following:

e Replacing bitrate based quality layer targets to compression slope based
quality layer targets. During quality layer formation step, the encoder
translates the bitrates to compression slopes. The translation involves a
binary search for a slope value that would match a quality layer bitrate.
To test whether a slope matches a bitrate, all relevant packets with that
slope value are simulated and their size is summed. If the size of the layer
matches the quality layer bitrate target, the binary search yields the tested
slope value, and the encoder proceeds to the translation of the next quality
layer bitrate target. If not, the binary search proceeds to check the next
slope for the current bitrate target.

Since this process involves packet simulation for the entire image, it may
consume significant time for large images. In order to avoid this costly
translation from bitrate targets to slope targets, we advise to use pre-
calculated slope targets. By compressing a representative data set of
images a priory using bitrate targets, it is possible to estimate slope values.
A simple analysis of generated slope values should suffice. Simply use the
average slope value and ensure it is a stable estimator by reviewing the
standard deviation.

As arule of thumb, quality layer bitrates of layers generated from the
estimated slopes should be in close proximity to the original bitrate targets.
Y ou should use this optimization method only if this rule applies to 90% of
images encoded.

Slope values are encoded by default in the comment section of the
JPEG2000 codestream by a Kakadu based encoder.

e Using in-memory backend store. The write pattern of Kakadu encoder
may consist of repeated writes of 512 bytes in length, then a backtrack of
several bytes. For a relatively slow backend-store this write pattern may
reduce performance by a significant measure. We advise using an in-

memory based
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buffer to store the codestream, and once the codestream generation stage is
complete, to flush the buffer to a backend- store by an asynchronous write
operation, thus releasing resources for the next image compression. An
alternative method would be to use a backend store with a very large in-
memory buffer that is flushed as needed. A typical buffer for an IO Stream
in .NET is 4KB, we advise using several MB of buffer space.

We do not advise fragmenting the file using Kakadu fragmentation
option. Fragmentation may generate a fragment of the codestream in
parallel with the compression of additional visual data. However the
resulting codestream structure will behave as if another parameter to the

progression order has been added —
FRAGMENT-RESOLUTION-TILE-PRECINCT-COMPONENT-LAYER.

This invalidates the advantages in the chosen progression order.
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