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ABSTRACT

This paper presents the importance of photo core transform in JPEG-XR/HD. Integer based coding KEYWORDS

technology is the basis for JPEG-XR/HD image compression system. Different HDR formats can be  unified Photo core transform
compressed by using this JPEG-XR/HD system. The main advantage of pulse core transform (PCT) is ~ Enhanced dynamic range
high compression efficiency and less computational complexity. In JPEG-XR/HD image compression ~ ENtOpY encoder

system the photo core transform has been used to perform compression. Photo core transform based
JPEG-XR/HD image compression system has been widely used in real time embedded applications.

JPEG-XR/HD
Integer coding

Adder, shifter and parallel multiplier circuits are used for the implementation of this photo core
transform. By using this design it is possible to reduce the area, cost and power consumption.

1. INTRODUCTION

With rapid increase of different imaging applications, the
memory requirements of digital images are growing at an
exponential rate. Translation from image pixels into frequency
domain by using two-stage lapped biorthogonal transform
(LBT) in JPEG-XR/HD. Two key components are there in the
LBT transform, they are the photo overlap transform (POT)
and the photo core transform (PCT). Among the two
transforms, the PCT is very much needed, where as the POT is
optional. The PCT is the main functional block in JPEG-
XR/HD, hence many researchers have proposed different
architectures for the hardware implementations [1-4]. LBT and
advanced Huffman coding are used in the JPEG-XR/HD[2].
By JPEG-XR better quality images are produced than JPEG at
the same bit rate, and implements both lossless and lossy
compression. To decompose an image into frequency
components PCT is helpful. This process is similar to discrete
cosine transform (DCT) of JPEG. During conversion process
a‘macroblock’which is in rectangular area is processed by PCT
[5-7]. To reduce block noise, which occurs around macro
block boundaries, Photo overlap transform (POT) is used with
PCT [8][9] using different architectures. JPEG-XR/HD is very
much useful when compared to JPEG2000 for High definition
(HD) photo and High dynamic range(HDR).By using JPEG-
XR/HD less computational cost is possible[10-14]. Many
applications such as telemetry, telemedicine and multimedia
signal processing JPEG-XR is widely used.The main
functional block of JPEG-XR/HD compression standard is
PCT shown in figure 1. JPEG-XR processing methodology is
same as conventional image compression techniques but PCT
makes this technique a better choice for image compression
[15-16].
©2023TheAuthor(s).PublishedbyIndian Society for VLSI Education, Ranchi, India
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Fig. 1 Block Diagram of JPEG-XR/HD System

JPEG-XR/HD proved to be an efficient method for industry
requirements upon comparing with JPEG and JPEG2000.
The JPEG-XR/HD has a capability of getting high throughput
for encoding millions of samples [17], [18].

The remaining part of the paper is outlined as follows: The
architecture of Photo core transform proposed depicted in
Section Il. Implementation of the algorithm covered in
Section I1l. Section 1V explores the results on applying the
JPEG-XR/HD codec using Xilinx ISE to input images.
Finally, section V covers the work conclusion.
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2. EVOLUTION OF PHOTO CORE
TRANSFORM

JPEG-XR/HD constructed by Lapped bi-orthogonal transform
(LBT) .Two transforms namely PCT and POT are there in
LBT. The lapped transform can be obtain upon the cascading
of POT and PCT, LBT can be obtained. In PCT,
transformation can be applied for each stage. It is necessary
to represent PCT into a polynomial expansion in order to
enhance the visual quality by JPEG-XR/HD. POT is not
needed always where as PCT must be applied for each block
of a macro block. The color conversion is needed to align to
the properties of human eyes [19-20].
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Fig. 2Proposed PCT System architecture

The key challenges in the design of PCT hardware are the
number of multiplexers, adders and the operating speed.
Likewise, in the design of photo overlap transform (POT)
architecture, block noise edges of the block becomes an
important bottleneck that decides the architectural complexity
and the hardware cost [21-22]. In the separable method of
PCT architecture, PCT can be applied for the decomposition
of an image into frequency components shown in figure 2.

3. PCT ARCHITECTURE

For pulse core transform system for high definition photo, the
VLSI architecture has been proposed in this paper and is
shown in figure 3. PCT based JPEG-XR/HD can save data
format when compared to JPEG[23]. Transformation of a
time signal into a representation of a small wave having
varying frequency on limited duration can be done with the
help of discrete wavelet transform(DWT).Using DWT, given
signal frequency decomposed into highest frequency and
lowest frequency components[24-25].

The given image has been divided into macro blocks. Macro
blocks are divided into blocks which are further divided into
tiles. Tiles structure is more suitable for an efficient memory
buffer size and hardware implementation as shown in figure3.
Usually prefilter is used for better image quality and suitable
compression ratio considerations at large quantization levels
[26-27].
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Fig 3. Computational PCT architecture
4. CIRCUIT OF A IMPROVED

PARALLEL PROCESSING OF LBT
ARCHITECTURE

The traditional LBT architecture increases the delay due to
sequential operation of PCT and POT. Sequential processing
leads to more delay. This creates longer critical path of the
architecture [28-30]. Hence, this longer critical path has been
reduced by a parallel processing technique as illustrated in
Figure 4.
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Fig. 4 Improved parallel processing of LBT architecture

4.1 Encoding Process

When compared to JPEG2000, JPEG-XR/HD proved to be
better for digital cinema (DC) compression. In order to obtain.
15 AC coefficients and 1 DC coefficient, a 4x4 Pulse core
transform is applied to each block same as DCT in JPEG as



shown in figure 4. DC block can be resulted by the collection
of all the DC coefficients. JPEG-XR/HD is used to transform
the image into blocks and the blocks are transformed into
coefficients [7].

b AT :>10C coefficient

Block of an Image
T

Fig. 5 Generation of DC and AC coefficients

It has been shown that the Very large scale integration(\VLSI)
architecture reduces hardware in the design, the effective
longest path and accomplish least power consumption. To
compute the operations, the modified systolic array VLSI
architecture uses pipelining. Adders and multiplexers are there
in the systolic array VLSI architecture. This architecture proved
to be an energy and area efficient VLSI architecture for the
implementation of PCT [5]. In [3], extra registers are used to
achieve pipelining for better performance at the expense of
more hardware which is responsible for slow down the
compression process. Hence in this paper, less number of
registers are used by introducing redundancy to enhance the
speed of the JPEG-XR encoder. An effective design of PCT for
reducing memory requirements to a great extent are presented
in this work [8].

5. DIFFERENT TYPE OF TECHNIQUES
USED BY PHOTO CORE
TRANSFORM (PCT)

5.1 Lapped Bi-orthogonal transform

The proposed PCT has been implemented to achieve less
power consumption using Xilinx 14.7. Different performance
metrics such as Power (mW), propagation delay (nS),
performance (MHz) etc. are analyzed and recorded. In this
proposed work, 16-bit adder and shifter circuits and parallel
multiplier circuit were implemented. Thus, the proposed PCT
architecture enhances the speed of the design due to the
reduction in the area and delay. Thus, the photo core
transform was developed to obtain less power and high speed.
The simulation and synthesis can be done using VHDL
language in Modelsim. The proposed PCT architecture can be
implemented using VHDL and the results are showing in
figure 6.

a) RTL Schematic of PCT
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Fig. 6 Register transfer logic schematic of PCT

The PCT, Register transfer logic schematic is shown in
figure 6.The diagram shows less number of registers required
for the development of JPEG-XR image compression system.

b) Technology Schematic of PCT

Fig. 7 Technology Schematic of PCT

The technology schematic of PCT is shown in figure
7.The technology schematic shows that less area can be
utilized for the design of JPEG-XR image compression
system.

Table 1. Parameter’s comparison of PCT Outputs for
existing and proposed solution

Parameter Existin Proposed
systemPl] system

Power(mW) 44

Delay time(ns) 4.702 3.554

Performance(mHz) 50 135

Table 1 shows the speed, power and delay
comparison of proposed system with the existing system.
Using Xilinx ISE the redesigned PCT architecture has been



implemented. From the area and power consumption point of
view there is a better improvement when compared to the
existing architectures found from the results. The PCT has
been implemented in the FPGA device Xilinx Zyng-7000.
The device utilization summary is shown in figure 8.

Hardware Used Available % of
utilization Utilization
LUTs 125 1214 10.29
Muxs 252 2560 9.84
I0OBS 122 520 23.46
Power ---
Consumption ~ 290mwW
Delay 28.7ns

Fig 8. Device utilization summary

The power-related calculations are shown in figure 9.This
JPEG-XR design consumes less power when compared to the
other image compression techniques. The dynamic power
proved to be less when compared to the existing architectures.
The static power consumption proved to be very small and it
can be neglected.
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Fig 9. XILINX Power Estimator
5.2 Data Reuse Architecture for Lifting PCT

In the data reuse technique shown in Figure 10, filtering
operations are computed for a block of row instead of single
row performance. Each block of image is applied with PCT
row wise filtering operation and the outputs are stored in a
vertical manner. Again, PCT operation is computed on the
vertical data to complete the LBT operation and it generates
DC, AD and AC frequency sub bands. The synthesis results
are taken by applying various types of images with different
file sizes.
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Fig 10. Building blocks of data reuse architecture

Table 2 furnishes the comparative results of the proposed
method with the existing methods for a block size of 4.
Table2 Comparative results of existing architectures with
data reuse architecture

Designs Bloc Area Powe Dela 1/O
k (u. sgm) r y Pin
size (mW  (ns) S

)

(Simonea. 4 977829.28 8.92 11.0 65

F.D. 6

2007)

(S. Zhang. 8 1493335.8 1224 155 83

2015) 8 2

Maalouf 8 14857419 1045 169 82

et.al 6 5

2009)

Data reuse 8 8,75,633.1 7.90 154 72

architectur 3

e

(proposed

)

Table 2.Synthesis results of the data reuse architecture for
different image sizes

5.3 Using MATLAB

JPEG 2000 is indeed an improvement over the traditional
JPEG. Despite the advancements in newer compression
standards, JPEG remains widely used, partly due to its long-
standing presence and compatibility across various devices
and platforms. Absolutely, data compression plays a crucial
role in various domains, and one of its primary advantages is
the efficient utilization of storage space. JPEG-XR/HD, also
known as HD Photo or Windows Media Photo, was indeed a
newer image coding standard introduced by the Joint
Photographic Experts Group (JPEG) committee. JPEG-XR (or
HD Photo) was indeed known for using the Lapped Bi-
orthogonal Transform (LBT) and advanced Huffman coding
for image compression. JPEG-XR/HD can often achieve
higher image quality than traditional JPEG for the same



amount of data and JPEG-XR/HD supports both lossy and
lossless compression modes. Striking a balance between
higher compression ratios and better visual quality is essential
to meet the requirements of modern applications across
various domains.

In this paper, a three-stage pipelining of lossless JPEG-XR
encoder has proposed to process the capacity and hardware
utilization All the transform operators are implemented as
lifting steps using only integer operations. This work shows
how lossless and lossy compression of multiple HDR formats
can be achieved using JPEG-XR codec with better
compression efficiency and less computational complexity
due to the arithmetic calculations on integers. The proposed
design can be suitable for HDR formats effectively. For future
research the high performance hardware implementations of
PCT is necessary.

The PCT has been implemented to perform lossless image
compression images using MATLAB. The values for different
performance metrics like compression Ratio (CR), Peak
Signal-Noise-Ratio (PSNR), Mean Square Error (MSE) etc.
are analyzed and recorded. Using MATLAB for image
processing research is a common and beneficial choice for
several reasons. MATLAB, a high-level programming
language and environment, is widely adopted in the field of
image processing for various inherent characteristics.
MATLAB basic data element is an array that doesn't require
explicit dimensioning. This aspect of MATLAB significantly
simplifies the handling of matrix and vector formulations.

An image is nothing but a matrix or set of matrices which
define the pixels value of the image, such a gray scale value in
black and white images and Red, Green and Blue or Hue,
Saturation and Intensity values in color images. The
simulation results using MATLAB for various images are
shown in figure 11.

rgb image

+

greyscale image

+

Fig 11. Simulation Results For women image

Table 3 shows the Image quality parameters comparison of
PCT Outputs for different Images
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IMAGE PSNR(dB) MSE COMPRESSION

TYPE RATIO (CR)
GIRL.jpg 11198 493431 2
ROSE.jpg 6781  13637.81 1

HEARTjpg 14152 24995 2

FLOWERjpg  8.15 10057.7 0.019

LENA.jpg 7.631 11218.3 1

It is observed that the simulated results are in close agreement

with the measured values with respect to PSNR and MSE. It
is also observed that the JPEG-XR/HD system is greatly
influenced by the photo overlap transform and photo core
transform. Since high-performance image compression
systems are of great importance in the internet and medical
applications, besides medical image systems, the JPEG-
XR/HD system is also analyzed, modeled and synthesized for
medical image applications. These compression systems are
expected to cover large number of images and yet the JPEG-
XR/HD system is expected to be efficient, less
computationally  intensive, economical and  highly
reliable. The results from the analysis of JPEG-XR give us
confidence that the system can be used in contemporary
internet systems, satellite imagery systems and for medical
applications.

5.4 Development of Systolic Array VLSI Architecture For
JPEG-XR System

Lapped bi-orthogonal transform (LBT) based JPEG-XR
coding offers improved performance against the other image
compression methods like vector quantization, JPEG and
JPEG 2000. JPEG-XR/HD algorithm is one of the Lapped bi-
orthogonal transform based still image encoding algorithms,
which continuously generates scalable bit stream. It means
that a particular encoded bit stream can be used to create
images at various bit rates and quality without compromising
the compression. The decoder can stop the process of
decoding once the target rate or the expected image quality
has arrived. JPEG-XR/HD algorithm is developed from
Lapped bi-orthogonal transform (LBT). The main advantages
of JPEG-XR/HD coding are the integer operations and the
distortion scalability. The distortion scalability can be
embedded in the progressive transmission. The primary
important information is transmitted first during the
progressive transmission and then the least important
information.

VLSI algorithms and architectures for computation of pulse
core transform (PCT) are presented here. In the context of the
JPEG-XR/HD standard, the lifting-based architecture is more
suitable compared to the convolution-based architecture
because of the inherent features of lifting-based
implementation of PCT.

The PCT computation module computes the multilevel
decomposition of the input image macro blocks. At each step,
PCT will produce DC, AD, AC components shown in figure
12. The sub band DC is input back to the PCT modules for the
next level of decomposition. The other two sub bands are



input to the subsequent phases of the architecture for entropy
encoding.

Main controller

— L

BT A SRAM
AC
—

Fig 12 A global proposed architecture for implementation

of JPEG-XR/HD Encoder

Systolic arrays are a type of parallel computing architecture
known for their regular and structured design, particularly
well-suited  for  applications  involving  large-scale
computations, such as signal processing and matrix
operations. When dealing with large filter lengths, systolic
arrays offer several advantages in terms of efficiency and
VLSI. The transfer of data play a vital role in determining the
efficiency of the VLSI implementation of lifting based PCT.

5.5 Hardware Implementation Using FPGA Device

Software implementation alone does not assure the
performance of JPEG-XR/HD image compression system.
Hence, real time development can be done through the
dedicated hardware. In hardware implementation, architecture
plays a vital role which decides the throughput, area and
power consumption of the design. Minimized architecture
design consumes less hardware. An efficient Architecture
reduces the power consumption and area. Power consumption
and area are the major requirements for portable devices
operated using batteries. The cost of any device can be made
cheaper by wusing small silicon area. Lower power
consumption brings more life to the battery.

To validate the performance of the JPEG-XR/HD coder, the
comparative device utilization summary evaluated by the
Xilinx simulation software and PCT coder are listed in Table
4.The results show that the proposed coder utilizes fewer
resources as compared with traditional DWT coder. The less
resources utilization in the FPGA device reduces the hardware
complexity of the system. It is observed that the proposed
method saves 52% of area compared with conventional
method and 22 % increased speed of operation at the cost of
increased number of memory units.
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6. CONCLUSION

In this paper, the PCT was developed to reduce 43.4%
memory from external memory. An area efficient photo core
transform was designed for the effectiveness of JPEG-XR.
The proposed photo core transform was implemented using
modified multiplier, shifter and adder for the reduction in
power consumption. The recommended design can be suited
for HDR formats effectively. For further research an efficient
PCT is implemented for better performance with reduced
hardware implementations.

Future scope: using cadence 180nm CMOS technology,
create a high-precision PCT system for JPEG-XR image
compression system with Improved parallel processing of
LBT architecture. In further research it is possible to design
and implement a JPEG-XT image compression system with
the concept of hamming distance.
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