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Abstract
HEVC is said to double the data compression ratio compared to H.264/MPEG-4 AVC at
the same level of video quality. It can alternatively be used to provide substantially improved
video quality at the same bit rate. The design of most video coding standards is primarily aimed
at having the highest coding efficiency. Coding efficiency is the ability to encode video at the
lowest possible bit rate while maintaining a certain level of video quality. There are two standard
ways to measure the coding efficiency of a video coding standard, which are to use an objective
metric, such as peak signal-to-noise ratio (PSNR), or to use subjective assessment of video
quality. Subjective assessment of video quality is considered to be the most important way to
measure a video coding standard since humans perceive video quality subjectively. The Discrete
Cosine Transform (DCT) plays a vital role in video compression due to its near-optimal
decorrelation efficiency and high energy compaction. HEVC supports DCT of different sizes
such as 4,8,16 and 32 and it is a loss compression technique. Integer DCT integrates both loss
and lossless coding scheme perfectly. Integer DCT factors butterfly calculations of DCT. Two
N/2-point DCT modules are used along with transposition buffers and 2:1 MUX to select either
of input depending on whether for N-point DCT computation of for lower size. The proposed
algorithm of Integer DCT implementation is flexible to support DCT of any length. It increases
the throughput in video encoding. The parallel architecture for 1-D integer DCT of different
length is implemented with a benefit of reusability.
Index Terms – HEVC,DCT, IDCT, Peak-Signal-to-Noise Ratio.

1. Introduction
The High Efficiency Video Coding
(HEVC) was developed by the ISO/IEC Moving
Picture Experts Group (MPEG) and ITU-T
Video Coding Experts Group (VCEG), through
their Joint Collaborative Team on Video Coding
(JCT-VC). HEVC is also known as ISO/IEC
23008-2 MPEG-H Part 2 and ITU-T H.265.
HEVC provides superior video quality and up to
twice the data compression as the previous
standard (H.264/MPEG-4 AVC). HEVC can
support 8K Ultra High Definition video, with a
picture size up to 8192x4320 pixels.

X265 can encode HEVC bit streams that
are entirely lossless (the reconstructed images
are bit-exact to the source images) by using the -lossless option.
Lossless
operation
is
theoretically simple. Rate control, by definition,
is disabled and the encoder disables all quality
metrics since they would only waste CPU
cycles.
In HEVC, lossless coding means by
passing both the DCT transforms and by passing
quantization (often referred to as transquant
bypass). Normal predictions are still allowed, so
the encoder will find optimal inter or intra
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predictions and then lossless code the residual
the inverse transformation renders a perfect
reconstruction of the original image. The
(with transquant bypass).
quantized sub-block utilizes the fact that the
Not wanting to mess around with small,
human eye is unable to perceive some visual
incremental improvements, whenever a new
information in an image. Such information is
compression standard is introduced, it has to be
deemed redundant and can be discarded without
a sizable change. With each jump, the general
introducing noticeable visual artifacts. Such
rule is half the bit rate for the same quality (or
redundancy is referred to as psycho visual
greater quality at the same bit rate).
redundancy. This idea can be extended to low
bit rate receivers which, due to their stringent
Transform coding constitutes an
bandwidth requirements, might sacrifice visual
integral
component
of
contemporary
quality in order to achieve bandwidth efficiency.
image/video processing applications. Transform
This concept is the basis for rate distortion
coding relies on the premise that pixels in an
theory, that is, receivers might tolerate some
image exhibit a certain level of correlation with
visual distortion in exchange for bandwidth
their neighbouring pixels. Similarly in a video
conservation. Lastly, the entropy encoder
transmission system, adjacent pixels in
employs its knowledge of the transformation
consecutive frames2 show very high correlation.
and quantization processes to reduce the number
Consequently, these correlations can be
of bits required to represent each symbol at the
exploited to predict the value of a pixel from its
quantize output. DCT has been widely deployed
respective neighbours. A transformation is,
by modern video coding standards, for example,
therefore, defined to map this spatial
MPEG, JVT etc.
(correlated) data into transformed (uncorrelated)
coefficients. Clearly, the transformation should
utilize the fact that the information content of an
individual pixel is relatively small i.e., to a large
extent visual contribution of a pixel can be
predicted using its neighbours.
The objective of the source encoder is to
exploit the redundancies in image data to
provide compression. In other words, the source
encoder reduces the entropy, which in our case
means decrease in the average number of bits
required to represent the image. On the contrary,
the channel encoder adds redundancy to the
output of the source encoder in order to enhance
the reliability of the transmission.
Each sub-block in the source encoder
exploits some redundancy in the image data in
order to achieve better compression. The
transformation sub-block decor relates the
image data thereby reducing (and in some cases
eliminating) inter pixel redundancy. The
transformation is a lossless operation; therefore,

The Discrete Cosine Transform (DCT)
plays a vital role in video compression due to its
near-optimal de correlation efficiency. Several
variations of integer DCT have been suggested
in the last two decades to reduce the
computational complexity. The new H.265/High
Efficiency Video Coding (HEVC) standard has
been recently finalized and poised to replace
H.264/AVC. Some hardware architectures for
the integer DCT for HEVC have also been
proposed for its real-time implementation. Some
hardware architectures for the integer DCT for
HEVC have also been proposed for its real-time
implementation. The multiplierless multiple
constant multiplication (MCM) approach for
four-point and eight-point DCT, and have used
the normal multipliers with sharing techniques
for 16 and 32-point DCTs can also be used.
Chen’s factorization of DCT can also be used
where the butterfly operation has been
implemented by the processing element with
only shifters, adders, and multiplexors. unified
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structure to be used for forward as well as
be inferred that DCT exhibits excellent
inversetransform after the matrix decomposition
decorrelation properties.
can also be used. One key feature of HEVC is
Efficacy of a transformation scheme can
that it supports DCT of different sizes such as 4,
be directly gauged by its ability to pack input
8, 16, and 32. Therefore, the hardware
data into as few coefficients as possible. This
architecture should be flexible enough for the
allows the quantizer to discard coefficients with
computation of DCT of any of these lengths.
relatively small amplitudes without introducing
The existing designs for conventional DCT
visual distortion in the reconstructed image.
based on constant matrix multiplication (CMM)
DCT exhibits excellent energy compaction for
and MCM can provide optimal solutions for the
highly correlated images.
computation of any of these lengths, but they
are not reusable for any length to support the
This property, known as separability, has
same throughput processing of DCT of different
the principle advantage that C(u, v) can be
transform lengths. Considering this issue, it has
computed in two steps by successive 1-D
been analyzed the possible implementations of
operations on rows and columns of an image.
integer DCT for HEVC in the context of
The arguments presented can be identically
resource requirement and reusability, and based
applied for the inverse DCT computation.
on that, we have derived the proposed algorithm
for hardware implementation. We have designed
2. Related Work
scalable and reusable architectures for 1-D and
2-D integer DCTs for HEVC that could be
A method that uses Karhunen- Lo'eve
reused for any of the prescribed lengths with the
transform as discrete cosine transform (DCT)[1]
same throughput of processing. irrespective of
is defined and an algorithm to compute it using
transform size.
the fast Fourier transform is developed. It is
shown that the discrete cosine transform can be
The most common DCT definition of a 1used in the area of digital processing for the
D sequence of length N is
purposes of pattern recognition and Wiener
filtering. Its performance is compared with that
of a class of orthogonal transforms and is found
to compare closely to that of the KarhunenLo'eve transform, which is known to be optimal.
The performances of the Karhunen-Lo'eve and
The 2-D DCT is a direct extension of
discrete cosine transforms are also found to
the 1-D case and is given by
compare closely with respect to the ratedistortion criterion.
The principle advantage of image
transformation is the removal of redundancy
between neighbouring pixels. This leads to
uncorrelated transform coefficients which can
be encoded independently. Clearly, the
amplitude of the autocorrelation after the DCT
operation is very small at all lags. Hence, it can

Another method with the implementation
of the integer discrete cosine transform
(IntDCT) using the Walsh-Hadamard transform
and the lifting scheme[2] is in the forms of
shifts and adds, and all internal nodes have
finite precision. A general-purpose scheme of 8pt IntDCT with complexity of 45 adds and 18
shifts is proposed which gives comparable
performance to the floating-point DCT
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(FloatDCT). For this particular scheme with 8proposed in the next generation video standard
bit input, perfect reconstruction (PR) is
such as HEVC. To fulfill this requirement, this
preserved even when all the internal nodes are
work proposes a fast computational algorithm of
limited to 16-bit words, rendering the Pentium
large size integer IDCT. A unified VLSI
MMX optimization possible. Implementation
architecture for 4/8/16/32-point integer IDCT is
has been done to incorporate the proposed Int
also proposed accordingly. It can support the
DCT into the H.263+ coder, and the resulting
following video standards: MPEG-2/4, H.264,
system performs equally well as the original.
AVS, VC-1 and HEVC. Multiplier less MCM
Further extension to the MPEG coder is
(Multiple Constant Multiplication) is used for
straightforward. The proposed IntDCT is
4/8-point IDCT. The transpose memory uses
reversible, with a low level of power
SRAM instead of the traditional register array in
consumption, and is very suitable for source
order to further reduce the hardware overhead.
coding, and communication, etc. in a mobile
A 2-D Large Inverse Transform (16x16,
environment.
32x32) for HEVC[6] is a 16x16 and 32x32
inverse transform architecture for HEVC (High
Without changing the features of the
Efficiency Video Coding) transforms 16x16 and
integer DCT transform radix, improve on its
32x32 and it suffers from huge computational
matrix filling rules and implemented a new type
complexity. To resolve this problem, a new
of integer DCT transform radix[3]. Other than
large inverse transform architecture based on
orthogonality, such a variety of integer DCT
hardware reuse is proposed. The processing
transform radix also meet the quantity
element is optimized by exploiting fully
relationships between elements of an integer as
recursive and regular butterfly structure. To
a matrix, and the normalized coefficients matrix
achieve low area, the processing element is
have similar characteristic with the original
implemented by shifters and adders without
DCT matrix. This type of transform radix can be
multiplier. Implementation of the proposed 2-D
implemented by rapid butterfly algorithm, in
inverse transform architecture in 0.18 m
such fast algorithm implementation of integer
technology shows about 300 MHz frequency
DCT, no multiplication, just additions and shifts
and 287 Kgates area, which can process 4K
operations. This fast algorithm of integer DCT
(3840x2160)@ 30 fps image.
ensure the accuracy of transformation
operations, reduce the complexity of the
Unified
forward+inverse
transform
transformation operations.
architecture for HEVC[7] is the upcoming
HEVC video coding standard supports many
A novel method is replaced for the realtransform sizes ranging from 4-point to 32-point
numbered elements of a discrete cosine
in square and rectangular form. Multiple
transform (DCT) matrix by integers and still
transform sizes improve coding efficiency, but
maintain the structure. i.e, relative magnitudes
also increase the implementation complexity.
and orthogonality, among the matrix elements.
Furthermore both forward and inverse
The result is an integer cosine transform
transforms need to be supported in various
(ICT)[4]. Thirteen ICT’s have been found and
consumer devices. It achieves hardware sharing
some of them have performance comparable to
across different transform sizes and also
the DCT.
between forward and inverse transforms. It uses
A 4 or 8-point IDCT are widely used in
43-45% less area than separate forward and
traditional video coding standards. However
inverse core transform implementations.
larger size (16/32-point) IDCT[5] has been
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3. Methodology
mi,9=9b(i)-(b(i)<<3)+b(i),
Stage2 ti,64=64a(i)=a(i)<<6,
3.1. Architectural Design
ti,83=83b(i)=b(i)<<6 + mi,9 <<1 + b(i)
ti,36=36b(i)=mi,9 <<2 for i =0 and 1.
y(0)=t0,64 + t1,64
Stage3 y(2)=t0,64 - t1,64
y(1)=t0,83 + t1,36
y(3)=t0,36 - t1,83
Table I: The Computation of 4-Point DCT

3.2. Generalized Architectural Design

Fig 2: Architecture Design

Fig. 1. Proposed architecture of four-point integer DCT.
(a) Four-point DCT architecture. (b) Structure of SAU.

The proposed architecture for four-point
integer DCT is shown in Fig. 1(a). It consists of
an input adder unit (IAU), a shift-add unit
(SAU), and an output adder unit (OAU). The
IAU computes a(0), a(1), b(0), and b(1)
according to STAGE- 1 of the algorithm as
described in Table I. The computations of ti,36
and ti,83 are performed by two SAUs according
to STAGE-2 of the algorithm. The computation
of t0,64 and t1,64 does not consume any logic
since the shift operations could be rewired in
hardware. The structure of SAU is shown in Fig.
1(b). Outputs of the SAU are finally added by
the OAU according to STAGE-3 of the
algorithm.
Stage1 a(i)=x(i) + x(3-i), b(i) = x(i) - x(3-i),
for i =0 and 1.

The other (N/2)-point DCT unit takes the
input [x(N/2), ..., x(N − 1)] when it is used for
the computation of DCT of N/2 point or a lower
size, otherwise, the input is reset by an array of
(N/2) AND gates to disable this (N/2)-point
DCT unit. The output of this (N/2)-point DCT
unit is multiplexed with that of the OAU, which
is preceded by the SAUs and IAU of the
structure. The N AND gates before IAU are
used to disable the IAU, SAU, and OAU when
the architecture is used to compute (N/2)-point
DCT computation or a lower size. The input of
the control unit, mN is used to decide the size of
DCT computation. Specifically, for N = 32,
m32 is a 2-bits signal that is set to {00}, {01},
{10}, and {11} to compute four-, eight-, 16-,
and 32-point DCT, respectively. The control
unit generates sel 1 and sel 2, where sel 1 is
used as control signals of N MUXes and input
of N AND gates before IAU. sel 2 is used as the
input m(N/2) to two lower size reusable integer
DCT units in a recursive manner. The
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combinational logics for control units are shown
optimal solutions for the computation of any of
in Fig. 4 for N = 16 and 32, respectively. For N
these lengths, but they are not reusable for any
= 8, m8 is a 1-bit signal that is used as sel 1
length to support the same throughput
while sel 2 is not required since fourpoint DCT
processing of DCT of different transform
is the smallest DCT. The proposed structure can
lengths. Considering this issue, it has been
compute one 32-point DCT, two 16-point
analyzed the possible implementations of
DCTs, four eightpoint DCTs, and eight fourinteger DCT for HEVC in the context of
point DCTs, while the throughput remains the
resource requirement and reusability, and based
same as 32 DCT coefficients per cycle
on that, we have derived the proposed algorithm
irrespective of the desired transform size.
for hardware implementation. We have designed
scalable and reusable architectures for 1-D and
3.3. Discrete Cosine Transformation(DCT)
2-D integer DCTs for HEVC that could be
reused for any of the prescribed lengths with the
The Discrete Cosine Transform (DCT)
same throughput of processing. irrespective of
plays a vital role in video compression due to its
transform size.
near-optimal de correlation efficiency. Several
The most common DCT definition of a
variations of integer DCT have been suggested
1-D sequence of length N is
in the last two decades to reduce the
computational complexity. The new H.265/High
Efficiency Video Coding (HEVC) standard has
been recently finalized and poised to replace
H.264/AVC. Some hardware architectures for
the integer DCT for HEVC have also been
proposed for its real-time implementation. Some
hardware architectures for the integer DCT for
The 2-D DCT is a direct extension of
HEVC have also been proposed for its real-time
the 1-D case and is given by
implementation. The multiplierless multiple
constant multiplication (MCM) approach for
four-point and eight-point DCT, and have used
the normal multipliers with sharing techniques
for 16 and 32-point DCTs can also be used.
The principle advantage of image
Chen’s factorization of DCT can also be used
transformation is the removal of redundancy
where the butterfly operation has been
between neighbouring pixels. This leads to
implemented by the processing element with
uncorrelated transform coefficients which can
only shifters, adders, and multiplexors. unified
be encoded independently. Clearly, the
structure to be used for forward as well as
amplitude of the autocorrelation after the DCT
inverse
transform
after
the
matrix
operation is very small at all lags. Hence, it can
decomposition can also be used. One key
be inferred that DCT exhibits excellent
feature of HEVC is that it supports DCT of
decorrelation properties.
different sizes such as 4, 8, 16, and 32.
Therefore, the hardware architecture should be
Efficacy of a transformation scheme can
flexible enough for the computation of DCT of
be
directly
gauged by its ability to pack input
any of these lengths. The existing designs for
data into as few coefficients as possible. This
conventional DCT based on constant matrix
allows the quantizer to discard coefficients with
multiplication (CMM) and MCM can provide
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relatively small amplitudes without introducing
N + 6 bits, respectively. The resulting
visual distortion in the reconstructed image.
coefficients from the inverse transforms are also
DCT exhibits excellent energy compaction for
scaled down by the fixed scaling factor of 7 and
highly correlated images.
12. It should be noted that additional clipping of
log2 N − 1 most significant bits is required to
This property, known as separability, has
maintain 16 bits after the first inverse transform
the principle advantage that C(u, v) can be
and subsequent scaling.
computed in two steps by successive 1-D
operations on rows and columns of an image.
The scaling operation, however, could
The arguments presented can be identically
be integrated with the computation of the
applied for the inverse DCT computation.
transform without significant impact on the
coding result. The SAU includes several left3.4. Structure of HEVC Encoder/Decoder
shift operations whereas the scaling process is
equivalent to performing the right shift.
Therefore, by manipulating the shift operations
in the SAU circuit, we can optimize the
complexity of the proposed DCT structure. Each
row of dot diagram contains 17 dots, which
represents output of the IAU or its shifted form
(for 16 bits of the input wordlength). The final
sum without truncation should be 25 bits. But,
we use only 16 bits in the final sum, and the
remaining 9 bits are finally discarded. To reduce
the computational complexity, some of the least
significant bits (LSB) in the SAU in the gray
Fig 3: HEVC Encoder/Decoder
area can be pruned. It is noted that the worstcase error by the pruning scheme occurs when
all the truncated bits are one. In this case, the
A typical hybrid video encoder, e.g.,
sum of truncated values amounts to 88, but it is
HEVC, include the encoding and decoding
only 17% of the weight of LSB of the final
chain
involves
DCT,
quantization,
output, 29. Therefore,
the impact of the
dequantization, and IDCT based on the
proposed pruning on the final output is not
transform design proposed. A data before and
significant. However, as we prune more bits, the
after the DCT/IDCT transform is constrained to
truncation error increases rapidly.
have maximum 16 bits regardless of internal bit
The output of the SAU is the product of
depth and DCT length. Therefore, scaling
DCT coefficient with the input values. In the
operation is required to retain the word length of
HEVC transform design, 16 bit multipliers are
intermediate data. In the main profile that
used for all internal multiplications. To have the
supports only 8-bit samples, if bit truncations
same precision, the output of SAU is also scaled
are not performed, the word length of the DCT
down to 16 bits by truncating 4 more LSBs. The
output would be log2 N + 6 bits more than that
gray area before the OAU for the output
of the input to avoid overflow. The output word
addition corresponding to the computation of
lengths of the first and second forward
y(0). The LSB of the result of the OAU is
transforms are scaled down to 16 bits by
truncated again to retain 16 bits transform
truncating least significant log2 N − 1 and log2
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output. By careful pruning, the complexity of
• Accumulators can be implemented using less
SAU and OAU can be significantly reduced
than 32 bits.
without significant impact on the error
performance. In the case of the second forward
eight-point DCT (in the seventh. the number of
input word length is 16 bits. If any truncation is
not performed in the processing of IAU, SAU,
and OAU, the number of output word length
becomes 25 bits by summation of values in
columns A, B, and C. By the truncation
procedure illustrated in Fig. 8 using the number
of truncated bits listed in columns D, E, and F.
The word length of DCT output becomes 16
bits.
4. Results and Discussions
The processing rate of the proposed
integer DCT unit is 16 pixels per cycle
considering 2-D folded structure since 2-D
transform of 32 × 32 block can be obtained in
64 cycles. In order to support 8K ultrahigh
definition (UHD) (7680 × 4320) at 30 frames/s
and 4:2:0 YUV format that is one of the
applications of HEVC, the proposed reusable
architectures should work at the operating
frequency faster than 94 MHz (7680 × 4320 ×
30 × 1.5/16). The computation times of 5.56 ns
is for reusable architectures-1.
The HEVC codec transformation is
designed to have the following properties:
• Closeness to the IDCT
• Almost orthogonal basis vectors
• Almost equal norm of all basis vectors
• Same symmetry properties as the IDCT basis
vectors
• Smaller transform matrices are embedded in
larger transform matrices
• 8-bit representation of transform matrix
elements
• 16-bit transpose buffer
• Multipliers can be represented using 16 bits or
less with no cascaded multiplications or
intermediate rounding.

Fig 4: Input Video

Fig 5: Video to Frames
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Fig 6: DCT Transformation – 4 Point

Fig 10: Frames to Video
Fig 7: Entropy Encoding

5. Conclusion

Fig 8: Inverse Quantization

The
areaand
power-efficient
architectures for the implementation of integer
DCT of different lengths to be used in HEVC is
developed. The computation of N-point 1-D
DCT involves an (N/2)-point 1-D DCT and a
vector-matrix. The design is a reusable
architecture for DCT that can compute the DCT
of lengths 4, 8, 16, and 32 with throughput of 32
output coefficients per cycle. It is also shown
that proposed design could be pruned to reduce
the area and power complexity of forward DCT
without significant loss of quality, and
multiplication with a constant matrix of size
(N/2) × (N/2).
In future it can be proposed powerefficient architectures for folded and fullparallel implementations of 2-D DCT, where no
data movement takes place within the
transposition buffer.
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