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Abstract: In this paper, 8x8x8 3D-DCT/IDCT processor based
on CORDIC architecture for high data rate of image processing
and video coding with reduced hardware has been presented. It
uses two stages of CORDIC DCT processor i.e. one is 1D-DCT
and another one is 2D-DCT processor based on fully pipelined
unfolded CORDIC architecture with RAM buffer. The
one-dimensional DCT is useful in processing of speech
waveforms. For images and video signal processing, we need a 3D
version of the DCT/IDCT data, especially in coding for
compression and decompression, for its best performance. This
processor performs both the DCT and IDCT simultaneoudly with
the help of CORDI C algorithm of both 3D-DCT and I DCT which
has boost the speed of the processor. Ease the use of less
computation based unfolded CORDIC architecture in the
processor reduces complexity and power consumption. With the
working frequency approximately 414 MHz less power
dissipation, low latency and high throughput can be obtained.

The processor has been implemented on Xilinx 1SE 14.7 and
design is simulated in DE-2 board. This processor has not only
reduces the complication but also increases the speed which lead
to broad use in image and video processing.

Keywords : CORDIC , 3D-DCT/IDCT, RCF, XILINX ISE
14.7.

. INTRODUCTION

Now a day, video compression is important for signal
processing applications such as MPEG, JPEG, H.265, HDTV
etc. Everything from the storage of medical images to the
transmission of digital HDTV benefits improves by using
compression algorithms. In latest CMOS technology,
2D-DCT has been employed in many of the compression
methods [1]. While there was research done on three
dimensional DCTsaswell as IDCT with moderate success as
far back as 1977, the three dimensional DCT has not enjoyed
similar popularity [2]. The reasons for the lack of the success
include the high computational load and complexity in
calculation of three dimensional DCT/IDCT, the existence of
aggravating artifacts at block boundaries at low bit rates.
With this phenomenon in high rate, frequency, computational
power since 1977, the computational 1oad issue does not seem
as formidable.
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The compression technique has been applied to 3D-DCT data
based on 4x4x4 cubes resulting 6:1 compression ratio. The
technique of “natural “extension of 2D-DCT with two stages
of 1D-DCT and similarly 3D-DCT with 2D transform
followed with 1D-DCT (or vice-versa) has been used[3].

In this proposed [3] vector implementation based on 8x8x8
gpatial and temporal frequency with a successive framesin a
video sequence. 3D-DCT computation has been carried out
using Row-Column —frame (RCF). T his architecture consist of
three identical 1D-DCT processor and two set of transpose
register which has been achieved 400MHz frequency . As
CORDIC agorithm is a well-known iterative technique to
perform various basic arithmetic operations. The algorithmis
very attractive for the hardware implementation because it
uses only elementary shift-and-add operation to perform the
vector rotationin 2D plane. However the mgjor problemisits
dow computational speed. The problem is solved with the
technique used known as Angle Rotation technique (AR),
Extended Elementary Angle Set (EESA) scheme. This
scheme has effect of reducing the rotation angle error of the
CORDI C agorithm with scaling approach. Improving further
scaling approach we can reduce the number of iteration.

The basic concept of rotation and vector operation modes
used in CORDIC algorithm leads to fast computation of
complex problem [20]. In this paper, CORDIC-based
approach to the implementation of fast 3D-DCT/IDCT
processor is presented. In section 2, Literature Review on 3D
DCT/IDCT isdone. In section 3, the proposed architecture of
3D-DCT/IDCT processor in which selection line is used to
select the mode of DCT and IDCT processor. Section 4, has
explained the method of increasing the high throughput in
proposed processor. Hardware implementation and
simulation results are discussed in Section 5. Finally the paper
ends with the conclusion of the 3D DCT/IDCT processor.

I[I. LITERATURE REVIEW ON 3D DCT/IDCT

Video Compression and decompression isimportant for many
3-D applications as mentioned earlier to develop high speed
algorithm which has been implemented in literature [4-13].
As literature survey on 3D-DCT of 3D blocks by different
motion estimation performed on each frame of 8*8*8 which
can be used as application of High Definition Television
(HDTV). These blocks are generated from non-interlaced,
these 3D video sequences has been used to exploit the high
degree of temporal correlation between successive frame [3]
[8] and [9]. The image compression technique has been
identified as amilestone in recent years. [10-13].
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Efficient VLS| based CORDIC architectures is very much
admired as best design using 2 stage DCT [14]. In the recent
past , 2D-DCT based CORDIC algorithm implemented as
hardware efficient architectures and for the computation of
the 3D DCT[14] [19].

The Row- Column- Frame (RCF) approach has been taken
into consideration for the computation of the 3D DCT, hence
either using 3- stages of 1D DCT computation or 2- stages of
2D-DCT and one stage of 1D-DCT to perform matrix and
volume based transpositions. Row-column approach has been
extensively found as its fundamental units to most 2D DCT
architectures reported in literature. Hence the major issue
that is needed to be taken carein 3D DCT computation isthe
volume transposition design resulting the computation of the
final 1D DCT. The architecture proposed in [15] consider
three 1D DCTs which accept the input data serialy i.e. one
pixel per clock cycle. The outputs of the 2D DCT are fed into
computational memory, reshuffling to alow the correct
reading for the final N-point 1D DCT. The transposition
operation performed in N* x N memory needed before the
third 1D DCT cannot be performed in the conventional
manner , due to the fact that this matrix is not square and that
each element of the N-point data fed to the final 1D DCT are
collected every N? cycles. In[16], thismemory isdivided into
N distinct N x N memories and a switching network to enable
a fast and simple read/write system. The 3D-DCT with
different architecture is compared for the processing
frequency and think on area consumption of architecture such
serial and parallel architecture but investigation on power
consumption still be the research [17] [18] [19]. We address
the quality issue, and present a method for improved coding
of the 3D DCT aswell as3D-IDCT coefficients. Performance
gain is achieved through the use of dynamically CORDIC
algorithms. A compression ratio greater than to 100:1 for an
excellent reproduction with less computation which increases
the speed. In the proposed work based on CORDIC
algorithm, the 3D DCT /IDCT processor is present with the
two select linesof Syand S, for simultaneousworking of DCT
and IDCT block. The expression for 3D DCT for an N*N*N
is given by the expression as equation (1) .

Culuv = aAu)az(v)ag(w)t‘g:Ngtg (49,2 {w{ﬂ(zszt ””}cos{”(zsz*z”V]w{”(Z;,L 1’”“}}

where
ue{0L N,-1},ve{0L... N, -1}, we{01.........
ande, (u)isdefinedas

N,-1)

Lifu=0;

@

The computation of the expression needs use of CORDIC
algorithm for eval uating the image matrix cosineterms. In the
proposed algorithm [24] we decompose 3D-DCT into the
successive operations of the 2D-DCT and 1D-DCT on the
input video data, and it only needs to compute the 2D-DCT
for newly added frames aswell asthe 1D-DCT along the third
dimension, resulting in high computational efficiency [21].
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IIl. PROPOSED ARCHITECTURE OF 3D DCT/IDCT
PROCESSOR

The novel idea behind the CORDIC based 3D-DCT/IDCT
processor isto find the calculation of the forward and inverse
transform processin the same system. The design of proposed
unfolded CORDIC based architecture [20] of 3D-DCT/IDCT
Processor asshown in Fig.2. It consist of CORDIC block ,
Rotation factor generator ,DCT/IDCT processor ,Dual port
RAM ,Selector ,Truncate and Round block which are
explained asbelow .

A. Selector

The Selector block has 3 inputs and 1 output given to the
dua Port RAM block .Out of 3 inputs one inputis used for
the selection of mode such as ‘0’ for DCT & ‘1” for IDCT and
other two inputs are binary vector (image co-efficient) and
input as Truncate and Round block output (angle
coefficients).

B. Dual Port RAM

RAM buffer is used to store the data of the processor .Dual
Port RAM consists of two inputs and two outputs .One
Selector output either ‘0’ or ‘1’ is given as a input to the RAM
buffer . Data can be read and write through it.

C. DCT/IDCT Processor

The dataisfeed to the processor through the RAM; the system
start with the signal “start” through the selector will select the
processor DCT or IDCT .The complexity in the computation
of it solved by the CORDIC block.

D. CORDIC Blocks

The CORDIC block consists of 360° complex rotation and
complex rotator controller asshownin Fig 1 .Inthe CORDIC
algorithm, shift and add method givesthe rotation operation at
each shifting of angle either by increment and decrement .
Complex rotation of angle upto 360° controlled by the rotator
controller .AsshowninFig2. X and Y are vector component
similarly X’ and Y~ are another vector component after the
increment of angle. In this way number of iteration can be
calculated by rotation direction di= + 1lupto the n" iterations.

Fig.1: Rotation operation in CORDIC algorithm [2]
Equation of the basic CORDIC algorithm of thei™ iteration
are asfollows:

Xi+1 = X —Yi Jdi. 2>i
Y e = Yi + % di. 2
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Zim=z-ditant(2") @)
Q ={45°, 26.56°,14.036°,7.125°,3.576°,1.79°, 0.895°,
0.448°,0.2238°}
Condition : di=-1ifz<0
+1,ifz>0
Let 6=25° be the desired angle of rotation

25°={ 45°-26.565° +14.036° -7.125°-3.576°+ 1.79° +
0.895°+0.448° +0.2238° } = 25.1268°

Asthe 25.1268 is the approximate answer and the number of
iteration required isN = 8.As per above CORDIC agorithm
another calculations upto to 16 iteration are given in Table 1.

E. Rotation factor Gener ator

The rotation factor will generate depends on the condition of
d. The i"rotation for n" iteration for the n= 16 iteration is
giveninthefollowing Table.1. Thisrotation factor given back
to the CORDIC block for the computation of any floating
point angle.

In this way, proposed architecture of DCT/IDCT processor
can be work on the rotation factor generator system. Now the
3D-DCT/IDCT processor has calculate with the help of
N*N*N leads to the high data rate or throughput output.

IV. THROUGHPUT IMPROVEMENT IN
3D-DCT/IDCT PROCESSOR

The 3D-DCT [21] and 3D-IDCT [15] worked on the different
parameters such as no. of register required in design
frequency required with different video standards such as
QCIF, SIF, CCIR, CIF, HDTV etc .The CORDIC based
3D-DCT and IDCT system work on the same proposed
system therefore the computational time depends on the
maximum combinational time delay between input and output
time. In this way instead of processing individual block we
have increases the throughput output by processing both the
CORDIC based DCT and IDCT processor.

Table1: CORDIC Rotation Angles[2]
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8 0.00390625 0.2238105 3.41494E-06 | 0.17578125

9 0.001953125 | 0.111905677 4.26882E-07 | 0.087890625
10 0.000976563 | 0.055952892 5.33607E-08 | 0.043945313
11 0.000488281 | 0.027976453 6.6701E-09 0.021972656
12 0.000244141 | 0.013988227 8.33763E-10 gé0.0109863
13 0.00012207 0.006994114 1.0422E-10 0.005493164
14 6.10352E-05 | 0.003497057 1.30276E-11 | 0.002746582
15 3.05176E-05 | 0.0017485228 | 1.62844E-12 | 0.001373291
16 1.52588E-05 | 0.000874264 2.03555E-13 | 0.000686646

V. HARDWARE IMPLEMENTATION AND
EXPERIMENTAL RESULTS

In this section, proposed architecture is implemented on an
FPGA board .The architecture processor isinitially simulated
using VHDL language on the Xilinx |SE 14.7.

A. Implementation Of 3D-DCT/IDCT

The theoretical analysis of CORDIC based 3D- DCT/DCT
processor aready discussed in earlier section as per results
shown in this section the comparative analysis done with the
results of conventional 3D-DCT [16],[17] & [19].

The HDL synthesis of Top level 3D DCT/IDCT RTL
Schematic generated using Xilinx 1SE14.7 is as shown in
Fig.3. and the RTL View of 3D-DCT/IDCT asshownin Fig.4

o 1 O = | - O:0)
Qin(720) [ ___ OutPosition (3:0)
clk
= Qout(9:0)
invert
" inputbusy
start outdataen

Fig.3. RTL Schematic of 3D-DCT/IDCT processor (top level
module) generated from Xilinx ISE 14.7. The Table 2

describes the signal description used in 3D-DCT/IDCT

processor .input and outputs pins are used as per the
requirement of processor.

z ?;?‘t)inzso/zn 452
0 |1 45
1 |05 2656505118 | 4.065051177 | 22.5
2 | 025 14.03624347 | 0.753717879 | 115
3 | 0125 7.1250163349 | 0.106894615 | 5.625
4 | 00625 3576334375 | 0.013826201 | 2.8125
5 | 003125 1.789910608 | 0.001743421 | 1.40625
6 | 0.015625 0.89517371 | 0.000218406 | 0.703125
7 | 00078125 | 0.447614171 | 2.73158E-05 | 0.3515625
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Cordie
Truncate
and Round 360° Complex
Complex Rotator
Rotation controller

OouUTPUT
Rotation
e factor
Dual Port RAM = ata  DCT/IDCT Processor Generator
—

Read Addrc Write Addr

Address Generator

Fig.2. Proposed CORDI C based Ar chitecture of 3D-DCT/IDCT Processor

Signal Type Description

ppff
mERi

RESET pin Input Active HIGH

ooy ©
- = Mode Selection ‘0’

L INVERT Output for DCT & 1" for

T IDCT
= START Input Active HIGH
=y , T : . :
= linand Qin | Active HIGH
T - . nput
Active HIGH for
fj‘ Input busy Input process otherwise
':‘ 409
- lout Output Output data
£ clk Input Active HIGH
- Qout Output Output data
Table 2: Signal Description Of Pins Outposition | Output Output data

Active High for
enable otherwise ‘0’

Outdataen Output

Fig.4: RTL view of 3D-DCT/IDCT processor

Table 3. Comparisons of Throughput and L atency of
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Fig. 5: Simulation results of Selection invert mode ‘0’ for B. Simulation results of 3D DCT/IDCT
DCT The simulation of CORDIC based isasshownin Fig5 and Fig

6. The processor will select DCT system as per selector. The
Simulation result of selection invert mode ‘0’ for DCT is as

shown in Fig 5.
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as compared with the architecture in [19] and gives 73%
reduction when compared with the other architectures.

Less number of registers and combinational function are used
in present 3D DCT/IDCT processor. Hence we can say area
has been reduced.

gt ! \
ot Table 4. Device Utilization Summary
) Y [ T I Various 3D DCT/IDCT Processor
) Moo [ | T ] Proposed Fully
i f : CORDIC 3D-DCTArc N-serial Parallel
sl e | | | Designs based hictecture Architect 3DDCT
¢ “f”” 3D-DCT/IDC [19] ure[16] Architectu
) N [T ) T re[17]
Registers 12480 103497 464248 163912
Fig.6. Simulation results of Selection invert mode ‘1’ for Combinational Functions
No.of
IDCT LUTSs 588
! ) ) No.of
The Simulation result of selection invert mode ‘1’ for IDCT is logic 572
asshown in Fig 6. The design is scripted as a VHDL file and blocks
synthesized using Xilinx ISE 14.7 .The design is synthesized ;S(i‘)f
into Vertex-5. LUTS
- 649
Fip flop
NI pairs used
e | ol No.of
bonded 46
I0B’s
™ Ustr Orice o I Total 1855 15320 4905 854
LM 0w O
% The resource utilization especially for the 3D-DCT

[Medium (10°x10%)
o 16 Summary

Junction Temparature N —

Total On-Chip Power 06 oo 00O

I T re—— % ontme 000N

o2 e . .

Elecie G =

Fig.7 Power estimation with the help of X -Power
Analyzer

The simulation result for the power consumption is as shown
in Fig.7. The Power Estimation for the Dynamic power
dissipation comes out 10 mW with the help X-power
Analyzer in Xilinx 14.7 I1SE simulator.

C. Comparative Results Analysisof 8*8*8 3D-
DCT/IDCT Processor

The CORDIC based 3D-DCT/IDCT has been implemented
using Virtex-5 device of the Xilinx FPGA .From the timing
summary maximum operating frequency for the CORDIC
based 3D-DCT/IDCT is 414.19 MHz, Similarly for 3D DCT
architecture proposed in [19], N-seria architecture in [16]
and Fully parallel 3D-DCT architecture in [17] has achieved
comparative frequency as shown in the following Table 3.
As seen from the Table 3, our proposed architecture has
achieved high throughput output than the other Architecture.
This is possible only because of both DCT and IDCT
operations are performed simultaneously with help of
selector. The Minimum Time period for the proposed
CORDIC Based 3DDCT/IDCT is 2.414ns and it is less as
compared with the [19], [16], [17].Hence the latency
achieved for the proposed processor is 2.

The device utilization summary is as shown in Table 4. For
the proposed processor area has been reduced to about 88%
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architecture has been reduced about 88% as compared with
[19]. The proposed architecture has an advantage in terms of
area, power consumption and latency .This proposed
architectures has application for the different video
processing standard format such as MPEG, JPEG, HDTV,
H.265 and H.266 etc. Furthermore this architecture giveshigh
through put output for the high dataratesin image and avideo
processing application which has been also implemented on
cost effective based FPGA (Field Programmable Gate Array)
for the best performance.

Various 3D DCT/IDCT Processor

420
400 A
- .
= 380 - Max.operating
s Frequency
360 -
£
o 340 - I
o
w 320 -
6"' Lo A\ N\
0‘—)@ 0)0 ?}\’b (b\\e
oQ %’6 Q’b
<
] N
<<0

Fig.8: Comparative Frequency of various3D DCT
ar chitecture with proposed ar chitecture.

In this Section, Comparative result anaysis for various
3D-DCT/IDCT processors such as frequency and time
parameter are explained as shown Fig.8 and in Fig 9.
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Frequency Vs Time

2.8
2 27
£
E 26
8 25
@
-,§ 2.4
=
s 23 -

22 -

414.19 400 360 360
Max operating Fregquency in MHz

Fig. 9: Frequency Vs Time Result analysis of different
3D-DCT architecture.

VI. CONCLUSION

In this paper, an optimized CORDIC based 3D-DCT/IDCT
processor is presented. The main contribution of CORDIC
algorithm is to compute the all elementary or trigonometric
functions such as sine, cosine, terms in the DCT and IDCT
transform. This algorithm has reduces the area ,power
consumption and gives the high throughput output in terms of
frequency .The new proposed processor has reduces the 88%
area compared with the RCF based 3D DCT algorithm with
number of registers and number of combinational functions
.Latency is 2 which is the maximum output required time
after clock for the processor .It offers maximum operating
frequency is 414 MHz while computing al the video
standards . The presented fast CORDIC based 3D DCT /IDCT
in thiswork is an fastest algorithm which allows us to meet
the high complex computation in transform. In future, motion
detection in real time video processing ,compression in low
power VLS| can be proposed work using discrete cosine
transform and algorithm.

Therefore for the fast processing of data , our proposed
architecture is very much useful mainly for the image and
video processing applications.
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