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Abstract
Video communication is a rapidly growing field for many
applications, which includes conversational video like video
telephony, video conferencing through a wired or wireless
medium and streaming video that includes video-on-demand,
high-definition television applications. In general H.264 intra prediction offers nine prediction modes for 4x4, 8x8
luma blocks and here four prediction modes for 16x16 luma
blocks. Thus Intra frame coding requires more number of
bits than inter frame coding. In this paper, modified intra prediction plays an important role in minimizing bit
rates and maximizing coding quality by selecting best coding mode out of nine intra prediction modes. The intra prediction module is modified with definite number of mode
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prediction methodology. The low complex Video compression system based on H.264 video codec is used to achieve
high speed with reduced number of configurable logic blocks
in Cyclone IVE EP4CE11529C7 device, which offers less
logic utilization and flexible set of processors for video codec.
The PSNR values and compression ratio obtained for distinct quantization parameters are significant in analyzing
the better performance parameters of the video codec.
Key Words and Phrases:System Integration; modified intra prediction ; FPGA ;cyclone IV.

1

Introduction

In this new era, there is an increase in demand for the new ways
to represent, store and exchange multimedia information due to
the continuous development phase of internet. The full duplex
communications has created remarkable change video-driven applications. The advanced video coding techniques yielding images
with good subjective quality and using the available bandwidth
efficiently has facilitated the development of video-driven applications. H.264 video codec is an emerging international video coding
standard, The basic functional elements in H.264 is same as that
of the previous versions (MPEG-1, MPEG-2, MPEG-4, H.261, and
H.263), like the transform for coding, quantization for bit rate control, motion compensation, motion prediction for reduction of temporal redundancy and entropy encoding for decreasing statistical
correlation(1). H.264 exploits both as well as temporal redundancy
of the video hence this is also called as video codec. The spatial
idleness is broken by applying the mathematical transforms like
discrete cosine transform, discrete wavelet transform etc, and the
temporal redundancy is exploited by using predictive methods. In
an H.264 encoder, initially the video is converted into frames then
the input video is subtracted with the predicted video. The output
is an error signal which is a spatial redundancy this undergoes a
transform and quantization where it is divided by a quantization
matrix. This video is tapped and undergoes Inverse transform, dequantization. This is stored in frame storage and is compared with
input video and motion estimation is performed. Further using
this information motion prediction is done which gives the pre2
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dicted video (4).At the decoder side, the transformed bits undergo
entropy decoding, which is performed by CAVLC decoder. The
stream then undergoes de-quantization, where it is multiplied by
the quantization matrix used in encoder. The inverse transform
is now applied to the signal. This gives us the error signal and it
is the prediction error, which is approximately equal to the error
signal that is obtained by the difference between input video and
predicted video. Hence to achieve an output same as that of input,
the error signal and predicted video are summed up (5). The output is not exactly same as that of input as the quantization and
de-quantization process do not give the exact values those are equal
to that of initial video.

2

H.264 Encoder

The basic block diagram for system integration is shown in Figure
1.Firstly, the pixel value of YCbCr is given to RAM, which and
transmits the data as compatible to the top module. This data is
fetched by the prediction stage from the RAM(13). The prediction
stage comprises of two stages: I prediction and P prediction. When
prediction is done using only the decoded samples within this same
slice , it is called as Intra-coded slice and when the prediction is
done using inter-prediction from previously decoded samples taken
as reference points, it is called as P-slice. P-slice uses at maximum motion vector and reference index to calculate the sample
values. The previous data is required in the process of prediction, which is acquired from the reconstruction block. The data
is predicted using the previous data of prediction stage. The prediction stage transmits the data to transform stage, where spatial
redundancy is exploited and this is followed by quantization stage,
where the transformed matrix is divided by a quantization matrix.
They convert spatial domain to frequency domain using mathematical transforms such has DCT, DWT etc. After the quantization
stage, the data is transmitted to Context-Based Adaptive Variable
Length Coding (CAVLC).Then it undergoes inverse transform and
de-quantization stage that converts data again to spatial domain
for the reconstruction block. This block provides feedback, which
is stored in RAM and is used in the prediction stages. The headers

3

137

Special Issue

International Journal of Pure and Applied Mathematics

function is to store the complete header data and combine headers
to byte stream for the decoding side. CAVLC (9) is responsible for
the entropy coding for transmitting the byte stream for the data
transfer.
YCbCr Pixel

Fig. 1. Block Diagram for System Integration For H.264 Encoder

2.1

I & P frame Prediction

H.264 is designed in such a way that it can take advantages of the
redundancies occurring between video frames. The quality at any
given bitrate is directly proportional to the number of redundancies.
To leverage this redundancy, it predicts and streams the I & P
frames. Frames during encoding process and it can help improve
the quality at a picture change. P-frames are the predicted frames.
To produce a P frame, the encoder looks back for previous I or
P-frames for the redundant picture information (3). They are more
efficient than I frames. It plays a vital role in the process of motion
compensation. Since motion compensation exploits in truth that
the dis-similarity between one image and another is the result of
the camera or object movement. Hence in a video file, much of
the information is found to be similar in subsequent frames. With
motion compensation, a video frame will have some reference frame,
the values saved for the images in between the information needed
to transform the previous image into the next image.
4
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2.2

Transform and Quantization

DCT contain the flaw of inverse mismatch problems between encoder and encoder, partial block range scalability and complex
hardware implementation. Consequently an integer DCT is implemented that overcomes the problems of DCT (6). Integer DCT
can be developed as a direct Two Dimension matrix multiplication
or as one Dimension by the use of additions, shift operations and
subtractions, which is commonly referred as butterfly. After the
transform process, quantization is done. The quantization used in
H.264 is scalar quantization, which follows the 52 Q-step. For the
every increase of 6 in QP, Q-step gets doubles. The bit rate and
quality is inversely proportional to QP.

2.3

CAVLC:

Context-based Adaptive Variable Length Coding is an entropy coding method for H.264 codecs. It is supported by baseline profile
of H.264 codec. It is used to encode the residual zigzag ordered
blocks of the transform coefficients. The residual data is the prediction error signal which is the difference between the prediction
video data and the input video data which is obtained after transformation and quantization process. The context adaptive feature
of this facilitates low bit rates at the cost increased computational
complexity. The encoder contains of reordering of zigzag macro
blocks.
1. Number of nonzero coefficients (numCoef)
2. Pattern of Trailing Ones (T1)
3. The non-zero coefficients (Levels)
4. Number of zeros embedded in the non-zero coefficients (Total zeros)
5. The position of those embedded zeros (run before)
At the decoder side, the syntax elements from the encoded bit
the achieved from the NAL Packet (Network Abstraction Layer).
The process is slowed by the decoding process of some syntax elements like total coeff and total zeros as they require several lookup
of several tables resulting in repeated memory accesses.
5
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3

Modified Intra Prediction

In H.264 video codec computing J and values for all nine different modes consumes more time (2). The nine different modes are
shown in table 1. The better selection is the one having low rate
distortion cost and this cost is expressed as
JRD = SSD + λR
Where SSD is the sum of squared difference between the previous block P and the current block C, and it is expressed by
SSD =

P4

i=1

P4

j=1 (Pij

− Cij )2

WherePij andCij arethe(i, j)th elements of the current previous
block P and the current block C.
Table 1: Intra 4X4 Prediction modes
Num
0
1
2
3
4
5
6
7

Intra 4x4 Prediction
modes
Vertical
Horizontal
DC Prediction
Diagonal down left
Diagonal down right
Vertical right
Horizontal down
Vertical left

6
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Mode: 3 Diagonal down left

Mode: 4 Diagonal down right

Mode: 5 Vertical right

7
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Mode: 6 Horizontal down

Mode: 7 Vertical Left

Mode: 8 Horizontal up

The prediction block is defined using left and top pixels of previous blocks. The prediction of a 4x4 block is calculated based
on the modified samples labeled to i to x. If the prediction pixel
have left and top neighboring block then nine modes are chosen.
The prediction pixel have only left neighboring blocks then mode1,
mode2,mode8 is selected and the prediction pixel have top neighboring blocks then mode0, mode2, mode3, mode7 is selected.
The new Lagrangian algorithm is introduced in which the moment in time it takes to calculate J and values can be reduced. In
8
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Table2: Mode Selection

this proposed algorithm instead of computing J and values for all
nine different modes, horizontal and vertical predictions are used.
Initially for a given 4x4 block as shown in figure 2, the neighbouring
pixel values are verified.

Fig 2. Original Image 4x4 block values
As shown in Figure 3, if first row of the reference values are
equal, the estimate values of nine directional approximation values
are same. In this scenario, it does not want to compute the entire calculation modes. Simply DC mode can be used, so that the
calculation mode bit can be skipped.
9
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Fig 3, Only DC Prediction
As shown in Figure 4, if all of the previous pixels of above and
above right blocks are same, horizontal-down , vertical-left ,vertical,
vertical-right , diagonal-down-left, and modes produce the same
prediction value. Because of this reason in this method only vertical
prediction mode from this group is chosen.

Fig 4.Vertical-left, Vertical, Vertical-right, Horizontal-down and
Diagonal-down-left calculation. If all the left most reference pixels are same as shown in figure 7, then horizontal, horizontal up,
diagonal down right, produce the same prediction value. Because
of this reason in the proposed method only horizontal prediction
mode from this group is chosen

10
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Fig 5 Diagonal down right, Horizontal, Horizontal up
In either of case 2 and case 3 instead of performing all nine prediction modes on 4x4 block, only few predictions can be performed
and one among them can be selected for implementation as remaining modes have same values. If all reference pixels have same values
then only DC prediction is done. In VHDL coding DC, Horizontal
and Vertical Predictions are used.

4

Simulation Results

Figure 6 shows the simulation result of an 4x4 IDCT, CLK,READY
,ENABLE are the control signals, XXIN is the input data, VALID
is the signal,which values output when this is 1, YNOUT is the
transformed output coefficients., xto.xt3,ff01..ff03,ffx0..ffx3 are the
intermediate signals.

Fig 6: Simulation result of Transform block

11
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Figure 7 represents the simulation result of CAVLC Block. CAVLC
is an entropy coding that produces bit streams for a given pixel
value. Clk, Clk2, Enable, Ready are the control signals. VIN is
the input data of maximum 12 bits. Nin is the input coefficients
of a macro block, which is of maximum 5 bits. Nout is the output
coefficients of a macro block, which of maximum 5 bits.

Fig. 6 Simulation result of CAVLC
All units are combined in TOP module and simulation result of
TOP module is obtained as shown in figure 7.

Fig. 7 Simulation result of the top module
The intra prediction modules elaborated in earlier divisions were
coded in VHDL, simulated using ModelSim,synthesized using altera
12
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quartus II 10.1.The board selected was Cyclone IVE EP4CE11529C7
offers less logic utilization and flexible set of processors for video
codec .
Table 2 Estimation of Device utilization

In general, video quality metrics assume that the undistorted
reference image is fully presented. Within this category, the most
widely used by the systematic methods are mean square error, peak
signal to noise ratio, Compression ratio due to, they are simple to
calculate and are mathematically easy to deal with for optimization
purpose. The significant outcome of this work is the best PSNR
values that are in agreement with the theoretical range.

13
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Table 3. Comparison table with different QP values

5

Conclusion

The implementation of H.264 Video Encoder in VHDL using Integer DCT, and modified intra prediction yields better results compared to other prediction. This work determines the H.264 video
compression using FPGA, as it is a reconfigurable logic blocks and
implemented in device Cyclone IVE EP4CE11529C7, it offers less
logic utilization and flexible set of processors for video codec. The
results obtained for distinct values of quantization parameters provide better means to evaluate the performance of the methodology.
The device utilization summary indicates that the Cyclone IVE
EP4CE11529C7 provides lesser logic utilization, when compared
with the counterparts. This work can be extended further with interfacing the board with a real time camera system, where in which
the real time video signal processing is possible. This also allows in
achieving the optimal values of compression ratio and latency for
this video codec system. This board is good for video compression
14
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systems and used in video related applications such as telepathy,
surveillance and medical imaging.
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