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Abstract— In this paper, we propose an implementation of a cPu Camera ispiay emory || Extmal
data encoder to reduce the switched capacitance on a systemash A ! conreer e
Our technique focuses on transferring raw video data for mutiple
reference frames between off-chip and on-chip memories inma
MPEG-4 AVC/H.264 encoder. This technique is based on entrgp -
coding to minimize bus transition. Existing techniques exfwit System bus
the correlation between neighboring pixels. In our proposd
technique, we exploit pixel correlation between two consetive WPEGA v
frames. Our method achieves a 58% power saving compared to Video Godos Sou
an unencoded bus when transferring pixels on a 32-bit off-cip
bus with 15pF capacitance per wire.
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Fig. 1. Typical video communication system.

|I. INTRODUCTION

Video application has become increasingly popular in to- Existing techniques exploit the correlation between neigh
day’s wireless communications. However, video processibguring pixels for video data. However, pixel correlation
is computing intensive and dissipates a significant amouprtween frames has not been fully exploited to reduce bus
of power. For MPEG-4 video compression, raw video datgansition in the literatures. In [10], we have proposed an
(pixel) dominates data transfer [1]. During the comprassib interframe bus encoding technique where we utilised the
five minutes of video (CIF@15 fps), at least 4500 frames apéxel correlation between two consecutive frames withollt f
transferred from the memory to the video compressor. Thedystem consideration. In this paper, we extend the teckniqu
values increase for higher frame rates and frame resokitiorio @ complete H.264 system.

This high data transfer translates into high power disgipat  The rest of the paper is organised as follows. Section I
on the memory-processor busses. This is severe for systgmdews the existing intraframe techniques for bus enapdin
with off-chip memory where the bus load is several orders &ection Il discusses our approach to reducing the tramsiti
magnitude higher than the on-chip bus with a typical value @ftivity during memory data transfer. Section IV discusses
around 15pF on each bus wire [2]. It has been reported tfiae proposed implementation of the interframe bus encoding
the off-chip bus consumes 10%-80% of overall power [3]. technique for the H.264 system. This is followed by the rissul

In this paper, we present a data encoding technique @od performance benchmarking of our method in Section V.
minimize power dissipation during multiple-frame transfeFinally, Section VI concludes the paper.
between the MPEG-4 AVC/H.264 video compressor and the
external reference frame memory using an off-chip system Il. INTRAFRAME DECORRELATION

bus as shown in Fig. 1. Power reduction is achieved byThe technique discussed in this paper is based on the com-
utilizing bus encoding to reduce switching activity on th@jnation of difference-base-mapped and value-base-naappe
bus. Bus encoding transforms the original data such that \bm-vbm), as discussed in [11]. We adopt this method
consecutive encoded data has lower switching activity than pecause it allows us to exploit the pixel correlations wjdel
unencoded one. available in video data.

[4], [5] and [6] address implemention of the bus encoding Fig. 2(a) shows the distribution of two adjacent pixels’
on address busses. The proposed methods exploit highl-Cofifference. Four different QCIF video sequences (Akiyae=o
lated bus addresses to reduce switching activity. Com;mredman, Table Tennis and Grasses), which represent various
address busses, data busses show more random charasterigiption types from low to high, are evaluated. Five framegfro
Bus invert [7], codebook [8] and exact algorithm [9] wer@ach sequence are evaluated, which consists of 19008 pixel
proposed for this type of data. The graph shows that, for highly correlated data, the differ
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v i ey T ST Fig. 4 shows the normalised distribution for the total numbe
Source | _ Decongator Code ol g f bt cowmwr | Of bits that are switched simultaneously when transferring
[DD_’D—’ ™ the pixels. The higher the number of bits that are switched

o 1 TFeo rsl | Simultaneously, the higher the peak power of the bus. As

shown in the figure, interframe bus encoding results in a much
lower number of bits switching simultaneously compared to
the bus invert method. This shows that not only does it reduce

(vbm). The dbm-vbm technique is summarized as followthe off-chip average power, but the interframe method also

First, two adjacent pixels (intraframe) are decorrelatsihg: "€duces the peak power of the bus.

dbm. Dbm calculates the relative difference between the two

pixels. Vbm maps the values to patterns that have differeh{. | NTERFRAME BUS ENCODING IMPLEMENTATION INTO

weights (i.e., total number of 1s). To reduce the overall H.264 SrsTEM

transition, it maps the low magnitude value to a patternttaat ~ As shown in Fig 1, the external memory is connected with

the fewest 1s, whereas higher magnitude values are mappethto on chip video compressor through an off-chip bus. In

patterns that have more 1s. At the output, the XOR translatgpical implementation, the same bus is used to send onvecei

1s as transition and Os as transition-less. the data from the external memory. In [10], we assumed that
The average number of transitions for the dom-vbm methage pixel from the two frames is transmitted in two different

depends on its source-word, i.e., the decorrelator oufthe. busses. In order to realise the interframe bus encoding into

more the graph is skewed toward zero, the more patterns pegdware implementation, modification has to be made to this

assigned with less 1s. Thus, one way to improve the transitisetup. This is to take into account the limited availabitify

reduction is by improving the decorrelator. the off-chip bus used in the actual system.
In this section, the operation of the H.264 video com-
I1l. | NTERFRAME DECORRELATION pression system is first described to illustrate the intevac

between the video compressor and the off-chip memory. Then,

Video sequencgs.conast of bo.th spat|a! and te.njp_oral the proposed architecture for implementing the interframe
dundancy. The existing bus encoding techniques utlllz(aaipabus encoding for the H.264 system is discussed in depth to

redundancy Wlthl_n frames. However, the Fgmporal redunyianr%inimise the off-chip bus power.
is not fully exploited to reduce bus transition.

In [10], we have proposed decorrelating the pixels using two
consecutive frames (interframe). This method is based en #y H.264 system
observation that two consecutive frames are highly caedla  Fig. 5 () illustrates the main functional block of the H.264
Often, the background of a scene is stationary. Furthermoescoder and the interaction among its main modules. The
for a moving object, the differences between successivedsa encoder consists of motion estimation (ME), motion compen-
are very small. Fig. 2(b) compares the pixel decorrelatiation (MC), integer transform (IT), quantizer (Q), vai@b
using the intraframe and interframe methods for five foremdength coder (VLC), and deblocking filter (DFIR). In additio
sequences. The figure shows that decorrelating the pixiglg ushe system requires search area buffers (SA) to store search
interframe improves the graph skew-ness towards zero. Thiga pixels temporarily from the reference frames memory,
will translate to higher transition saving since more patte and filtered macroblock buffers to keep the intermediata dat
will be assigned with less 1s. during the encoding process. The main function of the encode

The results in [10] show that the interframe method providés to encode the current macroblock pixels into a compact
higher transition reduction compared to both bus invert atitstream so that it can be decoded by the decoder.
intraframe implementations. On average, our method redduceln H.264, the encoder first loads the search area and the
up to 65% of the transition over an unencoded bus. This dsrrent macroblock (MB) pixels from the external frame
equivalent to a 1.5 and 2.6 times more transition saving owvaemory through the off-chip bus. Then, the current MB is
intraframe and clustered bus invert, respectively. predicted using motion estimation. This process is regeate
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o stored in the external memory are arranged in a sequence as
shown in Fig. 6. Since the interframe technique requiresroth
frames, the bus coding is alternated between intraframe and
interframe.

Base frame (BF) refers to the frame that is stored as
) intraframe by the bus encoder, since it does not require any

other frames. Dependence frame (DF) is a frame that is stored
Fig. 5. (a) Interaction between the external reference dramemory and as interframe by the bus encoder, since it requires otherefsa
H.264 modules. (b) Modified H.264 system that includes aeririme bus 9 decode the pixel values. DF is always stored after its BF
coder. for ease of decoding later on.
In order to allow interframe decorrelation, pixels from the

until all search areas from multiple reference frames ap&se frame have to exist for the bus encoder. The bus decoder

evaluated. The predicted MB that results in the lowest costhi@s @ similar requirement. For the bus decoder, since the
selected. The residue of the predicted MB is then calculaté@@rch area is accessed from a multiple number of frames,
by subtracting the current MB and the predicted MB, befof8€ Proposed solution is to load the base frame first, foltbwe

it is transformed by the integer transform. The transforiy the dependence frame. When the search area from the
coefficient and motion vector is coded using the variabfependence frame is loaded, the search area pixel from the
length coder to generate a compact bitstream. The encauter &2se frame is accessed as well to perform the interframe
reconstructs the current MB using information from transfo decorrelation. _ _ _
coefficients. The reconstructed MB is filtered by the debhgck [0 contrast to the bus decoder, since the fully filtered MB is
filter before storing the MB in the external reference fram@nly written into the external frame buffer, no base frame is
memory for future frame prediction. available at the bus encoder. The solution proposed forighis

The system requires 2000 clock cycles to process offestore the required base frame MB in a buffer. The base frame
MB by dividing the encoder operation into three pipelin®/B can be stored when loading the base frame search area into
stages: ME/MC, IT/Q/IQ/IT, and DFIR/VLC. For QCIF framethe search area memory. Since the deblocking filter operatio
size at 30 frames per second, the system is set to 6 Mi§Zocated in the third stage of the pipeline buffer, an addl

CMOS technology, the system requires a total core area f@me. This buffer will be used during interframe decortiefa
4.8mm2. when writing the pixels into the reference frame buffersngds

this approach, it is possible to perform interframe dedatien
] ) at the bus encoder.

B. Integration of Interframe Bus Encoding Into H.264 The detailed hardware implementations for the bus encoder

As shown in Fig. 5 (a), an interaction between the H.26#nd decoder are shown in Fig. 7 and 8, respectively. For this
modules and the external reference frame buffer occurs on tinplementation, four pixels at a time are transferred twrfr
occasions: (a) when the pixel is stored into the externarrefthe external memory on a 32 bits bus (8 bits per pixel). Thus,
ence frame buffer after filtering the MB through the deblogcki four encoders and decoders are used to encode and decode the
filter; (b) during loading of the search area pixels from thbus. Due to space limitation, only one encoder and one decode
external reference frame buffer into the search area RAlre shown in Fig. 7 and 8. The architectures are able to parfor
Thus, the bus encoder and decoder should be implemeng@tier interframe or intraframe bus encoding. When ingnaiie
in (&) and (b), respectively. is selected, the bus encoder calculates the dbm decoorelati

Fig. 5 (b) shows the modified H.264 system to include thesing the filtered pixel and the previous pixel stored in the
proposed interframe bus encoding method. Since referemegister (Reg). Similar input is used to calculate the dbmat
frames are accessed in serial between video processor #redbus decoder.
the external frame memory, some modification is made onDuring the interframe bus encoding, the encoder calculates
the interframe bus encoding circuit proposed in [10]. Towall the dbm using filtered pixels and pixels stored in the buffer
interframe decorrelation during bus encoding, refererammés MB as shown in Fig. 7. Since the buffer MB stores the cor-
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THE BUS ENCODING AREA AND POWER OVERHEAD REQUIRED TO
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e IO Encoder | Area Power (mW) Delay
VB Bt Modules | (mm?)| Interframe mode| Intraframe mode|| (NS)
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Fig. 7. Interframe-intraframe encoder for H.264 hardware Memory | 0.10 0.39 B 4.4
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THE BUS DECODING AREA AND POWER OVERHEAD REQUIRED TO
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! Decoder Area2 Power (mW) Delay

| PoA o Modules | ™) Tinterframe mode| Intraframe mode|| (NS)
8bit Logic 0.03 0.119 0.060

El SA from base frame Memory - 0352 - 46

] s fom dependenceframe 1 %/ Total | 0.03 0.470 0.060

Fig. 8. Interframe-intraframe decoder for H.264hardware
Fig. 9 and 10 show the total power consumption during

interframe bus encoding and decoding, respectively, as com
responding base frame MB, this is equivalent to decorregatipared to unencoded bus, bus coded using cluster bus ineert an
a pixel from two frames. To decode the pixel, the search ar@draframe. The total power consumptioRy, is calculated
from the base frame is first loaded into the search area buf@$ Pr = Pcircuit + Por, Where Poircir represents the
When the search area from the dependence frame is load@@yer consumption due to bus encoder or decoder circuits.
the loaded search area from the base frame is read in parafiel is the total bus power consumption estimatediy, =
to correlate the search area pixel before storing it in taecke 5CLV3, fa, whereCy, is capacitance load/pp is operating
area RAM. This is shown by the dotted line with an arrow iNoltage, f is operating frequency and is switching activity.
Fig. 8. The slope of the graphs in Fig. 9 and 10 is proportionakto
which is dependent on the type of bus encoding used.

For a typical off-chip wire capacitance of 15pF, the total

bus encoder power consumption during interframe mode is

The design was synthesised using the UMC @i23CMOS 3.39mW, while it is 4.8mW during intraframe mode. These are
library. Verilog-XL and Power Compiler were used to perfornfauivalent to 58% and 40% power savings compared to un-
functional simulation and power analysis using the exeact&ncoded bus, respectively. The greater power saving ahiev
layout data, respectively. Actual video data was used t'ciyverby interframe is due to much lower transitions occurring on

the hardware and to obtain the estimated power consumptibif Pusses. A smaller slope, as shown in the graphs in Fig. 9
and 10 reflects this.

Tables | and Il illustrate the resources required to impleme’
the proposed interframe bus encoder and decoder in the H.264@bles Il and IV show the total energy consumed by the

system. For this implementation, four pixels at a time are
transferred to/from the external memory on a 32 bit bus. Thus

V. RESULTS AND DISCUSSION

12000 -

four encoders and decoders are used to encode and decode the —o—No bus coding (32 bit
bus. The tables show that the maximum delay and total area 10000 1~ Bus inv (40 bif s
overhead required to implement the hardware is 4.6 ns and - intafiame (32 01) 2
0.16mm?, respectively. This is equivalent to 3% of the total _ oo0y TeCnierameGzeh g
area in the conventional H.264 as discussed in Section IV-A. s 24 "
. 5 6000 - /’

Tables | and Il also show the power evaluation result of 3 A
the proposed architectures. From the table, it can be seen 4000 - /’ L e
that the proposed encoder and decoder circuits consumg 0.56 ','—A',_/-’*’
and 0.470 mW of power during interframe bus coding mode, 2000 - 1%;-,"/")“
respectively, with memory dominating the circuit power Bve e

0

head. Since the intraframe decorrelation does not requye a 00ES00 50E12  10E41 18511
memory access, the total circuit power during intraframe bu Capacitance per bus wire (F)

encoding and decoding mode is much lower at 0.176 and 0.06§) 9. Power consumption of 32 bit bus at 6MHz when tranafgrpixels
mW, respectively. into the external reference frame memory

2.0E-11



12000 -

—o—No bus coding (32 bit REFERENCES

10000 — Bus inv (40 bit) . w .
- # -Intraframe (32 bit) g [1] C.-H.Lin, C.-M. Chen, and C.-W. Jen, “Low power desigm MPEG-2
—¥ - Interframe (32 bit) G video decoder,|EEE Transactions on Consumer Electronics, vol. 42,

no. 3, pp. 513 — 521, 1996.
[2] W.-C. Cheng and M. Pedram, “Chromatic encoding: a low @ow
A encoding technique for digital visual interfacéZEE Transactions on
’ Consumer Electronics, vol. 50, no. 1, pp. 320 — 8, Feb. 2004.
[3] T. Givargis and F. Vahid, “Interface exploration for temd power in
L core-based systemsProceedings. 11th International Symposium on
System Synthesis, pp. 117 — 22, 1998.
[4] H. Mehta, R. Owens, and M. Irwin, “Some issues in gray code
addressing,Proceedings. The Sixth Great Lakes Symposium on VLS,
pp. 178 — 81, 1996.
0 ' [5] L. Benini, G. De Micheli, E. Macii, D. Sciuto, and C. Silna,
0-0E+00  5.0E-12 1.0E-11  1.5EAT  20E-11 “Asymptotic zero-transition activity encoding for addsdsusses in low-
Capacitance per bus wire (F) powermicroprocessor-based systenifceedings Great Lakes Sympo-
; . . - sium on VLS, pp. 77 — 82, 1997.
fFr:?m 1tge e;g\rl\rlgl ?gfgfgrr?cpgl?rgn?; :ﬁemtort;/us at 6MHz when loadinglp [6] W. Fornaciari, M. Polentarutti, D. Sciuto, and C. Silear{Power opti-
mization of system-level address buses based on softwafiéng,” Pro-
ceedings of the Eighth International Workshop on Hardware/Software

8000 1

6000 -

Power (uW)

4000 -

2000 A

TABLE I Codesign.CODES 2000, pp. 29 — 33, 2000.
TOTAL ENERGY CONSUMPTION ON32BIT BUS AT 6MHZ WITH 15PF PER [71 M. Stan and W. Burleson, “Bus-invert coding for low-pawi¢o,” |EEE
BUS WIRE WHEN SENDING ONE FILTEREOVIB TO EXTERNAL FRAME Transactions on Very Large Scale Integration (VLS) Systems, vol. 3,
BUFFER no. 1, pp. 49 — 58, Mar. 1995.

[8] S. Komatsu, M. Ikeda, and K. Asada, “Low power chip inted based

. on bus data encoding with adaptive code-bookmeth@igceedings

Bus encoder| Power ;W) | Clock | Energy (nJ)|| Saving (%) | Ninth Great Lakes Symposium on VLS, pp. 368 — 71, 1999.

- [9] L. Benini, A. Macii, M. Poncino, and R. Scarsi, “Architeres and syn-
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Since loading of one search area transfers more data (512

pixels) than storing one MB data into the external reference

frame buffer (256 pixels), more energy is consumed during

loading of the search area pixel. In addition, the data Idade

from the external reference frame buffer is propotionahe t

number of reference frames used during motion estimation.

From the tables, for both cases the interframe bus encoding

saves 58% of total energy as compared to an unencoded bus.

VI. SUMMARY

We have presented an interframe bus encoding technique
for applications where multiple frames are transferredvieen
off-chip memories, such as in MPEG-4 AVC/H.264 applica-
tions. The proposed interframe bus encoding techniquétsesu
in a 65% transition reduction over the unencoded bus. This is
equivalent to a 58% power saving compared to an unencoded
bus when transmitting four pixels at a time over a 32-bit bus
with 15pF capacitance per wire.

TABLE IV
TOTAL ENERGY CONSUMPTION ON32-BIT BUS AT 6MHZ WITH 15PF PER
BUS WIRE WHEN RECEIVING ONE SEARCH AREA FROM EXTERNAL FRAME
BUFFER FOR ONE REFERENCE FRAME

Bus decoder| Power uW) | Clock | Energy (nJ)|| Saving (%)|

Unencoded 8053.16 128 171.80 0
Bus Inv 7633.83 128 162.85 5
Intraframe 4730.83 128 100.92 40
Interframe 3288.60 128 70.16 58






