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ABSTRACT 
In this paper, a low power full-search block matching 
(FSBM) motion estimation design for the H.263+ low 
bit rate video coding was proposed. The features of 
H.263+ such as half-pixel precision and some advanced 
modes (advance prediction mode, PB-frame mode and 
reduced resolution update mode) are taken into 
consideration. This architecture can deal with different 
block size and searching range in a single chip without 
any latency. We use a 1-D and 2-D mixed architecture to 
fulfill this goal. To achieve the purpose of low power 
and reduce the design period, we use dual supply 
voltage levels in this chip. This chip is realized by 
TSMC 0.6um single-poly triple-metal CMOS 
technology. The operation frequency is set at 60MHz to 
meet the requirement of the real time processing in the 
reduced resolution update mode in H.263+. The power 
consumption is 424mW at 60MHz and the throughput is 
36 frames per second with CIF format at 60MHz. 

Keyword VLSI architecture, Motion Estimation, Videohmage 
coding 

1. INTRODUCTION 

Since the multimedia applications become more and 
more popular, the bandwidth of communication network 
has become insufficient obviously. In last ten years, 
there were many video and audio standards proposed to 
reduce the bitrate and improved the quality during 
transmission time. ITU-T announced the H.263 version 
2 [l] called H.263+ to meet these requirements. For 
H.263+ standard, there are additional sixteen negotiable 
advanced modes and motion estimation still plays a very 
important role. Although there are several studies on 
motion estimation architectures, [2-71, they can not 
meet the computation requirements of H.263+. Besides, 
because of the widespread application of the portable 
and wireless communication device, it can't be ignored 
the low-power issue, especially for the motion 
estimation, while the higher computation leads to more 
power consumption. To prolong the using period 

between the battery recharging, it is a trend to develop 
the low-power motion estimation architecture. 
Therefore, this paper proposed a low-power FSBM 
motion estimation ASIC design for the latest H263+ 
video standard. The architecture overview is described 
in section 2. And the architectures of integer-pixel 
precision unit (IU) and half-pixel precision unit (HU) 
are depicted in section 3 and 4. Section 5 shows the chip 
implementation and simulation results. Finally, a 
conclusion is given in section 6. 

2. ARCHITECTURE OVEWVIEW 

Figure 1 is the overview of the whole architecture. The 
IU and HU are used to calculate the MAE in integer- 
pixel and half-pixel precision individually. In IU, we use 
64 processing elements (PE) that is a tradeoff between 
speed and area. The current and previous frame data 
come from the off chip memory and don't include in our 
architecture. To achieve the 100% PE utilization during 
the working time, we use four input ports for the 
previous block data and one input port for the current 
block data in IU. In HU, the previous block data and the 
current block data share the same port because of the 
low requirement of the input bandwidth. 

,I M a l *  ,I R..., ""I S*! i l L  " l l i i  "I Ill* 

Figure 1. Architecture overview 
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In the output block, we use an identical 30-bit register to 
output the motion vector and the minimum absolute 
error for IU and HU sequentially to reduce the number 
of output pad. 

3. ARCHITECTURE FOR INTEGER- 
PIXEL PRECISION UNIT 

Figure 2 is the proposed IU architecture, the current 
block data is reused by using the 64 8-bits shift registers 
in the right side, and the previous block data broadcasts 
to each PE from the four 8-bits buses. The MAE in each 
PE is transmitted to the macroblock comparator and the 
block comparator through the 18-bits bus and the 16- 
bits bus. In Figure 2, there are 64 4-bit shift registers 
placed in the left side and these registers are used to 
store the control signal. Using these registers, the design 
of control signal flow becomes much easy and no global 
bus is required here. 
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Figure 2. Proposed IU architecture 

A. PE Architecture 

Figure 3 is the PE cell we proposed here. The major 
difference from other PE architecture proposed before is 
marked as the gray blocks, and those registers that 
named as G register means that the clock of this register 
is gated control. 

The function of gray part B that we call block 
accumulator is to accumulate the MAE of a block. To 
reduce the power consumption in each PE, we use gated 
clock control in the block accumulator. The gray part C 
that we call macroblock accumulator is the additional 
part from general PE architecture. It is used to 
accumulate the MAE of macroblock. In the same 
candidate position, the MAE of the macroblock is the 
summation of the MAE of four blocks that belong to 
this macroblock.. So the data in each block accumulator 
can be reused in the macroblock accumulator one after 
another. For low power consideration, it needn't use the 
same clock period in block accumulator as in 
macroblock accumulator. It only needs to use a 64 time 
clock period in macroblock accumulator to reduce the 
activity rate in the 18 bits register B and 16 bits register 
C. 

B. Variable block size and searching range 
consideration 

Considering the variable block size requirement, if we 
need the MAE with 8 X 8 block size, the PE just send 
the MAE in the block accumulator to the comparator. If 
we need the MAE with 16 X 16 block size, the 
macroblock accumulator is used. For the 32 X 32 block 
size, to achieve no latency in the working time, we 
divide the 3 2 x 3 2  block into four 16X 16 sub-blocks. 
At Every 256 clock cycles, the block accumulator in 
each PE calculate the MAE in the 8 X 8 sub-block. After 
repeating four times, the MAE of a 32 X 32 block has 
been finished and is sent to the comparator. 
To achieve the variable searching range consideration, 
we use the searching range partition strategy. For a 32 X 
32 searching range, we divided it into sixteen 8 X 8 sub- 
searching ranges. And each 64 clock cycles the PE array 
deals with only one sub-searching range. For a 64 X 64 
searching range, we divide the whole searching range 
into 64 8 X 8 sub-searching ranges. Because we use 64 
PES architecture and 2-D searching method, we can 
easily achieve the variable searching range just divide 
the whole searching into several 8 X 8 sub-searching 
range and each time processing only one sub-searching 
range as mentioned above. And the data flow in each 
sub-searching range is still the same, we still has no 
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latency between each sub-searching range. 

4. ARCHITECTURE FOR HALF-PIXEL 
PRECISION UNIT 

The HU is composed with an interpolation pixel 
generator, a processing element and a comparator as 
shown in Figure 4. The input of the current block data 
and the previous block data share the same input port 
because of the low demand of the input bandwidth. 

Figure 5 is the architecture of the interpolation pixel 
generator in HU we proposed. In this architecture, we 
use only two adders and seven registers. The G register 
means that the clock of this register is gated control. We 
use only one 8-bit input port because of the low input 
bandwidth. Figure 6 and Table 1 shows the data flow in 
the interpolation pixel generator. The input data stream 
is C, PO, Pl;.. ., P8, the output data stream is HO, H1, 
H2;.-,H7, and the current block pixel C is stored in the 
register A during the interpolation cycle. From Table 1 
we see that for an interpolation cycle, it needs eleven 
clock cycles. So for a 8 X 8 block size, it needs 11 X 8 X 

cycles. This number is still smaller than 
the clock cycles we need in IU. We use only one FE in 
HU. But we have to calculate nine candidates during a 
block matching, we use nine shift 
partial absolute error in each ca 
HU. 

Table 1. Interpolation pixel generator data flow 

5. IMPLEMENTATION 

To reduce the design period and meet the low-power 
requirement, we use full-custom and cell-based hybrid 
design in this work. In the PE array, we use full-custom 
design because of its large area and high power 
consumption. And we use 2.5 volts supply voltage in it. 
In the other modules such as controller, we use cell- 
based design to reduce the design period. Since the cell 
library we used is only support 5-volt supply voltage, 
we use dual supply voltage levels in our chip. 

To minimize the power consumption in the shift 
registers, we use the TSPC register proposed in [8] here. 
Because there are two voltage levels in our chip, we 
need a voltage swing circuit. For the low-to-high level 
converter, we use the low-to-high level converter 
proposed in [9]. This chip is implemented with TSMC 
0.6um single-poly triple-metal technology and uses the 
COMPASS cell library. Figure 7 shows the physical 
layout view with the whole chip. The detail description 
of the chip specification is listed in Table 2. 

Table 2. Chip specification 

6. COWCEEJS~ION 

In this paper, we proposed a low-power FSBM motion 

H.263+ such as half-pixel precision, AP’ mode, PB 
mode, and RRU mode. By the properly design for the 
PE cell, this architecture can fit variable block size and 
searching range requirement in a signal chip and still 
consumes less power. 
This chip was implemented by TSMC 0.6um single- 
poly triple-metal technology. In the circuit level, we 
used TSPC register to minimize the power consumption 
in shift registers and dual voltage levels to realize the 
hybrid design strategy. From the simulation result, this 
chip can work at 60MHz and the power consumption is 
334mw. It is enough to the real time requirement for 
RRU mode in H.263+ with QCIF picture format. 

architecture thab supports some featu 
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Figure 5. Interpolation pixel generator Figure7.Whole chip physical layout 
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