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Abstract. In this paper, energy-efficient architecture for Variable Block Size
Motion Estimation (VBSME) is proposed to fully utilize dynamic partial
reconfiguration capability of programmable hardware fabric in the
heterogeneous computing environment. Dynamic Partial Reconfiguration is a
unique feature of FPGAs that makes best use of hardware resources and power
by allowing adaptive algorithm to be implemented on the reconfigurable
hardware fabric during runtime. We exploit this feature of FPGA to support
run-time reconfiguration of the proposed modular hardware architecture for
motion estimation (ME). The implemented scalable SAD array can provide
different resolutions and frame rates for real time applications with multiple
reconfigurable regions at the operating frequency of 90MHz.
Keywords: Variable Block Size Motion Estimation, Partial Reconfiguration.
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Introduction

Due to the proliferation of heterogeneous embedded systems in the Internet of Things
era, low complexity encoding for video sensing applications becomes essential
especially in power-constrained environments. Current video encoding algorithms
require high computing capability to achieve high compression ratios, but their
computational complexities increase power consumption proportionally.
Motion estimation techniques play a key role in inter-video coding by removing
temporal redundancies among video frames obtained from the conventional
CCD/CMOS sensors [1-3]. As in H.264/AVC and High Efficiency Video Coding
(HEVC) standards, motion estimation engine demands large amount of complex
computational capabilities due to its support for wide range of different block sizes in
order to increase accuracy in finding best matching block.
Recently, System-on-Chip (SoC) used for embedded video-sensing systems
integrates various functional elements, such as general purpose processors, DSPs,
customized hardware accelerators, memories, and programmable hardware fabrics
(FPGAs). In this paper, we propose an approach to gain algorithmic and architectural
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benefits through a) an adaptive reduction of search range to reduce number of search
candidates during run-time and b) a reconfigurable modular architecture to support
search range adaptation by fully utilizing partial reconfiguration capability of FPGAs.
The rest of the paper is organized as follows. In Section 2, we present the hardware
platform to implement the proposed reconfigurable motion estimation engine. The
experimental results of the proposed reconfigurable approach are shown in Section 3.
Finally, concluding remarks are given in Section 4.

Proposed Modular Motion Estimation Architecture

2

The hardware platform to support proposed modular architecture for variable block
size motion estimation is shown in Fig. 1. The static region which remains unchanged
after initial configuration of the FPGA device includes current frame buffer,
controller, comparator & block mode selector, and SAD buffer. The reconfigurable
region consists of 4 Partial Reconfigurable Regions (PRRs). Each PRR is used to map
the hardware bitstream of PE array which is responsible for computation of SADs.
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Fig. 1. Hardware platform to implement partially reconfigurable ME

Each PRR is responsible for SADs of ±2 search range for four blocks and by
increasing the PRRs from 1, 2, 3, and 4, the motion estimation design can support
±2, ±4, ±6, and ±8 search range respectively. Similarly, the PRR structure can be
designed to support increasing/decreasing SR (Search Range) in steps of 4 and 8. For
example, if PRRs can be configured for 4-step SR, then the set of SRs [±4, ±8, ±12,
and ±16] is supported. This can be useful for video with very high motion activities
and high resolution which require optimum SR to be greater than ±8.
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To perform block-based motion estimation, the matching criterion such as SADs in
(1) among the current image block and all candidate blocks in the search range of
reference frame is computed. Let the block size be N×N and location of each block in
the current frame (C) is represented by (i, j), and a block within the search window (h,
v) in the reference frame (R) is matched. Here, c(x,y) is a pixel value in the current
block and s_w(x,y) is a search candidate block. The center (x1, y1) of the search
range is predicted, depending on the behavior of motion vectors of neighboring blocks.

3

Experimental Results

Performing exhaustive search is computationally very expensive and adds great
complexity to motion estimation. A full search algorithm for each block candidate
requires (2R+1)2 SAD computations where [-R,+R] is the search window size. We
reduce this search range (R) adaptively based on the correlation of the neighboring
blocks’ motion vectors. The adaptive search range reduction for dynamic partial
reconfiguration of modular motion estimation HW architecture is described below.
a) Initially set the search range for all the reference frames (for the case of multiple
or single referenced frame algorithm) to maximum search range size (i.e.,  32).
b) Perform prediction algorithm as used in the JM software and obtain Motion
Vector Prediction (MVP). Then, set the search range center in the reference frame
accordingly. For simplicity in hardware implementation, all the block types for
current macroblock share the same MVP (Fast Full Search in JM).
c) Perform Fast Full Search motion estimation and simultaneously store the number
of MVs falling into different category of absolute displacements. (i.e., number of
MVs with displacement 0, 1, 2, and so on).
d) Set the search range for the next frame such that the search range covers at least
Th (Threshold) % of total MVs. ‘Th’ can vary from 90-100% depending on the user
requirement: higher performance/PSNR, less computational complexity, or hardware
resources utilized, and so on. In the proposed approach, search range is updated at
frame level due to the overhead of bitstream loading from the external memory for
real-time reconfiguration on the FPGA device. Hence, it is assumed that the search
range is fixed for all macroblocks in a particular frame.
e) Continue from step (b) onwards.
The performance comparison of Search Range Reduction Algorithm with the JM
12.4 Reference Software is given in Fig. 2. Threshold values from 95% to 99.5% are
used for simulations on various video sequences (QCIF/30fps), and their
corresponding results are shown in terms of PSNR and hardware utilization. For
comparisons, Fast Full Search algorithm using the same search range of 32 for all
blocks of the given macroblock is used for encoding 60 frames. Parameters in JM
software are set to baseline profile (no B slices), one reference frame, and fixed
search range. As shown in Fig. 2, the proposed adaptive search range approach using
partial reconfiguration is very useful in reducing the computational complexity and
hardware requirement significantly at the cost of little degradation in video quality,
i.e., small increase in bitrate and decrease in PSNR.
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Fig. 2. Performance comparison of adaptive SR with partial reconfiguration
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Conclusion

In this paper, we presented the design of motion estimation processing engine which
is capable of executing for different search range values. The proposed motion
estimation architecture is suitable for real-time applications where hardware resource
is a critical criterion. First, a search range reduction is introduced at frame level, in
order to intelligently adapt towards various video sequences and at the same time the
computational complexity can be reduced further wherever possible with only small
degradation in PSNR. Second, modular hardware architecture is presented for ME
engine to process with different SR values during run time.
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