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Multiplication-Free One-Bit Transform for
Low-Complexity Block-Based Motion Estimation

Sarp Ertürk, Member, IEEE

Abstract—A multiplication-free one-bit transform (1BT) for
low-complexity block-based motion estimation is presented in
this letter. A novel filter kernel is utilized to construct the 1BT
of image frames using addition and shift operations only. It is
shown that the proposed approach provides the same motion
estimation accuracy at macro-block level and even better accuracy
for smaller block sizes compared to previously proposed 1BT
methods. Because the proposed 1BT approach does not require
multiplication operations, it can be implemented in integer arith-
metic using addition and shifts only, reducing the computational
complexity, processing time, as well as power consumption.

Index Terms—Block matching, motion estimation, one-bit trans-
form (1BT), video coding.

I. INTRODUCTION

D
IGITAL video compression is required to reduce the nec-
essary bandwidth for transmission or storage of video data

in a wide range of applications. Video compression is, for in-
stance, used in high definition television (HDTV) and standard
definition television (SDTV) broadcasting equipment, video
conferencing transmitters, video cellular phones, digital video
camcorders, as well as multimedia services for networking
applications. Motion estimation and compensation play key
roles in video compression algorithms due to the ability of re-
alizing high compression rates achieved by removing temporal
redundancies between successive image frames.

The most popular technique used for motion estimation is
the block matching algorithm (BMA), in which image frames
are commonly divided into non-overlapping rectangular blocks.
The best match to the current block of pixels is searched for
in the previous frame of the sequence within a certain search
area about the location of the current block. The optimal search
strategy for BMA is the full search (FS) algorithm that exhaus-
tively searches for the best matched block within all locations
of the search window. The mean absolute difference (MAD) or
mean square error (MSE) matching criteria are considered to be
statistically optimal solutions to the matching process.

Motion estimation is usually remarked as the computation-
ally most intensive part of the video compression system, per-
forming up to 50% of the computations executed by the entire
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video coding system [1]. Various methods, proposed to reduce
the high computational load of the FS-MAD block matching
algorithm, can be divided into three main categories [2]: fast
search techniques that select a subset of the possible search can-
didate locations; techniques based on various forms of pixel pat-
tern or motion field decimation that employ a certain subsam-
pling of the pixel pattern or motion field; and techniques that
exploit different matching criteria instead of the classical MAD.

The multiplication-free one-bit transform (1BT)-based
low-complexity motion estimation approach presented in this
letter falls into the category of techniques that exploit different
matching criteria to achieve reduction in computational com-
plexity. A main literature review of similar approaches follows
first.

Bit-plane matching as a preprocessing step to exhaustive
search in order to eliminate unlikely locations has been pro-
posed in [3], with the block mean being used as threshold to
accomplish a 1BT. The resulting bit-plane of an image frame
is obtained in the form of

if
otherwise

(1)

where represents the threshold value that is set equal to
the block mean, and is used as pixel index. Hierarchical
feature matching-motion estimation (HFM-ME) that employs
sign truncated feature (STF) matching has been proposed in
[4]. Binary block matching on the binary edge maps of image
frames has been proposed in [5]; however, it has been noted that
the technique is inappropriate for blocks with inadequate edge
information. In [6], motion estimation using the 1BT, where
image frames are transformed into one-bit/pixel representations
by comparing the original image frame against a multi band-
pass filtered version is proposed. A 17 17 multiband-pass
filter kernel in the form of

if
otherwise

(2)

is used to filter the image frame, and the 1BT bit-plane of an
image is constructed as

if
otherwise

(3)

where represents the filtered version of the image
frame , obtained by applying the convolution kernel
to . As the filtered version is compared against the original
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image to construct the representative bit-plane, the filtered

image is mainly used as a sort of pixel-wise threshold, and the

1BT is constructed by comparing the original image against the

threshold pattern obtained by applying the image to a multi-

band-pass filter. The addition of conditional local searches has

been proposed in the modified 1BT to improve the predicted

image at the expense of increased computational complexity

in [7]; however, in this case, the binary only matching charac-

teristics are destroyed as additional local MAD matches have

to be executed. A two-bit transform (2BT) that makes use of

local mean and variances to obtain a two-bit representation has

been proposed in [8], and a DCT-based adaptive thresholding

approach for binary motion estimation has been proposed in

[9] to improve motion estimation accuracy at the cost of higher

computational complexity.

While the 1BT proposed in [6] and shown in (2) and (3) pro-

vides a simple and fairly effective approach (particularly for

block motion estimation at macro-block level), an important

drawback is the requirement of floating number multiplication

for normalizing the kernel shown in (2). Floating point multipli-

cations are slow in both hardware and software implementations

[10]. A novel 1BT is proposed in this letter that is multiplica-

tion-free and can be carried out using addition and shift oper-

ations only, for low-complexity binary motion estimation. It is

shown that the proposed approach gives the same performance

as the 1BT presented in [6] at macro-block level and even pro-

vides a superior performance for lower block sizes, with reduced

computational complexity.

II. MULTIPLICATION-FREE ONE-BIT TRANSFORM

The main reason why the multiplication operation in the 1BT

proposed in [6] cannot be avoided is that the normalization co-

efficient of the kernel shown in (2) is not a power of two. If the

number of nonzero elements in the kernel is changed to a power

of 2, without changing the structure of the kernel, the motion es-

timation accuracy is degraded. In this letter, it is proposed to use

a kernel that has a power of 2 nonzero elements, and the kernel

structure is changed to avoid any loss in accuracy. Instead of

utilizing a rectangular-structured kernel as in (2), the utilized

kernel has a diamond-shaped structure. The kernel utilized for

this purpose is shown in (4) at the bottom of the page. A sample

1BT result obtained with the proposed kernel using (3) is shown

in Fig. 1.

Compared to the rectangular-shaped kernel utilized in [6], the

proposed kernel can be considered as a similar shaped kernel but

rotated by 45 around the center to obtain the diamond-shaped

structure observed in (4). As the nonzero elements mainly de-

fine a multiband-pass filter, and a rotation in spatial domain has

only the effect of a similar rotation in the frequency domain,

this kernel also defines a multiband-pass filter. The frequency

response of this kernel is shown in Fig. 2. Because the normal-

ization coefficient is now a power of 2, it becomes possible to

carry out this filtering by simply adding the corresponding 16

pixels and shifting the final result. Hence, the complete filtering

operation can be carried out using integer arithmetic, and the

computational load is 16 addition and 1 shift operation per pixel.

The single bit-plane representation (i.e., 1BT) of each image

frame is constructed as shown in (3), by comparing the filtered

version against the original image frame. The motion vector of

a block is then decided based on the number of non-matching

points (NNMP) measure

NNMP

(5)

(4)
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Fig. 1. (a) Sample frame of the Football sequence. (b) Corresponding 1BT ob-
tained with the proposed approach.

where shows the candidate displacement, determines

the search range, and shows the exclusive-OR (XOR) oper-

ation. The candidate displacement that gives the lowest NNMP

is designated to be the block motion vector. If two candidate

displacements result in the same NNMP value, the one with the

lowest distance to the block position (i.e., the smallest motion

vector) is selected.

III. EXPERIMENTAL RESULTS

In order to evaluate the performance of the proposed ap-

proach, motion estimation has been performed for various video

sequences using exhaustive full search. For the matching cri-

teria, MAD matching, 2BT as proposed in [8], 1BT as proposed

in [6], and the proposed multiplication-free 1BT (MF-1BT) are

evaluated. Note that other 1BTs proposed are not evaluated for

comparison as the procedure of [6] is mainly the most accu-

rate and simple 1BT process. In order to evaluate the motion

estimation accuracy, peak signal-to-noise ratio (PSNR) values

obtained between the original frames and frames reconstructed

from the previous frame using motion vectors calculated from

one of the methods are used. The motion estimation accuracy is

assessed for a block size of 16 16 pixels with a search range

of 16 pixels and a block size of 8 8 pixels with a search range

of 8 pixels. The PSNR results for various test sequences are

given in Tables I and II, respectively.

Fig. 2. Frequency response of the filter used in the proposed 1BT.

Table I shows that for a block size of 16 16 pixels with

a search range of 16 pixels, the proposed MF-1BT provides

the same motion estimation accuracy as the 1BT presented in

[6]. In this case, 1BT results are usually within 1 dB of MAD

matching; hence, the 1BT performance is reasonably close to

MAD. Therefore, 1BT-based motion estimation is particularly

suitable for video coding approaches that utilize motion esti-

mation at macro-block level such as MPEG1 and MPEG2. It

is also seen from Table I that the performance improvement of

2BT over 1BT is small for a block size of 16 16 pixels as

1BT is already close to MAD. The main reason for this is that

for larger block sizes, sufficient information is already captured

within the blocks in the 1BT process so that a reasonable match

can be achieved.

Table II shows that for a block size of 8 8 pixels with a

search range of 8 pixels, the proposed MF-1BT provides an av-

erage PSNR performance of about 0.2 dB better than the 1BT

proposed in [6]. Hence, the proposed MF-1BT not only reduces

the computational complexity but also improves motion estima-

tion accuracy for block sizes below macro-block level. It is ob-

served that in this case, 2BT can result in more than 1 dB better

than the 1BT; however, this improvement comes at the cost of in-

creased complexity particularly compared against the proposed

MF-1BT approach.

The computation load of the 2BT is 2.8125 addition, 1.0625

multiplication, 0.03125 subtraction, three comparison opera-

tions, and one Boolean OR operation per pixel to construct

the final 2BT [8]. The computational complexity of the 1BT

presented in [6] is comprised of 25 addition operations, one

multiplication operation, and one comparison per pixel. The

computational complexity of the proposed MF-1BT, on the

other hand, is 16 addition operations, one shift, and one com-

parison per pixel. As the proposed MF-1BT does not require a

multiplication operation, it can be implemented using integer

arithmetic addition and shift operations, therefore reducing the

computational complexity of the system, the processing time,

as well as power consumption.

IV. CONCLUSION

An MF-IBT-based low-complexity motion estimation ap-

proach has been presented in this letter. The proposed approach
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TABLE I
AVERAGE PSNR (dB) OF SEVERAL SEQUENCES RECONSTRUCTED BY VARIOUS MOTION ESTIMATION TECHNIQUES,
WITH FULL SEARCH AND A BLOCK SIZE OF 16 � 16 PIXELS WITH A MOTION VECTOR SEARCH RANGE OF 16 PIXELS

TABLE II
AVERAGE PSNR (dB) OF SEVERAL SEQUENCES RECONSTRUCTED BY VARIOUS MOTION ESTIMATION TECHNIQUES,

WITH FULL SEARCH AND A BLOCK SIZE OF 8 � 8 PIXELS WITH A MOTION VECTOR SEARCH RANGE OF 8 PIXELS

has a lower computational complexity compared to previous

approaches and provides the same motion estimation accuracy

at macro-block level, while the motion estimation accuracy is

even superior compared to previous 1BT methods for lower

block sizes. The proposed MF-1BT does not require multiplica-

tion operations and can therefore be implemented using integer

arithmetic addition and shifts, reducing the computational

complexity of the system, the processing time, as well as power

consumption.
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